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LETTER OF TR 1JTTAL. 

DEP ARTME T OF THE INTERIOR, 

U 'ITED STATES GEOLOGICAL SURVEY 

DIVISION OF HYDROGRAPHY, 

Washington, June 1, 1 9; . 
Sm: I have the honor to transmit herewith t he manuscript for a 

volume on llydrography, prepared for publication a one of the parts 
of the E ighteenth A.nnual Report of the Survey. Thi material con
sist of a report of the progre s of tream measurements and related 
inve tigations carried on by the Division of H ydrography durin g the 
cal ndar y ar 1 D6 pr pared by Mr. Artlmr P . avi , llydrographer in 
cba rg of river work, and three other pap r who e character renders 
it de irable that tb y be print d in th e Annual R port. TIJe fir t of 
th i by 1r. Frank Leverett, a si taut geologi t, and relate to tlle 
wat r upply of Indiana aud of the greater portion of hio. The 
ob rvation upon which thi paper is ba ed were obtain d during sev· 
eral y ar of field work pertainiug to the tudy of glacial phenomena, 
carri on und r tb dir ctiou of Prof. T. 0. IJamberlin. The iufor· 
matiou r o-ardin ...,. be water re ource i of nell value that i t eemed 
de irabl to arrange and di...,.e. t t hi for publi ation independently of 
tl1e di ''U ion of glacial ph nomena. Thi wa a ordiualy done by 1r. 
Lev rett during tlle past year. The n xt paper ha been prepared by 
Mr. . II. Darton a. i taut geologi t, from t lle re alts of in e tigations 
carried on in D akota durin g th sea on of 1 96. Thi i e sentially a 
continuation of hi paper in t he eventeenth Annual Report, entitled 
' Prelimiuary report on arte ian waters of a portion of the Dakota ." 
Tbi later paper add to the data previously pre ented and shows the 
re ult obtained by utilization in irrigation of the fiowin o· wells. In 
thi work Mr. Dadon wa a ' i t d by Maj . Fred F . B. Coffin, formerly 
Stat engin er of irrigation of outh Dakota. 

With the e paper lJa, been included one by Mr. Jawes D. chuyler, 
of Los Angele., California, who e name is identified with the planning 
and construction of ome of tb greatest irrigation works of the coun
try. In 1896, a opportunity offered, he prepared this paper upon the 

Vll 



VIII LETTER OF TRA •SMITTAh 

subject of torage re ervoir of the we tern part of the country. The 
demand for information of this character is o great and the paper i 
so notable, illustrating to the public the extent of development and th 
success attained in water con ervation, that it is de irable to include it 
in the Annual Report. 

Very respectfully, 

Ron. CH.A.RLE D . W .A.LOOTT, 

F. H . NEWELL, 

Hyd1·ogra:pher in Oha·rge. 

Di1·eator, United &ate Geological Sur·vmJ. 



I TROD CT IO N. 

The completion of this volume marks the revival of extended sys
tematic in vestigation of the hydrography of the United State . Thi 
book i , in effect, tlle ninth auuual report of what has been known as 
the Irr igatio n Survey. Its preparation and publication has been made 
po · ible by the act of June 11, 189G (Stat. L., vol. 29, p. 436), which 
enlarg d the scope of the work and authorized the preparation of 
r ports upon the best methods of utilizing the water resources of arid 
~nd emiarid section . It'or some years before this date the sums 
available for hydrographic work were , o mall that it wa ' practicable 
merely to continue observations at previously e tabli heel stations, 
compute eli charge , and compile for publication the data accumulated 
in the office. 

Tl1 act above r ferr d to not only nabled tbe investigations to be 
arried on more thoroughly, but in a later parao-raph ( tat. L., vol. 29, 

p . 4;i3) gaY n,uthority for printing a new er ie of publication , li mited 
in ize to 100 page and to an edition of 5,000 copil', . Thi eries, 
entitl d, for di. tinction from the ordinary bull tius of tbi' Survey, 
'Wat r · upply and Irrigation Papers,' afford an opportunity for the 

ivi ion of Hydrography to put before the publi , in a, erie of 
pamphl t publi 'h d at short intervals, there ults of inv tigations in 
variou lin . 

The h clrograpbic data obtained durino- pa t year are scattered 
throuo-1.1 a 1mmber of publication . In ord r to facilitate referen e to 
the e, the following brief review i given of the progre -s of the inves
tigation howinrr in clnouologic order the development of tb work. 

Fi1· t year, 1 9.-The Irrio-ation urvey wa ' organized in a cord· 
ance with the provi ions of tbe act of October 2, 1 8 . There ults of 
th fir t y a,r s work are given in the Tenth Annual Report of the Geo· 
logical urvey, Part II, Irrigation. Thi volume is devoted mainly to 
the details of organization and of the plan adopted and partly exe
cuted. 

Second yea1·, 1 89-90.-Tlle re ul ts of the operation outlined in· the 
report just nam clare given in t lle E leventh nnuallteport~ P ar t II, Irri· 
gatio11 . This contaiu a di cu siou of the hydrography and of tile engi· 
ne ring urveys for canal andre ervoirs, the statement of the Director 
of the Geological urvey to t he JJon e ommittee on Irrigation, a 
r port upon the topography, and a list of irrio·ation literature. 

IX 



X INTRODUCTIO . 

Thi1·d yem·, 1 90-91 .-Tbe re ult of operation nr n in the 
1'welfth Annual Report, Part II, Irrigation. Thi contain a tat . 
ment of the locati n and . urv y of re ervoir ite , by . If. Thorup on· 
a paper on the lt ydrogrnplty of the nrid r gion, by F . II. :r w ll , and 
a di en ion of irrigation in Iuuia by erhert 1. Wilsou. 

Fourth yea1· 1<91-92.-The cli ~cus ion of r ult obta ined i coutinu d 
in t he Tl.lit't ntli A nnual H port Pnrt III, Irri<Yation. Tbi con i:t 
of a paper ur on wat r upply for irrigation by F. ewel l· two 
paper by H erb r t I. v\ il on, tb fi r t upon m rican irri gati n uo-i. 
ueering and the econd upon the engineeri ng r nlt of th e Irri o·ation 
Surv y ; and a report by A . H . Tlwmp on upon the location and nr· 
vey of re ervoir i te during t he fiscal year. 

Fifth yea1·, 1 92- 93.-Th Fourteenth Annn al Report, Part II, on
tain a paper entitled, "TIJeRe ult of tr am Mea ur m nt ' ,' uy F. II. 

ewell. With thi ·are two others bearing upou hydrogra1 hy, th fir t 
entit led "Potable Wat r of Ea tern ni t d tat , by W . J. :i\Ic 
the 'econd "~ atural l\Iiueral Water of the uited tate , by A . 
Peale. 

SL'Vth yea1·, 1 93- 94.-The r ult of field work duriu <Y this year nre 
shown in Bulletin J:-o.131. 

Seventh yea1·, 1 94- 95.-The op ration of tb i ar ar al o hown in 
Bulletin No. 131. The ixteentll Annual port, Part H, ontain a 
p aper enti t led '' The 1 ublic Land and Tlt ir Water upply,' by ~ .H. 

ewell. This give in conclen ·eel form tb r nlts of hydrogra,plli 
work in prE'ceding year~:S . There i al in th arne volume a r p rt 
on the 'Water Re our e of a Portion of the reat P lain , by Hobert 
Hay. 

Eighth year, 1 95- 96.-Bulletin o. 140, entitled' Heport of P rogre 
of the Divi ion of Hydrography,' gives t ile re nlt of field work dur
ing the greater part of thi year. The Seventeenth Annual Rep rt 
contains a paper by G. K. Gilbert on t he " ud rgronnd W ater of 
t he rkan as all ey in Ea tern olorado," on e by Frank Lever tt n 
the "Water Re ource of Illinoi s,' and another, by . Darton, on 
"Arte iau aters of a Portion of the Dakotas." · 

inth year, 1896-97.-Tbe report of progres of stream mea ur . 
ment i given in th pre-ent volume. 

The general re nits of inve tigations of arte ian and underground 
waters and of metbod of utilizing the water r sources are howu in 
the new serie of Water-Supply and Irrigation Paper . Of these, 25 . 
have been prepared, and a number have already been i sued. The 
operations of the divi ion are set forth in greater detail in the report of 
the Director, Part I of this Annual Report, pages 70-82. 

F . H . 
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REPORT OF PROGRE S OF TREAM ME~ UREMENT 
FOR THE ALENDAR YE ~R 1 96. 

By ARTHUR PoWELL DAvrs. 

INTROD CTION. 

The mea urement of streams by th Division of Hydrography dur
ing 1 !JG li::t been ou a more exteude<l ale and in the main of a some
what bi o·b r clcgre of accuracy than uefore a ttempted. A few station 
at which measurement. were macle in 1805 h ~tve be n auanclon cl for 
sundry r a ons, the bief of which i the ascertain d impra ti abi li ty 
of outaining accurate re. ult ·, due to the rapidly hifting charaeter of 
the river bed or other can es. A larger numb r of new ta tion have 
be u establi h L1 hi fly in th ea tem Stat s of Maryland, Georgia, 

labama and tl1e 'arolinas. 
There tillr main in th list of stati us waintainecl a few upon " ·hich 

ucce ha not y t been attain din . ecuring rc nlt. of a ufficiently 
high grade of accnra y to gi \·e more than a general idea of t he fluctua
tion of the tream ilow. Tbi i · due to the change of the stream 
bed which a.re o rapid and IT<ttic a to leave no a eetainn.bl rela
tion betwe n the eli harg of th river and either the cro ection of 
the tream bed or th height of watee on the gage rod. In tances 
of tation with the difficnlti . are found on the Great Plains and on 
the lower I io Grande, Gila, and Colorado river . There appears to be 
no solution of tbi difficulty e · ept by htrrrely iucr ·a iup: the number 
and frequ ncy of actual mea ur ment of eli ·clwrg . The poli y ba 
~een ther for , to abandon a :D w of the le s important of uch ta
tion and to concentrate effort upon the r t . It is believed that thi 
proc dure will add greatly to th value of there ult ·. 

In mo t ca es the byclrographic work ba b n under the immedia te 
upervi ion of killed hydrogra,pher , engaged either in engineering 

in truction or iu geu ral pmctic , who have been employed by the day 
for only ·uch time a actually engaged iu tl1e wol'l-. of this d ivision. 
Following i a list of the re ident hydrographer , with the territory 
under charge of each: 

California, J . B. Lippincott, civil engineer, Lo Ang 1 s. 
Colorado, ~1llmore Cogswell, deputy Stat engineer, Denver. 
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14 PROGRESS OF TREAM 1EA. UI EME T F R 1 !16. 

Georgia and Alabama, Prof. B. M. Hn-11, ivil engin er, Atlnn tn. 
Idaho, L. B Kendall, United tates deputy· sun yor, Boise. 
Kansa, eastern, Prof. E. . Murphy, en"'inecring dcpartm nt ' tnt Fnh·er. ity, 

Lawrence. 
Kansas, "-e tern, W. G. Russell, civil ngineer, Rn s 11. 
Montana, Prof. Frank Beach, Agricultural Exporimcut tation, Boz man. 
J bra ka, Prof. 0. V. P. tout, engineerinrY d · partm ut, tat 1Juivcrs it ,Y, Lin c<~ln. 

Tebra ka, Jorth P latte tation, baric P. Ro , civil engineer, ' ortb Platte. 
"'eYada, L. H. Taylor civil ng ineer Battle Mountain . 
Jew fexico, P. E. Harroun. ivil ngiucer, auta F . 
"ortb Carolina and outh m·olina Prof. J. A. Holm tate g ologist, bapel 

Hill. 
tah, Prof. amnel Fortier, tate Agri cultural ollege, Logan. 

Vir <T inia and We t Virginia, Prof. D . . Humpbr y . Washington and Lee Univer
sity, Lexin"'ton. 

Wyoming, Elwood fead, tate engineer, Cheyenne. 

Mr. Cym C. Ba,bb, a i tant hydrographer h~ be n oc upied for a 
large portion of the yenr iu ravelin()' through the We t, inspecting 
and repairing old tation an l e tabli bing n w on Mo t of the 
mea uremeut in the State of Maryland have b en made by Mr. E. G. 
P aul, a istant hydrogmph r. 

The amount of work und rtaken with the mod rate appropriation 
could 11ut have been accompli. bed without the a istanc and coopera
tion of many of the tate. in which work i carri d on and of a large 
number of railroad companies from which otut . ie hav b n r ivrd 
and al of many tate and coll ge officials and private citiz n wlto 
hav been actuated by an interl·st in the work and tt keen a1 pr ciation 
of the value of it re nlts. Important cooperation ha b en extend I 
by the followin()' railroad : 

'' est rn and Atlantic Railroad · Atlanta, Kno:~>:nlle and ortbern Railroad; ca.
board Air Line; Atlanta, We t Point and " -est rn Railroad of Alabama; Georgia 
Railroad; outbern Railroad; Ch e apeak and Ohio Hail way· orfQlk and 'Ve tern 
Railway; Denver a nd Rio rand Railroad; Rio Grande and 'ontbern Railronrl; 
Colorado Midland Railroad ; nion Pacific Denver aod ulf Rr•ilroad; Atcbi on 
Topeka and Santa Fe Railroad; ontbern Pacific ompany; Union Pacific Railway. 

In the State of 1aryla.ud cooperation i exteud d by the tat 
Weather Service through the courte y aucl int re t of Prof. W. B. 
Clark, State geologi t, the State bureau payiug tile ob ervers of ri r 
height on four station . 

Cooperation is al o extended by the State of .r orth 
the geological department, which defray a part of 
tbe work in that tate. 

arolina through 
the xpeu e of 

In Georgia and labama arrangement' have b en made with Prof. 
Wi',ia.m S. Yeates, State geologist of Georgia, and Dr. · Engen A. 

mitb , State geologist of Alabama, by which tlley pay the river ob rv
er at the gaging stations in their respective States and receive tbe 
data obtained for publication in their reports. 
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imilar arrangement wa made with he Stat board of irrio-ation 
in connection with stream mea urem nt in Kausa 

In Colorado the tate engineeri ng department contribut a large 
portion of the services of the deputy State engineer. Impor ant 
cooperation i also extended by some of the water commission rs in 
Colorado. 

An appropriation of $200 was made by the commis ion rs of 'a.uhe 
County, tab, to aid in making a bydrogra,phic nrvey of Ca he Vall e_y . 

'Ibank are due to Mr. H . Huber, general manager of the E l Paso 
Sme.ltingCompauy, for valuable cooperation in obtaining mea urement 
and, oundino·::; at El Pa o, 'l'exa . 

Esr ecial mention should al o be made of the a i tance rendered by 
l\Ir. W illiam Hood, chief eno·ineer outbern P acific l~ailroad , who ba 
fnrni bed clailyrodreadingsofriverheightatnumerou railroad bndo·e 
ou the ystem, and who ba rendered much valuable a i ' tance in the 
compilation of phy ieal data of a li forn ia; by Mr. V\ alter Jarne , 
cbiPf ngineer Kern County Lamd Company, for valuable i nfo rmation 
concerni11g the Kern River an d for u e of the tatiou for t he rnting of 
the meters; by 1\lr. IT. :r. avao- , for data in refer nee to tll w et,Yater 
J~iv r; by fr. J.D. '"' cbn 1 ' r , for o-eneral information- aud by l\Ir. H . F . 
Parkin on, for information aud a i tauce on tbe San Gabt'iel River. 

Credit i given in tb body of this report to numerou individual 
who have contributed important ervice, and information whi h l1a\" 
"'nlarg d the re ult. of tll byclrogra.phic iuve tigatiou. lt i · not 
practi able '1en to eu u111 entte the name of tb many individual who 
bav extended courte ·ie imilar to tho e mentioned havin g in tbe 
a gr ()'at an important bearing upon the quantity and qualit of the 
re ult ·obtain d. 

'llle data obtained and th re ult of computation ba eel upon these 
are pre en ted iu the following pao·e in a condensed form a, po sible, 
giving uch fact a will enable tbe tud ut to form an opinion for him-
elf a to tb d o-ree of accuracy of the iuve t io·ation. In connection 

wit,h tb de ' ·ription of the localities at which mea urements are made 
attention lla been called to the name or designation of the adjacent 
quadrauo·] and corre pondiug topographic atlas beet. A I o, with the 
statement con ·erning the riv L' ba in , a list of name of these topo
graph ic ' beet i pre en ted to fa-Ci li tate reference to tlle maps. tudy 
of tbe e honld be made in couuection with discussions of the behavior 
of each tl·eam. The table of daily gage height are not given in this 
paper, a they have le s r lative intere t and would swell the report 
to an unwieldy size. They ma be found for the most part in Water
SuP! ly and Irrigation Paper o. 11. 
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CHE APEAKE W TER TIE D. 

ROWL DSVILLE 'f.A.TIO ON OOTOR.A.R CREEK. 

This creek ri es in Penn ylvania. and flows into the Su uehanna 
H.iver about 2 mile above Port Dep sit, Maryland. The tation was 

tal>li 'h d ovember 21, 1 96, at the wag-on bridg in the village of 
Howlandsvill , 1\Iaryland. The s ituation i not a model ou for taking 
<.li ·c!J arge mea uremen t , owin g to an ddy along th left bank an d the 
prox.imit.y of t he mouth of a small tributary which would au cross 
current in time of high ' ater. 

A wire O'age wa attached to t he floor timber on th upp r ide of 
the britlg , the seal b in o· a 14-foo boa,rd paint d whi t and paced 
to tenth of a foot with mall nail., fa t n d to th floor timber of the 
bridge. The ob ener is llugh W. Ualdw II. 'rlt initial ])Oint for 
making ouudin g is the end of th hand rail on th 1 wer ·id of the 
bridg on th left bank of the tr am. b nell mark wa e tabli bed 
and erified with urveyor' I vel. T!Je ben h mark is a cro cut in 
top of capstone on t he lower ide of the briclo· abutment on the left 
bank of t he tr am, and i · 17.67 feet above the datum of the O'age. 

mea urement wa made at thi station on l\ov mb r 21, 1 DG, by 
E. G. Paul. Th beigbt of the water wa 3 fe t, the dischar·o·e 138 
se ond-fc t. b. rvations of h igb t of wat r b an at tbi point on 
~ovember 22 and were co ntinued until De ember; 1 1 '9() th height 

ranging from 3 to 3.20 feet, except in the cas of a flo d on .r ovemiJ r 
29 rising to 4.30 .f et. 

WOOD 'TOCK '£ 'l'ION 0 PATAP CO RIVER. 

The drainage area i 251 quare mile:, aucl i partly hown on the 
Ellicott. and Frederick beet ' of tb Topographic t la . 'fbi· tation 
wa e tabli heel Angu t G, 1 96, on the county brido· on the r ad from 
Wood tock to Gmnite, Maryland a mile and a half b low thejuu tion 
with the orth Branch, een on the E llicott atla she t . 

Th bridge ha been mea ured and eli tan from the initi al point for 
makiug ouuuingshave been ·tenciled on t h guard plank under the haucl 
rail on the upper ide of t he bridge. The pull y of the wire ga in 
u. eat this station i fastened to t he floor t imber of the upper ide of 
the bridge 40 feet from a n iuitial pointe tabli. h d for makiug . ound
ings. The scale i a b«;>ard paced to tenth of a foot with small nails 
and nailed to t he floor timber of t he bridge. 

The chan nel i rough, with larg rocks in the bed of the t ream. The 
trea.m i subject to high water and udden fioods, owing to the char

acter of its upper watershed. The bench mark is a United tates 
Geological Survey standard copper bolt set in the face of the retaining 
wall of the entrance t<? the coll ege ground at the north end of the 
bridge. It is 22.06 feet above gage datum . T he record of daily gage 
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height for 1896, from Augu t 6 to D ecember 31, i given in Water
Supply and Irrigation Paper No. 11, page 8. 

IA.! t of di scharge 1neas1wements made on Patapseo Rit:e1· at Woodsto.ck, Ma·ryland. 

H ydrogrnph r. 

1896. 
1 Aug. 6 E . G. Paul .... . .. .. 

2 ept. 16 .... . do ....... . . . .. 

3 Nov. 19 ..... do ......... .. . 

1897. 
4 Feb. 10 ..... do ...... .... .. 

M 
n 

eoor 
Ulll-

ber. 

6 
68 
68 

6 

Ga~ 
beig t 
feet). 

3. 60 
3. 90 
3.90 

4.20 

Area of M enn DischarNe sec t ion velo ity (secon . 
(s?.uare (feet per fe t ) . ( e t ) . second ). 

93 1.33 123 
109 1. 83 200 
101 2. 03 204 

143 2. 40 345 

Rati ng table jo1· Patapsco River at Woodstock, Ma1·ylan.d . 

[This table is applicable from A ug ust 1, 189G, to February 20, 1897.] 

I~ 
he 

a'f,o 
ig L. 

ut. F 

3 

3 
3 
3 
3 

.30 

. 40 

. 50 

. 60 

. 70 

L 0 

Discharge. Ga~ beig t . 

ec.f eet. Feet. 

70 3.90 
- 4.00 

100 4.10 
125 4. 20 
150 4.30 
1 0 4. 40 

·-
Discharge. Gn~ 

heig t. Discharge. 

ec.f eet. Feet . eo. f eet. 

210 4. 50 500 
250 4. 60 560 
300 4.70 620 
350 4. 80 6 0 
400 4. 90 740 
450 5.00 800 

-

Est·imated monthly di-scharge of Patap1eo River at Woodstock, Ma1·yla1!d. 

[Drninage area, 251 square miles.] 

~Month . Di charge in second-feet. ···g Total in 
Maxi - Mini- acre-feet. . Seoond-feet 

Mean. J:!eptb w per sq uaro 
mum. mum. mches. mile. 

------
1 96. 

Augu t 16 to 31. .... .. 150 77 120 3, 0 0.28 0. 48 
epteruber . ..... .. ... 195 55 116 6,902 .52 .46 

0 tober .. .......... .. 230 100 151 9,284 . 69 . 60 
November .. ........ .. 740 138 210 12,496 .93 .84, 

December . . . . ... . .... 275 92 161 6,210 .74 .64 
-~y J 

18 GEOL, P1' 4-2 
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LAUREL S1'ATION ON PA'l'UA'"E T RIVER. 

This station is in the Laurel quadrangle, in latitude 39° 5.5', longi
tude 760 50.5'. It was establi 11 d August 3, 1896, on tho bridge on 
the main eros street of the town of Lam· 1, !farylaud. The initial 
point for soundings i):l the end of iron tru , upp r sid . The bridge wa 
mea ured and di tances from the initial point for ounding w l' sten 
ciled on the floor timber of the upper ~ id of tbe bridg . A wire gage 
witb metal weight wa attached to the low r ide f the bridge, the 
scale being q. 14-foot board spac d to ten th of a foot' ith ·mall nails 
and fastened to the floor timber of the bridge. 

The flow of water pa t th i Rtation in t ime of dry w a.th r i on fined 
to certain llour of the day, ow in g to a dam at t h larg- cotton mill 
ituated about 1 mile up til tream from the tation. During ugu t, 

1 96, the cotton mill ran but five hour each working day, owing to the 
scareity of water. The mill would run from 7 a,. m. until uoon. By 
that time the upply of water would be exba u ted and the gat · of the 
dam be closed. In but few in tances dnriog Augu t, 1 96, did water 
flow over the dam by 7 a. m. the n xt day. 

The bench mark i a copper bolt set iu large cap tone of the retain
ing wall ou the lower ide of the bridge abut ment on the left bank of 
the strea.m. It is 21.22 feet above zero of gage beio-ht. Th e lrainage 
area i 137 quare mile , and i mapped on the Fr derick, Laur 1, and 
Monoca y h e t of th Topographic Atla . The rec rd of daily ri\' r 
height for 1 96, from Augu t 3 to De emb r 31 is given in Water
Supply and Irrigation Paper "o. 11 page . 

List of disoha1·ge 1neasm·e-ments ·made on Patuxent .Rive-r at Laurel, Ma?·yland. 

Meter Gn~e 
Area of Mean Di obd':e j 

Date. Hyru·ographer. num- heig 1t section velocity (&econ . 
ber . (feet). (square (feet per feet) . fo t). second). 

1896. 

1 Sept. 18 E. G. Paul. ... _ .... 67 4.60 117 1. 37 161 

L 1-lov. 25 .- ... do ........ ·--· ·-···· 4.40 93 1. 32 12~ 

POTOMAC BA IN. 

The Potomac River, as tile nam is commonly applied, result from 
the uuiou of theN orth Branch with the South Branch at a point about 
12 miles below Cumberland, Maryland. 'l'he main features of thi basin 
are outlined in Bulletin 140, page 41-43. 

Followiug down t he Potomac I i ver, the drainage areas of the princi-
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pal tributaries have been measured at their mouths and ascer tained to 
be as fol lows : 

Drainage area.a of t1•ibutm·ies of Potomac River. . 
Sq. miles. 

Little Cacapon.................. .. ... . .. .... ........ .......... .. .... ... ... 117 
Great Ca{)apon . (Of this, North River has a drai na"e area of 205 sq uare 

miles; Lost River, 1 9 square mile · ; acapon above Nortll River, 404 
square mi les.) .......................... ... .. .... . -· . .......... .. ....... . 

Warm priog Creek .... .... ................. . .......... ............. .. ... . 
Coooloway reek ........ .. ................ ................ ..... ... .. _ .. .. 

leepy Creek ............ ...... ...... _ ......... .. ........................ .. 
Lickiug Cr ek . ..... ...................... . ........... .. ........ ........ .. 
Back reek (to'\ irgmia and 'Vest Virginia lin, 1 5 squar mile ) ....... .. . 
Cooococbeague at Will iam~>port ...... . __ .. ................. _ .. _ .. .... .. .. .. 
Opequon .......... ---·-- ............. ___ ...... ........ ____ ... _ ... · ... _ ... .. 
Antietam ....... .. ........................... ... ....................... .. 

henandoall . ...... .. . .............. . . ... . . .. ............ .. .......... .. ... . 
Mono acy .. . _ .. ... ........ . .... .. . . . . __ .. . .. _ .. ___ . _. ___ . _. _ .. .... _ . __ ... . 
Goo o Creek . .. _ ...... ...... . ________ ... ___ . _____ .. __ .. . __ . _ ....... _ . __ . _ . . 

671 
16 

125 
1-16 
195 
2 
579 
335 
305 

3, 009 
941 
3 4 

eoeca Creek....................... ..... . ...................... . ...... ... 132 
Rock Creek ...................... .... .................... ................ _ 1 

The areas of the Potomac drainage at varion point in sncces ion 
below the union of the orth an d South branches are a follow : 

Sq.miles. 
Abov Great acapon Iiver ......... .. .... ....... . ...... .................. 3,3 
At Hancock .. .... .. .......... .... .. ..... ... . .. . ........................... 4., 099 
At Williamsport.............. . ...... ...................................... 5,556 
At Harpers Ferry aboY t he henaudoab.. .. .... .. . . . .. . . .. . .. .. .... . .. . .. . 6, 354 
At R arp rs Ferry below the henandoall...... .. ........ . .. . .. . . .. .. .. . ... . 9, 363 
At'\Vev rtoo ....... . .... . .. .. . ... .................. . ... .. ................ 9,397 
.AtPointofRocks .. .... ...... .... ...................................... .. . 9,654 
.At E dwards F erry below Goose Creek.... .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. .. .. 11, 100 
AtGreatFall ...... .... .. .... ....... . ...... . ......... .. ...... .. ........ .. 11,427 
At Chain Bridge...... . ..................... ........ ...... .. ...... ........ 11, 545 

The prin ipal river tations for a certaining the fluctuation of the 
tream are tnted below in geoo-raphic order, and the re ults obtained 

at each are shown in conr,i e form. 

POTOMAC RIVER ABOVE SHENANDOAH. 

SP RINGFIELD TA'l'ION ON OUTH BRANCH OF POTOMAC RIVER. 

Tbi · poin t is at the railroad bridge at Wa hington station, 2 mile 
above pringfield, We t Virginia. It i shown on the Romney beet 
of tbe Topographic tla , and is in latitude 39° 25' and longitude 7 o 
44'. Its drainage area i all shown ou the Romney, P iedmont, Beverly, 
F ranklin, Woodstock, Staunton, and Monterey sheets. Observations 
were d.i contin ued in F bruary, 1896, upon the exhau tion of funds, and 
have uot been re umed . The bench mark i a cross cut in a broad cap-

too of the ower wa-ll of the north abutment of the bridge, and is 24.58 
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feet above the urface of tb water wh n the gage reads 3.6 fe t, or 28.1 
feet above datum. 

The mea urements of riv r height ar made by mean of a wir age, 
the scale of wlJicb i marked to fe t and tenth on tbe guard ntil of the 
bridge on tbe lower side by m an of bra tack . Th eli tance from 
the pulley to tbe zero of tlle gao·e i l.GG feet· the leugth of t h gage 
wire i 34 fi et. It i placed in tl1e fir t panel of the bridg a.t th third 
span from tbe north. Measurement of discbarg are made from the 
same brido·e. The chanll I, both abo and below th . tation, i tr. ight; 
the water i somewhat wift. Th bank ar liabl to overflow at time 
of high water. 

This tation is de cribed in ulletin 131, pa(}' Rating table and 
daily gage heights for 1 95 are publi bed in Bull tin 140, page 44 and 
45. The ame rating ta.bl i u u in omputing the tabl of di charges 
given herewith. Additional mea urem nt of minimum tlowa.r r quired 
for completing the record for 1 95. Ob ervation w re made at thi 
point from January 1 to February 29, 1 9G, the b igbt ran<Tiug from 
3.60 to 9.40, but tlle gr ater part of tll time fl u tuating rapidly. From 
January 5 to 22 the river wa reported as fr z n. 

List of disohm·ge n~eaaunments made on outh Branch of Potonwc Riv&r, W68t Virginia. 

I Meter Ga~e 
Area of Mean 

Discharr l No. Dntc. Hydrographer. Dll.lll· heig tt section velocity (s ·on -
her. (foot). (square (~ tp r f!!<>L), f t) . socood) . 

--

I 1 94-. 

1 May 31 R. H. Chapman .... 23b 4.70 532 2.02 1,074 
1 95. I 

2 Mar. 29 C. C. Babb ........ 291 5.90 695 2.95 2.0-L9 
3 Apr. 11 .... . do ............ 291 .95 1,4 2.95 4.389 I 
4 Apr. 26 ..... do ...... ... ... 29 1 4.20 395 2. 45 9 
5 May 3 . .... do ......... . .. 291 7. 40 974 3. 6.2 3. 39 
6 May 9 ..... do ..... . ...... 29 1 5.25 481 3. 30 1 5 
7 May 22 . .... do ............ 291 .30 1, 238 3.16 3 6 

I 8 June 4 ..... uo ..... . ...... 29h 3.90 330 2.r 710 
9 June 6 ..... do ............ 29h 3.90 357 2.13 759 

10 June 14 . . .. . do .......... . . 29b 3.4.7 25 2.27 56 
11 J une 19 ..... do ............ 29 h 3.10 195 1. 79 34.!) 
12 July 16 . .... do--·- - ------- 76 3.10 219 1.73 37 
13 July 17 ..... do---- - ------ - 76 3.00 195 1. 2 3"'5 . 

1896. 

14 Aug. 6 D. C. Humphreys . . 1a 4.40 465 2.2 l, 05 
15 Nov. 18 A.P.Davis ........ 6 3.60 307 2.06 634 
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Rating table foJ · South Bmnoh of Potomac Rivtw. 

GaiLe Discharge. Gage Discharge. Gafie Discharg . Ga~ Discharge. ! beig t . height. hoig 1t. heia t. 

Feet. Sec.jeet. Feet. Sec. f eet. Feet. Sec.jeet. Feet. Sec. feet. 
2. 50 180 4. 40 1, 030 6.30 2,370 .20 3, 795 
2.60 210 4. 50 1, 090 6.40 2,445 . 30 3, 870 
2.70 240 4. 60 1, 160 6.50 2, 520 .40 3,945 
2. 0 270 4.70 1,230 6.60 2,595 8. 50 4, 020 
2. 90 300 4. i) 1,300 6.70 2,670 .60 4,095 
.3. 00 330 4.90 1,370 6.80 2,745 8.70 4,170 
3. 10 360 5.00 1 440 6. 90 2,820 8. 0 4,245 
3. 20 400 5.10 1,510 7. 00 2,895 8. 90 4, 320 
3. 30 4-o 5.20 1,5 0 7. 10 2,970 9. 00 4,395 
3.40 500 5.30 1,650 7.20 3,045 9. 10 4,470 
3. 50 550 5. 40 1,720 

I 
7.30 3, 120 9.20 4, 54.5 

3.60 600 5.50 1,790 7.4-0 3,195 9.30 4,620 
3.70 650 5.60 1, 60 7.50 3,270 9. 40 4,695 
3. 0 700 5.70 1, 930 7. 60 3,345 9. 50 4,770 
3.90 750 5. 0 2,000 7.70 3,420 9.60 4, <15 
4.00 00 5:9o 2,070 7.80 3,495 9. 70 4,9:!0 
4. 10 850 6. 00 2,145 7. 90 3,570 9. 0 4,995 
4.20 910 6. 10 2,220 .00 3,645 9.90 5,070 
4.30 970 6.20 

I 
2,295 .10 3,720 

Estinwted monthly discha1·ge of South Bmnch of Potomac River, near Sp1·ingfiel£l, West 
Virginia . 

[Drain,.ge area, 1,443 square mile .] 

Discharge in second-feet. Run-off. 

Month. Seconcl-
:Maxi- Min;. Mean. Depth in feet per 
mum. 1UUID. inches. square 

mil . 

1 94. 
June . .... .. .............. 1, 720 400 800 0. 61 0.55 
.Julya .. ............ ... ... 700 210 317 0. 25 0. 22 
Aug ust ...... ............. 400 180 232 0.1 0. 16 

eptem ber ...... .. ....... 1, 930 180 395 0. 30 0. 27 

Octo ber 1 to 20 ... .... .. .. 910 210 500 0. 40 0. 35 

1895. 
April 12 t o 30 ~ .. .. . . -- --. 3,270 00 1, 667 1. 2 1. 15 

May ·· -··· ----- --------- - 3,570 1, 030 2,204 1. 76 1. 53 

J une .. .. ...... ...... .... . 1, 230 270 600 0.47 0.42 

.July ..................... 1, 300 240 512 0. 40 0. 35 

l 
1 ~!6. 

January ............ .... .. 2, 20 600 856 0.68 0.59 

F!>bru a.r ~' --- ----- -- ---- -- 4,695 500 2,023 1. 51 1.40 

ttReoord i ncompl to; figures missing from J uly 15 to 21,1894. 
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CUMBE RLA m ST.A.TION ON POTOMA RIVER. 

This station is 1,000 feet below tb e mouth of Will s r ek, in la titude 
390 39' , longitude 7 o 46' . It i · u cribed in ulletin 131, p age 8 . 
The river gage con i t of a vertical r d 10 fi et lon g bolted to the east 

ide of the abutment of tile head gate of the ea t r11 a ual £ der ju t 
above t he dam. The top of the rod, or t h 10-£ ot mark, i GAO fi t 
below the top of the abutment. Mea ur ment of th e river a r made 
from the We t Virginia Central Railroad bridge, ab ut 200 yard below 
the dam aero the Potomac. t bi O'h water the e tion i fairly rnooth 
and the velocity bigb. t low wat r rock , riffl e , and an gular cur
rents appear. Measurement of the ca nal feeder have al o been made 
near the b ead ga tes. The record of uai ly river b iO'bt. a t t bi tation 
were continued throughout 1896, and are shown iu W ater-Supply aud 
Inigation P aper No. 11 page . The dra inage ar a abov t hi tation 
is 891 square mile , and i ~bown in part on· the Piedmont aud Romney 
sheets of the Topographic Atla . 

lii&t of clisc11m·gc m.easu1·ements made on Potomac Riv r at mn berlaur11 1lfa1·yla11 d. 1 

M ter Gn~ 
Area of :Menu In . ,1 
s otion " locity lschai f.o N'o. Date. Hydrographer. DUJll· heig t (square (fe t per (secon< · 

b r. (feet) . 
f~et) . second). I feet)· 

-- ---
1 9-l. 

1 May 24 C. C. Babb ........ 23 --- ---- - 1, 166 2. 60 3,037 
1 95. 

2 Ma r. 30 . .. .. do . ... . ....... 29 1 4. 50 1, 0 3. 17 3 4-16 

3 Apr. 10 . . . .. do . .. ... . ... .. Z9 1
1 

5. 40 1,560 3. G, 3·1 
I 4 Apr. 25 .. .. . do ............ 29 h 3. 30 423 1. 4.9 630 

5 :May 3 . .. . . do . ....... . ... 29 h 3. 75 722 2. 39 1, 72 
6 :May 9 .. ... do . ....... . . .. 29 b 3. 4.0 465 1. 67 777 
7 May 23 . . . . . do . ... ... . .. .. 29 b · 3.40 569 1. 46 31 
8 J une 5 ----.do - - ---- .. . ... 29 h l 2. 95 373 0.69 256 
9 J une 6 . . . . . do .... .. . .. . .. 29b 3.10 445 1. 37 609 

10 Ju ne 13 .... . do ............ 29 h 3. 00 33-l 0. 6 2 7 
11 July 17 ... . . do .. .... . ... .. 76 3. 05 357 0. 97 345 

1896. 
12 J u ne 24 D . C. Humphreys .. W. B. 3. 31 5 '0 1. ,12 22 
13 Aug. 6 ... .. do . ........ ... w.n. 3. 30 355 1.71 60:' 

L4 ov . 18 A. P. Dav i ~ ...... __ , 6 3. 3 577 1. 33 765 
I 

_I 

' Gag ings include di scharge of canal feeders . 
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Ra ting table of Potomac Ri·ver a / C11'mberl.an c1, Jlm·y /a'll(/, 

lcn~re 
---, 

Gag-e D ' I Gal!o 
Di chnrg ·I heig ht. heig ht . rsc rnrgo.

1 

heig ht. 

---
Feet. Sec. f eet. See .feet . Peet. Sec.j eet . Feet. ec.jn t. 

2. 7 160 1, 2 5 4. 5 3, 5 0 5.4 5 T 
' 2. 200 1, 5·l0 •i . 6 3, 35 6, 130 

2. 9 24 0 1, 795 tl. 7 4, 090 6, 3 ~ 
3.0 300 3. 9 2,050 4. 4, 345 6 f>40 
3. 1 400 4.0 2,305 4. 9 tJ, 600 5. 6, 95 
3.2 500 4. 1 2,560 5.0 4, iF 5. 9 7, 150 
3. 3 650 tl. 2 2, 15 5. 1 5, 110 6. 0 7, 405 
3.4 00 4. 3 3, 070 5. 2 5, 365 
3 5 1, 000 4. 4 3, 325 5. 3 5, 620 J 
Estimated rnontll ly discharge of Potomac Rirer ctt C111nber land, J fm·y land. 

M Ol lt h . 

[D rniung nren , . 1 squnro mi l s .] 

Dis hnrgo i n aecorHl · f ·t. 

1\fnxi 
Hlu m . 

J\ l ini 
m um . ) I ean . 

]{uu -o tT. 

1 95. 

D ptlr i n I COIHI · fe t 
inches . pe~l~i~~~ n ro 

--·1---1-- 1 

J anuary . . . . . ... . . . ... . .. . 

F ebrua ry . . .... . . . . . . ... . . 

Ala. r eb .. • ... . . .. . .. . . . . . . . 

April . . . ..... .. . .. . . . .. . . . 

May . .. .. . ... .. . . .. . ... .. . 
Jnn o . ... . .. ...... . . .. ... . 

July ......... . . .... ..... . 

7, ,J.05 

4, ~55 

7, .J05 
6, 3 ~ 

1 ,~95 

650 
1. 540 

325 
650 

1, 540 
525 
425 
~00 

160 

1, 44 

1, 128 
3, 1 5 
1, 75 

870 
355 
431 

2.39 2. 07 
1. 32 1. 27 
tl. 12 3. 57 
2. 35 2. 10 
1.13 0. 9 
0. 45 EJ 0. 5:> 4 

Estim ated m onlllly dischm·ge of P otomao Rn·er at Cumberlanc!, Ma 1·ylamd. 

[Drnhrng nrea, 891 sqnar mi:cs.) 

I I Discha rge in second ·feet . R un·ofl'. I 
I Total in [onth . a rc·feet. eoond·~ t I Max i· M ini- M nn . D e pth in per . qnnre mum. mum . iuclles . mile . 

1 96. I 
I J a nn nry . ... . . .. .. .. .. 2 8L5 240 438 2G 931 0. 56 0. 49 

Feb rua ry . . . . .. . .. . . ·1'1-, 600 400 1, 49 86, 165 1. 1 1. 68 

l\Iarch . . . . . . . . . . . . . . . 12, 505 300 1,. 991 122,422 2. 57 2. 23 

Apr iL . .... . ... . .. . ... 4, 55 650 1, 792 106, 631 2. 24 2. 01 

M ay · ·· ·- --- - -- ---- -- 3,580 2t!O 1,351 3, OiO 1. 75 1.52 

Jnne .. .. . . . ... . . . ... . 2,560 500 1 396 3, 06 1. 75 1. 57 

I 
J nl y .... .. . ... . . . .... 11, 6oo I 300 2, H 1 131, 64 ·~ 2.77 2, tJ~ 
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Estimatecl n10nlll1y ilisollm·g of Potomac Ri ver at Cumberland, Ma1·y lan cl- ontinu d. 

I 
I 

Month. 

1 96. 

hlnxi
mn m. I ~~~~~-- I Mean. 

---1 
Aug us t . . . . . . . .. .. .. .. 1, 7!r 200 656 

ep t mbcr . .... .. .. .. 17 600 1 l •lO 50 

0 to bcL ... . ... .. . .. . 6, 130 210 I 6 I 
N ovcm ber.. . . . . . . . . . . 6, 130 4.00 1, 116 

D ocemuer .... .. ...... 1, 540 400 / 654. 

Total in 
ne ro- foot. 

40,33:5 

51, 115 

53, 70 

66,4 06 

--------------

l 
P er anu um . . . . . 17, 00 

- _ _ __ __:___ __ 
eo.-ft. 
8, 000 

7,000 

6, 000 

5,000 

{ , 000 

~A}!: ':_E _B~ ~ ·~-~R.C:.H ~6~'~ ~A_':_ 

110 1,230 I 

~~ ... ycv -~u-~ 

lb~ •.:.· I· 

3, 000 

2,000 

1, 000 

0 -· ...... IL :::>~ 

12, 000 

11 ,000 

10,000 

9,000 

8,000 

7,000 

6, 000 

5, 000 

4, 000 

3.000 

2, 000 

1, 000 

0 

It_ /!:,It_ 

II 
II 11 

==•~~~U•Ii~ 

~~~0 

v.w. 'I 

I~ 
I' 

l 

R unoff. I 

0. 0. 74 

1. 07 0. 96 

1. 12 0. 97 

1. 39 1. 25 

0. 73 

1. 38 

~c !'_o_y~ ~~·2c:_. 

fE,i?. 11 rol,.q fol :o. '?L •t.t. 

I 
l1 ... 

FIG . 1.- Discbargo of Potomac R ivor at Cumberland, Mar yland, 1895-90. 
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GREAT AO.A.PO STATION, WE T VIRGIN1A, ON POTOMAC RIVER. 

Obser vation were carried on at this point from J anuary 1 to March 
7, 1896, t he height ranging from 1.10 to 4.10 feet. This station is 
described on page 47 of Bulletin No. 140. 

SHENANDOAH RI V ER . 

PORT REPUBLIC S'l'.A.TION, ON N ORTH .A. m SOU TH RIVERS. 

Thi locality is de cribed iu Bulletin 140, page 50. On A ugu t 6, 
1 95, gages were e tabli bed on the orth and South rivers, which 
form the South Fork of t he henandoah at Port Republic, Virgin ia .. 
The gage for the North River is lomLted on the county highway bridge, 
at Port Republic, and 500 } et above t he mouth of South River. A 
painted rod was fa tened to the third panel of the first pan on the 
lower sicle of the bridge. It is na iled to the wooden upright and 
fa tened by wire to the iron diagonals. The zero of th~ rod is opposite 
the middle of the third upright, and is J.~o feet from the out ide edge 
of the pulley. The distance from the end of the weight to the marker 
is 31.98 feet. The brid ge eat ou lower end of righ t bank abutment is 
24.6 feet above the datum of gage. 

The gage for the South l~iver i located on the county iron bridge, 
j u t ea t of the town, and 300 feet above the mouth of North River. 
It is a wire gage. The edge of the pnlley i 2.54 feet from the north 
ed o-e of th e third vertical. The marks on the gage are made by ta ks 
driven into the rail on t he upp r ide of the bridge at the fourth panel. 
The zero i 1 foot from t he edge of the pulley. TI{e distance from the 
bottom of thew irrht to the wire marker or zero point is 2G.12. The 
top of the third ftoor beam from ri ght bank, upper ide of bridge, is 
2"".-2 fe t aboYe garre datum. The zero of orth River gage is 2.56 
fe t below the zero of outh River gage. 

The drainage area, of these stations i ent irely mapped, and may be 
found ou t he F r a nklin , H a.rrisonburg, Staunton, Buckingham, and Lex
ington sheet . 

On ugu ·t 29, 1 95, a gaging of the outh Fork of the henandoah 
was made just below the junction of the North and South rivers, giving 
an area of section of 1G5 square feet, mean velocity 2.09 feet per second, 
and a disch arge of 345 ecoud-feet. Declo tiug 87 second-feet, the dis
charge of South River on that date, gave a discharge of 25 ecood
fee t for the .1: orth R.iver . Similarly on July 31, 1 95, the discharge of 
the South Fork below the junction gaYe, area, 203; mean velocity, 2.33, 
and discharge 474, The di charo-e of the orth River would be 335 
econd-feet. 11 o·agings of South RiYer include di charge of mill 

race. Mea ur meuts of discharge a t this tation are not sufficiently 
comprehen i c to warrant the cou truction of r ating curves. The 
record of daily gage height for both rivers for 1 9G is given in Water
Supply and Irngation Paper .1: o. 11, page 9. 
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List of rli clta,·ge measu·remcu ts mac1e on .L\o1·t lt Bi·ver, at P01·t Repnb1io, Vi1'.1Jin ia. 

Ko . Onto. 

) 95. 

1 Aurr. 6 

Rydrogrnph r . 
::l[cter 
lltlln · 
bor. 

. C. Babb .... ..... 29 

2 Aug. 29 D. C. HumphrC'ys.. N. 
I 

1 !)6. i 
3 Juno:- ..... do .. .......... \V.B. 

4 Jul~- 31 , ..... do ------------ \\' .B. 
5

1 

.... do ___ .. ... do ________ ____ \V.R. 

Gugo 
h ~i!:ht 
(f •et). 

2. 1 
2.0!l 

2.20 

2.4 

2. ·16 
_j 

.A r~n of 
A tion 
(sq uare 

f t). 

-;:;::: u· ~ ,,elocll y tR hnrge 
( fet•t per (R ft?OUd~ 
s cond ). t) · 

2 1 l. 33 375 

CL25 

276 1. G:) 427 

310 L ' 42 

b3:~~ 

a R suit obtained by deducting the disohnr« of the outh Ri\'er. 7 secoud-fe l , from total dis
charge of the outh Fork of honand onh, 3~5 ccond -ft•rl, measured below th e juneti<llt. 

bRcsult obtained as ou Angtt s t 29,1895, by deducting 139 aecouc\-feot, discharge of South Hiver , 
from 474 a cond-foet, di cbnrg of outh Fork. 

List of cHscha1·ge measm·eme11ts made on oulh River, at Port Republic Virginia. 

I I I No. Date. IIydrographer. Meter 
number. 

1 95. 

Aug. 5 . Babb ________ 2!) 

1 Aug. 6 ..... do .. : _____ ____ 29 

2 An g. 29 D. C. Humphrey -- W.L. 

1 96. 

3 Jnne 5 D . C. Humphreys .. I \Y.B. 

L-~ I Jnly 30 ..... do .... _______ 

1 
\\".B . 

Gn~e 
heig tt 
( feel). 

--~:~;·· , 
56 

7± 

1.34 I 
1.40 79 

1. 6 3 

Mean n· ~ 
,-elocity tscharfe I 
(f t per (s~conl-
se~ond ). 1 et ). 

--------

1.30 a72 I 
11·1 

7 

ll3 
13. 

« :Measurement made at Basic City, 200 feet a boY iron highway bridp:e. Thu surfn e of t h wnter 
then was 19.29 ff}et below the top of the foot rail of th bridge, opposil the third or c n r v rti al 
on th upper aid of the bridge. 

:U:ILLVILLE TATIO r ON SITE ANDOAII RIVER. 

A ta.tion for mea uring Shenandoah River wa e ta.blisbed a t a 
poin t 4 mil above Harpers F erry, where tbere is a cable tr t h d 
a ro~ the river-tbe property of Becker Bro ., of Balt imor . Per
mission wa · outained to utilize this cable by ''ino-ing fr'om it a 
suitable box from which discharge mea urement coi:ild be mad . On 
April 15, 1895, a vertical gage was placed in t he river and ecurely 
fa teued to tbe overhangin g trunk of a t ree. .1\. deep notch wa. cut in 
the tree opposite the 8-foot mark. Daily ob. ervation were b gnu at 
this time. A further description of this tatiou i given iu Bllll etiu 
140, page 53. 
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Th e tatiou i bown on the H arpers F erry b et, and is 200 f et 
above t he mouth of Flo~ring Run, in lat itude 390 17' and lon gitude 770 
47' . The drainage ba. in is entirel y included on the ITa.rpers Ferry, 
Wincbe ter, Luray, Woodstock, F ranklin , Harri ouburg, taunton, 
Buckiu o-ham , and Lexington atla. sheets. 

On 0 tober 1, 1896 th e cable wns canied out by hiO'h water, and lta 
not yet b een replaced . Ou November 17 a copper bolt b en •h mark wa 
driven in to au anger bole in the root of a large ycamore tree on the 
left bank of t he river, about 150 feet below the o-n o·e rod. The top of 
the bench mark i 1.7 feet b low the u-foot mark on the gaO'e. Th 
higb -water mark of th e flood of October 1 was conn ected by a level lin 
with the gage, and found to be at gage lt e igllt 19.72. 'Ihe r atin g table 
i applicable only from Janua ry 1 to eptember 30. The record of daily 
gage heio·hts for 1896 i s given in Water- ··upply and Irrigation Paper 
No. 11 page 10. 

List of di scha1·ge mwsuTemenls malle on lt enandoah Bit,e>· at Jfillville, Trest lirg iuia. 

Mete r 

I No. Dale. Hydrographer. num-
b~r. 

--

I 1 95. I 

I 1 Apr. 24- Dabb . ... ... . 29 h 

2 May 1 .. . .. do - · . . -- ·- -- -- 29 h 

3 2 . . . . . do -- -- .... -- .. 20 h 

<1 4 ...•. d o -- ---- ...... , 2!l b 

5 . .... do ---- -- -- -- -- 29 h 

6 '~.Jay 21 . .... do 

: : ::::: : : : ::~ 
29 h 

7 I June . ... . do 29 h 
I 

.)nne 15 . . ... do . . . . ---- .... 29 h 

9 .J I) I) 22 , ..... do ·--- -- -- -- -- 29 h . 

10 Jnly 12 . . . . . lo -· - · -- -- -- -· 29 h 
I 

1 96. 

ll Juu 22 D. . IIumphreys .. , \\· .B. 
L_ 

Ga•ro Aren of 
h ~ ight secti011 

(f eel) . (SQ1131'0 
feet). 

--

1.90 1, ') -
- 0 

7.50 4, 3 

6. 0 .J., 3!)3 

5. - 0 3,463 

:to 2,397 

3. 60 3 256 

1. 50 1, 645 

2. 5 2, 13:' 

1.10 1, 46t 

1. 30 1,549 

1. 99 1, !)03 

Mcnn 
n ·loci1y I ( f~c r JH- r 

OCt•lld) . 

1. J 

4. 07 

3. 6t 

3.17 
I 

1. 0 

1.76 

0. 92 

1. ·12 

0.77 

0. 74 

1.32 

Dischnrf.o 
(seconc. 

feet) . 

2, 162 

19, 711 

15, .-g 

10, 9 1 

4, 311 

5, 74 5 

1,516 

3,04.4 

J, 126 

1, 150 

2, 5::.3 

......, 
~ 
u 

.~ 

~. 
'f~ 
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Rati ng table for henandoah Ri.rer at .Mill·ville, II' est V irginia . 

[This tnbl is npp,licnbl from Jnunnry 1, I 06, to J~tnunry I , I 97 .] 

Gngo 
height. D1 charge. hoig'ht. Discharg . 

Feet. 

. I Gn"O Discharge. j h~r[ht. , llischnrg . 

Sec. fee t. Feet. ec.fett. ~~-tc. feet. 1

- 1-·'e-e-t .-l·-.-c.-f -ee-t.-

0 60 90 2. 10 2. 500 I 3. 50 5, 490 4. o 9, 950 
0. 70 940 2. 20 2, 670 3. 60 ~ , 7 0 ~. 00 10,275 

G. 0 990 2. 30 2, <10 3. 70 6, 090 5. 10 10, 600 

0. 90 1, O·W 2. 40 3, 0!!0 3. 0 G, 390 " · 20 10, 925 

1. ov 1, 090 2. 50 3, 210 3. 90 G 100 5. 30 11 , 2-o 

1. 10 1, 140 2. 60 :l, t100 4. 00 7, 025 5. 110 11,575 

1. 20 1, 200 2. 70 3 590 4. 10 7, :;150 5. 50 11 900 

1. 30 1, 300 2. 0 3, 7 0 4. 20 7, 675 5. 60 12, 225 

1. 40 1, 400 2. 90 3, 980 4. 30 '000 5. 70 12, 5~0 

1. 50 1, 510 3. 00 4, 180 4. 40 ' 325 5. 0 12, 75 

1. 60 1, 650 3.10 4, 390 4.. 50 , 6-o 5. 90 13, 200 

1. 70 1, 820 3. 20 4, 630 4. 60 '975 6. 00 13, 5:25 

1. 0 1, 990 3. 30 4., 900 4. 70 9, 300 6. 10 13, 0 

2, 160 3. 40 5, 190 4. 0 9, 625 6. _o 14, 175 

0 2, 330 

~---'-----'-------'------'----' 

Estimated monthly dischm·ge of he11andoah River at 11Ii ll ville, West Vi1·g inia. 

[1Jrah1a" area, 2,995 square mi le .] 

Diacbnrgei n s coud.feet. Run·off. 

-
J>lontb . 

I 
Total in I 

llfnxi· Mi11i- ncro. fc t. Depth in · coud · f~et 

mum. mum. lllean. loch a. per .(uar 
UlJ e. 

---___ , 
- --

1 96. 

January ............ .. 11,250 1,040 2,453 150, 29 0.94 0. 2 
February ... .... ...... 12,225 1,400 3,725 214,2&! 1.34 1.24 
March --- -- - ··- -- ---- 11, 900 1,400 3, 772 231,931 1.45 1. 26 
April . . . ... · -- -- - -- -- '975 1, 400 2,750 163,636 1. 02 0.92 
:May ·---- - ------- ---- 4, 1 0 1, 140 2, 060 126, 64 0.79 0. 69 
June ........... .. .. . . 3, 7 0 990 2,129 126, 684 0.79 0.71 
Jul y ......... .... .. .. 9,300 1, 300 172,0.11 1. 07 0.93 
August ............... 1, 20 990 75, 14 0.47 0.41 
'eptember .. .. ....... 12,550 840 76,462 0.4 0. 43 

October 3 to 30 . ...... 12,225 1,040 121,717 0. 79 . 0.73 
November .... ....... . 4,630 1, o.JO I 116,509 0. 72 1 0.65 
December ............ 6,390 1, 400 2, 237 137, 54 0. 6 0. 75 ---

40 1 2, 383
1

1, 714., 09~ ----P r anunm ..... 12,550 11.72 1 0. 79 



DAVIS.] POT OMAC BM·IN. 29 
POTOMAC RIVER BELOW SHENANDOAH RIVER. 

P OINT OF ROCK S STATI ON ON PO'l'Oi\f.A.C RIVER, :M:.A.RYL.A. rn. 

This station is iu latitude 390 16', longitude 770 33', in Harpers F erry 
quadrangle. It is about 6 mile above the mouth of f onocacy River, 
and also a number of smaller str eams, a nd t herefore the measurements 

Sec.-ft. 
13, ooo f--TCT--t-r-=,r+"'T-'T'--1-T-T---n''-+-'T'-'r-l-T-T-+-"n''-+~~I-T~+-"r!f'+~~ 

12, ooo H-!--l-+-...ji-+-!-Hf-+--j-<;~H-l--l-+-...jf-+-l--1-H-l--l--+-H-++-H-++-H 

11,000 ~-l--+-l-~-t-+-r+-+~~-+-t-+-r+-+-t-H-+-+~r1-l--t-+-r+-t-~ 

8, ooo 1-+-l--l-+-...ji-+-!-Hf-+-+_.H-l--l-+-f-+-!-+-H-+-++-H-++-H-l--1-+-l 

7, ooo 1-++-l-+-...ji-+-!-HI-t-+_.H..-+-!-+-I+++-1-H-+-++-H-++-H-l--1-+-l 

6, ooo H-1--l-+-...ji-+-!-HH--l-

5, ooo H-+-l---HI-+-t-+-H--1-

4, 000 1-+-!--+-+-1-+-l--+-1-+-H-

6, ooo H -hl+il+f---1-+ ... 1-+++-H--t+-I-H-J.I.+-HH++~-f-+.J---:Ht++--l 

s, ooo H -f-J.hi-J+-++ •-...J-++-1-H-++-HI--HH--1-H -++• H + -1-H I+ -t--J 

3, 000 

2, 000 

1, 000 

0 

FIG. 2.-Diaohnrge of hena.ndoah River at Millvill e, \\Test Virginia, 1895-96. 

of discharge do not represent the entire flow of the Potomac River. 
The drainage area here i estimated to be 9,654 square miles. It is 
largely mapped on Topographic Atlas heets Harpers Ferry, Win
chester, Romney, Piedmont, W arT nton, Luray, Woodstock, Franklin, 
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Beverly, Harrisonburg, taunton, .Monterey, Buckingham, and Lex
ington. The station i de cribed in Bulletin 140, page 5±. 

At tbi point' a toll bridge bas b en erect <1 , r·o sing the tream 
1,000 feet below the mouth of atoctin Creek . 

.A. wire gag wa placed on the t 11 bridge on F brnary 17, 1895, 
near the center of the third pan. The wire l> co rning badly ru ted 
and frequently broken, a new wire gage wa placed on th ,·am datum 
at the east ide of the fir t . pan . The cal i nmrk d with 1r ail on 
the hand rail. Ob ervations on tb begun ovember 
16, 1896. 

Bench mark 1 i ' a copper bol t fa t n d in a bol drill d in a large 
cap tone on the lower wiug wall of the north abutm nt a hort eli tance 
from the north end of the first iron tm , and i ' 41.3 fe t ab ve the 
datum of the o-:-we. Bench ma,rk 2, top of econd fl. orb am from left 
bank, lower end, i 39.28 feet above datum. The di tan e fTom the end 
of the weight to the wire index i 4!.10 fe t. The initi al point for 
sounding is the edge of the north abutment. There ord of daily gage 
heio-ht for 1 9G is given in Wat r- uppl and Irrigation Paper o. 11 
page 10. 

List of l1iscl!m·ge mea8tt1'61nents ma£1e on Polo1nao .Rive1· at Point of RockB, Jfaryla11(l. 

I 
I 

--
Ga~ 

rea of ran 
DiRcbar§. 

No. Dnt. Hydrographer. Met r boig t section velocity (secon . number. (f et). (Rq nare (feet por feet!. f t). s con<l). 

1 95 . 
. 1 Mar. 25 C. C. Babb ... ..... 29 h 2. 79 10,52-! 1. 10, -:A 

2 Apr. 5 .. ... do .. , ..... .... 29 h 3.16 6,33 2. 21 14 032 
3 Apr. 13 . .... do ........ .. .. 29 h 4.01 7, 51 2.23 17,516 
4 Apr. 23 ..... do ...... ...... 29 h 1. 4, 765 1. 55 7,371 
5 May 1 .... . do ... ......... 29 h 4.09 7,717 2.73 21, 073 
6 May 7 ..... do .... .. .. .... 29 h 2. 5, 7 0 2. 16 12 4 -~ 

7 i\fay 17 ..... do ... .... .. .. . 29 h 2. 09 5,118 1. 74 , 91 
May 28 1 ..... do ........ .... 29 h 2.19 5,290 1. 74 9,1 9 

9 June 3 
1 

• •• • • do .. ...... . . . . 29 h 1.27 3,99 1.13 4,536 
10 June 17 ..... do ........ .. .. 29 h 1.04 3 793 1.12 4,233 
11 July 10 ..... do .... ........ 76 1. 24 4,695 1.14 4,695 
12 Nov. 16 .... . do ...... ..... . 62 0.14 2,355 0. 51 1,202 I 

1896. 
13 June 28 D. C. Humphreys .. W .B.lA 1. 2 5,386 1. 20 6,462 
14 Aug. 4 ..... do .. ........ .. W.B.lA 1. 6 '~. 526 1. 5- 7,057 
15 Nov. 16 A. P. Davis .. ...... 68 1. 60 4, 121 1.48 6, 109 

1897. 

16 Feb. 9 C. C. Babb ..... ... 70 7.911 11,668 3. 49 40,654 
17 Feb. 23 . .... do ....... ..... 70 21.70 29,627 5.74 169,913 
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Rat·ing table for Potomac Rirer at Point of Rocks, Ma1·yla:nd. 

Gago 
height. 

Feet. 

Discharge. , b<;i~~~t. 
ec.jut. Feet. 

0. 00 1, 000 I 4. 10 

0.10 I , 200 4. 20 

0. 20 1, 400 4. 30 

0. 30 1, 650 4. 40 

0. 40 1, 900 4. 50 

0. 50 2, 150 4. 60 

0. 60 2, 4.00 4. 70 

0. 70 2, 700 4. 0 

0. 0 3, 050 4-. 90 

0. 90 3, 400 5. 00 

1. 00 3, 800 5. 10 

1. 10 4-, 150 5. 20 

1. 20 4-, 500 5. 30 

1. 30 4-, 50 5. 4.0 

1. 40 5, 200 5. 50 

1 50 5, 550 5. 60 

1. 60 5, 900 5. 70 

1. 70 6, 300 5. 0 

1. 0 6, 700 5. 90 

1. 90 7, 150 G. 00 

2. 00 7, 600 fi. tO 

2. 10 6. 20 

2. 20 6. 30 

2. 30 6. 40 

2. 40 6. 50 

2. 50 6. 60 

2. 60 6. 70 

D . b " II Gage 
ISC are . I height. 

Sec. j u t. Feet. 

17,820 . 20 

18, 340 I 8. 30 

1 ' 60 8. 40 
19,380 . 50 

19,900 8. 60 

20,420 

20,940 

21,4.60 

21,980 

22,500 

23. 050 

23,600 

24,150 

24, 700 

25, 250 

25,800 

26, 350 

26,900 

27, 450 

2 '000 
2 ,550 

29, 100 

29,650 

30,200 

30,750 

31,300 
31 · -o 

9.00 

9. 10 

9.20 

9. 30 1 

9.40 

9.50 

9.60 

9.70 

9. 0 

9.90 

10. 00 

10.10 

10.20 

10.30 

10.40 

10. 50 

10.60 

10. 70 

10. 0 

2. 70 10, 750 6. 0 32, 400 10. 90 

2. 0 11, 200 6. 90 32, 950 11. 00 

2.90 11,650 7.00 33,500 11.10 

3. 00 12, 100 7.10 33, 250 11. 20 

3. 10 12, 620 7. 20 35, 000 11. 30 

3. 20 13, 14-0 7. 30 35, 700 11. 40 

3. 30 13, 660 7. 40 36, 500 11. 50 

3. 40 14. 180 I 7. 50 37, 250 11. 60 
3. 50 14., 700 7. 60 3 '000 11. 70 

3. 60 15, 220 7. 70 38, 750 11. 0 

3. 70 15, 740 7. '0 39,500 11. 90 

3. 0 16, 260 7. 90 40, 250 12. 00 

16, 780 8. 00 41, 000 12. 10 

o 17, 300 8. 10 41 , 940 I 12.20 

Discharge. h~i~~~t. l DisciJRrgo. 

I Sec. feet . .Feet . 

53, 220 13. 40 

54, 160 13.50 92,700 

93, 6-JO 

9-~ . 5 0 

95,520 

96, 460 

. 7, 400 

9 ) 340 

99,2 0 

55, 100 13.60 

56, 040 II 13. 70 I 
56,9 0 13. 0 

76,720 

77,660 

7 ,600 

79,540 

0, '1 0 

13. 90 

1-!.00 

14. 10 
14. 20 

1-!. 30 100,220 

14. 40 101, 160 

102, 100 

103,040 

103,9 0 

10.J.,920 

H. 90 105, 860 

15. 00 106, 00 

15. 10 107, 740 

15. 20 10 ) 6 0 

15. 30 109, 620 

15. 40 110, 560 

15. 50 Ill, 500 

15. 60 112, 440 

15. 70 l ll3, 380 
15. 0 114, 320 

15. 90 115, 260 

16. 00 I 116 200 

16. 10 117, 140 

16. 20 111 . 080 
16. 30 lHl. 020 

L-----~----~------~----------------

31 
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ut inuetl. 

G>tlj,e DisohnJ·ge. Gn~e Dischar ge. G n~o Discbnrge. l Ga!j,o n; , , .. , I hoig t . heig 1t. h ig Jt . h ig t. 

Seo.feet. I Feet . Sec.jeet. Feet. ec . f eet. Feet. Feet . Sec. f eet. 

16. 40 119, 960 18. 10 131', 940 19. 0 151, 920 I 21. 50 167, 900 

16. 50 120, 900 1 . 20 136, 0 19.90 152, 60 I 2i. 60 16 ' 40 

16.60 121,840 1 .30 137, 20 20. 00 153, 00 21.70 169, 7 0 

16.70 122, 7 0 18.40 138, 760 20. 10 154, 740 I 21. 0 170, 720 

16. 0 123, 720 1 .50 139,700 20. 20 155,6 0 21. 90 171,660 
16. 90 124,660 18.60 140, 640 20. 30 156 6:20 I 22.00 172, 600 

' I 
17.00 125, 600 18.70 141,5 0 20. 40 157,560 I 22.10 173, 54 0 
17.10 126, 540 18. 0 142, 520 20. 50 15 , -oo 22. 20 17•1, 4SO 
17.20 127, 480 18.90 143,460 20.60 159,440 22. 30 175,4.20 
17. 30 128, 420 19. 00 H4, 400 20.70 16o, 3 o 1 22. 40 176,360 
17. 40 129, 360' 19. 10 145, 340 20. 0 161, 320 I 22.50 177, 300 
17. 50 130,300 19. 20 14.6,280 20.90 162, 260 22. 60 17 , 240 
17.60 131, 240 19. 30 147,220 21. 00 163,200 22.70 179, 1 0 
17;70 132, 180 19. 40 14 ' 160 21.10 16,1, 140 I 22. 80 
17.80 133, 120 19. 50 149, 100 21. 20 165,0 0 22.90 
17.90 134, 060 19. 60 151), 040 21: 30 166, o2o I 23.00 
18.00 135, 000 19.70 150, 980 21. 40 166,960 I 
E stimated 11tanthly discha1·ge of Potomac R ·ive1· at Poi11t of Rocks, Maryland. 

[Drainage area, 9,654 square ruJles.J 

I Discharge in second -feet . Run-off. I 
Month. Total in 

Mas..i- Mini- acre-feet. Depth Se oud-feet 
Mean. in per auaro mum. mum. inches. n1 e. 

---
1895. 

F ebruary 17 to 28 ..... 14,900 5, 000 7, 142 396,647 0.77 0. 74 
March .... .. .......... 49,900 11,400 21, 884 1, 345, 595 2. 62 2.27 
April. ........... : .... 50, 900 5, 900 13, 3 3 796, 342 1. 55 1. 39 
May . ... . . . . . ...... ... 26,400 6,900 12, 109 744,558 1. 45 1. 26 
June ....... .......... 7,400 2,150 3, 655 217,487 0.43 0.3 
July ................. 10,400 2,400 3,882 238,696 0.46 0. 40 
August ........... .... 3,050 1, 200 1, 852 113,876 0.22 0.19 
September ........... 2,400 1,000 1,428 84,972 0.17 o. 15 
October ..... . ........ 1, 200 825 984 60,504 0.12 0.10 
November .. .. ........ 1,400 1,000 1, 1 0 70,215 0.13 0.12 
December . ....... . ... 5, 000 1,000 2, 084 12 ' 141 0.25 0. 22 

1896. 
J an uar y .............. 21,980 1,650 5,633 346,360 0.67 0. 5 
Febr uary ~ . -- - . -- .. -- 33,500 3,400 10,908 627,434 1. 23 1.14 

I 
March .. ..... ......... -- -- ----- ---- ---- ------ -- ------ ---- .. .... . ..... .... , 
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Es timalecl m&nthly discharge of Potomac Rivm· at Poin·t of Rocks, Marylai1d-Coutinued. 

[Drain age urea 1 9,654 square mil es. ] 

I Dischar(l"o in seco1ld-feot. Run-ofr. 

Mon th. Total in 

Max i· Mini· nero-feet. Dopth Second-feet 
Mean . in per saunro mum . mum. inches . ffi.l . 

---
April. .... ...... ... .. . -- ------- ---- --- - ---- --· · -- --- -- -- - ------- -- --· ----
May 11 to 31. .. ... .. .. 5, 900 2, 150 3, 286 136,872 0.27 0.34 

Juue . .... . . .... .. . .. . 14, 180 1,650 5,982 355,953 0.69 0. 62 

July . ............... . 28,000 3, 00 9,613 591,0 0 1.15 1. 00 

August .. .. .. . .. ..... . 9, 50 2, 150 4, 134 254-, 190 0.49 0. 43 

September ------ ·- --- 24, 150 1,650 2,665 158,579 0. 31 0. 2 

October . . ... . .... . . .. 171,660 2,700 13, 470 2 '23 1. 61 1.40 

"ovember ........ ... . 2 ,000 2, 700 7,368 43 ,426 0. 84 0. 76 

December ...... . .... . 12, 100 2, 700 5,3 - 331, 110 0.64 0. 56 

50, ooo HH H -t-++:-H -+-++++-+-H-+++-+-H-+-++++-H-+-1-++-H H 
~~\915 

40, ooo H-t-t-t++t-H -t--t-+ + -1-f-H-t++-+-HH-t++-1-H-t-++-1-HH 
ao, ooo HH H -t-+-!.-HH ..... +++-+-H-+++-+-H-+-++++-H-+-1-++-H H 

0 

20, 000 1-+h-1';-+ "'"-+-~+-- Lll~H-ft--H-+-+-H-1-+-IH-+-H--t-H-H 
10, 000 . _ .. r- en 

~ IM 

120, ooo 1-l-t-+-+++-H-+-+++-1-f-H-t++-+-HH-t-++~t--1-t-t++-f-H 

110, ooo 1-1-+-+-l-++-H-+-l-+++-+-H-+++-+-HHH-l-++ HH-l-++-H H 
100, ooo 1-1-+-+-l-+-l-H-+-l-++ +-+-H-++ +-+-HHH-l-++ HH-t-++-H H 

~~~~ 
oo, ooo 1-l-+-++~-++++-~-++++-H++-1-H-t-t~f-H-+++4~+~ 

70, ooo W-+-++-l-1-+-++ -l-+-H++ -1-H-++++-!H-++-t-H -t+-1-H-t-J 

5o, ooo W--l.--l.--l-+-1--l--lf.-l--l--1-+ +-+-H-++ +-!-:+-H-+-++-1-+-H -+-++ t-H 

40, ooo W-+-+++-H-++-1-HH-t+-1-H-t~H-HH-t+-t-H-t+-t-H-t-i 

so, ooo U-l--1--ll--1--l-++-l--l-1-+-t+-1-+-!-t+-H+-H-t+-1---.J~++--H-t~ 

20, 000 I 

10, 000 H-+-Wia+- l. • Ao1 .-: ~~ ru Lll~ l-..&. .loot._. •• 
0 ... 

F IG . 3.-Discharge of Potomac River at Point of Rocks, Maryland, 189!>-96. 

18 GEOL1 P'.r 4---,-3 
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Fl"tEDER1CK STA1'10 0 MONOCACY RIVER. 

This station wa stabli bed by 1\'Ir. E . G. aul August 4, 1 !)6 at 
the ounty iron bricJo·e on the t urnpike 4 mile northea t of Fr derick, 
on the road leading from Frederiek to :Mount Pleasant, {a.ryland, 
about 2,000 ~ et abo,·e the mouth of Isra I 'reek and 3,000 f et b low 
mouth of Tu carora Creek on the Frederick atlas be t. Latitude 
390 27 ' , longi'-ude 770 22'. The drainage area is 665 quar mil . A 
wire gage wa attached to t !Je floor timber ou tbe lower i 1 of t!Je 
bridge, the pulley bein g 115 feet from au initial point establi bed for 
making oundings. 'I he brictge ha IJeeu mea ured, and distanc from 
the init ial point stenciled every 5 fe ton the top tirob r of the bridge 
floor. 

The tream at t his station bas two channel , being divid ed by a 
mall , low i laud, which serves a a foundation for t l1 e middle pi r of 

the bridge. Tlle right channel wa · ounded and rated from th lower 
side of the bridge and the left channel from t he upper ide of the 
bridge, a the e ection ar freer from rock than a continuou ection 
on either ide of the bridge. The trearo i subject to high wat r and 
sudden floods, owing to the cbara ter of it upper water bed. The 
bench-mark is a cro s cut in the top face of a cap tone on the lower 
retaining wall of the bridge abutment on tlle right bank of th stream, 
and wa verified with urveyor's level. The b ·ncb -roark i 24.!17 feet 
above the urface of the water wb n the gager ads 4.2 feet. Tb r c 
ord of daily gage heights for 1896, from Angn t 4 to December 31, i 
gi,·en in Water- upply and Irrigation Paper o. 11, page 11. 

List of di.scilm·ge measu rMnents macle on 1lfonocaay R ilier at Frecl(fl·ick, .ilfaryla11d. 

,----
.A rea f I Mean "'~'"''1 I No. I 

Meter Gnge 
Dat . ITyclroga ph r . 1)1111)· h ight suction velouity ( ecnud -

b ·r. (foet) . (sq uare (feet p ,. 
f ot). fe t) . socoud). 

1- ---
1 96. 

1 Aug. 5 E . G. Pau l . . ... .. .. 68 4.10 JG 1. 05 176 
2 . ·ept. 16 ..... do ............ 67 3. 0 103 0 . 5 7 

3 Kov . 19 . .... do ... .. ....... 4.20 165 1. 2- 206 
1897. 

4 Feb. 9 E . G. Paul . ........ 68 6. 00 419 2. 43 1, 019 

5 Feb. 24 . C. Bab b ...... . .. 70 . 95 1, 266 2. 2 3, 5 9J 
-------
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Rating table fo r Monocacy Rire~· at .F1·ederick, ;}far ylancl. 

[Tbi tabl e i applica ble from .J. u,E:U t 1, 1 96, to Dec mber 31, 1 96.] 

1 c 1arge. heig'i.t. I 1 c 1arg . 

35 

D' I I Gn~o D ' I 

ec. f eet. ~~ ec.feet. F e.t . 

h~i~lf1 t. Discharge. , 11~/;[l~t. 
~~ ec.fcet. ---;;.eet. :----

3. 60 
3.70 

3. 80 
3.90 
4. 00 
4.10 
11, 20 

4. 30 
1.1,, 40 

4. 50 
4.60 
4. 70 

45 4. 0 ,120 

65 
90 

120 
150 
1 0 
210 

245 
270 
305 
340 
3 0 

4 .. 90 
5.00 
5.10 
5.20 
5.30 
5.110 

5.50 
5.60 
5.70 
5. 0 

5.90 

460 
500 
550 
600 
650 i 

700 
750 
800 
50 

900 

960 

6. 00 1, 020 7. 20 
6. 10 1 106 7. 30 
6. 20 
6.30 
6. 40 
6. 50 
6. 60 
6.70 
6. 0 

6. 90 
7.00 

7.10 

1, 192 

1, 794 
1, 0 
1, !J66 

7.-10 
7. 50 
7.60 
7.70 
7. 0 

7.90 
. 00 

2,224 
2,310 
2, 396 
2,4 2 
2,56i:s 
2, 6511 

2, 740 

Estintated monthly discharge of "1I0110cacy River at Frederick Mm·yland. 

[Drainage area, 665 square miles.] 

Di. chnrg in second -feet. nun-off. I 
Mon th. Total in I 

1\inxi· Mini - I ac re- feet. Depth iu econd-fcet 
U'IUIIL mum. ~fenn . i nches. per aunrc 

JUt e. 
- -- ---·--- ---

1 96. 
Augtl t 4 to 31. . . . __ __ 270 45 119 6, 604 0. 19 0. 1 

ep tflm ber ______ ____ _ 500 45 104 6, 1 0.1 iU6 
Octob r ........ .... .. 420 90 142 '732 0. 24 0. 21 
' oYemb r .. .... .. ____ 2, 310 130 320 19, 041 0."3 0. 47 

L ee mber -·--·· -- - --- 420 120 196 11, 92 0. 33 0. 29 

CHAIN BRIDGE S1'ATION ON POTOl\IAC RIVER. 

This station i de cribed in Bulletin o. 140, ou pages 56 to 61. 
Observation (not published) were con tinued until F ebruary 22, 1896, 
when the station was discontinued, owing to t he many unfavorable 
feature iuterfer·ing with the accuracy of result . No measurements 
we1· made during 1896. It is witllin the area mapped on the l\fount 
Vernon beet of the Topographic Atla ·, in latitude 38° 56' and longi
tude 770 7'. A portion of the area dra.ined is mapped on the Topo
graphic Atla beet Frederick, Mount Vernon, Harper Ferry, Win
chester: Romn ey, Piedmont, W arrenton, Luray, Woodstock, Franklin, 
Beverly, H arri onburg, Stauntou: 1\fouterey, Buckingham, aud Lex
ington. 
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J Al'IE RIVER B A I . 

JAMES RIVER. 

Tbi stream i described in Bnlletiu 140, page 61, and its water powers 
are discu ed by Prof. George F. Swain iu Volume VI of the Tenth 
Census reports. 

GLASGOW S1'ATIOr ON NOR'J'H RI"VER. 

A station was e tabli heel at the Ea t - la gow Couuty bridge, about 
1 mile above the mouth of orth River, and ob ' ervation w re begun 
on August 2 1, 1895. The heigllt of water i ob erved l>y m an of a 
wire ga.ge, the mark being placed on the guard rail on the low r . i<.l e 
of the bridge. The di tance from the top of the bridge over tl1e gage 
to the zero is 32.20 feet, and that from the end of the weight. to the 
marker of the gage is 27.86 feet. Discharge measurements were made 
at the rapid , 1 mile above the bridge. The initial point for ounding 
is on the right bank. The channel above the station i traigbt for 
about 200 feet, and curved below, the water moving with mod rate 
velocity. At the place where observations of hei ght are taken the 
stream is confined within its channel by the bridge abutment and the 
bed is composed of rock and gravel, being fairly permauflnt. This 
station is in the L xington quadrangle, in latitude 370 3 ' , longitude 
79° 27 ' . Its entire drainage area i mapped on the L xington, 1onte
rey, S taunton and Natural Bridge be t . The r cord of daily gage 
heights for 1896 i given in Water- ' upply and Irrigation P aper o. 11, 
page 11. 

List of disclia1·ge measurements ·made on N01·th Rit·er at Gla1gow, Vi1·ginia. 

1 

2 

3 

4 

5 

6 

D ato. 

1895. 

Aug. 24 

1896. 

J an. 25 

May 16 

May 23 

July 9 

July 24 

ept . 

Dec. 17 ~ 

Hydrographer. lleter 
number. 

D . C. Humphreys .. W.andL.U. 

D. C. Humphreys .. W.B.l.A.. 
. .... do ............ W.B.1A. 

. .... do ............ W.B.1A. 

. .... do .......... . . W.B.1A. 

..... do .......... .. W.B.1A. 
R. E. Hu t ton . ..... W.B.1A. 
D. C. Humphreys .. W.B.1A. 

a .A.t rapid~ one-balf mile above bridge. 

Ga~ 
heil! t 
(fe L). 

---

0.()35 

3. 0 
1. 

1. 70 

7. 5 

1. 75 

1.40 

1. 0 

A.r a of M an 
Disch rF.o section velocity 

(8 COil! · (square (feeL p_er 
feet). second). feeL) . 

- --

129 1. 55 a 201 

1, 0 0 2.75 2,975 
672 . 75 504 
631 . 95 603 

1, 1 5.57 b10,141 
623 1. 02 634 
566 .45 

~ 69 . 69 0 

b B y s urface veloci ti . 





U. 8. GEOLOGICAL SURVEY 

Seal& o1 Miles 
2L, ,_. d 25 

U.S .G.S . Hydragra;phi 

1896. 

EIGHTE[NTH ANNUAL REPORT PART IV PL l 

50 
I 

S:tcv @ 





D.I.VIS. J NORTH RIVE R. 37 
Rating table, No1'll. Rwer, at Glasgow, Vi1·gi.nia. 

~age. Discharge. I ' 
·-

Discharge. Gnge. Gage. Dis barge. Gage. Discbarg . 
- -- I 

Feet. Sec. f eet. Feet. Sec. feet. Feet. ec.jeet. Feet. ec . .feet. 

0. 6 60 ' 3.5 2,530 6.4 7,550 9.3 14,450 
0.7 75 3.6 2, 675 6.5 7, 750 9.4 14, 700 
0.8 ::.oo 3. 7 2, 25 6. 6 7,950 9.5 14,975 
0.9 125 3. 2, 975 I 6. 7 8,150 9.6 15,250 
1. 0 150 3.9 3,125 

I 
6.8 ' 350 9. 7 15, 525 

1.1 180 4.0 3,:&75 6.9 '550 9. 15, 00 
1.2 215 4.1 3, 425 7.0 '750 9.9 16, 100 
1.3 250 4.2 3, 575 7. 1 8,950 10.0 16 400 
1.4 300 4.3 3, 725 7.2 9,200 10.1 16,700 
1. 5 350 4.4 3,900 7.3 9,450 10.2 17,000 
1.6 410 4. 5 ljl 075 7.4 9, 70tl 10.3 17,300 
1.7 475 4.6 11,250 7.5 9,950 10.4 17, 600 
1. 540 4.7 4,425 7.6 10, -00 10.5 17, 925 
1.9 630 4.8 4,600 7. 7 10,450 10.6 1 ,250 I 
2.0 720 4.9 4,775 7.8 10, 700 10. 7 1 ,575 
2. 1 20 5.0 4-,950 : 7. 9 10,950 10. 1 ,900 
2. 2 930 5. 1 5, 125 I 

' 
.0 11, 200 10.9 19,215 

2.3 1,040 5.2 5,300 i .1 11, 450 11.0 19,550 
2.4 1, 150 5.3 5,475 I .2 11, 700 11. 1 19,875 
2.5 1,:&60 5. 4 5,650 I 8.3 11,950 11.2 20,200 
2.6 1,370 5.5 5, 25 .4 12,200 11. 3 20,525 
2.7 1,4 0 5.6 6 000 .5 12.450 11.4 20,850 
2. 1,600 5.7 6, 175 8.6 12,700 11.5 21, 175 
2.9 1,720 5. 6,350 8. 7 12,950 11.6 21,500 
3.0 1,850 5.9 I 6, 550 8. 13, 200 11.7 21, ·-o 
3.1 1,9 0 6.0 6,750 8.9 13,450 11.8 22,200 
3.2 2,110 6.1 6,950 9.0 13, 700 11.9 22,550 
3.3 2,250 6.2 7,150 9.1 13, 950 12.0 22,900 
3.4 2, 390 6.3 7,350 9.2 14, 200 
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E stimated monthly clischarye of K ol"lh River a.t Glasgow, T"irginia. 

[D rainage nron, 831 sq unro mil s.] 

Month. 

D ischnrgo in oro nd -l'eet. 

:1\Iini
mum. 

}:l ea n. 

Total in 
ncr -feet. 

1------------------1----
1 !:15 . 

eptem ber . · --- -- ---- 132 75 

October .. . .. ..... . ... 137 92 

Novemb r ----------- - 137 

December . . .... ... . . . 117 

1 96. 
Ja nuary ·· ---- -----· · 5,262 
February --- --- ------ 4, 120 370 

March ---- -- ----- .... , 490 420 

April --- - --- -- - -- ---· I 5, 30 5-o 

May ----- · ---- - ·- ---- I --- - ---· 370 
J une . . .. . ...... ...... 1,260 250 
J uly ....... .. ...... .. ] 2, 450 330 
Aug u t. - --- ---- ---- .. 2,300 290 

cptem bcr ------ - .... 37,250 190 
October ... .. ....... . . 5,260 420 
Novcmb r .. .. . ....... G, -100 4-20 
December ... ... .. _ . .. 3, 5-o 370 

---- - - --
Per annum .... . . . ------- - 190 

• 1~ .. 2~ Sec.-ft 
13,000 

[E: . i"'1AR<;l I ~,~R_I_l ~ .. -~ -~~~~ 

12,000 

11, 000 

10,000 

9, 000 

8, 000 

7, 000 

6,000 

5, 000 

4,000 

3,000 

2, 000 

~ 
~ 

f-

114 
111 
r6 
272 

701 

I 

I 

I 
I 

----
I 

7 7, ,j 7 

-;ful.v -~u-~. S_EPi, 

I ~ 
I ~ 

0. 15 

0. 98 
2.15 

I 

1.-2 
1. 67 
1. ·l9 

1 .11 

oc·
0 NO 'O 

O. H 

0.13 
0. UJ 
0 . 3~ 

5 
1. !)9 

0. 65 
1. 92 
1.06 
1.50 
0. 96 

1. 33 
_j 

D__ E2c_. 

1,000 

0 ·=·-~ l•W» iAol.i. :lt--.~ 
FIG. 4.-Discharge of North Fork of James River, Glasgow, Virginia, 1896. 
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BUOHA.NA S'l'A'l'ION ON J AMES RIVER . 

This point was described in Bullet in 140, page G3. It is on J ame 
Ri ver, abou t 20 miles above the mouth of Jorth Ri er a nd on -ha lf 
mi l above mou th of P urga tory r·eek, in latitude 7° :3~', long itud e 
79° 41', in th e Natural Bridge quadrangle of the topographi urvey . 
The area drained pat thi point i mapped on t he taun tou, Mont rey, 
Lewi burg, Dublin, Chri tia u burg and Roa,noke h et . l ea ure
men ts of river di s ·har o·e were made a t thi ' poin t largely becau ~e of 
th e fact that th V\ eather Bureau has maintained a gao· here for about 
two years, with daily obse1'vations. The br idge a t t hi point i of wood, 
i covered, and cro · e tb e ri er on two span . 

'l'h W eath er B ureau rod wa fastened to t he upp r fac of the pier in 
the middle of th e river, and is therefore about 1GO feet from the bore. 
Thi gage ba been washed out. A wire gage was t her fore e tabli heel 
at t his point. Tbe gage board i nailed on t he out r m il on t he low r 
ide of t he br idge, about 40 feet from th e ] >ft bank, and referred. to t h 

zero of the old gage. The bench mark at th i poin t i ·the off• et in tbe 
pier, whi ch is opposite t be 4-foot mark of l1 e old rod. 'J' he top of tone 
po t un der outbwest corner of porch C. & 0 . pa eng r tation i 22 .G 
above z ro of gao·e. 

Di cllarge measurement are ma,de at a briclo·e about h r e- fourth ~ of 
a mile a.bo,·e, a· th e section at the covered brid o-e wh ere the g·nge is 
located is not favorable, owing to the luggi h curren t dur ing low wat r. 

t tb poin t wllere mea uremeut · are made, th e initia l point for sound
in g i taken on th right bank, the channel i nearly traight both. 
above and lJ low and t he bed of the tream change but little, if any. 
The r ord of cla.ily ag heigh t · for 1 96, from J anuary 25 to Decem
ber 31 i o· iven in W a ter- upply and Irriga tion P aper No. 11, page 12. 

List of discharge measll!·eme11 ts made u 11 James Rit>er, at B1tehanan, JTi1·ginia . 

1 

2 

3 

4-

5 

l: 

Hy<ll·ogrnphcr . M ter 
number. 

Gngc
beight 
(feet). 

.A. rea of 
se lion 
(sq unJ"e 
foot.). 

----1--------1---- --- ---

. C. B:1b b . .. . __ __ 29h - 0.13 

. .... do . . . . . . . . . . . . 29h -0. 19 

\\"Bl A - 0. 4 

J an. W B, 1 A 4.13 2,526 

May 22 - - ... \1 0 . . . . ---· ·--- W B, l A. 1. 90 915 

Jul y 9 1··· · .llO . ........... Float 11. 51 4,033 

Jul y 2+ -.- .. 110 . . - - . •... --. W B, 1A 0. 56 822 

----- -

Mean n· h .-elocity >SO . argo 
(root per (second· 
second). feet). 

0. 7~ 2 509 

]. 0+ 54.3 

1. 03 397 

2. 11 5, 337 

2. H 2, 234 

6. 7•1 27, 141 

1. 3 · 1 1, 1 2 



40 PROGRESS OF STREAM MEA UREMENTS FOR 1 96. 

Ga~e 
heig Jt. 

Peet. 

-0. 10 
-0. 20 
-0. 30 
-0.40 
-0.50 
-0.60 

0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1. 30 
1. 40 
1. 50 
1. 60 
1.70 
1.80 
1. 90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2. 70 
2.80 
2.90 
3.00 
3. 10 
3.20 

Rating table for Jam.es River, at B1whanan, JTi1·ginia. 

[This table is appli cabl e fr·om·Jnuuary l , 1896, to January 1, 1897.] 

Discharge. Gaffe 
heig 11. 

Discharge. Ga~e 
hoig 1t. Discharge. Gn~o 

hei rt. 

--- --
Sec.jeet. Feet . Sec.jeet. Feet. Sec. f eet. Feet. 

600 3.30 4,060 7.10 11,350 10.90 
540 3. 40 4,200 7.20 11,600 11.00 
490 3.50 4,350 7.30 11, 50 11 . 10 
440 3.60 4,500 7. 40 12,100 11.20 
390 3. 70 4 650 7.50 12,350 11.30 
340 3. 0 4, 00 7.60 12,600 11. 40 
660 3.90 4,950 7. 70 12, 75 11.50 
720 4.00 5,100 7: 0 13, 150 11 .60 
7 0 4.10 5,260 7.90 13, 425 11.70 
840 4. 20 5,420 .00 13,700 11. 0 
910 4.30 5,590 .10 13,975 11.90 
9 0 4. 40 5,770 . 20 14,250 12.00 

1, 050 4.50 5,950 . 30 14, 525 12. 10 
1,130 4.60 6, 130 8.40 14, 00 12.20 
1, 210 4.70 6,310 .50 15, 075 12. 30 
1,290 4. 0 6, 490 . 60 15,350 12.40 
1,370 4.90 6, 670 8.70 15,650 12.50 
1,460 5.00 6, -o 0 15,950 12.60 
l ,F>-o 5. 10 7, 030 .90 16, 2n0 12.70 
1, 640 5.20 7,210 9.00 16,600 12. 0 
1, 740 5.30 7,400 9.10 16,950 I 12.90 
1,840 5.40 7,600 9.20 17,300 13.00 
1,950 5.50 7, 00 9.30 17,650 13. 10 
2,060 5. 60 8,000 9.40 1 '000 13.20 
2,170 I 5.70 8,200 9.50 1 , 375 13.80 
2,280 5. 0 ,400 9.60 1 ,750 13.40 
2,390 5.90 8, 600 9.70 19, 125 13.50 
2, 500 6.00 8, 800 9.80 19, 500 13.60 
2,620 6. 10 9, 015 9.90 19, 75 13.70 
2,740 6.20 9,230 10.00 20,250 13. 0 
2, 60 6.30 9,460 10.10 20,625 13.90 
2,980 6.40 9,690 10.20 21,000 14.00 
3,100 6. 50 9,920 10.30 21,400 14. 10 
3,230 6.60 10, 150 10.40 21, 00 14.20 
3, 360 6.70 10,380 10.50 22,250 14. 30 
3,500 6.80 10,610 10.60 22,700 . 14.40 
3, 640 6.90 10,850 10. 70 23,200 14.50 

. 3, 780 7.00 11, 100 10.80 23,700 14.60 
3,920 

Discharge. 

Seo.j eet. 

24,200 
2<1, 700 
25,200 
25, 700 
26 200 
26, 700 
27,200 
27, 700 
2 ,200 
2 '700 
29,350 
30,000 
30, 650 
31, 300 
31,950 
32,600 
33,250 
33,900 
3.1, 650 
35,400 
36,150 
37,000 I 

37, 50 

3 ' 700 
39,600 
40,500 
41,400 
42,300 

I 43,250 
44,200 
45, 150 
46, 100 
47, 100 

4 '100 
49,200 
50,300 
51,450 

"·"" I 



DAVIS.) JAMES RIVER. 41 

Estimated 7nonthly discl!m·ge of James Rit·er at Buchanan, Vi1·ginia. 

{Drnina"e area 2 058 square miles) 
" ' ' 

Discharge in second-~ et. 

Month. 

1 95. 
1ber ..... . . . .. . 

er ...... ... .... . 
Septen 

Octob 
Novem 

Decem 

ber .......... . . 

ber 1 to 2 -----

1 96. 
ry ........ ...... 

ary ...... ... . .. . 

·----- ------- -- -
------- -- --- -· " I 

.. .. ........ ----1 

..... ··· · ····· · · I 

Maxi-
mum. 

---

490 
440 
600 

3,640 
- --

a5, 100 
7,210 

16, 950 
11,100 
1, 895 
2,445 

.Janna 

Febr u 

Ml)>rch 
April. 
May . . 

June. 
July. 

Angus 

...... .. ....... , 21, 200 
t... .. . . ........ 1, 0 
nber . ..... . .. .. J 31, g-o 
er.... . ... ...... 7, 400 

epte1 

Octob 
No,7 em 

Decem 

ber .. .. ... ..... 11,600 
ber .... . ... . .. -I 5, 770 

Per anunm ..... 31,950 

~:Uni -
mnm. Mean. 

---

390 430 
440 440 
4.-90 596 
600 1,214 

---

600 1,008 
9 0 2, 510 
980 3,385 
440 1, 14 
340 992 
7 0 1,136 
7 0 2, 311 
600 962 
490 1,566 
540 1, 083 
540 1,333 
780 1, <169 

1--

340 1, 631 

Totnl in 
acre feet. 

2-,r.: 7 

27,055 
35,464 
67,421 

61,9 2 
144,351 
20 ,126 
107,921 
60,996 
67,617 

142,099 
59,177 
93,1 3 
66,565 
79, 335 
90, 347 

1, 1 1 699 

:Run otr. 

---
D pth in :~c.oud - foet 
inches . Jlt, I s~unro 

mte. 

---

0.19 0. 17 
0.20 0. 17 
0. 26 0. 23 
0. ,19 O.-t7 

0. 56 0.49 
1. 31 1. 21 
1. 1.63 
0.9 0. 
0. 55 0.4 
0.61 0.55 
1.29 1.12 
0.54 0. 4.6 
0. 84 0.76 
0.60 0.52 
0. 72 0.64 
0. 89 0.71 

10. 77 0.79 

a For the first twenty-four days of January the {(age was not read, hnt the river >S known to have 
been nearly stationary and about zero. 'rhe assumption bas been made that the rending wn zero. 

ec.-ft. 
26, 000 

24,000 

22, 000 

20,000 

18,.000 

10, 000 

14, 000 

12, oou 

10,000 

8, 000 

6, 000 

4, 000 

2, 000 

0 

1-!.A_~ - i-E1 M1~Rc;,H A~Rii ~ J~fNT ~ UL> -~u-~. ~ ~, o_c_T, N_O.Y: - ~E-~. 

& 

~ 

I 

j I ... k I. - •• l. ~~~~~-~ 
FIG. 5.- Discbarge of James River at Bucbannn, Virginia, 1896. 
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SOUTII A'£LA.1; 'l'IC ' .A.TBR ' liED. 

The topography and water power of this region are dis u ed in 
detail by Mr. Ueorge F . Swain speei al agent, in\ olume r I of the 
report of the Tenth Cen u , pages 667 to 824. Other reference to 
various loca litie · comprised in this class ifteation may be found in 
Bulletin 140 of t be United State Geologica l urvey. 

ROANOKE RIVER. 

The main Roanoke H.iver is form d by the junction of the Dan and 
Staunton at Clarksville, near the southern boundary of Virginia. The 
Staun ton River is, however, iu its upper portion al o known as the 
Roanoke . 

ROANOKE STATION ON ROA OFE RIVER .. 

This station wa established by Prof. D. C. Humphrey July 10, 1 96. 
It i located in the Roanoke quadrangle, in latitude 37° 16' , longitude 
790 56', a.nd is in the edge of the town of I oanoke, Va., on the Walnut 
street car line. The draina.ge area is 3 quare miles, and i mapped 
on the Roanoke a,nd Chri tiansburg sheet . 

The gage i. of wire, and the cale i painted in feet and tenths on a 
horizontal rod fastened to the floor of the bridge. The eli tance from 
the end of weight to · marker is 24.39 feet. The top of low r nd of 
fir t floor beam i 21.99 feet above datum of gage height. The right 
bank is above high water, but the left ma.y overflow ~"t oxtromo high 
water. The channel i nearly traight and the current good . Tbe 
ob erver is A. B. Rawn, son of Mr. J . C. Rawn, a prominent engin er 
of Roanoke. · 

Two discharge measurements were rna le in 1896 by Profes or Hum
phrey , with Haskell meter :N o.1 A, at Walnut street bridge. The 
fir t, on June 26, at gage height 1.21, gave a mean velo ity of 128 
square feet and a discharge of 244 second-feet. That on July 10, at 
gage height 3.28, gave a mean velo ity of 4.34 and a discbarg of 
2,057. The records of gage height are given in Water-Supply and 
Irrigation P aper No. 11, page 11. 

CLARKSVILLE STATION ON DAN .AND STAUNTON RIVERS. 

'rhis station is de cribed in Bulletin 140, pages 66 and 67. It was 
established on October 28, 1805. On Dan River the rod i fa tened to 
the inside of the guard rail of the fourth panel of the third span we t 
of the Southern Railroad bridge. The distance from the zero of the 
rod to the outside of the pulley wheel is 3 feet ; the length of the wire 
rope is 33.17 feet. The water power from Dan River has been devel· 
oped to a considerable extent at Clarksville. An examination at I oints 
above showed that the dams at Danvil le pond the water , and a a result 
modify the natural characteristics of the tream. 
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The gage on Staunton River i fasten ed to th e in ide of tl1e o·uard 
rail of the fourth panel of the third span from t he we t. The di tance 
from the zero to the out ide of the pull y wheel i 3 f< et; the lena h of 
tl.Je wire gage is 33 feet; th di ta,n ·e of the water urface below the 
top and upper end of the third-tloor beam of the second . pan from t ile 
west wa 27.15 fe t when t be gage height wa 0.25 foo t. Th dis tance 
from th e eas t abufment of the Dan River bridge to the we t abutment 
of the taunton River bridge is 165 feet. The ob erver is Luciu 
Wootton. 

About 4 miles above the junction of the Dau and Staunton riv r is 
a cut-off, apparently occupyin g an old cl.Jannel, div rting water from the 
Dan to the taunton. The bank are 10 feet hi gh and about 225 fi et 
apart. At it month i a boal or riffle about 70 fe t lo11g. The aver
age width of the water surface in the channel is 150 feet. The total 
fall between the two river was e timated to be .:.1 feet, occurritw princi
pally at the riffle at the mouth of the chann el. Tb to tall ngth of the 
chann el is abont 1,000 feet. Tbi cut. off, by carry in o- wa ter front the 
Dan, vitiates the separate computation of discharge made at th e ta
tions below, but doe uot aifect tl.t e total discharge for the Roanoke. 
The Weatb r Bureau IJas a gage on Roanoke Hiver about 1,000 feet 
below the railroad. crossing. Tili s gag i attached. firmly to the pro
jecting trunk of au old tree. Tile r ecord of daily gag hei o·bts for 
1896, from February 7 to December 31, are given in ·w ater-Supply and 
Irrigation Paper No. 11, page 12 and 13. 

Li I of dischm·ge meaB1wements nLade on Dan Ri~:er at Clm·ksville, Vil·g imia. 

Ji•( 1er G~go 
.Area of ~r au Uiechn rge se tion velocity 

' o. Dnl. Hydrographer . liUlll· hCJght (sq uare (feet per (aecoml-
ber. (fee l) . feet) . ecoud. foot). 

- - ---
1 95. 

I l ct. 2 c. c. Bai.Jb ..... ......... 29 0.3 -91 l. 31 773 

2 I t . 2 ... ... . do I 29 0. 65 719 1. 44 1, 032 

I Dec. -

·---·- ·- ----
I 3 ....... do ·---- ----- -- 62 1.12 865 1. 60 1, 3 2 

I 1 96. 
<1 Apr. 22 E . W. Myers ...... .. 21 2. <J3 1,209 ]. 9 2,291 

5a I May 5 .... .. do ............... .. ... 21 2 .. 0 1, 465 1 . 3 2, 6S4 

6 l\fay 26 ....... do ........ .... ...... 21 2. 30 1, 465 1. 47 2, 1"5 liJ Jnly 15 .... ... do . ................. 21 3.50 1, 932 2.39 4,626 

ept. 15 A. P. Davis ............. 1. 70 95 1. 50 1, 4-33 

a For 1l1 C'asuren1enL No. 5 chnunel bntl cut out badly, averaging almost all way across n cut of 1 foot. 
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Rating table jo1· Dan River at Clm·ksville, Vi1·gi11ia. 

Gn~e 
hoig t. Dischnrg9. Gn~e 

beigJt. Disuharg . Gn~o 
heig 1t. Dis harg . Gn~ 

hoig 1t. DiaohnrJ 

Feet. Sec . (eet. Feet. Sec. f eet. Feet. u .fett. Feet . ec. f eet. 

0.00 590 3.10 4,575 6. 20 12, 650 9.30 21,075 
0.10 645 3.20 4, 00 6. 30 12, 925 9. •JO 21,s-o 
0. 20 700 3.30 5, 025 6.40 13, 200 9.50 21,625 
0.30 760 3. 40 5,250 6.50 13,1.l75 9.60 21,900 
0.4.0 25 3. 50 5,475 6.60 13,750 9.70 22,175 
0. "0 95 3.60 5,725 6. 70 14, 025 9. 0 22, 450 
0.60 965 3.70 5, 975 6. 0 14,300 9.90 22, 725 
0.70 1,040 3. 0 6,2:.!5 6.90 H, 575 10.00 23,000 
0. 0 1, 115 3.90 6 475 7.00 14, 00 10.10 23, 275 
0.90 1,195 4.00 6, 72- 7.10 15, 075 10.20 23,550 
1.00 1, 2 0 4.10 6,975 7.20 15,350 10.30 23, 25 
1.10 1,365 4.20 7,225 7.30 1-,625 10. 40 24,100 
1. 20 1, 450 4.30 7,475 7. 40 15,900 10. 50 24,375 
1. 30 1,545 4.40 7,725 7. 50 16, 175 10.60 24,650 
1. 40 1, 645 4. 50 7, 975 7. 60 16,450 10.70 24,9-5 
1. 50 1,760 4.60 ,250 7.70 16,725 10. 0 2-,200 
1.60 1, 0 4.70 '525 7. 0 17,000 10.90 25,475 
1.70 2,000 4. 0 

' 
00 7. 90 17, 275 

1

11. oo 25,TO 
1. 0 2,130 4. 90 9,075 8. 00 17,550 11.10 26 025 
1. 90 2,275 5.00 0, 250 . 10 17, 8215 11 .20 2fl, !l00 
2.00 2,425 5. 10 9,525 0 20 1 '100 i 11.30 26,575 
2. 10 2, 575 5. 20 9, 00 . 30 1 ,375 i 1l. 40 26, 50 
2.20 2,725 5.30 10,075 .40 18, 650 11.50 27, 125 
2.30 2,900 5. 40 10,350 8.50 1 ,925 11.60 27,400 
2.40 3,075 5. 50 10, 625 8.60 19,200 11.70 27, 675 
2.50 3, 250 5.60 10,900 8. 70 19, 475 11. 0 27, 950 
2.60 3,525 5.70 11, 175 8. 0 19,750 11.90 2 ,225 
2.70 3,725 5. 0 11, 450 0 90 20,025 12.00 28,500 
2.80 3,925 5.90 l1,825 9. 00 20,300 12.10 2 ,775 
2. 90 4,125 6.00 12,100 9.10 20, 575 12.20 29,050 

L ." oo 
4-,350 6. 10 12,375 9.20 20, 00 
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Estintated 1nonthly disclim·ge of Dan R·i.ver at la1·k8ville, Vi?·gi ·nia. 

[Drainage area, 3, 700 sq unr miles .] 

.--· 
Discharge in second.feet. Run-off. 

Month. Totn l in 
Depth iu , Sec~nll·f~t Maxi- Mini· aero -feeL. 

mum. mum . Menu. in ches . p &t f:l~ uttro 
lll1 . 

--- ---
1896. 

February --- --- ·----- 20, 163 2,091 5,070 291,626 1. 1. 37 
March -----· ----- · --· 17,245 2,231 4, 935 303,453 1.53 1. 33 
April ·--- -- -- ·- -- -·- - 24,017 2,om 4,777 2 i, 231 1. 44 1. 29 
May ·-- - ---- ..... . ... . 7, 650 1, 255 2,715 166, 9<10 0. <i 0.73 
June ..... ...... .. .... 5,900 1,255 2, 1r 127,636 0. 6·1· 0.5 
July ....... ........ .. a33, 000 1, 131 4,800 295, 152 1.49 l. 29 
August ..... . ...... .. . 2,605 39 1,204 74, og,i 0.37 0.3~ 

September ......... . . 10,542 ? -- 0 1,373 1, 693 0. 41 0.37 
October ....... . ...... 20,218 1, 131 1, 856 114,125 0. 5 o.~o 

ovember .... .... ... . 14,620 1,251 2,260 134,470 0.68 O.G1 
Lecember ........... . ' 

55 1,469 2,365 145, ,!2<1 0.72 0.6~ 

a Estimat d. 

List of disoha?·ge meastt?·ements macle on Staunton Ri.ver at Cla1·ksville, Vi1·gi n .. ia. 

Meter Gage .A rei> of ~fenn Disoha'le ect.ion velocity No. Date. H ydrograph r. num- h ei~tht ( quare (feet per (secon · 
bor. (f~t). feet). second). feet). 

-- -----

I 1895. 
1 Oct. 3 C. C. Babh .. . . ..... 29 0.07 550 0. 97 -33 

2 Oct. 2 . .... do ........ . ... 76 0.28 659 1. 31 861 

3 Dec. 5 .. .. . do ..... . ... ... 62 0.61 917 1. 25 1,151 

1896. 
4 Apri l 22 E. W.Myer - ------ 21 3.43 1,256 ]. 58 1,971 

5 May 26 .... . do . ......... .. 21 3.20 1,401 1. 39 1, 956 

6 July 15 .. .. . do .......... .. 21 4. 70 1, 890 2.25 4,252 

7 ept. 15 A. P.Davis ...... . . 6 2.00 723 1. 03 74 



46 PROGRESS OF STREAM MEASURE 1ENT FOR 1 96. 

Rating tab le jo1· ta1111ton Rit•er at Clal'kBvi lle, Jli1·ginia. 

1 b~i~1.t. Discharge. , Ga!Lo Disohnrg . I Gng Di•clla•·g I he•g t . It igh L. 

- 1. I 
I 

Peet. Sec.ftet. Peet. ec. fcot. I ec. j eet . 

0.00 685 5.50 11, 475 

I -0.10 630 5.60 1l ,TO 21, 100 
-0.20 5 0 2. tJO 5. 70 12, 025 9.00 21,400 
-0. 30 535 2. 50 3, 950 5. 0 12, 300 9. JO 21 700 
-0.40 500 2. 60 .,, 1-o 5.90 12, 575 . 20 I 22,000 
-0.50 470 2.70 4, 370 6.00 12, -o 9.30 22 300 
-0.60 440 2. 0 4,600 6.10 13, 12- 9. 40 ~2 600 
-0.70 410 2. 90 4, 50 6.20 13, .lQO 9.50 2-,900 
-0. 0 3 0 3.00 -, 1 0 6.30 13, 675 9.60 23,200 
-0. 90 350 3.10 5,350 6.40 13,!)50 9.70 23,500 
-1.00 330 3.20 5,600 14, 225 9. 0 23, 00 

0.00 6 5 3.30 5, -o 14,500 9. 2•~, 100 
0.10 745 6,100 14, 775 JO. 00 24,400 
0.20 820 6,350 15, 050 10. 10 24,700 
0.30 900 6,600 F 325 10.20 25,000 
0.40 9 0 6 -o 7.00 15,600 tO. 30 2:>,300 
0. 50 1,065 7, 100 7.10 15, llO 10.40 :!5, 600 
0.60 1,160 3.90 7,350 7. 20 16, l 0 10.50 25, 900 
0.70 1, 255 4.00 7,600 7. 30 16 370 10. GO 2 ,200 
0. 0 1, 3i50 d . 10 7.40 16.())0 10.70 26, .-oo 
0.90 1, 4-5 4.20 7.50 16, 950 10. 0 26, 00 
1.00 1,560 4. 30 7. 60 17, 240 10.90 27,100 

1.10 1 1,680 4.40 I 7.70 11, -so 11.00 27,400 
1. 20 1, 10 4. 50 

' 
-o 7. 0 17, 20 11. 10 27,700 

1. 30 1,950 4.60 9,100 7.90 l , llO 11.20 
1.40 2,095 4. 70 9,350 . 00 11. 30 
1.50 2,240 4. 0 9,600 . 10 1 , 700 11. 40 
1.60 2, 395 4.90 9, 0 . 20 19,000 11. 50 2 '900 
1.70 2,555 5. 00 10, 100 8. 30 19,300 Ll. 60 29,200 

I 
1. 0 2, 715 5. 10 10,375 8.40 19, 600 11.70 29, -oo 
1.90 2,880 5.20 10,650 8. 50 19,900 11. 0 29, 00 

~ 
3,050 5.30 10,925 .60 20,~00 11.90 30 100 
3, 220 5.40 11,200 . 70 20,500 12. 00 30, ~00 0 
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Estintate(lmonthly dischan·ge of Statwton River at Ola1'1r.st'ille, J7irgi.nia. 

Mon t h. 

[Drainage area, 3,450 square miles .) 

Discharge iu second.feet . 

Maxi· I Mini · I }fea 
mum. mum. n. 

Total in 
nor .feet. 

I---H,.un-·0~ 
~I 

Depth in fe<>t 
inches. per s9 unre 

milo. 

The gage ou tlli tream i on the Norfolk and Carolina Railroad 
bridge near Neal, North Carolina. The zero of the gage rod is over 
the center of the fourth floor beam of the second span from the north 
nd of the bridge. The distan ce from the zero of the rod to the outer 

rim of the pulley is 2.47 feet, and the eli tance from the end of the 
weight to the pointer on the wire is 44.66 feet. The section is a fairly 
good one, the cour e of the river being straight for some distance above 
a11d below the station, and the bottom smooth, but being muddy it is 
apt to cut out in ea ons of high water. Both bank are also liable to 
overflow. The observer is . M. Adams, Neal, orth Carolina. The 
seven di charge mea urements given in the ta.ble are the ba is for the 
con truction of a rating table for this station. The record of daily 
gage height for 1896, from July 27 to December 31, is found in Water
Supply and Irrigation Paper No. 11, page 15. 
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Libt of clisoharge 1nea ll?'emenls made on Roanoke River ctt Neal, N01·th Ca1·olina. 
--

Gage Area of :M:enn Disobn';f.e Meter secti on velo ily 
I No. Dale. Ryclrogrnpber. number. heig ht (Mqnare (feet p r (secon . 

(feet). feet). second). f t) . 

--- ---
1 96 ' 

1 July 27 .. E. W. Iyers . . . 2154 7.05 3, 1 ~2 1.53 4, 49 
2 Sept. 7 .. .... . do ........ 2154 1.31 2, 14. L 21 2, 610 
3 Dec.19 .. ... . . do . . . .... . 215•b 11. 0 5,2H 1.76 9,1 0 

1 97 
4 Jan.23 .. E. W. Myers ... 2154 12.65 5,551 2.37 13, 155 
5 Feb.'/.7 .. ..... do ........ 2154 27.9- 44,666 1.44 64, 132 
~•<17 ... .do ........ 215-1. 24. 71 31,590 1. 19 37, 659 

ay 17 .. .... . do ........ 2154 18.40 7, 240 2. 65 19, 219 

--
Rating tablejo1· Roanoke Ri'Ver at Neal, ::Olo1·th Carolina. 

I 

Gal{,e ,Discharge. I Ga~e Di cba r·ge. Gn~e Discharge. Ga~e Discharge. beig t. . belg t. beig lt. beig 1l . 

--- ----
Feet. ec. jut. I Feet . Sec.jeet . Feet . Sec. f eet. i Feet. ec.j eet. 
0.00 2,200 2. 70 2,995 5. 40 4,015 .10 5, 790 
0. 10 2,210 2. 80 3, 030 5.50 4, 060 8.20 5, 0 
0.20 2, 220 2.90 3,065 5.60 4, 105 8.30 5,970 
0.30 2, 230 3. 00 3, 100 5.70 4, 150 . 40 G, 060 
0.40 2, 245 3. 10 3, 135 5. 0 ·4, 200 . 50 6, 150 
0. 50 2,265 3. 20 3, 170 5. 90 4,250 . 60 6, 24.0 
0.60 2,2- 3. 30 3, 205 6.00 4,300 . 70 6,330 
0. 70 2,310 3.40 3,240 6. 10 4,350 0 6,420 
0.80 2,335 3.50 3,275 6.20 4,4-00 .90 6,510 

' 0.90 2, 365 3.60 3,310 6.30 4,450 9.00 6,600 
1.00 2,400 3. 70 3,34.5 6.40 4,500 9. 10 6, 690 
1.10 2,435 3. 80 3,380 6. 50 4,555 9.20 6,7 0 
1. 20 2,470 3.90 3, 415 6.60 4,610 9. 30 6, 70 
1. 30 2,505 4.00 3,450 6. 70 4,665 9. 40 6,960 
1.4.0 2,540 4.10 3,490 6. 0 4, 720 9.50 7,050 
1. 50 2,575 4.20 3,530 6.90 4., 775 9. 60 7,140 
1. 60 2,610 4. 30 3,570 7.00 4, 50 9. 70 7,230 
1. 70 2,645 4. 40 3,610 7.10 4,925 9. 0 7, 320 
1.80 2,680 4. 50· 3,650 7.20 5,010 9.90 7, 410 
1. 90 2, 715 -4.60 3, 690 7.30 5,095 10.00 7,500 
2.00 2,750 4.70 3,730 7.4.0 5,1 0 10.10 7,600 
2.10 2,785 4.80 3,770 7. 50 5,265 10.20 7, 700 
2.20 2,820 4.90 3,810 7.60 5,350 10.30 7, 800 
2.30 2,855 5.00 3, 850 7.70 5,435, 10. 40 7,900 
2.40 2, 890 I 5. 10 3,890 7. 80 5,420 10.50 8,000 
2.50 2, 925 5. 20 . 3,930 7.90 5,510 10.60 8,100 
2. 60 2,960 1 5.30 3,970 8.00 5,700 10.70 8,200 
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Rating tablejo1· Roanoke Rive1· at Neal, No1·tlt. Cm-oZina-Continned. 

Ga"'e Discharge. Gni!'O 
Discharge. II b~~1~~ GnJ!e "'~'"'"'·I l !Oi .. ~l t. height. Discharge. height. 

Peel. Sec.Pe•t. Feet . Sec. Pect. Feet . ec.Peet. Feet . ec. Peel. 

10. 0 ,300 15.20 13,905 19.50 ~1,160 33,740 
10. 90 8,400 15.30 H,060 19.60 21,600 34,1-10 
11.00 8,500 15. 40 14,21 5 19. 70 21,820 34,550 
11.10 8,600 15.50 14,370 19. 0 2~, 0·10 3-l' 970 
11.20 , 7l0 15. 60 14,525 19. 90 2~,270 35, 1100 
11. 30 , 820 15.70 H , 6 0 20.00 22, "00 35, JO 
11.40 8, 930 15. 0 14, 35 20.10 22,730 24.40 36, 290 
11. 50 9,040 15.90 14,990 20.20 22,!)70 24.50 36, 750 
11.60 9, 150 16.00 15, 150 20. 30 23,220 24.60 37,220 
11. 70 9, 260 16.10 15, 310 20.40 23,470 24. 70 37,700 
11. 0 9,370 16.20 15, <170 20. 50 24. 0 3 , 190 
J 1. 90 9, 4 - 16. 30 F,630 20.60 2-l. 90 3 ,690 
12.00 9,600 16.40 F, 790 20.70 25.00 39,200 
12.10 9,715 16. 50 r ,950 20. 0 25.10 39,720 
12. 20 9, so 16. 60 16, 110 20.90 25 . 20 4.0,250 
1:..30 9,950 16. 70 16, 270 21.00 25. 30 '10, 790 
12.4.0 10,070 16. 0 16,430 21.10 25.40 41, 3·10 
12.50 10, 190 16.90 16,:90 21.20 2" .50 41,900 
12. 60 10, 3l0 17.00 16, 750 21. 30 25. 60 42,460 
12.70 10,430 17. 10 16, 910 21. 40 26,050 25. 70 43, 030 
12. 0 10, 550 17.20 17, 070 21. 50 26,320 25. 0 43,610 
12. 90 10, 670 17. 30 17,235 21.60 26,590 25. 90 .l<J-, 200 
13.00 10, 00 17.4.0 17, 400 21.70 26, 60 26.00 44, 00 

13.10 10,930 17.50 17,565 21. 0 27,140 26.10 45,420 

1 . 20 11,060 I 17.60 17, 730 21.90 27,420 26.20 46,060 

1!'1. 30 11,190 , 17.70 17 95 22.00 27,700 26. 30 46, 730 

13.40 11,325 ' 17. 0 1 ,060 22.10 27,990 26. 110 47, <130 

13.50 11, 460 17. 90 18,225 22.20 26.50 4 , 170 

13.60 11,59" 1 .00 1 , 400 22.30 26.60 48,950 

13.70 11,730 1 .10 1 , 575 22. 40 ') 0 26.70 49,770 - , 
13. 0 11, 70 1 .20 1 ,750 22.50 29, 190 26. 0 50,630 

13.90 12.010 1 .30 1 ' 930 22.60 29,500 26. 90 51,540 

H.OO 12, 150 I 18. 4(1 19, 120 2·2. 70 29, 10 27. 00 !)2,500 

H-.10 12, 290 1 .50 19,310 30,130 27.10 53, 500 

14. 20 12,430 1 .60 19, 500 30,460 27.20 54, 500 

14.30 12, 570 18. 70 19,690 30, 00 27.30 55, 600 

1<1. 40 12,715 1 .80 19,890 31, ao 27.40 56,700 

14. 50 12,860 1 . 90 20,090 31,490 27.50 57,900 

14.60 13,005 19.00 20, 300 23.30 31,840 27.60 59, 100 

14. 70 13, 150 19.10 20,510 23.40 32,200 27.70 60, 400 

14. 0 13,300 19.20 20, 720 23.50 32,570 27. 0 61,700 

1<1. 90 13,450 19.30 20,940 23.60 32,950 27. 90 63,000 

1~ .oo 13,600 19.40 ~1,380 23. 70 33,340 28. 00· 6-1,300 

15. 10 13,750 

1 GEOL , P'l' 4--4 
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Estimated monthly disoha1·g e of Ifoauoke Ifi1:e1· at real, ortlt Cm·olina. 

Month. 

1 96. 
Angn t ..... .. ............. .. 

eptcm brr .. ... ...... 

Octob r. 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 ovember .... . ....... 

December . ...... .. ... 

Ma xi. 
tuum. 

4, 105 
6, 510 

39,720 
2:),220 
21, 20 

1.-[ltti· 
Jllllllt. 

---

2,TO 

2,4 0 
? 90 -, 
-, 90 
3, <115 

Mean. 

---

3, 15·l 
3, -17 
9, 117 
5, 96 
7, 423 

Totn l in 
ncre. r et.. 

193,933 
191, 1124 
560,5 6 
350, 36 
456,425 

){tllt ·Ofl". 

O.H 0.36 
0.41 0. 37 
1. 21 1. 05 
0.75 0. 
0.9 0. :-

TAR, NEUSE, AND CAPE FEAR RIVERS. 

TARBORO T A'l'ION ON T l~ RIVER. 

The gage on thi tream i on the tla utic on. t Line bridg that 
cro es the river at Tarboro, North a roliua, and wa put in July 
25, 1896. The zero of the gage i over the center of th fifth floor 
beam from the ea t end of th brid<Y . TL!e outer rim of the I ull y is 
3 feet from the zero of the gao· , and the di · tan~e from th eud of tl1c 
weight to the pointer on the wire is 3 .30 f t . Th gag rending i, 
zero w11en the weight touche the bottom of th r am. The riv ·r 
here i a little ob tructed by a n l bar , aud tl1e gao-e wa put iu her 
only temporarily and will soon be moved to the new steel ·ouuty bridg 
which cro e about 100 yard above. Th ob en er i R. IT.\~ illi m . 

Four discharge mea urement were made in 1 OG, and tbr e bav · 
been made in 1897, from which a rating table ba be n on trn·t d 
and discharges e tima,ted, for 1 96. The record of daily gag heig-ht 
for 1896, from July :.:16 to De ember 31, i given in Water-Supply and 
Irrigation Paper N o.ll, lJage 15. 

List of di sclw1·ge n!AlaB!I1'6ntents nwde on Tm· River at Ta1·bo1·o, North Carolina. 

Ga~ 
Area of Mean 

Di. chn'J 
No. Date. lly<lrog raphor. Meter huig t section velocity (8 con . 11umbcr. (feet). (square (foot per feet). feet). second). 

---
1896. 

1 July 25 E. W.Myors ... 2154 4. 35 1, 061 1. " 1, 963 
2 ep.t. 5 ..... do ........ 2154 0.43 225 1.67 376 
3 ept. 17 A. P .Davis .... 6 tJ. 51 1,0 1 2.12 2, 294 
4 Dec. 17 E.W. My rs ... 2154 13.20 3,676 2.35 

' 
- 1 

1 97 . 
5 Jan. 23 E. W.Myers ... 2154 6.65 1,822 1.9 3, 520 
6 F eb. 26 . . ... do ... . .... 2154 13.53 3,489 2. 32 '106 

I 
7 Mar. 15 .. ... do ........ 215<1 1 .13 5,263 2.46 12,99~ 
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Rating table for Tm· River at Tm·b01·o, No1·th Carolina. 

Gaffe Di charge. Gal!' Discharge. Gn"G Dis barge. , Gn~ Di heig 1t. he ig ht. heig'ht. height. harl(e. 

Feet. 'ec.feet. Feet. ec. f eet . Fett. Sec. f eet. F eet. ec. f eet. 
0.00 280 4.60 2,240 9.20 5, 24.0 13. 0 I ~0 

0.10 302 4.70 2,300 9.30 5,310 13.90 1910 
0.20 324 4. 0 2, 360 9. 40 5,3 0 14 .. 00 91000 
0. 30 346 4. 90 2, 4.20 9. 50 5, ·1.50 J4..10 91090 
0. 40 368 5. 00 2, 4 0 9. 60 5,520 14.20 9, 1 0 
0.50 390 5. 10 2, 540 9.70 5, 590 14. 30 91270 
0.60 412 5. 20 2,600 9. 80 5,660 1·1.40 91360 
0.70 434 5.30 2,660 9. 90 5, 730 H. 50 914 0 
0. 0 4.56 5.40 2, 720 10.00 5 

' 
00 14.60 91560 

0.90 47 5.50 217 0 10. 10 5,870 14. 70 91660 
1.00 500 5.60 2, .10 10.20 51940 14.80 9,760 
1.10 -so 5.70 2, 905 10. 30 61010 14. 90 9, GO 
1.20 560 5. 0 2,970 10.4.0 6,0 0 15.00 91960 
]. 30 595 5.90 3,035 10. 50 6,150 15.10 101 050 
1. •10 6'0 6.00 31100 10.60 6,220 F.20 101 140 
1. 50 670 6. 10 3,160 10.70 6, 290 15.30 101 240 
1. 60 710 6.20 31220 10. 0 61360 15.4.0 101 3<10 
1. 70 750 6. 30 312 0 10.90 6,430 15.50 10 ·140 
1. 0 790 6.40 31340 11.00 6, 500 15. 60 10, f ·IO 
1. 90 30 6.50 3, 400 11. 10 6, 570 15.70 101640 
2.00 70 6.60 3,460 11.20 6, 64.0 15. 0 10,740 
2. 10 910 6. 70 3, 520 11.30 6, 710 15.90 10, 40 
2. 20 950 6. 0 3 5 0 11.40 6, 7 0 16.00 101940 
2.30 990 6.90 3,645 11.50 6, 60 ;t6.10 11,030 
2.40 1,035 7.00 3, 710 11.60 6,940 16.20 11, 1~0 
2.50 1, 070 7.10 3, 775 11.70 7,0~0 16.30 11,220 
2.60 1,120 7.20 3,840 11.80 7,100 16. <JO 11,320 
2. 70 1,170 7.30 3 910 1 90 7, 1 0 16. 50 11,4.20 
2. 0 1,220 7.40 3,9 0 12.00 7,260 16.60 111520 
2.90 1,270 7.50 4,050 12.10 7,3-10 16.70 11,620 
3.00 1,320 7.60 4, 120 12.20 7,420 16. 0 11,720 • 
3.10 1,370 7.~o 4,190 12.30 7,500 · 16. 90 11, 20 
3.20 1,420 7. 0 4 260 12.4.0 7,5 0 17.00 11,920 
3.30 1, ·~75 7.90 4,330 12.50 7,660 17.10 12,010 . 

3.40 1,530 .00 4,400 12.60' 7, 740 17.20 12, 100 

3.50 115 5 .10 4,470 12.70 7, 30 17.30 121200 

3.60 1,640 ! 4,54.0 12. 0 7,920 17.4.0 12,300 

3.70 1, 700 4,610 12.90 8,010 17. 50 12,400 

3. 0 1,760 4,680 13. 00 ,100 17.60 12,500 

3.90 11 20 4, 750 13.10 190 17. 70' 12,600 

4. 00 1, 0 4, 20 13.20 '2 0 17. 0 12, 700 

4.10 11940 .70 4, 90 13.30 8,370 17.90 12, 00 

4. 20 2,000 8. 0 4, 960 13.40 ,460 1 .00 12,900 
4.30 . 2, 060 8.90 5, 030 13.50 81550 
4. •.W 21120 9.00 5, 100 13.60 '640 
4.50 2,1 0 9.10 5,170 13.70 ' 730 
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E stimateclmontltly di schm·ge of Tm· Riv rat 7'a!"IJ01"0, orth Ca1·olina. 

[Urainago ar a, 2,200 qunro mil es .] 

Dis barge iu second-f6 t. Run-off. 

Month. 
Totnl in 

!Second-feet 
} fa: i- Mini- a ro· f6cL. Depth in 

mum. 
){eon. inches. por s~uare 

lll Unl , m1 e. 

---
1 96. 

J nl y 26 to 31. ......... 1, 61 774 1, 26 r,o90 0.13 0.55 

A ugust ..... .... .. .... 1, -74 90 62 3 ,6H 0.3l 0.27 

eptem ber ..... ...... 3, 910 302 1 190 70, 09 0. 5 0.52 

October ______ -------- 2,000 ·10 703 43, 226 0.35 0. 3 

~b '············ 1, 910 476 2 50 10:. 0.4 t 

~ mbor .. .......... 9,4.60 1,420 3,739 229, 9().1 1. 0 

SELMA.. TA.TIO ON NEUSE RIVER. 

This gage i located on the Southern Bail way bridg about 3 miles 
from Selma, North Carolina and wa put in Jul y 29, 1 96. The z roof 
tlle gage rod i ' over the enter of th e fifth floor beam of th e fir t 1 an 
from the outh end of the bridge. The di tance from tb z ro of the 
gage to the outer rim of the pulley is 4 feet, and t he di tan from th e 
en i of the weight to the pointer on the wire i 41.05 feel-. The b d of 
the river here i and and mud and is liable to chang by high water. 
The cour e of the river i traio·bt and there i only one pier ob tru -
tion. The· ob erver i . Richard on, Selma, Nor th arolina. Thr e 
discharge measurements were ·~nade iu 1 96, and three in 1 97, from 
which a rating table ha been con trncted aud di chargee timat d . 
The record of daily gage height for 1 !:16, from July 29 to Decemb r 
31, i ·given in Water-Supply and Irrigation Paper No. 11, page 16. 

List of discharge measm·ements made on Neuse River at elma, No rth a1·olina. 

i=fn.~ Gage ~r a of sec- Mean 
Discha1.e 

Hydrographer. Meter height Lion (square ' ' locity (seoon -number. (feet p r (feet). feet) . second). feet) . 

1 9&. 
1 July 29 E. W. Myers .. 2154. 1.1 2 - 1.2 333 
2 Sept. 5 .... .. do ....... 2154 0. 30 215 0.94 203 
3 Sept. l9 A. P. Davis ... 68 0.00 220 0.56 123 

1897. 
4 Jan . 24 E. W . Myers .. 215<~ .00 1,038 l.74 1, 10 
5 Feb. 23 ...... do .. .. . __ 2154 10.60 1,842 2.19 4, 052 
6 Mar. 10 . .. ... do ...... . 2154 7.95 1,379 1. 92 2,639 
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.Rating table fo1· Nense Rive1· at Selma, Nort.l1- Carolina, fo r 1896. 

Gn~ 
h ig- .lt. Discharge. Ga~ hoig t . Discllur" . Gn~ heig t. Disoha rf!o. Gn~e 

heig 1t. Discharg . 

Feet. Sec.jeet. Feet. Sec. j eet . Feet. ec. jeet. Feet. ec. jeet. 
0.00 125 2. 0 700 5.60 1, 515 . 40 2, 590 
0. 10 140 2. 90 725 5.70 1,550 .50 2, 6-10 
o._o 155 3.00 750 5. 0 1,5 0 . 60 2,695 
0.30 170 3.10 775 5. 90 1,615 . 70 2, 750 
0.40 1 5 3.20 00 6.00 1, 650 0 2, 05 
0.50 200 3. 30 825 6.10 1, 685 .90 2, 60 
0. 60 220 . 3. 40 50 6.20 1, 720 9. 00 2,920 
0. 70 240 3.50 75 6.30 1,755 9.10 2, 9 0 
0. 0 260 3. 60 900 6.40 1, 79'0 9.20 3,040 
0.90 280 3.70 930 6. 50 I, 25 9.30 3, 100 
1. 00 300 3. 0 960 6.60 1, 60 9. ,1-0 3,160 
1.10 320 3.90 990 6.70 1, 895 9.50 3, 220 
1.20 3-10 4. 00 1, 020 6. 80 1, 930 9. 60 3,2 0 
1. 30 360 I 4.10 1, 050 6.90 1,965 9.70 3, 340 
1. 40 3 0 4.20 1, 0 0 7.00 2,000 9. 0 3, ,100 
1. 50 ,100 4. 30 1,110 7.10 2,040 9.90 3, ,165 
1 60 420 4.40 1, 140 7.20 2,0 0 10. 00 3,540 
1.70 440 4.50 1, 170 7.30 2, 120 10.10 3, 610 
1. 0 460 4.60 1,200 7.40 2, 160 10.20 3, 690 
1. 90 4 0 4.70 1, 230 7.50 2,200 10. 30 3, 770 
2.00 500 4. 0 1, 260 7.60 2,240 10.40 3, 55 
2. 10 525 4. 90 1 295 7. 70 2,2 0 10. 50 3, 960 
2.20 5-o 5. 00 1, 32~ 7. 80 2,320 10.60 4,050 
2. 30 575 5. 10 1,355 7. 90 2,360 10. 70 4, 140 
2.40 600 5. 20 1,390 .00 2,400 10. 0 4,230 
2.50 625 5. 30 1, 420 8. 10 2, 445 10. 90 4,320 
2. 60 650 

I 
5. 4.0 1, 450 .20 2,490 

2.70 675 5.50 1,4 0 . 30 2,540 

E stimated monthly dischm·ge of N euse River at Sel?na, N orth Carolina. 

[Drainage area, 1,175 square miles .) 

Discharge in second-fe<>t. R""g 
Month . Tot4l l in 

. Second-feet acre- feet. Maxi· Mini- Mean. Doptb m per "a'' are 
mum. mum. m ches. mi e. 

-
1896. 

.August .... . . .... .. ... 1, 4. 0 170 443 27,239 44 0. 38 

Se1)tember .. .... .. .. . 1, 337 125 213 12, 674 20 0. 18 

October ............ . . 2, 080 140 315 19,369 31 0.27 

~·" 
1,260 185 321 19, 101 30 0.27 

mber ... .. .... . .. 2, 920 340 874 53, 741 5 0.74 
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F.A ETTEVIL LE S'rATION 0 1 CAPE FEAR RIVER. 

Thi statiou i describe<l in Bull ti n 140, page 60. It wa · e tablisbed 
in Septem b r , 1 05, at a, railroad bridge n bout a. mile east of Fay tte
ville. The W eather B ur au ha a o-age fa , t 11 d to th low r si le of the 
east abutment of the covered highway bridg' thi ' bein ...,. about 400 feet 
above the railroad bri l ge from whi 'h di ch.arg measut· m 11 t ~Lr made. 
For the lower ~0 feet thi gao·e con i t of a r d H id <1 in to t n tb and 
firml y fastened to th ab utm nt. bov tb 29 -~ ot mark a s nle i 
painted 0 11 th rock. The ob rYer is F rank lover wl1o ba 
the teamboat landin g j u,· t b low tb railroad bridg . F or hi conven
ience be bas placed a sub idiary gage at t he team boat lan din g r ading 
about the same a the official gage, and from tbi ob rvation are 

. taken. Ten gaging have been matle at tbiR p in t, from whi h a rating 
table ba been constructed. Th record of daily o-a,o- heights for 1 96 
is giveu in W a ter-Supply and Irriga.tion Paper o. 11, I a« 16. 

List of discha1'gemeaB t£rements made on ape Fea1· River at Fayeltevill , Korth Carolina. 

I No. Date. Hydrographer. "Meter Gage Di charge 
number. helg;ht (second-

(foot). fe t). 

--- ---

1 9-. I 
1 cpt. 26 . I abb . ... --- -- --- 1.59 -····· -- -· ·----- -- 4 9 
2 Dec. 7 .. .. . do ........ ----···· 2. 90 1, \ 00 ---------- -- . ----. 

1 96. 

1 19.30 3 Apr. 5 E. W. i\lyer ... 21 4 2.16 1 52.'\ 
4 Ap r . 25 

1 
... .. do ........ 21 4.. 00 932 1. 73 1 61 

May 23 .... . do ........ 21 4.00 1, 270 1.04 1, 322 
.... . do .. ... ... 21 10. 00 2, 901 1. 73 5, Oi l 

..... do ....... . 21 9.20 2,446 1. 72 -l, 207 

.. .. . do .. ...... 21 49.10 22,352 2.24 51 llii 
9 Sep t. 2 .. ... do . . ... .. . 2154 1.10 400 1. 29 51 

10 Sept. 19 A. P. Davis .... 6 1. 517 1. 50 77 

/ 
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Ral.ing table j o1· Cape Fea1· R il·er at Fayetteville, No1·th Ca1·olina, jo1· 1896. 

Gngo Discharge. Gage Dischnrg . Gn~o Dis hnrgc . Ga"e Disclutrgo. height. height. heig t. hcig'i ,t. 

-------
Feet. Sec j u t. Peet. l"eet. S.c. j iU!l. Peel . ec.jeet. 

1. 00 489 5. 20 9.40 4-, 5-o 13.60 7,033 
1.10 519 5. 30 2, 31 9.50 4, 616 13.70 7,093 
1.20 550 5. 40 2,372 9. 60 4,672 13. 0 7, 153 
1. 30 581 5. 50 2, 1126 9. 70 4,728 13.90 7, 213 
1.40 612 5.60 2, 470 9. 0 4, 7 J. 14. 00 7, 273 
1. 50 645 5. 70 2,524 9. 90 4,840 14.10 7,333 
1. 60 678 5. 0 2, 578 10.00 4, 9 14.20 7, 393 
1. 70 711 5.90 2, 632 10.10 4,955 14. 30 7, 4~3 
1. 0 744 6.00 2,686 10.20 5, 013 14. 40 7,513 
1. 90 777 6.10 2, 740 10.30 5,071 14."0 7,573 
2.00 810 6.20 2,794 10.40 5, 129 14.60 7, 633 
2.10 3 6. 30 2, 84- 10.50 5, 1 7 14. 70 7, 693 
2.20 876 6. 40 2,902 10. 60 5, 245 14. 0 7, 753 
2.30 909 6. 50 2,956 10.70 5, 303 14.90 7, 813 
2.40 942 6.60 3, 010 10. 0 5,361 15.00 7, 73 

2. 50 975 6. 70 3, 064 10. 90 5, 419 15.10 7,933 

2.60 1, 00 6. 0 3, 11 11. 00 5,477 15. 20 7,993 

2.70 1, 041 6.90 3, 172 11.10 5 535 15. 30 , o-3 

2. 0 1, 075 7.00 3,226 11.20 5,593 15. 40 ' 113 
2.90 1,109 7.10 3, 2 0 11.30 5, 653 15.50 173 

3. 00 l , 145 7.20 3, 33+ 11.'!0 5, 713 15. 60 '233 
3. 10 1, 1 7 7. 30 3, 11. 50 5, 773 15.70 8, 293 

3.20 1, 229 7.40 3,442 11.60 5, 33 15. 0 , 355 

3. 30 1,273 7. 50 3, 496 11.70 5, 93 15.90 ,417 

3.40 1,319 7.60 3,5-o 11. 80 5,953 16.00 '479 

3.50 1,367 7.70 3,604 11.90 6,013 16.10 8 541 

3.60 1, 417 3, 65 12.00 6, 073 16. 20 , 603 

3.70 1, 467 3, 712 12.10 6, 133 16. 30 ) 665 

3. 0 1,517 3, 766 12.20 6, 193 J6. 40 8 727 

3.90 1,567 3, 22 12.30 6,253 16. 50 ' 7 9 
4.00 1, 620 3, 78 12.40 6, 313 16.60 8, 1 

4. 10 1,6711 3,934 12.!10 6, ::173 16.70 8, 913 

4.20 1, 728 3 990 12.60 6, 433 16. 0 8,975 

4.30 1, 7 2 4,046 12. 70 6, 493 16.90 9,037 

4. 40 1,836 4,_ 102 12. 0 6, 553 17.00 9,099 

4.50 1, 890 4, 158 12. 90 6, 613 17.10 9, 161 

4.60 1,9,_W 4,214 13.00 6, 673 17. 20 9,223 

4.70 1, 994 4 270 13.10 6, 733 17.30 9, 285 

4. 0 2,048 9.00 4,326 13.20 6, 793 17.4.0 9,347 

4.90 2, 102 9. 10 4,3 2 13. 30 6, 53 17.50 9, 1109 

5. 00 2,156 9.20 4, 43 13.40 6,913 17.60 9,471 

5.10 2,210 9.30 4, 1J.9<1 13. 50 6, 973 17.70 9,533 
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Gn~e 
h ig lt. Discharge. Gogo 

height. Disch argo. I Ga~e boig Jt. 

Sec.jut. Feet. ec.jeel: Feet. Sec. f eet. Peet. eo. f eet. 

9,~95 19.00 10,339 2. 00 22,441 <J.O. 00 3 ' 749 

9, 657 19.10 10, 401 29.00 23, 00 41.00 40 l 

9, 719 19 20 10,463 30.00 25, 1-9 42.00 41, tJ67 

9,7 1 19. 30 10, 525 31.00 26, 45 43.00 42, 26 

9, 84,3 -0.00 11,569 32.00 27, 77 44 . 00 4<J., 1 5 

9, 905 21.00 12,9- 33.00 -9,2 6 45.00 45 "54 

9,967 22.00 H, 2 7 34. 00 30,595 46.00 46 903 

10, 029 23.00 15, 646 35.00 31, 9-·l 47.00 4 ,262 

10, 091 24. 00 17, 005 36.00 33,313 4 .00 49,621 

18. 70 10, 153 25.00 1 ,364 37.00 34,672 49. 00 50,9 0 

~ 
10,215 26.00 19, 723 3 .00 36,031 50.00 52,339 

10,277 27.00 21,0 2 39. 00 37, 390 0 

Estimatecl nto 11thly disohat·ge of Ca]J Fear River· at Fayetlerille, Q)'/h aroUna. 

[Drainage oroa, 4,493 square mile .] 

' I Dischnrg iu second - ~ t. Run-off. 

Month . Total in 
Sc ond-feet Maxi - :Mini- ncre, f t . D pth in 

mom. mum . Mean. inch . persnunre 
Ull 0 

--- -
1 95. 

October .. . ...... . .... 10 399 60 37,369 0.16 0.1{ 
Kovember .. .... .. .... 4,270 1, 075 1, 33 10 ,071 0.46 0.41 
December ............ 10,029 1,008 2,737 16 '292 0.70 0.61 

--- ---= 1 96. 
January a .......... .. 19,723 1, 620 6,4.63 24.6, 387 1. 07 1. 4A 
Febrnaryb ..... .. .... 49,621 2, 956 10,190 5 6,129 2.47 2.29 
:March ··· -- -- -- --- --- 5,477 2,318 3, 501 215, 269 0.91 0.789 
April b ....... ...... .. 14,967 1,367 3,087 1 3,676 0.77 0.689 
l\Iay ··· ·- - · ------ .... 9,347 843 2,686 165,260 0.69 0.59 
Jnne b ................ 11,569 1, 041 3,492 207, 77<1 0. 1 0.777 
July b ...... .... ...... 52,34.0 1,319 7,303 449,061 1. 7 1.625 
August ..... .......... 7,093 612 1, 0 1 66,471 0. 2 0. 240 

eptember ........... 4, 616 4 9 1,240 73,7 0 0. 30 0.275 
October b ......... .... 26,458 843 2,623 161,27 0.67 0. 583 

1ovember b ..... . . .... 10,954 975 2,399 142, 740 0. 59 0. 534. 
December ........ .... 8, 113 1, 940 4, 158 255,667 1.06 0.92 

------
Per annum (1896), 52,340 489 4, 019 2,753,492 11.49 O.M8 

a Twenty d:tys in Jnnnnry. bMaximum approximate. 
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·ec.-ft. '2A~ ,_EB_. I"'AR_c~ 1 APR I L "'" J~ « JULY 26. 000 -"'. " _I 12 I Cl 'j ,(, :0 AU~ SE~(j o_c: 

2~.ooo t-t-t-tiii~~+H--t-+-H-+-f-++++: ~~--1-l-1----l-+-tl~ ~ f-..l.--l-+--W----1-+-l 
22,ooo H-T-t.-.~-H+H-+f-++-t-1-+-+-11-1-11 +-++t-+-+-1-1 ~-Jl..+-+-1--1--W-+-U 
2o,ooo H-t-~.-H+t-H++H-++-Hf-IH-++-t-+++-!l-1-++-W++-U 

1 , ooo rtiH~~-ti-~rt++-~-+4-}4-IH-~~-+4-~~~~~~+-~ 
1 6'000 rtiHHiiH-ti-~rt++-~-+4-}4-IH-+-~-+4-~~~+-~~+-~ 

H ,OOO H-tHt+t.-H++-H-++4-H-++-Hr-lll+-+-H-+~+-1-+~+-H-1-+-U 

12,ooo H-ttH1.-r--t--T-t-H-t++Hrt+-H-IIH--+-H-+++-II+++-H++-l--+ 

1o,ooo H-ttttt.-H-T-+-itt++H-+tt--H-IH-+-H-+++-1++-HH-1-+--1-1 
,000 

Fro . 6.-Discbargo of Cape l•'car Rivor at Fayottoville, North Carolina, 1896. 

Y AD KIN RIVER. 

The Yadkin Riv.er i ·one of the mo t important water-power streams 
of :rortb Carolina. Its po· . ibiliti in thi line aro briefly di cu ·sed in 
Bulletin 140, page 66. Two tations are in operation on this stream. 

ALISBURY STATIO ON YADKIN RIVER. 

The poi~t of mea urement for adkin River i at the Southern Rail
road briclg at Holtsburg, below the mouth of Grants Creek, about 4 
mile from alisbury, North Carolina. Tlle drainage area is partly 
mapped on atla sheets Stn,te ville, H ickory, Wilke boro, Yadkinville, 
and H ill ville. A gao·e rod wa located here September 24,1895. The 
10-foot mark of tlle rod is oppo it.e the center of the ixth floor beam 
on the lower ide of the fir t span from the west end. The distan ce 
from the zero of the rod to the outside of the pulley wheel is 1.85 feet. 
Tbe length of the wire rope and weight is 55.10 feet. Tbe post-office 
addre ' ' of th ob erver is Sapona, ortl.t Carolin a, the nearest rail
road tation, Holtsburg, bein o· merely a siding. The locality is reached 
by wagon from Salisbury. Tbi station i ' described iu Bulletiu140, 
page 70. Ob ervatious have been continued throughout the year. 
Followin g is ali t of gagin g· that have b een made at this point since 
the establishment of the station , from 'vhi ch a ratin g table ha been 
constructed . The r ecord of daily gage height for 1896 is given in 
Water-Supply and Irigation Paper o. 11, page 17. 
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.Uist of disclla1·ge mcasnrements 1nade on Yadkin River at alisburg, Nortl~ aroli11a . 

r=r D•< 
Gage .L\rcn of 

~[ot r Aeotion 
Hydrographer. nlltnbur. height (squnro (f ·ot). 1 ot). 

----- --- - --- --
1 95. 

1 Oct. 5 . Babb ... .. 29 1. <14- 1 1!l0 1. 22 l , 457 

2 0 t. 26 .. ... do---- ____ 76 1. 45 1,159 1. 33 1, ()3 

3 De . 10 ____ . do ____ .... 62 1. 74- 1 nS<J 1. 1)7 2, 415 

1 96. 
4 Apr. 20 E. W. Myers . __ 21 2.00 1, -::;s 2,!ll 6 

5 Aug. 29 .... . do ... ..... 215-t 1.50 1, 31 ] -93 

6 Sept. 14 -- - · .do---- .... 21 1. 7!l 1," 6 2,36 

1897. 
7 Feb. 13 E . W. r.Jy rs. __ 215·1- ~~. 20 :. 997 3. 10, Hl 

8 Mar. 20 - --- .do ____ - ·-- 2154 4-.45 3 •l3G 3. <ll 11' 3:J 
-- -

Rati.ng tctblcfor Ycu1k·in Rivm· at ali bwry, Tort it Gm·olina, jo1· 1896. 

Ga~:e Discharge. Gn~o Discharg . Gn,ge 
Db~ hnrg . Gn~: 

-~ 
height. h igJt. height. he ight. Discharge. 

---

Feet. Sec. feet. Feet. Sec. f eet. Feet . ec.feet. Feet. ,'u f eet . 

1. 00 100 2.00 3,000 3.00 6, 400 4.00 9, 00 
1.10 250 2.10 3,MO 3.10 6,740 4.10 10, lGO 

1. 20 460 2.20 3, 680 3.20 7,0 0 4-.20 10 540 
1. 30 710 2.30 4,020 3.30 7 420 •1. 30 10,940 
1. 4.0 1,000 2.4-0 4,360 3.4.0 7, 760 4. 4.0 11 , 390 
1. 50 1,310 2.50 4,700 3.50 '100 4. -o 11, 40 
1.60 1,640 2.60 5, O<J.O 3.60 '440 4-.60 12, _go 
1. 70 1,9 0 2.70 5, 0 3.70 ' 7 •L 70 12, 7·10 
1.80 2,320 2. 0 5, 720 3. 0 9, 120 4. 0 13,200 

I 
1.90 2,660 2.90 

I 
6,060 3.90 9,460 4.90 13, 700_j 
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Esi'imateclntonthly clischat·ge of Yadkin River at alisbury, 11-o,·th Carol·ina . 

:.\.lon lh . 

[Drninag area. 3,400 sq uare miles.] 

Discharg in second-feet. 

Alnxi
mum . 

ll ini 
mum . .il.fea n . 

Totnl in 
aero-feet. 

-----------------1----1 
1 95 . 

Oc· tol.> r · --- - - __ ____ _ _ 
Noven1ber . . .. ---- ___ _ 

Decellll.>er · ---- - ·-- --· 

1, 500 I 
·1, 020 

10, 160 

1, ·100 

1, 310 

1, 640 

1, 426 

2, 00+. 
7 6 1 

119,2,16 

164,97l 

0 ·I 

0. 65 
0.91 

0. 42 

0. 59 

0. 7H 

1. 32 

:... 30 

1. 02 

l .M 

0. 7~. 

0. !)3 

3 H 
0.71 
O.!JL 
0. !)2 

59 

I ,000 ~-b-WJ+-~-+~~~-+~4-~~~~t-~-t~f-~rf~ftri-tt-tl 

1a, ooo ~-b-W~~-+~..JI-~-+~4-~~~·H~-t~t-~rt~ttri-tt-tl 

10, ooo ~-+~1-+-l-++-liMH-l-++-H-l-.t-H-1--t-tt--HH+itH-tiitl 

FlO-. 7.-Dischar~:o of Y ndldn Ri"<"er at n.lisbury, North Carolina, 1896. 
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' OR WOOD ST.A.'l'ION ON Y ADKIN (PEDEE) RIVER. 

This gage was e tabli bed S ptomber 1, 1 96, near Blalocks Ferry, 1 
mile above Richland Creek, about 2 mile from orwood , orth Caro· 
lina. The ·age i a vertical rod div ided in to feet and tenth , and i 
securely piked aud braced to au overhanging tree near tlt feny. Tbe 
rod i referred to a bench maJ·J~ con i tiug of a laro·e nail driv u into a 
notch cut iu tbe root of a ui.rch tree about 50 feet northwest of tbe rod, 
and the tree is immediately in front of the turn of the road that leads 
to the ferry. The zero of the gage rod i 5.93 :C et below th elevation 
of the bench mark. The river ltere i broad and ballow, with smooth 
bqttom of and and small rocks, giving a ""OOd ection for gagiu o·. The 
measurements are taken from the ferryboat. The ob erv r i W. B. 
"ichol , orwood, North Carolina.. por tion of t ll area drained past 

thi point is mapped on atla beets State viii , Hickory, W ilkesboro, 
Yadkinville, and Hill ille. The r ecord of daily gage height for 1 96 
from September 1 to D ecember 31 i given in Water-Supply and Irri
gation Paper No. 11, pa..,.e 16. 

List of clischm·ge meastt1·ements nwdJ on Yadkin River near onvood, North Cm·olinct. 

1 

2 

Date. 

1 96. 
ept. 1 
ept. 15 
1 97. 

Feb. 12 
M ar. 21 

liy!lrogrnpher. 

E. W.Myers ... 
... . . do .... .... 

E. W.Myers ... 
..... do .. .... .. 

Gnfi Meter hoig .lt numuer. (feet). 

2154 1.00 
2154 1. 3•t 

2154 3.32 
2154 3. 0 

.Area of Mean 
Discha:fe ection Yolocity (secon . (square (f ·t per fe t). feet). s coud). 

1, 59 0. 2 1, 537 
2,211 0.92 2,036 

3, 779 2. 54 9,607 
4,517 2.59 11,710 

Rating table for Yadkin .River at Y onvoocl, 01· th m·o lina, jo1· 1896. 

Gnr,e Discharge. Gage Discharge. Gnge Discharge. Ga!(e ,: ., .... I heig t. height. height. height. 
---· 

F eet . See .. j eet. Feet. Sec. :feet. Feet. ec .:feet. Feet. "ec.-feet. 

0. 70 1,300 1.60 3, 100 2.50 6,565 3.40 10, 100 
0.80 1,370 1. 70 3,485 2. 60 6, 950 3. 50 10,500 
0.90 1,450 1. 80 3, 70 2.70 7, 335 3.60 10,900 
1. 00 1, ~J.O 1.90 4,255 2.80 7,720 3. 70 11,300 
1.10 1,640 2.00 4,640 2. 90 8, 110 3. 80 11,700 
). 20 1, 830 2.10 ,5,025 3.00 '500 3.90 12,100 
1. 30 2, 080 2. 20 5,410 3. 10 8,900 4.00 12,500 

l£ 2,380 2. 30 5, 795 3.20 9,300 
2, 720 2.40 6,180 3. 30 9,700 0 
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Estimated monthly rlisohm·oe of Yadkin Ri~m· at i\'onvoo(l, So1·th Ca1·olina . 

:llonth. 
~faxi 
mum. 

Mini
mum. Man. 

. ] 

Total in 
acre- fc.oL. 

1----------1----------1-----1 
1896. 

eptcm bcr _ ... __ .. _ . _ 9, 700 

October . __ ...... .. ... ,a - 6,100 
November __ ....... __ . 20, :300 
Decem b •r __ __ __ __ __ __ 11, 700 

1,450 
1,640 

2, 409 

CATAWBA RIVER. 

143, 344 
J9 ' 297 
24 '4- 9 
300, 369 

1. 01 
1.22 

ROCKHILL TA'l'I ON ON CATAWBA RIVER. 

0.52 
0. 70 
0.91 
1. 06 

Thi station is de cribed in Bulletin 140, page 71. The drainaO'e area 
is 2,9 7 ·quare mile and is partly mapped on the "Wi ll ·e boro, ran
berry, 1ount Mitch 11 , 1organton, Yadkinvill , llickory, and State -
ville atl a~ sheet. . It i located at the bridO'e of th e Southern Railway 
3 miles south of Fort Mi ll. A gao·c -..va · placed h . re on ept tn ber 3, 
1 95. It i fasten ed to th upp r side of the guard rail, the 2-foot marlr 
of the rod bein g about t he c nt r o(' the cond vertical of the second 
rus from the outh nd of the brido-e. Tb eli tau e from the zero 

of tbe rod to the out ide edge of the pulley wheel is 1. 0 fi et, and t he 
l ugth of wire rope to the end of tbe weio·ht is 52.96 feet. Tbe ob erver 
i v . A. l\Iorris, Rockhill, South aroliua. It i most convenient, how-

\'er, to reach the railroad bridge from the • tation of Fort lllill, about 
0 miles distant. Ob ervatiou ·of gao·e height have been kept contiu
uou ly throuo·bout th y ar, n.nd the following measurement of di -
·harge have been made, and a rating tall le for thi tation ha been 
on truoted and appli d to tb gage heiO'ltt for 1 95 aud 1 96. The 

re ord of daily gage ll ights for 1896 is given in Water- upply and 
Irrigation Paper o. 11, pagc.17. 

List of disohat·qe tneaBJt1'6ntelllB 1nade on Catawba Ri·IJet a.t Rockhill, South Ca.1·oli-na. 

I J,Gtii,0t 
A.ron of l\fenn Discbnr-;J 

No. Date. Hydrogr11phor. :Met r section v Jo ity 
(SOCO D( 

number. (feeL) . 
(square (feet per feet). feot). second) . 

------
1 95. 

1 C.C.Babb 29 06 1. 66 1,340 
2 ____ .do-------- 76 52 1. 73 1,477 

3 16 E. '\ . 1\Jycr -- - 21 1,159 1.54 1, 7 7 
4 Aug. 20 .. .. . do-------- 2154 924 1. 63 1,50 
5 pt. 17 ____ .do---- -- -- 2154 1.53 979 1.36 1, 336 

1 97. 
6 F eb. 9 E . W.Myer - -- 2154 4.50 3,178 3.05 9,711 

L2 Apr. 6 -- --.do------ -- 76 12.10 
---

10,121 4.54 tJ6,04~ 
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Rati11 g table j o1· Catawba Ri.t;er at Rockhill, 011th aroli.11a. 

['l'W table is appli able from pt mber, 1 95, to D c mb r,l 96.) 

Gay; Gng 
"I' . f · ~3 h ig t. Di charge. height. Dl ba rg . hoig ll. D•s barge. '~ 18 'argo. 

Put. ec.-fett. Fte ec.·fett. Pu t. • ec.fetl. Feet . tc.feet 

1.30 1,200 4.30 9,030 7.30 22,3"'0 10. 0 37, 00 
1.40 1,260 4. 'l0 9, 340 7.4.0 2:2, 00 37,;;oo 
1. 50 1,3 0 4.50 9, 710 7. 50 23 :n :1 

1. 60 1, 400 4. 60 10,150 7. 60 23, 700 
1. 70 1,470 4.70 10, 00 7. 70 21 150 
1. 0 1, 550 4. 0 n , 050 7. 0 2.1, GOO 
1. 90 1,700 4.90 11,500 7. 0 25 o-o 
2.00 1, 900 5. 00 12,000 2-,500 4o,-oo 
2.10 2,210 5.10 12,450 26,000 41,000 
2.20 2,-20 5.20 12,900 2 '500 41 ,500 
2. 30 2, 30 5.30 13,350 27,000 42, 000 
2. 40 3, 140 5.4-0 13, 00 27,500 4:2,500 
2.50 3,4.50 -. 50 H ,2-o 43,000 
2.60 3,760 5. 60 1 ~. 700 43 500 
2.70 4,070 5.70 13 150 44 ,000 
2. 0 4,380 5. 0 15 600 44.500 
2.90 4, 690 5.90 16, 050 
3.00 5 000 6.00 '16, 500 9.00 
3.10 5, 310 6. 10 16,950 9.10 31,000 12. 10 4 
3.20 5,620 6.20 17,400 9.20 31,- 12.20 
3.30 5,930 6.30 17, -o 9.30 3-,000 12.30 
3.40 6, 240 6.40 1 '300 9.40 3-,500 12.40 
3.50 6,550 6.50 1 ,TO 9. 50 33 000 112.50 
3. 60 6, 60 6.60 19 200 9.60 33,500 12. 6 
3.70 7,170 6. 70 19,650 9.70 34,000 12. 70 
3. 0 7,480 6. 0 20,100 9. 0 34,500 12. 0 
3.90 7,790 6. 90 20,5-o 9.90 35,000 12.90 
4. 00 7.00 21,000 10. 00 35,500 
4. 10 ,410 7.10 21,450 10.10 36,000 _j 4. 20 7.20 21,900 10.20 36,500 
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Estimated 11ta11 th ly disolza1·ge of Catawba River at Rook Hill, South Ca,·olina. 

I 
I 

Run-off. I 
:Month. 

:\faxi
mum. 

:il1ini
mum. Mna n. 

:~~!~/e~~- Depth in SecomJ.fJ 
inches. p r~a~~re 

-----------------1----
1895. 

, epternber 23 to 30 . __ _ 1,350 1,300 1, 31 
I Octob r---- ------ ---- 1,4-00 1,300 1, 36i 

'overnber 1 to 9, 17 to 

30 ... --- ---- --- ----- 2,237 1, 400 1,546 
Decem ber __ __ ________ 6, 60 1,400 2,192 

1896. 
January __________ ____ 9,700 1,550 3,062 
Febru ary -____ . _ _ _ _ _ _ 19, -o 2, 237 6, 093 

March- -- ------- --- -- 2,851 1,700 2,009 
April ---- ------ ------ 16,0+0 1,470 2,645 
May--- ----- ·--- -- -- ~ 9,060 1,400 2,277 
Juue ______ ____ __ _____ 5,620 1,330 ~,014 

J u 1 y - ____ _ . __ - _______ a62, 500 1, 400 10, 215 
August __ ____ ______ __ _ 1,D30 1, 330 1,604 

ep tem ber ___ - - _ _ _ _ _ _ 9, 060 J , 330 1, 73 
0 tober _____ _______ __ 7,790 1, 330 1,670 
'o ,·ember ___ ______ ___ 14,120 1,400 2,661 

20,912 
83, 69 

D c m ber ____ . _ _ _ _ _ _ _ 14-, 600 1, 550 3, 169 19+, -5 

L P r annum (1 96) - ~~ 1,330 "3,274
1
2, 373, 565 

a Estimated. 

l5oo.-ft. 
26,000 

:!.A_f! 

24. 000 

22, 000 

20,000 

18, 000 

16.000 

14,000 

12, 000 

10. 000 

8,000 

6, 000 

0.13 
0. 53 

0.4-.J, 
0. 46 

0. 44 0. 52 
0. 4 0. 73 

1.19 
2.20 
0. 77 
0.99 

0.62 
0. 70 
0.6-i 
0. 99 
1. 22 

14. 

]. 03 
2.04 
0. 67 
0. 9 
0. 76 
0. 67 
3. 1J2 
0.54 
0.63 
0. -6 

FlO. 8.-Di chnrgo of Catawba Rh•or nt Rook Hill, South Carolina, 1 96. 
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CATAW13A TATI ATAWBA RlVRR. 

List of di&charge nletUII~remetlt made on Catawba River at Ca tawba North arolina. 

I I Met r Gag I Yo. Date. Hydrographer. number, height 
(feet). 

--I 1-,- --, 1 96. 

E. W. Myer ... 1 21 2.25 I 1 J une 30 1.11 1 I 
2 July 4 . ... . do .. . ..... 21 1 3.03 1. -,266 
3 Aug. 30 ..... do .. . ..... 2154 

I 
1. 45 0. 732 

I 4 ept. 13 . .. . . do ... .. .• . I 215i 1. 9-i l. 37 1 ,, -

U'~ E . W. Myer ... j d eb. 215i 5. -2 2, 91- 3.3 
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Bating table for atawba River at Catmoba, i\or(/t Cm·o lina. 

[This table is applicabl from .July, 1 96, to .April, 1 97.] 

~ago 
height. 

n · I Garro 
•s hn.rge. heig'ht. Discharge. Gal[e 

height. 

Feet. ec. feet Feet. Sec. feet. "Feel. 

1. 00 540 2. 50 1, 630 4. 00 

1. 10 570 2. 60 1, uo 4. 10 

1. 20 610 2. 70 1, 60 4. 20 

1. 30 655 2. 80 1, 990 4. 30 

1. 40 710 2. 90 2, HO 4. 40 

1. 50 770 3. 00 2, 300 4. 50 

1. 60 35 3. 10 2, 4 0 •L 60 

1 70 910 3. 20 2, 700 4. 70 

1. o 9 o 3. so 2 g-o 4. 80 

1.90 1, 060 I 3.40 I 3,220 4.90 

2 00 1, 140 3. 50 3, 500 5. 00 

2. 10 1 230 3. 60 3, 00 5. 10 

2. 20 1, 320 3. 70 4, 100 5. 20 

2. 30 1, 420 3. 80 4, 400 5. 30 

L ._4_o___.:.__1_,_5_so ___ s._g_o __ 4_··_' _oo __ 5. 40 

Diaohargc. J 

Feet. ec. f eet 

51 00 

51600 

5,900 

61200 

6,500 

5.50 

5.60 

5.70 

5. 0 
5.90 

6.00 

9, 500 

91 00 

10, 100 

10 4-00 

10.700 

11 000 

6, 00 6. 10 I 11,300 

7,100 

7,400 

71700 

I 000 

8,300 

6. 20 

6. 30 

(;.40 

6.50 

6. 60 

'600 6. 70 

1 9001_', 6 .. 0 
91200 6. 90 

111600 

11,900 

121200 

12,500 

12,800 

13,100 

13,400 

13, 700 

Bstimaled monthl!l discharge of Calatcba River at Ca.tawba, Ro1·th Ca·rolina . 

[Drainage nrca, 3,492 quare miles .] 

Month. 

1 96. 

M nsi · 
mum. 

J nly .J. to' l. . . ........ a16, 100 

.Augu t . ... . . ... ...... 1 420 

eptcm ber .... . ...... I 5, 000 

October ........... ... J , 630 1 

N O\'CJD ber ............ a1-, 200 

:Mini
Ollllll. 

1. ·120 

i70 

770 

770 
s-

.Mca.n. 

4,466 

11071 

1,090 
6-

2,222 

Total in 
acre-feet. 

24- '024 

65 I 53 

641 59 

53, 17 

132,21 

I R"""g 
Dep th in Second-fe t 

inches . por~~~~u J -, 
1.33 1.2 

o. 36 0. 31 

0. 31 I 
0.25 

0.35 

0.29 

0.71 

December............ 9, 800 1 060 
o. 64 1 

_ __, _ _ __ ..!.___o_. 1_1 1 o. 62 I 2.149 132, 137 

a Estimated. 

BROAD RIVER. 

GAFFNEY 1'A'l'ION ON BROAD R£VER. 

This gage is on the Southern l~ailway briclge about 3 miles from 
Gaffney, South Carolina, and wa put in July 1, 1896. The zero of the 
(l'age is 18 feet ea t of the west end of the tbir<l span of the brido·e 

18 GEUL , P'l' 4--5 
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List of eli cha rge measurements made on B1·oail Hit'N' at ra.D'ney,. outh m·olina .. 

K I Gnfio 
.A r A of M nn 

D•scharfe 
, o. I Date. Uyclrog rnrbe•·· Meter h i:t lt scf' t ion velo •ity 

(8()C0U( • ntuHber. (f t). 
(squnro (fo• l pe r fc t ). c t). HI'('O ll J) . 

1 96. 
1 Aug. 1 E. \V . 1 t: r ... , 2154 0.25 732 l. :36 56 

ept. 16 .... . do ........ 2154 0. 10 792 1. 20 950 

I 1 97. 
3 1ar. 9 B. W. ) !y rs ... 21-4 2. ') 2,077 :.-. 10 4, 36 1 ,. 
4 Apr. 7 ..... do ... 76 3.49 2 ? ,- 2.32 5,324. 

R ating table for Rroad Uirer at Ga,tf'ney, ottlh m·olina. 

[Thi table is ~Lpplicnbl from July, I 96, to Jo\pril, l 97. ] 

r-nge 
Dj~cbarge. ·"I! Die harge. "~'~'i.e I D'"'""' ·I, . .,n,~I:L I n; '""' . 

I 
height. beiglJt. 

Put. tc. fut. Feet . . ec.f t. Feet . 'ec. f eet. 1 .Put. ,,c. fut. 

0.00 00 1. 10 1, 910 2.20 0 :"i, 010 
0.10 1. 20 2,035 2.30 5, 1~0 
0. 20 975 1. 30 2, 160 2. <lO 5.330 
0.30 1, 075 1. 40 2, 2 - 2.50 5,500 
0. 40 1,175 1. 50 2.60 \ 3. 70 5, 70 
o. ~o 1,275 1. 60 4, 050 3. 0 5 

' 
10 

0. 60 1,375 1. 70 4,210 3.90 6, 010 
0.70 1, 475 1. 0 2, 7- 4,370 4.00 6, I 0 
0. 0 1, 575 1. 90 2, 910 3. 00 4,530 

' 0. 90 1, 685 2. 00 3,035 3. 10 4,690 
1. 00 1, 7!r 2. 10 3, 170 3.20 4, -o _ _j -----



CAVJS. j BRO.AD RIVER. 

l:;stimaled monthly di clia1·gc of B•·o(ul River at Ca.ffney. outh a1·olili(L. 

[Drainage area, 1,-135 sq uare milee. ] 

Discharge in econd- foot. 

:Month. 
Maxi
mum. 

Ati ui
mum. Mean 

-------1---------
1 96. 

Jul y 12 to 31........ . 2,5 1, 496 
Angu t. .. . . .. ....... . 1,093 
• opt tnb r ....... . .. . 1. ll9 

1, 0 6 

1, 055 1, 95i) 

1,5 15 1, 977 I 
0 ·toller ... . .... . .... . 

ovemher .... ........ a , 800 

L _D_t>_c_ m_u_ r _ .. _.. . . . . . . . . 3, 945 

a.Estimutf'd . 

Total in 
flCI"C· fcet.. 

59 340 

67, 206 

t 6,5 5 

66, 776 

llo, 331 
121, :-6t 

AL 'l'ON STATION ON BROAD RIVER 

] 1111 ·00'. 

0.77 1. 0<1 
0. o. 76 

0.7 

0. 76 
1. 52 1, 36 
l. 59 1. 38 

67 

I 

Thi · gage i located on the Southern Railway bridge about 200 yard 
from 1 ·ton, South Carolma. The zero of the gage i over the center 
of the fourth fl or bea.m of th s cond pan ft·om the ast eud of the 
bridge. Tb out r rim of the pulley i 4 f, etfrom the z roof th ga..,.e, 
and the di ta n e from tlJ end of the weight to the pointer on the wire 
i 42.65 ieet;, the gage reading 7. ro when tb end of the weight tou hes 
bottom. Tbe ction her i n t a very good one, being cut up by the 
foundation of au oltl bridge ro , in o- at th a me pla e a the pre ent 
one, and h bottom i oft and muddy. The rinr i straight for a 
long d1 tan ·e abov aud b low th tatiou and th cturent velocity iE 
faidyuuiformall hcwayncros . TIJeobserverisD. H .. E Jkin ,Al ton, 

( uth m·olina,. TIJ di charo·e mea urement ' ar not ufficientlycom
}H' ben i veto ju tify the con traction of a rating table for th 1 tation. 
'£be record of daily gage beio-ht for 1 96 from July 3 to December 31 
is given in ·water-Supply and Irrigation Paper No. 11, page L. 
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List of discllm·ge mcasm·e1nC11l8 nwde 011 B1·oa.d Riror at .A lBtou, outh (troli1• a. 

Ko. 

1 

2 

L 
3 

Dnt . 

1 96. 

Jul y 3 
IJ IT, 19 

ept. 1 

JTydrogrnpb r. 

E .'\ . 1\!y T .. 

..... do ······-· 

... .. do --------

21 
2154 

215 l 

>R j!O 
h el ~thL 
(f' ot). 

2.21 
2.52 
2. -

SALUDA RIVER . 

'V ATERL 0 f':T ATIO 0 AL 

Ar n of 
soc lion 
<•qunr 

fe t). I 
~f ra " l)hchar-f.J 

' 'olocity 
(fot•L JWr ( on<· 
so<·onu ). ~ t) . 

I. I - · 19 
l .:i -177 

1. fJO 2 174-

J 

RlVl~ l . 

GENERAL DISCUSSION OF GEORGIA STREAMS . 

The great ridge dividing the wat r of tl1 tlanti lop ft·om th 
of the Gulf of Mexi o nter orgia from orth "arolina n th line 
between Rabun and Towne countie pa e through Iarke vi ll n.nd 
Mount Airy, thence along the Piedmont Air Lin Railroad to r ro. , 
thence to Stone Mountain and along the Georaia Railroad to Atlanta, 
thence along the entral Railroad to Barne ville, thron h ulloden 
and along the Atlanta and Florida Railroad to Fort all y th n e 
through Vienna and in a outhca terly direction to and tbrouglt the 
Okefenokee Swamp and into Florida. 
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The drainage basins tributary to the Atlanti c in Georgia and Ala
bama are the Savannah , Ogeechee, A lt::Lmaba, atilla, aud t. i\la.rys. 
Iu Georgia and Alabama the ba in draining to the Gulf are the 
Suwanee, Ochlockonee, Apalachicola, Choctawhatchee, Pensacola,, 
Mobile, and Tenne see or Mi ·is ippi. The e ba in are bown on the 
accompanying outline map, which show the whole of Georgia and 
Alabama and part of South Carolina, Florida, Tennessee, and "orth 
Carolina. The greater portion of the work so far has been done on 
strea.ms that have many large water power . The e are confined to the 
Savannah, A ltamaha, Apalachicola, Mobile and Teunes ee ba ins. 

The other drainage ba iu s mentioned above have the large t part of 
th eir areas in the low co untry where th re i very little fa ll to the 
streams and con equently few water power of importance. This ec
tion of low country has some very intere ting hydrographic features 
that merit investio-ation. The only one of these that has so far 
received any attention 1s the Okefenokee Swamp. 

WA'l'ER-POWER STREAMS. 

The great ba in of the Savannah, .Altamaha, .Apalachicola, Mobile, 
and Tenues ee receive their headwater in the high land., at elevations 
ran gino- from 800 to 2.000 feet above ea level, and therefore have many 
important water pow r . The e highland are geologically in the 
cry tallin formation , or region of granitic ro k . All the o-reat '-rater 
pow r of Georgia ~Lre in thi formation, while tho e of Alabama are 
partly in ry tallin nnd par ly in the P:oLleozoic couutry. 

bull tin of the G orgia eological urvey 1 giYe in tabulated fot·m 
th result of all th hydrographic work clone in thi ·tate by public 
urY y prior to the year 1 95 and e pecially the work of Mr. C. C. 

And r on, late a i taut State geologi t, showing gage-heights aud 
di ·barge m a urement on the Chattahoochee, F li nt, a nd Ocmulgee 
river aud orne of tb ir tributarie during the year 1891 and 1892. 
Th e e 'urvey cover a period when the stream were at their average 
stao·e. eoce hi low-water di charges are much greater than tho e 
wbi h are o-iveu here a tbe result of measurement made in 1806 by 

b 

M sr . B . L Hall and Ma - Hall, when tlle tream were at the lowe t 
st<J ·o they have reached for mauy year '-a minimum stage that tlley 
prouably rea h only once or twice in a centmy. This will be bown 
by a clo e study of tbe following table : 

ologi n1 Survey of Georgia. W . S. Yeates, State geologi t, Bulle~ No. 3-A: A prclimin?"Y 
repor on n part of 1 h wnt r ]Jowers of Georg ia . compiled from the notes of C. C. Anderson, Jato as ISI 

ant geologi t, by B. M.lln.ll , specin l ns 1stM t, A~lnnta , 1896. 
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Jfonthly ,-ainfall at . l.tlauta , Georgia. 

Year. I J nu . l:'eb. 

--- -~~liS. I ns. I ns. I ns. l lt i . In s. 

1 70a .. ...... .. ...... .!. ..................... .. 
1 71 .. .. .. 2. 03 6. 20 I G. II 5. 20 7. 77 5. 97 

15;2...... 2. 94 5. ~8

1
7 . 66 3. o-J ~- 75 

1873 ...... 3.36 12.04 2.58 1.96 6.0~ 

1874 .... .. 3. 14 6. 6 7. s 10. 42 3. 00 

5. 60 6. 92 I 0. 27 4. 79 I. ~ 

3. 32 5. 37 5. 59 6. 01 5. 00 

5. 93 3. 10 7. 46 ' 6. ~3 0. 72 

3. 76 6. 54 2. 25 

3. 09 4. 16 

4. 52 

5. 71 

5. 39 

3. 20 

3. 57 

h18. 

9. ~0 

4.H 

2. 20 

5. 40 

Nov. J C<' 

lns. I lls. 
o. 67 5. 42 

2.09 3. 41 

0. 74 2. 12 

3. 15 

1. 27 2.-16 4. 30 7. 

3.02 3. 22 

2. 00 3. 31 

1. 33 10.73 2. 42 2.00 

4. 22 
1. 52 I. 72 

0. 0 ll. 70 2. 

1. 31 4.02 6. 92 6. 51 3.91 3!) 

Annual. 

~~ ~~ ~ ~~ ~ Q~ QOO ~~ 
1. 38 14. II 17. 51 4. 20 3. 2 0. 30 5 79 

8. 16 1. 34 1. 5 3. 9 14.26 , 3. 99 4.70 5.l2 6~ .9 

2.49 2. ~ 1 o. 73 a n 
1

2.21 o.oo 
3.13 204 6.32 , 1.12 5.37 1 ~. 99 5.36 4.9 

10. 16 1. 5 2. 17 4.71 5.3 250 1. !9 0.0~ 

5. 7l 4. 75

1

1. a~ I"· 65 3. 77 6. oo 2. 10 o. ,,g 49. 1 

2. 43 2. 4 4. 4u I 4. e5 2.13

1

4. o1 a. oo o. a9 ao. ~ a 
4. 9 2. 99 3. 06 1. 49 1. 29 , 5. 55 3. 70 5 7 2. 62 0. 92 40. 02 

1805 .. .. .. 5. 47 2. 01 7. 55 5. 20 I 3. 99 4. 7 2. 75 8. 55 0. 21 I 1. 30 ' 1. 2. 9 45. 0~ I 

I 96 ...... 3.12 3. 04 a. 29 0. 5 1. 95 2. 66 7. 55 I . 97 1. 36 I. 2 5. 00 I 42 34 12 

A:::~ = =r= . , 1 ... ~-= 1-::::r~:r-~-- . , . .. , "· ., .. J 
a Maj. . B. Wright. eorgia agri culturnl report ~, I 70 t<, 1 74 . 
b R. J . Redd ing, of Georgin. agricultural r\ pat·tment, 1 5 to I 7 . 
c nite<l Stat s Weather Burea11. 
d Ooited tnt~s W eathH Bur au, 1879 to 1896. 
e December a,·erage Includes Do emb r, 1 70. 

Thisn.,•era•r rainfall is distributed a~ follow.: priug.l3. i5 , sauurn er, 13.33; nutut.o.n, 0.02; w iHL( r, 
H. G. 

Th above table of rainfall at Atl anta, 0 or ia from Jul , I 70, to 
D ember, 1 96, inclu ive-g iving for tl1 tw nty- ix ompl t y ar , 
1 71 t o 1896, inclu, i\e, an av rage an nual rainfall of 50.9; iucl.te
bear very strong evidence th a t tbe treams of tlli · r g ion bave b 11 

lowerduringthepre ·ent mum raudautumntbanatanytim . in el 70. 
Tl.lere bas ueen a continuous accumulating deficien cy in e 1 00 wbicl1 , 
however, did uot begin to make a vi ibl e impre ion on th tr am 
until 1 93 thou gh it naturally affected the upply of ground wat r 
available for tlle following year . But on top of t l1i defi ien y lut 
come a period of four year , 1893 to 1896, inclu ive, in wh i h b av r
age annual rainfall has been only 39.35 incbe , di stributed a C llow : 

pring, 9.87; ummer, n.43; autumn 6.24; winter, J0.81. 
ti ll more strikin g is the record for 1 9G, the la t of the four y <1 rs, 



U. S GEOLOGICA.L SURVEY 

~ 

GEORGIA DRAINAGE MAP. 

EIGHTEENTH ANNUAL REPORT PART IV PL. Ill 

~a! Miles 
25 0 25 . 50 

W -af..er p ;Q"WerS- - X • 

U:S.G .S.Hyd:rographic- S;tcv. @ 

Other places -when 
.Discharge- .Mea-surern.en.t:.s 
~ ha#-e heerv nuuJ.,e. - - 0 

1896. 





/ 
DAVI .) OKEFE "OKEE W AMP. 71 

bowing a total precipitation for the year of 34.12 inches and the fol
lo ll·iug distribntion: Spri ng, 5.82 · ummer, 12.1 ; autum~, 8.54 · win
ter, 7.5 . The di tribntion for he la tfour year and for the year 1896 
show that tl.Je great st rainfall ha been in ummer, when the amount 
of water takeu up by vegetation and evaporation was o- reate t a con
dition that ba produced. very fine crop and very low tream . ' 

It i tated lly the oldest inhabitants that the rivers are low r th is 
ea on than they have ever seen them ince the year 1845, and fbe 
tatement i probably true though it can not be verifi d by actual 

record rea •bing ba ·k to that year. They al o ta.te that the well · and 
pring have been getting lower and lower for four years and that 

mau y have gone dry durilw thi ea on which they have never before 
known to fail. 'I'o furth r empba ize the fact that th low water of 
tlli y ar i much lower than tbat of any ordinary year the reader is 
r ferred to table herew ith of riv l' gage heights for Canton Re aca, 
.Augu. ta, and i\Iacon, Georo-ia and Tu caloosa, labama. 'I'he .Augu ta 

tatem nti amontbly tat mentoflowe twat ronthe aYanuahRiv r 
f, r tw h ·e year . ( e page 76 and 77 .) .Attention is al o alled to 
th di charge mea urement of hlr. C. . Ander on, late a i tant tate 
geoloo-i · t of Georgia above referred to iu which he ho1Y that mini
mum low wat r during b year 1 91 and 1 92 wa ' about"" 500 ubic 
~· t p r cond at akdal nth hattahoo bee an l about 2,1 0 ·ubic 
t(> t p oul a ~la n on th 0 muJcree. 

OKEFENOKEE SWAMP. 

eorgia near the Florida 
oa t i a hallow fre b-
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Tb 

SAVANNAH BASIN . 

ri er 
Tb 



AVANNAH RIVER. 73 

C.A.LHOU F ALLS STATION ON SA VAN ' AH RIVER I ' GEORGIA, NEAR 
CALHOU N FALL' SO 'J.'H CAROLINA. 

Tbi tation i in the E lberton quadrangle iu latitude 34P 4. 'and 
longi tude 2° 3 .3'. It i at the eaboard Air Line bridg aero ·the 
Savannah Riv r above tbe mouth of Beaverdam Creek and below 

Large Island 

FIG . 9.-Gnging atntion nMr Cal houn Fa lls, outh Carolina. 

R cky Ri\·er, about 3 mile we t of the tow~ of Calhoun l i'all , ~btih 
. 1' ' llich i tiJe neare t railroad ~:>tatJOn and .po ~· offi.c . 

~u~ m~, . 1 . G . ia as the outh Carolina lme J higll·water tatiou IS nt1re y ID eo1 g < • 
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OA\"15.) 
SA v A T AH RIVER. 75 

L is/ of discharge 1neasurements made 011 , a.ra 11nlth Rirer, near 

Ca·roli11a. 
alhoun Falls, South 

Hydrographer . I Meter Gage 
num- height 
her. (feet ). 

Xo. Date. 
Area of I Menu 
sr lion velocity Dischnrg 
( quare I (feet per (second-

feet). second) . feet) . 

,- - ---1---- ---- ---
1 96. 

Aug. 4 :IJl1tx Hall.. .... . . . . 16 2.40 

1. 77 pt. 22 
1 
.... . do...... 11 

t. 31 -- --- do . . . . . . . . . . . . _ 1_1__,__2._1_o __ l _1_, _ 

a West ·hannel only. 

I 1. 11 

I 
a 0. 9 

1.09 

2 6 

1 531 
2, 054 

Ra.Uug table for ava.nnah River·, near allwun Falls, . oulh m·olina. 

(This t.~ble i applicable from .Augu t 4, 1 96, to October :11, 1896.] 

r---

Gnge D I Gaffe D" Gn"e I Ga"O heig•ht J ' c tar e. h . t ' bar"e. l . ,.. Dis barge . .. ___ · II~ I lt:tgbt. I hetght. 

Feet. 

1 

ec.je.t. Feet. ec.jeet. I Pat. ec.jeet. E'eet. 

1. T 1 5-5 2. 00 1, 850 2. 30 2, 450 I 2. GO 

1. o 1 , ,575 2. 10 2, o5o 2. 40 2, 670 2. 70 
1., 1 100 2. 20 2. 2-o 2. 50 2 70 ' 2 

A Y N AH RIIER AT A G EOR GlA. 

ec.jeet. 

3,060 

3,2 0 

3,500 

the section 
t A ngu ta 

..:. 
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ttvamwh River at A ugusta, Georgia. 

n •h month slr.c 1 t. ] 

l 7. I 
1--.------:-----,-- -
Date. 6 n..m. 12m. 6p.m. Date. Ga.m. l!!u1 . 

--, 
p.m. Date. 6 a.m. 

------ ------
5 7. 5 7. 5 7. 6 30 . 5 . 5 

I . 6 16 
10.3 10.0 ~ .2 . .... ...... 13 

Jan nary ..... . .. . 
F ebruary ...... .. ...... 10.0 
:March . ... ...... . 19 . 2 ... ... . . .... 31 

30 . 5 ...... "·:;·, 30 
5 8. 2 . 2 26 

27 I 7.0 7. 2 7.0 27 

April ...... r ·----
May .... . . ... .. . 
June .. ..... .. .. .. 

21 I 6.4 6.3 6. 3 2.5 
0 5. 6.0 6. 0 

J uly .... .. .... .. . 
Augnst .. .... ... . 

. 5 G. 4 
7 0 

September ...... . G. 7 
Octob r .. .. ..... . 13 G. 2 ...... ...... 
N o,·ember .. ... . . 29 6. 1 · ··-·· .... .. 7 .... .. 7 0 
December ...... . . 6. 0 ·· ·--· ·· -··· 

Month. 

14 7. 2 7. 2 26 7. 5 7. 5 7. 2 
13 5. 5 5. 6 28 7. 7 7. 5 7. 4 
30 6.0 6. 1 16 
28 5. 4 5. 4. 13 
21 6.1 6.1 25 

6. 7 6. 8 0 
5. 9 6.3 6. 0 
6 2 6. 6 

10 

22 7.6 7.8 7. 8 25 
26 6. 8 ··· · ·· -····· 

6. 8 · ··- · · ··-··· 

5. 9 6. 6 G. 4 
O.H 7. 4 6. 2 
0. u 6. 7 6. 6 
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on 

'il'l onth. 

On 

ALTAMAHA BASI . 77 

avann ah Rire1· at Augusta, Georgia-Continued. 

OGEECHEE BASIN. 

5. 4 
4. 6 5. 2 b. 0 

4. 2 5. 0 5. 0 

5. 9 4. 8 4. 
5. 5 a2~ 3. 4. 3 4. 2 

'' :: ., ''I ' ' :: I 
b October 7, 6 a. m .. 4.2: 12m .. 4. 

ome good power on it head waters but their 
i in compari on with ho of other basin , and uo 

m a ur ru nt have yet be u made. 

ALTAMAHA BASIN. 

large ba in in Georgia t he ....-\ltamaha River 

~t di charo·e mea nr ru nt at t he highwa.y bridge, where the water was 
37.7 fe t below tb top of low r end of third floor beam of fir:t pan 
from th a t. He fonnd a menn velocity of 1.75 feet per econd 
and a d1 clmrg of 110 econd-fe ' f. Ou September 3, 1896, Mr. Max 
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J~EY 'I' 'l'I 0 

n t he G or ia 
R a il way at t h 

of a bout 



DA H.J 
OCMULGE E RIVER. 79 

fl ow ~ause~ by J~l ill s and factories. The water power of the Oconee 
all!l Jt ~n b~tan . are acce ible by the Sout hern Railway, th e ea
board .A1r Lme Railway, and t he Georgia Rai lroad and its bran ches. 

'Xo. 
I 

1 
2 

3 

.j 

I 5 

List of disohm·r1e mettsurements ma.de on Oconee R it·er a t arey , Georgia . 

Date. H yd rog-rapher. 

1 96. 
Oc·t . 29 )!ax HalL .. . .. .. . . 
Ko,-. li 13 . U . Hall . ... .. . . . 
XoY. 2.) . .. . . do . .... . ... . . . . 

1 97. 

J a n. 1 ' B. ;\f. lf all .. . .... . . 
l\Jnr. .. ... do -- -· -· ······ 

- ------

I Meter I Gage 

ber. (feel). 

A r n of 
ec ti on 

( q u nro 
feet). I 

num - h eight 

-----1----

1. 6 733 
2. 08 702 

1. 90 71 5 

4. 95 1, 344 
91 -. 15 1. 417 

Moan - .-:=/ 
,,elocity Dosch t\rge 
<" l Jl ,. (second · 
s cond ) . feel). 

. 8 6-14 
1. 19 36 
1.11 79.") 

2. 47 3 3.1 
3. 00 4, 257_j 

Rating /able f or Oconee Ri vt-r a / arey , Geo1·gia. 

[This table is applicable from Octob r 20, 1 06, to Marc h 1 , 189i.] 

- h;tft~t. ~ Di•ebnrg=-- b ';~!f.~. / Di•rlwru ·I 11~/!4~. -----h~i~,i~. ~ Di•chttrgL'. 

--11----1 

.... .... .. ........ , 
I. 60 635 
I. 70 670 

I. ' 0 7 1fJ 

I. 90 760 
200 Oii 

Ft t . 

2. 10 

2.2 

2.30 

2. ~0 

2.50 

2.60 

2. 70 

2. 0 
:?.!lO 

3.00 

.. 10 

Src.fut . 

50 

900 

950 

1. 000 

1, 0"5 

1, 110 
1, 165 

1. :!20 

1, 270 

1, 3-JO 

1, 400 

M ON TA1.' ! N ON 

Fett. 

3. 20 

:'!.30 

:l iD 

:'!.50 

3. 60 
3. 70 

3. 0 

3. 90 
~ .00 

4. 10 

.J. 20 

CC . jttt. 

1' 46:i 

1,530 

1 600 
1 670 

1, 71 0 

I. 30 

l , 910 

'2. 000 

2, 100 

2. no 
~.~20 

Ftet. 

~ .30 

4. 40 

~.:;o 

,f. 60 

4. 70 

·1. 

.f. 90 

5.00 
5. 10 

"· ~ 0 
5.30 

:llULGEE R IVER. 

ec. feot. 

2, 430 

2, 550 

2 6 0 
2 20 

2, 910 

3, 130 

3. 300 
3, 500 
s, ·o 
4,230 
4,6_0 

0 mnl "' e a outh River in tile city of tbtn ta. 
It i mncle np of outh Riv r Y •llow Hivei', .Alcov y River, Towaliga 
Ri r, a ntl other t ream . It ro se ' th fall line at Macon the head 
of navigation. .Above thi point it i n. cou tant serie of ~ lloal , orne 
of th lar rr t being : 46 fe t fall j n 3,300 feet d i tance near Conyer , on 
Y llow H.iv L" 55 fe t in 2, 700 fee t di ' tance at Oedar Slloal, near Oov
i n oton on arne ri, er; 2-! feet, 18 feet, 12 · feet, 13 feet, 20 feet, and 16 
:C tat ncce ive ho:tls on Son th l~iver· Si feet in 4,000 feet distance 
a t G n,ru r hoal on Alt ov y Hi ver; 07 feet iu 1,200 feet distauce at 
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Highfalls, on Towaliga Riv r, and almo a lono-
the lin of the Son them R.a.ilway, nth 0 mnlgee 
above l\1a.con . The South rn Railway and th 
ea y ace s to the water power. of the tnnlrr 

On September 19 1 9fl fr. Max all ma,d 
meut at Almon, on the Y llow Rh1er, wh r eorgia I a,i lroad 
crosse n ar 'ovington heorgia, finding a tli. char of only 62.4 
second-fe t. It is probable t hat thi doe not repr s nt tb mnn
mum di charo·e of the ri,7 er a h r are imp untlin rr da m a.uov which 
may have materially alf cted tile :fiow n,t. t hat low-wat r s a ' on. 

The only reo·ular station on th Ocrnulrre wat r b d is at Jacon 
Georcria. Here the nited tat. W atlt r Bur au k pt a re ord of 
gage height during 1 n·, L 04- and a part of 1 05. inrr th ame 
gage datum, Mr. C. C. Babb establish d a r rrular tation lJ re on 
0 tober 23, 1 95 and Prof. B . 1\L H~ t ll lt fV k pt up r g ular r 
mea ur rnents from that tim to t h pr s nt. 

This tation wa de cribed in Bull ti n N . 140, pag 14. b erva-
tions have been continued brou bout tlt year from tb gag on the 
l\1acon, Dublin aud avannalt H.a.ilroad brido· in tb a tern part of 
tbe town . fea urement of di harge ar mad from h 
bridge a hort di tan e abov . Tbe ob n r is fr. .J.P. M 
length of the \\-ire gag cable i 35.30 f, e . Th z ro of th 
fe t from tbe out ide of the pulley wb 1. Til drainao-e ar a as m a -
ur d from county map · i 2 42 - quar mile . A bench mark n t h 
top and upper end of tb triangular ca tiltg at tb foot of the \'('nth 

tie r od of the first pan fr m the outh i 2 . 4 fe t abo datum of 
gage. The record of daily gag beigl.lt for 1 03, 1 U4 1 '95, a11<l l 96 

g iven in Water- npply and Irrigation aper No. 11 pag 21. 

List of disolim·ge measurtnnents made on 0011wlgec Ri.ver at 11lacon, reorgia. 

I -
M: t r Ga~ 

Area of 
No. Date. I H ydrographer . num- heig t 

I 
section 

be r. (feet). (squnro 

-1 
feet). 

-- ---

l Oct. 1 . Bnbu .. .. 76 0.3!4 7 4 1. 04- 13 
2 Oct. 23 .do ........ 76 0.20 72G 1. 06 7 7 

3 Dec. 13 . . __ .do .. __ .... 62 l. 59 l , 045 1. •lG 1, 530 
1 96. 

41 Jan. 2 B. M. Hall. .... 5.52 2, 107 I. 63 3, 436 
5 Juu 12 -· .. . do . . ...... -0.10 fi39 1.47 791 
6 June 30 I Max Hall .. .... -0. 2 372 1. l!J <U2 
7 Au"'. ' 6 ..... do .. ...... 16 2.97 1, 659 1. 23 2, 0!5 

Aug. 31 '- · .. . do ........ 11 -0.13 837 0.776 6- 1 

9 Oct. 16 ..... do .... . . .'_ 11 -0.61 667 0.6 45!) 
1 97. 

Lo Mar. 15 B. M. l! all ..... 91 16.75 ~ 62 4.36 25,535 
I ' 
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OCMULGEE &IVER. 81 
Jtating tahle j or Oonm lgee Rive1· at Macon, Gem·gia. 

e1gh t. " he1g11 t . Discharge. I b~i~1., t . Di charge. I Dis hargo: 1 bG.ngo Discl1nrae. l Gng.e 

1--- i 1-----·---1-----1 
Feet 

-0. 0 
-0. 70 
-0.60 
-o ~o 
-0. 40 
-0. 30 
- 0, 20 
.:.....0. 10 

0.00 
+ 0.10 

0.20 
0. 30 
0. 40 
0.50 
0. 60 
0.70 
0. 0 

0. 90 
1.00 
1.10 
l. 20 
1. so 
1. ~0 

1. 50 
1.60 
1.70 
1. 0 
1.90 
2. 00 
2.10 
2.20 
2.30 
2. 40 
2. -o 
2. 60 
2. 70 
2. 0 

2.!)0 
3. 0 

3. 10 
3. 20 

~ec. jeet . Feet. ec.ject. I Feet. 

426 3. 30 2, 195 7. 40 
,169 3. 40 2, 240 7. 50 
512 
555 
59 
64.1 

727 

1,027 
]. 070 

1, 113 
1. 1~ 

1, 200 
1, ~-12 

1, 2 -

l , 32 
1371 
1, .j,J.l 

1 457 
1 500 

1, 543 
1,5 6 

1, 6~9 

1 672 

1 715 

1,920 
1, 963 
2, 006 
2, 050 
2, 100 
2, 15 

3.50 
3. 60 
3. 70 
3. 0 
3.90 
4. 00 
4.10 
4.20 
4. 30 
4. 4.0 
4. 50 
4. 60 
4. 70 

'J. 0 

4.90 
5. 00 
5.10 

5. 20 
5.30 
5. 40 
5. -o 
5.60 
5.70 
5. 0 
5. 90 
6. 00 
6.10 
6. 20 
6. 30 
6. 4.0 
6. 50 
6.60 
6.70 
6. 0 
6.90 
7. 00 
7. 10 
7. 20 . 

7.30 

2, 2 5 

2,320 
2, 375 
2, 420 
2,470 
2, 520 
2, 575 
2,630 
2, 685 
2, 740 
2, 00 
2, 60 
2,915 
2,970 
3,030 
3,090 
3, 1-o 

3 210 
3, 270 
3, 330 
3, 390 
3460 
3, 530 
3, 600 
3, 675 
3, 750 
3, 25 
3, 900 
3,9 5 
4 070 

4, 155 
4, 240 
4., 3s
·l 430 
•1, 515 
·1, 600 
'J 715 
4, 0 

4., 94() 

7.60 
7.70 
7. 0 
7. 90 
. 00 
. 10 
. 20 
. 30 

. 90 
9.00 
9.10 

9.20 
9. 30 
9. 40 
9. 50 
9.60 
9. 70 
9. 0 

9. 90 
10.00 
10. 10 
10. 20 
10. 30 
10. 40 
10.50 
10. 60 
10. 70 
10. 80 

10. 90 
ll .OO 
11.10 
11. 20 
11.30 
11.40 

18 GE OL, PT 4--G 

ec. j eet. 

5,060 
5, 175 
5, 290 
5,405 
5,520 
5 635 
5,.750 
5, 900 
6,050 
6,200 
6,350 
6,500 
6, 650 
6, 00 
6, s-o 
7, 100 
7,250 
7 3 -

7,520 

9, 2 -

9,450 
9,620 
9, 790 
9, 960 

10, 130 
10, 300 
10,465 
10, 630 
10, 795 
10, 960 

Feet. 

11. 50 
11. 60 
11.70 
11. 0 

11 ~: : 
12.10 
12. 20 

li ::~ 
12. 60 

11 12."70 
12. 0 
12.90 
13. 00 
13.10 
13.20 
13. 30 
13.40 

113. 50 

I
ll ~: : ~~ 

13. 0 

11 13. 90 

11 14.. 00 

1

14.. 10 
14.. 20 
14.. 30 
14.. 40 
14.50 
14. 60 
14. 70 
14.80 
14.90 
15. 00 
15. 10 
15. 20 
15.30 
15.4.0 
15. 50 

eo. j u t . 

11,125 
ll, 295 
11, 4.65 
11, 635 
11, 05 
11,975 
12, 175 
12, 375 
12,575 
12,775 
12,975 
13, 1 0 
13,385 
13, 590 
13 795 
.H , OOO 
14,275 
14,550 
14, 25 
15 100 
15, 375 
15, 650 
15,925 
16, 200 
16, 475 
16, 750 
17, 050 
17,3-o 
17, 650 
17, 950 
1 ,250 
18,550 
18,850 
19 150 
19,450 
19, 750 
20,075 
20, 400 
20, 725 
21, 050 
21,375 
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Ra.ting table for OcmttlfJC6 Rirer at .Macon, COI'fji!r- OJ)tin nt'd . 

'"!j,o heig l. 
DiAchargo. Gngo 

heil(ht. I Dischnrg . -~ (;a~e 
hoight. DJ •harge. 

Ftet. ec. f eet . 

11 

Feel. ec. f<•el. Y eet. s .feet. 

15.60 21, 700 16. 0 25 5GO I 19. 20 3:,Ho 
15.70 22,02- I 16.90 ·)- 0 II 19.3 -0, 

15. 0 2:..,350 17.00 26, 200 l !l. JO 
15.9 22,675 17.10 26 51;) 
16.00 23,000 17.20 26 30, 715 

I' 

34 20 
' 16.10 23, 3:..0 17.30 27, 145 31, o-o 3; , 165 

16.20 23, 6-10 ]7.40 27,4-60 31, 3()0 19. 
16.30 23,960 17. 50 31, 730 

I 
1!). 

16.40 -·1, 2 0 17. 60 32,070 1 20. oo 
16.50 24,600 17.70 32, 410 
16.60 24,920 17. 0 19.00 32 750 
16.70 25,240 17. 0 1. . 10 33, 093 

Estimated 1nont/ily discharge of Ocmulgee Riter at Macon, Geo1·gia .. 

Run-otr. 

I 
Tolnl in ---

Month. 
Maxi- fini - ncr feet. 
mum. mnm. Mean. 

-I 
1 3. 

January 21 to 31. .. __ _ 4,240 (j•) -, " l 
February .... -------- 1 ,550 31-1,729 
March 1 to 20, 24 to 31. 13 216 ·I l 
April _____ -----·------ 115 319 
May -- -- -----· ----- -- 113, 3&l 
June --- -_--------- -- - 139,9-3 
July ----------- -- --- - 6, 760 
Augu t ...... ----- .... H3, 636 1.10 

cptember ----- -- --- · 10, 130 
Octob r ------------ -- 5, 750 
£ overn bcr __ ____ __ ___ _ 2,050 
December ____ ........ 2,2 5 1, 414 J, 794 

---------
Per annum_---- 1 '550 55 

---= 
1894. 

January .. - -- --- ... ... 4,430 1, 457 2,246 13 '102 1. 07 0.()3 
February ·-- ----- ---- 15,925 1,629 4,4 211!), 251 1. 92 1. 85 
March ----- --- --- ---- 9, 285 2,050 3,<115 209,982 1. 63 1. 41 
April --- -- --- --- -- -- 4, 155 1, 629 2,409 1•13, 345 1.10 0. 99 
May --- --- . . ----- ---. 2, 050 1, 285 1, 464 90,01 0.69 0.60 
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E stimated 1nonthly clisclia..·{Jo of Ocnmi{Jee River at Jlfacou, Oeoryia-Contiu ued. 

[Dnti.nngo area, 2, ~ 25 ~q nnr mil s .] 

83 

I Discluu·ge in s cond-fcot. Rnn·gJn·. 

I Mou th. Totnl in 

I 
"Mnxi . 11Uni- ;wr· feel. D l" plh in . 'enon fl.f e t 
mmn . nlum. lfenn. i n lws . pc~l~n~.u re 

-----,:-1 
1 94 . 

. )nne ........ . 0 0 .. .... 2, 050 1, 113 1 359 1 

Jul y ......... .... .. . . 

Augu ·t ......... .. .. .. 
e ptember .. o ••• •••• • 

October ...... .. ..... . 

Xov ember .... .. ..... . 

Decomi.Hir ........... . 

Per a.nnum .... . 

1 95. 

Jnnu:try ..... 0 0 • • •• ••• 

5,635 

17,350 

10, 795 

20,075 

4, 600 

1, 2 -

2,050 

1,200 

1,113 

1, 200 

1 156 

2,391 

3, 5-l 

2,'723 

2, 11 

1, 9 0 

2, 27 

o, 66 0.62 

1.13 

1. 83 1. 59 

J. 25 1.12 

1. 35 1. 17 

0. 9 L 0. 2 

1. 35 1. 17 

14. - 1.10 

2.24 1. 94 
Febniary . . .. . .. .. .. .. 2, 100 1. 13 

~la rch . .. ... .... .. .... 2, 050 3. 90 

April. ...... ... 0 ...... 12, 975 2 470 2. 32

1 
)l ny ...... ............ L , 975 2, 320 J.-4 1. 34 

J "" . .. .. .. . .. .. . .. .. 2 oo 2 oo6 1. 01 I o. 96 
.July . 00 00 00 ... 00 .. 00. l :J, 100 2, 006 2. 0 1. 0 

A ugu t ....... ooooo oo· l 

ptemb <> r . 00 00 00.00 . 

otobcr 00 ... 00.000 . .. 

11 ,000 1,963 2.16 1. 7 

3. 090 2, 050 2, 502 1. 15 1. 03 

1, 629 -12 1 036 o. -19 I o. 43 

rovemb roooooooo OOOO 1, 174 971 1, 016 60, 456 0.47 0. ·12 

Dec mbcr 00 .. 00 00 .. 00 2, 776 9H 1 2 4 7 , 951. 0. GL 0. 53 

Per annum . . . . . 30, 715 1 842 3, 402 
1
2,47 ~31:3 ~~ 1. 40 

-- == ~ -=-=---=----
1 96. 

January .oo •• ooOO 0000 

F brna1T .. oooo . oo ... 

l nr h .... .... ... 0 ••• 

Apt·il. ooOO ooOO oooo 0000 

May ,.,oo oo· --oo · .. oo 

June . ... o oo ooooOO ooOO 

Jul y ,oooooo oooo oo 00 00 

727 

380 
380 

706 3, 227 

1 070 3, 261 

-06, 167 

223, 697 

177,329 

6, 222 

Gl,&J 

36, 17 

29,94<1 

192, 019 

200,511. 

2,075 

13 

727 

Noveml.Jer .... 0. . ... . . . 17,950 

Doceml.J r .. 00 00 .. oo · . 13 200 --- ----------~-------
3 0 2, 469 1' 79-~. 387 

1. 73 

1. 37 

0.67 

0. •J-7 

0. 41 

3.54 
0.~ 
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' t abli ~;h •d by i\lr. 
of m 

11. ooo l-I---+J.--1-t+--4--+--l-~--+--l-+--+-+--l-+--4-+-a-IHH---I--I-H-1--+-H+I--+-H-H 

10. ooo f-+--1+-41-+++-14 ++-1-+++1-++ ... H -+++-IH-+-HH-f+---Hirl--H 

9, ooo f-+--+I++H++-14+-1--H++H+ .. H -++-HH-+-HH-It--Hif+tt-l 

Fw. 10.-Dischnrge of Ormulg River nt J.la on , G orgin. 1 6. 

APALACHICOLA BASIN. 

or ia. 
and flow in a outhwe terly dir otion through tbe tate, reaching th 
Alabama lin at V e ·t Point; theoc along tll Alabama lin t t h 
sou thw t corn r of Georgia. The Georgia lin i not tb centt>t' f 
the river, however, but is bi fYh-water mark on it w t bani leav ing 
the utire riv r on Geo~'gia territory. t Columbu ·, orgia, tb ]J ad 
of navigation, t ile river ro ses th fall lin e and leaves it granitic 
bed to enter t he youn ger geological formation . The Cbattahoo h e 
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water- hed is a lo11g, narrow ba in, having its greate t wid th in the 
Blue Ridg :Mountaiu , wh ere t be autnmn raiut'all is mu ·h greater tl1ail 
it i at A tlanta. Dividing th e water. of the Atlantic slope from those 
of t l1e Tenn e see and Mobile basin , it holds a po ition whi ch would 
naturally be expected to ue occupied by a great rid ge. It i in fa t 
on very high grou nd, the river bed opposite Atlanta being 762 feet 
above tide. Tbi is about 300 feet lower than the city of Atlanta. wll o e 
eleva,tion is 1,050 feet at t he union pa enger depot, ancl about 1 100 
feet at the lligbe t point in the city . 

From Gainesville to Coluwbu , Georgia, a distance of 214- mil , t he 
river falls 748 feet, 3-62 feet of which is between We t I oint au d 
Columbo a di tauce of only 34 mi le . 'fbis fall is not uniform, but is 
a ucces ion of ah rupt shoals with long ~>tretcbe ' of navig;d.>lo water 
between them. Th e large t tribut ar ies ar the Soquee River, Big 
W ;otl1 oo Creek, Ch . tatee River, Vickerys reek, Peachtree ' reek, and 
Sweetwate1' Creek. Som" of the large water pow r· are Porter l\1ill 
Shoal , on oquee River, wit.h 75 feet fall ; \.u tell Shoal, on Sweet
water ' reek, with < 0 feet fall ; and the followin O' on Chattahoochee 
River : J ohnny Ford, oppo ite Mount Ai ry, 38 feet fa,ll; Pegg and 
Dllldap Shoa l in 3 mile: of Gaiue:>ville, a.bout 30 feet; Browns 
1Jrido- !) mil from Gai nesville 17 fe t, with 7 f, et ju t above it; 
boa! n a r Buford and nwauee, 20 feet or more; Rull Slui e, below 
Ho~ well 13~ mile from Atlanta, 30 feet f<lll ; Vining hoal 7 ~ miles 
from tlan ta, 3"' feet fa.JI ; lal'ge shoals near Fairburn, Ne,Ynan, Hogan '· 
vi ll , and Lagrange, fal l unknown; from Wet Point to Columbus, 34 
mil ~, fall 362 ~ t iu uc e' ive drop , a fo llows : 51, 89, .,0, 26, 22, 30, 
10 42,37 10, and 2.J fi t. Of tb i fall120 feet i iu the ln t 4 mile near 
Columbu . Tl1 ere are nl o many fine powers on the Flint R iver, t he 
bel't beinO' F lat boa! · or Freeman Shoal, ou the lin e of P ike and Mer
riwether counties, near Neal tation on the Georgia :;)Iidlan d Hailroad, 
a tli vi::; ion of tbe outbern Rail way. · 

Tl1 e .Pi elmon t Air Lin e of the outhern Railway closely parallels 
t h ri r from larlcesv ille to tlauta, n eli tauce of 80 mile . The 
Georgia Pa ific Dh i ion of th e Southern Rail way passes Au tell and 
sl1oaL in vici nity · th e Georgin. :Midland of the arne ystem reaches 

olnmbu . Its Atlanta and F lorida. and Georgia Mid land divisions 
reach the F lin t l{.iver power. 1be Western and· Atlantic Railro.ad 
pa. , es witllin 1lllil of th e Vinin g boa!. The Atlanta and vVe. t Pomt 
Ra ilroatl closely parallel , the river from Atlanta toW t Pomt, and 
th e V\ stem Haihray of Alabama i close to some of the large t hoals 

below W t Poin t. 

OAKDALE 'J'.A.'l'ION ON CHA'l 'TAHO OCHE E RIVER. 

T lli s ' ta ion i. iu latitude 330 48. ', lon gitude 84° 29.5', in the 
Atlanta q·ua<lran gle, 1mil abov the mouth of P roctor Creek , about 6 
mile, from Atla.uta , near tb e town of Oakdale, where the Southern 
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Railr rib d iu Bull etin 

th end of the cro · h am, clo to tb t ie r0d. Th len <Yt h of til wire 
gag i 5 . 5 fe t. 'rue di ta.11 ·e from tl te pulley to tb z ro f til rod 
is2.20feet. The read ~ngoftll gageou Octob rl7 wb 11 tnbli s lt d, 
wa 0.35 foot. The draina e area, above t bi point i 1 5GO quar mil !':' 

aud i mapped on atlas h et ' Walhalla, D ahlon ga Ellijay, uwa11 
Gaine ville, Mariet ta, and tlanta. Mr. Hall ba. mad <1 11 ex:~ct ro~ 
ection with Y level. Tltere ha ve been ome han ·e: in tb Ct'O 

section made by tbe bifting sand bottom a,nd by a raJt form ed re cn tly 
at the center pier of the bridge; bnt UJ' he gaO'e wir i at a point con
siderably below the cross e tion, where tltere have been no changes of 
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cro section, the discharge remain practically the same for ame gage 
height. The lowe. t discharge, as found by 1r. C. C. Ander on, late 
a i tant State geologi t, by a series of mea urements made in 1 OLand 
1802, wa. over 2,500 second-feet, which would corre pond to pre ent 
crage height 2.50. The ob .. erver i J . B. P hillip . A record of daily 
gage height, not publish d, wa kept at thi point from October 1- to 
D m ber 31, 1 05; the l1eigbt fluctuated from 0.20 to 2.95 feet. The 
record for 1896 is giv n in W ater-Supply and Irrigation Paper o. 11, 
page 2±. 

List of discha1·ge meas lt>·ements made on Chattahoochee Ri ver at Oakdale, Geo,·gia. 

No. Dnte. Hyd rographer. 

1 93. 
1 0 t. 15 C. C.Babb .. .. . 

2 Dec. 14 .. . . . do ~ .. ....... 
1 96. 

3 Jan. 14 B. M. Hall . . ... 

4 June 1:5 .. .. . d ............. 
5 Jun 20 . .... do ............ 
6 June 22 ... .. do ------ --
7 Jun 23 ..... do ---- -- --

Jnne 2t M:t."( H all.. .... 

9 J uly 9 .. . .. do ··-··- --
10 I .Jnly 10 B. M. Flail ... .. 

11 I July 13 l\fax HaiL ..... 

12 July 15 ..... cl --······ 
13 JuiJ 17 ..... do .... ... .... 

14 July 24 ... .. do ........ 
15 Aug. _9 ..... do ----- ---
16 I t. 9 .. ... do ..... ---· 
17 Oat . 17 .. . . . do .... . . . . 

Meter Gage height 
num- (feet) . 
bcr. 

76 
62 

0. 40 
0. 69 

0.70 
0.00 
0.33 
l. 01 

-0. 55 
-0."0 

Area of 
section 
(sq uare 
fe t). 

663 
796 

7().1 
792 
952 
841 
729 

4,120 
3 132 
1, 161 

961 
1, 4il 
1, 02 

507 
·122 

'J20 

!'[ n.n Diaoi.ln_rge 
" loClty (secouif. 
I~ et I er feet) . 
second) . 

1.66 1, 096 
1. 73 1, 0 

1. 53 1, . GO 
1.40 9 ~ 
1. <15 1,153 
1. 45 1,380 
1. 48 1,250 
1. 5-1, 1, 126 
4.41 1 '1 3 
3. 56 11, 137 
2. 55 2,9-7 
2. 15 2,066 
3.r 4, 640 
2. 40 2, 470 
1.88 95 
1.76 744 
1. 84 775 

I 
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Rating table f or Cha.ttalwo h e Ricer at Oakdale, Georgia. 

I 

h ~~~~~.~ Discharg . 
Gn~o 

h ig t. 

Peet. Perl. ec. f eet. 

I - 0.4.- _,4 16 3. 7- 3, 660 
- 0.40 2. 40 2, 4.-5 3. 0 3, 711 
-{).35 2.45 3. 3, 764 
-{). 30 1.10 1, 5 6 2.50 3. 90 3, 817 
-{).25 1. 15 1,6 16 2.55 3. 5 3,872 
-0.20 1. 20 1 6-16 2.60 4.00 3, 92 
-0. 15 1. 2- 1 676 2.65 ;1, 5 3, 9 4 
-{). 10 1. 30 1, 707 2. 70 'l. 10 4,040 
-{).05 1. 35 1, 73 4, 097 

0.00 1. 4.0 1, 76 4, 154 
+ 0. 05 4,213 

0. 10 2.90 4.,271 
0. 15 2.95 4, 331 
0.20 3. 00 4,391 
0.25 3.05 1,,1:53 

0. 30 3. 10 4. H 
0.35 1 95 3.15 .t,ii77 
0. 40 1, 191 1. 0 2,027 3. 20 4,640 
0. 45 1, 218 1.85 3.25 4, 7 l 
o. -o 1 2-!5 1. 90 3. 30 3 223 4, 7 
0.55 1,272 1. 95 3.35 3,279 4. 34 
0. 60 1,300 2.00 3.40 3, 315 4, 99 
0.65 1,32 2.05 3. 45 3, 63 4,9 6 
0.70 1,356 2. 10 2,227 3. -o 3, 10 5,033 
0. 75 1, 38-! 2.15 2,26 1. 3.55 - , 4-9 4.95 -, l02 
0. 0 1, 412 2. 20 2,301 I 3.60 5.00 5, 170 
0. - 1,44.0 ~. 25 2 339 3. 65 _j 0. 90 1,469 2. 30 2,377 3. 70 
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Estimated monthly di chm·ge of Ghattahoochee·Ri1•er at Oakdale, Geo1·gia. 

[Drainage areA, 1,iiGO square miles.] 

Disrharge in second-feet. 

Month. 

93 . 
cto ber 15 to 31 . __ ... , 

::\ o,·ember .... _ ... __ __ 

1 lccem ber .. ___ . .. ____ 

Maxi 
mum. 

1, 1! 0 
11961 
2911 

l\lini 
Ju uuJ. 

970. , 
1 130 
1, 1~ 0 

1 96. ~~~ 
.Jaunary ... ... .... ___ _ 12,000 1,3:-o 
F'eb ru ary ...... _ .. _ .. _ 1, 707 
Mar ch ··· -- -- ·--··· .. l,- 6 
Apri l .... .. ..... ··- - -· 1,32 
May ____ .... _ ..... _ . .. 1,060 
J un e .. . ---· . . ---· .... 75 
Jnly . ........ .... .. .. 21 
Augn t . .. ...... ----- - 21 

ptemuer . .. __ .. .... 745 
O<·toh r .... ...... .. .. 775 
:\0\ cmb r .. ...... . . .. I, 0 6 
llc• · mber .. . . --·· - -·. 1,112 

Mean. 

1, 03 
1, 293 
1,432 

2, 21 
2, 767 
1, 7 0 
1, 59!1 
1,384 
1,272 
3, 91 
1, 075 

-o 
913 

1. 60 
1, 4i>1 

---- --------
I' r :1nnurn ..... 2P, 600 I 745 1. 7 5 

ro•, 

I 

lttj.g 

ll uu-otr. 

Tow! in 
ac re·f t. Depl h in ."e ond -feot 

uu: h ~- pm~l~~~-ar 

35,003 0. 43 0. 67 
76,939 0.92 0. 3 

1051 1. 06 0. 92 
.. . 

173,45 2. 09 1 1. 1 
159, 160 1.90 1.77 
110 063 1. 33 1. 15 

95, 147 1. 14 1. 02 
-, 099 1. 0~ 0. 9 

75, 689 0.91 0. 2 
239,250 2. 9 2.50 

66, 100 0.79 0. 69 
50,57 0.60 0.54 
56, 139 0.67 
05,682 1. 15 

'404 1. 07 I 

1 295 769 I 15. 56 

I ·~~':· ~"!" ~u.v" -~ 

v• rsb 

II II 

-FlO. 12.-Disch~~rge of Chattahoochee Riv<>r at Oakdale, Georgia, 1895-96. 

9 
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''"~'E T POINT '.I.'.A.TI N llA.'r T AllO DEE RI ER. 

' ta.tion i · at t ll hi gh way 

area and very low velo ity. 
tion' han 0. 
of a. 

BENC H ~IAHK 0 1\ HAII.!lOAO BR I DGE. 

railr0ad 

fax ll all on the 

J . Top of cap ton ou fi r t pi r from ri <Ybt bank (not tb abntm nt) 
:!4.GB feet above z ro of gage. 
2. Top of iron tringer und r tb cro S·ti o 11 ar ame pier i 2 . 5 

fe t above zero of o·age. 

BENCH MARK ON DIGRW A Y BR IDGE. 

1. Top of fir t floo r beam from we t end pi r 24.01 fe t ab ve z r of 
gage. 

2. 'rop of second floor beam from we, tend pier 24.19 feet a bov 7. ro 
of gag . Both points ar at duwu ·tream ends of floor beam (not tb 
bea m under sidewalk ). 

3. The bench establi h d by Mr. Cyru C. Babb on tbi bridg i 
27.40 feet above the zero of t he pre ent gage. 

The inHial point is th e cent r of first iron po t of band rail on down. 
stream side of bridge at right bank. 'rlte bottom is s:1ndy and liable 
to change, but four d i charge measuremeu ts from July 30 to 'eptem ber 
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25, 18!)6, show very li ttle chancre. The bank of the river at the ends 
of th e bridge seldom, if ever, overfl ow but the ground b tweeu the 
banks and th e depot is lower and doe overflow at hi rrh water. TI.J e 
ob erver is Mr. C. E . i\Ielton, who i employed at the freight dep t of 
t !J e Atlan ta and West Point Railroad, about one. quarter of a mile from 
tlt e gage. e pa es it going to and from hi work. The record of 
da il y gage heights for 1896, from Augu t 1 to December 31, i given 
in V a ter -Supply and Irri gation Pa.pcr No. 11, page 24. 

List of disohm·ge 1lleasurements macle on Chattahooohee River at West Point, Ge01·gia. 

No. Dat . H ydrographer. 

1895. 
1 Oct . 22 C. C. Babb ....... .. 

1896. 

June 29 J. W . J ones ...... .. 

2 J uly 30 Max Hall . .. .... .. 

3 Auo-. 14 .... . do ........... . 
4 ..... do ........ .. .. 

5 B.M. Hall . .... . .. . 

Meter Gage 
DUID· beigl!t 
ber. (feet). 

ct. 2 Jax Hall .. .. .. .. . 11 

2.45 
1. 72 
1. 20 
1.15 

1. 75 

2, 02 

2, 293 
3, 249 
3,077 
2, - , 

2, 792 
2, 

0. 51 

0. 90 
0. 75 
0.52 
0. 35 
0. 37 
0.57 

Rating table for Chattahooche Ri1·er at Tre ·t Point, Georgia. 

Pu t. 

1. 00 
1.10 
1. 20 

l. 30 
1. ·10 
1. fiO 

1. 60 
1. 70 
1. 0 
1. 90 
2.00 
2. 10 
2.20 
2.30 

1 ~· 40 
L .50 

, rc. f eet. 

0 

950 

1, 050 
1, 150 
1, 2-o 

1,350 
1 460 

1, 565 

1, 670 
1,775 
1, 0 

1,995 
2, 110 
2,230 
2, 350 
2, 4 0 

3.10 
3. 20 
3.30 
3.40 
3. 50 

3. 60 
3. 10 

3. 0 
3.90 
4. 00 
4 .. tO 

tc . f eet . 

2 760 
2, 940 
3, 125 
3,310 
3,505 
3,725 
3, 950 
4, 1 0 

4, 414 

4,650 
4, 6 

5, 122 

5, 35 
5,59-l 
5, 30 
6,066 

Feet. 

4. 20 
4. 30 
4. 40 
4.50 
4. 60 
4. 70 
·L 0 

4.90 
5.00 
5.10 
5. 20 
5. 30 
5.40 

5. 50 
5.60 
5.70 

7,2-16 

7,4 2 
7, 718 

7 954 

' 190 
,426 
, 762 

8, 99 
9, 234 
9,470 
9,706 
9, 942 

F<tt . 

5. 0 

5.90 
6.00 
6.10 

6. 20 

6.30 
6.40 
6. 50 
6.60 
6.70 
G. 0 
6.90 
7. 00 
7. 50 

. 00 

1,404 

2,067 
2,430 
1, 594 

1, 006 
1, 030 
1, 642 

10, 314 

10, 550 
10, 7 6 

11, 022 
11,258 
11,494 

11, 730 
11,966 

12,202 
12, 43 
12,674 
12,910 
14,090 

15, 270 
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E sthnateil71!ontltly disohMf!O of Chattahoooll ee lUvet' at West Point, Geo,·n ia. 

1\fonth. 
.Mnxi
murn. 

Mi ni
Ulllm . 

)I au . 

1---------1--------

.t 96. 
.A.ngn t .............. . 

, epteru ber . .. . .. . ... . 

October ........... . . . 

9,500 
n, 260 
4 9 0 

Novemb r . . .... .... . . 24,000 
Dec mher.. .. . .... .. . 5 170 

I 

'l'otal in 
a('ro- foot . 

--11_"_".:;-J 
. fio~l 

D plh 111 P r squar 
inches. , ~ 

O.!l3 

0. I !) 

0.5 

1. 72 

1. 01 

o. 1 

0. 44 

0.49 
1. 54 

0. 90 

The lowe t di cllaro·e found at We t Point by -;\Jr. . Ander on, 
formerly a i taut tate o- olo o-i t,ina eri ' Of rn a nr m nt mad in 
1891 and 18U2, wa four time a great a t h minimum giv n above. 

MI ELLANEO REl\H; " I', . 

On S pte rob r ~, l SOG, rrof. ll . M. H all m, d a d i ' llaro- m , u t· • 

ment at Leather Ford, on th be. tate Ri,· r from t h n w hi bw, y 
bridge, getting a di charge f 140 cond -fi t . 1'hi wa at 1ninimum 
stage luring an exceptionally dry year. Pr f. D. '. Barrow who wa · 
assi taot tat geologi tin 1 T and 1 76, found a low-water di ·ha r O' 
at thi point of .... 90 econd-feet. rrhe section under th bridg i not a 
good on for cootiouou me, urem nts. On ep mb r ""' 1 . G, he 
water wa 22.2 feet below top of dowu tream end of fir t iron floor b am 
from right-bank pier. 

At hallow~ Ford, on Cha ttaboo bee River, 011po ite ain viii , 
Georgia, mea urements -w r made from the new iron highway brid o-e. 
Thi briclge ha two pans of 120 fe t each. No gage wa pnt in , but 
mea ureme11ts wer made down to tbe top of the water from tb to11 f 
the down tream end of the fir t ir n floor beam to th right of th 
center pier, th e el vntion of which point wa · a umed a · gag b igllt 
26.0. The fi r.' t measurement, that ou 1\larcb 26, 1 96, wa mad by 
Prof. B. M. Hall, bydrograi her. The gage height wa 1.20 '£ t· ar a, 
362 square feet; mea,n velocity, 3,016, and di charge, 730 e ond-'£ t. Tb 
second measurement wa on September 2, 1 96, by Prof. B. M. Hall 
hydrographer. The gage height wa 0.40 foot; area, 1 2 square fe t; 
mean velocity, 1.95 feet per econd, and eli charge, 356 econd-feet. 1 

Prof. D. C. Barrow, as i tant State geoloO'i t, in 1 75 and 1876 found 
low-water disC'.barge at thi point 929 second. feet. 

On September 4, 1 96, rof. B . M . Hall made a di ha1·ge measure
ment of Sweetwater Creek at Strickland' bridge, near Au tell, Georgia, 

I See evidence thltt Soptemb r, 1896, was low(lR t water for many years , pnge 77. 
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ju t above th Au tell boa\ .and about 10 mile from Atlanta. Area, 
120 quare fe t; me~n veloc1ty, 0.45 foot per econd · di harg 4.5 
ecoud-feet. As e ttmated by Profe sor Hall from previon m a UI'C· 

m nt , rainfall table , and the watersb d area of 250 square mile· the 
di sc.;har (Y'e at thi point could not have been le at any time from 1 70 
to 1 95, in c.;lus ive, than 100 econd-feet. 

On eptember ~5, 1 96, Prof. B. ]If. Hall vi ited 'olumbn , eorgia, 
in order to find, if po ibl e, a proper ection for continuous di ·charge 
mea ur m nt. . He found two railroad brid ge very high above the 
water and t b ections und r them not suitable for measurement . He 
fon11d a l o two hi ghway bridg completely ho'u ed iu, o that water 
cau not be een fro m the brid ge. o far no really good bridge section 
lla been found below Oakdale Station ou the Chattahoocbe . There 
are rnan y o·ood ection at ferri , one of which will probably b used 
in 1897. 

MOBILE BASIN. 

Thi i the large t i.lraiu a~·e ba. in in eorgia. n,nd laba.ma, and is 
de, ignated the l\Iobile Ba in becan c it water all nt r the Gulf 
throu gh t he l\1obil R iver at Mobile Alaba.ma.. It is formed a follow : 
B g im1ing at ti.J e headwater , the Cartecay and E llijay riYer unite at 
Ellijay U orO'in, t form tb e ' oo awatte.e I iver. Ju t above lte aca, 

oro-ia, t hi unit wi th t hfl ona auga to form the Oostanaula River. 
t I . m G r rr ia, the Oo tan aula aud Etowah ttnite to forru the Coo a 
1\·er. J 11 t abov ) fontgom ry Alabama, the oo a and Tallapoo. a 

uuit to form h Alabama H.iver · and not far from the coa t th e Tom
l>i gb• unit · · with th labama to form the ~Iobile River , which flows 
into fobile Bay, an arm of tlie Gulf of Jexi o. 

ll of th important wat r pow r in t lii s ba in in Georgia are either 
in th cry'tall ine r giou or at he westem fall line between t hi region 
and the Pal 0:6oi ·. Thi fall lin in Georgia pa a th rough Carter , 
on t b oo a\vatt iver and 'arter ville, on tbe Etowah R.iver. 

uthw terly cour it cro ties t he Coo a River near 
\all<'y labama; no t a a fa ll lin , be au e in th is case the 

ri ,. r pa, from the 1 aleozoi back i nto tbe cry talline region. 
'rhegr ;l t . outh•rn fnlllineofG orgia , diviuingthecry'tallinerocks 

from the r ta ou and younger formation , and pas ing through 
u rrusta. Mil ledgevi ll Macon, antl Oolumbws, extend westward into 

th e 1 bil~ Ba in making the oTeat fa.lls at, T;11la ee, Alabama, on the 
Ta lla.poo a. Riv r and the hoal at Wetumpka, Alabama, on tl.le Coo a. 
Ri cr. The head of navi rratiou on the oo, awattee River 1s at Car

oro· ia. Abov this po111 t tb re ar many Jar rre water powers on 
tb trca.m and i t t nbutaries. 

T h Ja r O'e t wat r pow ron t l.l Etowah River prop r i nt Carters· 
v1ll e, Georo·ia wh ere tber i ' a fa ll of 0 feet ; bnt the river ha O'O?d 
lloal all the way down to Horn , G orgia , and all the ll'ay up to It 

h ad. 11 i t h a ]water., nca r Dabloncga, eorgia, it ha a fall of 100 
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feet in a eli tan f half a mil . 'rh Ami<:a.lola Hiv r i ' the roo t 
important tributar of the Etowalt . \.mi alola Fall , micalola 
River, make a I ap f 625 fe tin a ltalf mil · I [ ard lt oal, on Ami
calola River in Daw on 'ou11ty, n ar it m utlt ba a fall f ~3± feet. 

The Tallapoo a Ri r bead iu reorgia and flow in a outhwesterly 
con1" e among the cry tallioe and emicry talliu rock t Tall ~t ee, 

lab< rna. It ha a rapid ·nrr nt and many honl . rrh larrre tare 
Talla ee Fall . Tlte . boa! of th o a a nd Bln k \ arrior riv r 
bav had for year, the att nti n of th nited tat" nn y En gin er , 
and are fully cl rib d in th ir r port. . l ailroad that reach tlt 
wa,ter I o,·vers of t he fobile Ba in ar : Th .Atlantn 1 n xville and 

orth rn Ra-ilroad, vY ' teru and tlanta H.ailwad, nth r·n Rai lway, 
Atlanta anll \ e t Point and v e t rn Railway of labama. 

After making X<Lntiuation at arter I . a ·a, alhonn , anton 
Ca.rt r ville, Ladd an ll Rome, GeorO"ia· Ri ,. id , 1ont omery, and 
Mil t ad, Alabama, and otlt r point ·, tation have b ' tablished 
and mea urement mad at tlte followin o· p int 

A TO STATI01 0 ETO'i AH RIYER. 

Thi tation i on the Suwane quadrano·J on -half mil a ove the 
mouth of Canton reek, in latitnd 3.J.O 14..1 ' , longitud ' ! O J!).-'. It 
i locat d at t!Je iron highway bridg: v r Et wah RiY r ab ut J, 00 
feet nor h of and up tr am fr m th Atlanta, noxville and ] rtb rn 
Railroad depot, auton, eoro-ia. 

The brid o-e lear th chanoel with a ·ingl pan, llG ~ t, r tiug n 
stone masonry pier · at each bank of the tream. Th appro, ch s to 
thi pan are 70 fe t at ri O"bt bauk, or w t id a11d '"9 f< t at J ft 
bank or ea t ide. Tit nit d. tate 'i 
by heart pine, divided to feet and tenth 
foo t below zero, i fa tened by il'on bolt on the np tr am 
left -bauk pier. Thi rod Las been u d for the pa t four y 
accurate daily record of ga•re b igbt , which Lave b n 
offi e and will be u d for future compu ation . 

Di cl.targem asurement w remade on pril20 July "", ept mb r 
9, and October 28, 1 OG, by I rof. B. M. IIall. On eptemb r 9, 1 9G, 
Mr. James A . Low agent and telegraph operator at the Atlanta, Kllox
vme a nd ~ortherullailroad depot, about 1,000 feet south f tb bridg 
wa mployed a observer. He ha al o beeu the Weather Bnreau 
ob erver for year . 

The ben h mark is 011 the left-ba11k pier. The iron bridge re t n 
four pieces of railroad track irou forming a cap; measuring from th 
eud toward the river on one of these oo the upstream id of th 
bridge, it top is 23.3 ~ et above the datum of tb gage. 

Up to 3 feet gage height t !Je riv r i only 116 feet wide, and :flows 
between the piers on its lower bank· . Up to about 14 fe tit is cou
fined betw en it · upper bank ·, which are t he abutment at out r end 
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of approache Above this 'tage it begin to overflow the bottom 
laud·, which have a width of about 1,200 feet on west id , or 
rig ht bank and ~00 feet on ea t i le. The ini ial point i top f right
bank pier, at it edge toward the rh,er. The drainage area i 573 square 
mile , and i ma,pped on be E llijay Dahlonega, and Suwanee atlas 
beet. 

Tb re ord of daily gag-e height for 1 9 ... , 1 93, 1 9±, 1 95, and 1896 
giv n in Water- upply a nd Irrigation Paper o. 11, pao·e 25-27. 

List of dischm·ge measuren~ents 1nade on E towah Rive;· at anto1~, Gem·gia. 

No. 

1 

2 

3 
-! 

5 

6 

Date. llyclrographer. 

1 96. .

1 
Apr. 29 B.~Ll:lall. . ..... 

July 71 ..... do-- .. ------
e}Jt. 9 ..... do ........ .. 

Oct. 2 ..... do ...... ... . 

Oct. _ .... . do ........ .. 

"ov. 27 1. .... do .. .. ... .. . 

M ter 
num- ~ ber. 

Gage 
heigllt 
(feet). 

8 0. 05 
0. 59 

-0.65 
0. 4-5 
2.25 

-0.05 

Area of ~Iean 

(square (f •etper 
sootion I velocity 

foot). second). 

459 
536 
390 
523 
715 
453 

1.2 
1. 607 
0.56 
1.40 
3.25 
0.991 

Rating table for Etowah Rive;· at Cauton, Georgia. 

(This table is npplicabl from April 29, l 96, to Noveml.o r 27, 1 96.] 

Discharge 
(second-

feet). 

590 

62 
21 
733 

2, 327 
449 

h 'i:lf~t. Discha rge. ~~~rg~t. ~ Dischnrgn. b~~lf~. Discharge. h~'!f,~- Di charge. 

Fa t. 

-0.75 
-0. 70 
-0.60 
-0.50 
-0. ·10 
-0.30 
-0.20 
- 0. 10 

0.00 
0. 10 
. 20 

0.30 
0. 4.0 

0.50 

0.60 

ec. feet. 

200 
210 

2-10 
270 
3~0 II 

360 
410 
470 
510 

565 

625 
6 0 

750 
1.0 

70 

I 
I 
I 

Feet. 

0. 70 
0. 0 
0.90 
]. 00 
1. 10 

1 20 
1.30 
1. ·10 

1. 50 
1. 60 
1. 70 
1. 0 
1. uo 
2.00 
2.10 

ec.feet. 

g-o 
1 025 
1, 110 

1, 1 0 

1,250 
1 34.0 

1,430 

1,520 
1, 610 
1, 700 
1,790 
1, 80 
1,970 
2, 060 
2. 160 

Feet. 

2. 20 
2.30 
2.40 
2.50 
2.60 
2.70 

2. 0 

2.90 

3.00 
3.10 
3.20 
3.30 
3. •10 

3.50 
3. 60 

ec.fee/. 

2,2f>O 
~, 370 

2,4~0 

2,590 
2, 700 

2, 30 
2,960 
3, 100 
3,225 

3,s-o 
3, ·1-75 

3,600 
3, 72:) 

3, 50 
3, 975 

Feet. 

3. 70 
3. 0 
3.90 
4.00 
4.10 
4. 20 
4.30 
4.40 
4.50 
4. 60 

4.70 
ti. 0 

4. 90 

5.00 

ec.jeet. 

4, 100 
4, 225 
4,3-o 

4,475 
4,600 
•1, 725 

4,850 
4,975 
5, 100 
5,225 
5,350 
5,475 

5, 600 
5,725 
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Estimated monthly discha rge of }'; towah Riv rat anton, Oeo1·gia. 

[Urain:1go oren. 573 sq uure 111ilo~ .) 

I "'"'" 
l i ~cba.rge in sf'coml -flwt . 

--------

1 95. 

Max i
mum . 

January .. .. ... ..... . . a19,000 

February ............ 1 1 0 

March ·-- -- ---- ·- --- - a6, -o 
.April ........... . .... , a6, -o 
May....... . .. . ...... 3,2:r 

June ................. 2.060 

July .... _ ......... .. ·I 2, 590 

Augu t .. . ...... ..... . a12,200 

eptemb r . ......... -I 1 025 

ctober.. .. . . ... . .... TO 

r ovemb r . ........... 10 

De em-ber ......... --- 1 

I P r annum .. ... a19, 000 

1 96. 

ptem ber 9 to 30 .. . .. 950 

I Ootob., u u u u u 

2,320 

mber .. .... . .... . 3 940 

uber ... ... ------1 1.10 

l\tiui 
llttl1ll. 

1, 023 

.l , l 0 

1, 1 0 

1, 1 0 

950 

10 

565 

510 
I= 

200 

270 
- 0 

470 

2.520 

1 1 0 

2 
65~ 

691 

1 

1 339 
--

2 0 

476 

90 

59 

a Estimated. 

Ruu-uff. 

Totnl iu 
o1•re- fc t . I D tlt iu S nd-fe 

I iu~he• l '""r sgunre l mile. 

I 
1 15-1, g-o 5.0 4. 40 

65,534 2. 14 2.06 

132. 76 4. 35 3.77 

106 51:2 3. -1 12 

2.79 2.42 

2.22 1.9 

2.2 1.9 

3.24 2. 1 

1. 1 1.71 

40 275 1. 31 1. 14 

41,117 1.35 1. 21 

50, 17·1 1. 61 
I 

}. 112 
---

12,210 0.40 . I!) 

2 ,268 0.95 
.3 J 53, 9ll l. 76 1.5 

36, 771 1.21 1.05 

CARTERS '1'AT10N ON 0 , ' AWATTEE lUVER . 

The drainage area above thi I oint i 532 quare mi l ~ of wbi b 1 -o 
square mile i on Talking Rock Ore k which eot r th' river one-half 
mil above. The ba in i mapped on atla be t al ton P llijay ar
ter ville, and uwane . 

The tation i at the irou highway bridg at Oarter ' tor and po t
office, Murray onnty, Georgia, about 20 mil " 110rthea ·t of 'alhoun, 
the most 0onvenient railroad station. It i in tb Dalton quadraugl , 
in latitud 34,0 3G.2', lono-itnde 40 41.7'. It i al o about 20 mil fr m 
Re aca, on the Oo tanaula l~i ver, which is formed by t l1 Ooo awatt e 
and Oona auga river . a rter i the bead of navigation, ·mall boat 
running to it from Rom , Georgia, and tbeOo sa River below. It i< at 
the foot of t he great shoals made by t his stream in cuttin g tbrouglt tlie 
Oohutta ·Mountains, he la t of which is ar tcr Shoal, a short distau e 
above the bridge, with a fall of over 50 feet. 
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The bridge is a in gle pan UO feet long, upportecl 011 double cylin
drical iron pier at eat;h bank, ancl ha approachc on each end a.bont 
50 feet in length. At low wat r the stream is 113 :D·et wide and from 2 
to 3 fee t dE-ep . Th e current iR not unifor·m bei11g b roken by a g ra\·cl 
bar nboYe, but i a. fairly good section for mea nr ment. Tb b d i. 
O'ra.\·el anJ not Yery apt to change. T he bank are high, but nr ·ome
timc overAowed . The bridge i oYer 30 fe t nbove low waf ,. and the 
bi g be, t floo<.l do not get up to i t. 

On .A.ugn t 1- I. DG, a tation wa. e tabli hed and a wire ag put 
in by Ir. i\Iax Hall. The rod of the gaO'e i • nn.iled t the out ide of 
the o· uard t imber on downstr nm side of the b rid ge. Center of -iuclt 
pulley i 20 feet from initial point ancl i · 3~.05 feet above datum. The 
z ro point of roll i 5 feet from enter of pulley aucl beyond tb pu lley 
from tll initial point. 'rh rod is 2± feet long, divided to£ t and 
teuth • . Th lenO'th of wir cable from bot tom of weight to ind x 
marker i 37.2± feet. 

The initial point is on the downstream ide of the bridge-top of iron 
pi r, right ba llk , edge of pier toward t he bfl.Ilk, away from river. 'The 
pull ey of tllC gage is 20 feet from the initial 1 oint, the z roof rocl 25 
f t, aud the farther end of rod 4!.) feet from the initial point. The top 
or LlL · lintll'i '<tl iron pi r at t iJ e right-bank, down tr am corner of 
bridrr i , Q.'.He tabo\·e<.lntum,oratgagehei ·ht30.35. Theob erver 

ol. S. I. a rter. 
On ctober 10• 1 OG, wh n the gag h ight wa 0.55 and eli, cbar·o·e 

th di harg of'Ialkin O' Rock reek at it mouth wa 35 second-
~ t ) avinrr 103 cond-~ eta the minimum di charge of ti.Je oosa-' . 
watt e RiY r abo\ the month of Talking Rock. The r ecord of dmly 
o-age heiO'ht fur 18DG, fwm .Augu t 17 to December 31, i given in 
\ at r - upply and Irri.,.ation Paper No. ll paO'e ~7 . 

List of discharge mea u•·en~enls marls 011 Coo a•vntt.ee Riv61' at arlers, Ge01·gia . 

I No. : 
_ _I 

Dale. 

1 !16. 

Hydro •rnphcr. 
Met r 
ttltlll· 
ber. 

1 Atw. r ::\fax Hnll. .... .... 16 

1 . G EOL, P1' 4--7 

j 2 I ug. 17 ..... llo . ........... 16 l t. 10 . ... . do·--- - -·--... 11 

Ar n of 
Gage ~ ·1io n 

heigl1t {sq unro 
(foot). I fe tJ. 

0.90 
0.95 
0.55 

2~~ 

240 

197 

. Men;n I Di.schargo 
velocity (secontl -

(~~~~~c~;: feet). 

1.31 320 

1. 32 1 ~:: 1 

1 .15~ 
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Rati.II {J table f or oo an•atleo Riror at Carttws, Ge01·gia. 

[Th is tabl is a p pli nul from Angust. 15, I no, t.o Octob r 10, 1 96.] 

oage I D ' IJ 
11 ight. 1SC n r~e . "~~~. ~·~'"''' ' ~~:\\:. I"" '"' .II :::t: •. l ~. '"''· I 

F eet . I Sec. feel . 

1. 30 •1()0 
Feet . I ec.jeet. Ptet. rc. j eet. 

320 

350 

Feet S u . j eet. 

0. 50 219 0. 90 l. 70 632 

0. 60 240 1. 0 1. <10 500 I. 0 677 

~ ::: I. 50 5.U 1. 90 

~ l .GO 5 ~ . 00 0 
1. 10 379 

l. 20 4U 

R ES.A.CA. , 'TA.TION X OOS'l ' 

This ta~ion i in the Dalton qu adraugl 
tude ±o 5G.4' . Tlle draiuage ar a i 1,52/ 
on atla beets leveland, Ellijay Da1ton 
The Oostanaula Ri,·ee i form ed about 

l.' L A. J~ 1 E R . 

junction of the 'oo awatte and 'ona au gn. river 
a drainao·e area of 75 and the latt r of GJ qu ar 
are 4 quare mile b •tw en tl1 juncti ou au<.l H. u ·u. 

Th ·tation i the iron railroad brid O'e of th v e t rn and 
Railroad iu th town of Re a a 1,000 fe t from th d pot. 
been a v eather Bureau tation for years aud !J p:y;t r ·ord 
l.J eigbt can probably be employed in ompu tation of di charg . 'l'h 
W ather Bureau gage rod i a larg timb ' r ab01 1t G by in be b It l 
ecurely to down tream ide of ceu t r pi r and di vided t f t and 

tenth ,tbetopof wbichis40.t3feet n.bov z ro point. tlowwat r 
the tream is about 150 feet wide includ.ioO' tl• center pi r, and from 3 
to 10 feet deep . The river bed i probably oft and liable to hang . 

urrent luggi h near center pier. 
On July 27, 1 96, a di cbaro·e m a urcment wa mad by lr. Max 

Hall and a station e tabti . bed, using the \'i~e , tll r Bnr au gag . Ou 
Augu t 19 another measureweo t wa made and a wire gage put in, 
th e old gage being takeu out aud. repaiuted. Both gage are on the 
same datum. The iuitial point i the fir t pin of bottom link cord at 
rigbt-bank end of bridge, downstream id . Tue rod of the wir gage 
i nailed to the outside of the guard rail on tbe down tream id . 'fh 
center of the 3-iuch pulley i on the down ti·eam itlo of the bridO' , 
61.50 feet from initial poiut, and at 40.20 feet gage height. 'Ill ud or 
zero point of the rod is 3 feet from the enter of the pulley. The rod 
is 14 feet long, divided to feet aud tenths. 'fbe length from bott m of 
weight to index of gage cable is 43.40 feet. The .fir t bench mark is 
on tb top of capstone of center pier at 36.12 feet gage height The 
second i the top of cross-tie near center at 40.12 feet gage height. 
The observer is ~Ir. S. l\'L Barnett, railroad agent at depot, who i al o 
the observer for the Weather Bureau. 'fhe record of daily gage heights 
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for 1. 92 1 93, 1 94 1895 and 18!)6 i. given in Water. upply and Irri· 
gratwn Paper o. ll, pa. · 2 - 30. 

List of £lisclt.a>·[le meaBIII'CIIWnts n~ade on Ooslanaula Ri.vl'l' at R saca, Geo1·gia. 

lxo. Date. llydrog 
)Jeter I ' 

h~f§ht 
Arenof :M enn 

rapber. num- secLi~n v·locity 
bcr. creeL) . (sPtunro (foetpor 

oet). second). 
--

···· ··-- · · 16 2.90 919 1. 23 
···· -····· 16 

I 
1. 4.7 700 0.70 

.... --· - ·· 11 ). 70 72·1 0. 3 

1----1---
1 6. I 

1 J nly 271 Max Hall 

I = I ~ug. 19 .. ... do .. ITct. 13 ... . . do . . 

Rati11g table jol' Ooslanat~la Bi1:e1' at Resaca, Geo1·gia. 

I Tins tabl e is applicable from July 27, 1 96, to October 13, 1 no.] 

Disch~ rcf.e / 
(SPCOn · 

feet). 

1,133 
492 
601 

Gn"O . Gn p:o . Gn"e 
-, - -. -, ---.--

heig'ht. , Dtscbargo.J heig ht. ! Dtschnrgc. ll heig'iat. Discharge. , 1,0/' ~,~· 1 Dischnrg ·I 
Feet. I ec.feet . Feet. ec.jut. Fut. ec.jeet. Fret. ec. j tet. 
0.00 

I 
2~0 I 1. iO G03 2. 50 970 3.80 1, 338 

1.00 I 2 0 

I 
1 0 64 2.60 1, 016 3.40 1,38-! 

1.10 I 326 1. 90 69-1 2. 70 1, 062 3.50 1,430 
l. 20 I 372 2.00 740 2. 0 1, 10 3.60 1, 476 

I 1. 30 I 41 I 2.10 7 6 2.90 1,154 3.70 1,(;22 

I 
1. 40 464 2. 20 832 3.00 l , 200 3. 0 1, 56 
1. 50 510 

I 
2.30 7 3.10 1, 246 

II 
3. 90 1,614 

~ 536 2. 40 924 3.20 1, 292 4. 00 1, 660 
----

RtVERSLDE STA1'[QN ON COO ' A RIVER. 

T hi tation i at Hiver ide, Alabama in tbe Sprin "'ville qnadraugle, 
iu la.titud 3 o 37' and lon gitud 5° 12' at t!J bridge of t!Je outbern 
R ai lway, orgi a. Pacifi Divi ion, aero the Coo a Ri ver. The river 
h er :flow in a ontherly direction, the railroad ruuniu"' from ea t to 
we t. The town of R iversicle i. on tbe ri"'llt or wes t ba.uk of the river, 
and t lJ e ra il road depot i about'l,OOO ~ et west of t!Je bridge, whicll i of 
iron and about 30 fc t. above low water. ' Beginnin"' at the left bank, 
t her are two span of 15± feet each· tb n a. clrn.wllridge 220 feet, revolv
ing n a Jar center pi r; then a stationary pan, 80 feet in lengtb, to 
we tor right bank abutment. There i uo running water at low stages 
under tile la t ·named . pan. 

t low watCl' t h :fiowmg river i 4 '0 feet wide, in h1ding three piers, 
an l i from 4 to 10 feet deep. Very li ttle of the current i too slow to 
turn a11 y m •t r. It i somewhat in·egular, aH there are hoal and orne 
old crib ju t al>ove the bridge, but for all stage it is probably the 
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tion t hat can b found on th ri\· r at a bri<lg and ea, y of 

ptembee , 1 !)0, a di harg 

leugth of wire cable from bott m of \r io·h t to ind , 
feet. Tbe fir t ben h mark i th top of cap t 11 on t h large circular 
center pieroftnrn pan. It i 20. 0 ~ et abov dn urn of "'ao- at down
stream side of pier. 1he top of the fir t iron floor b n tationa~-y 

part ea t of the draw, u ar ga~e, down tr · m nd i 0. 0 fe t above 
gaa-e datum . 

The <.Iraiu ~tg · area i quare mile and i 
she t Springvill , Anni ton, Gad den, Fort Payn 
Marietta arter vill , nwan e, Ell ijay, D alton, 
and St ven on . The record of daily ga"'e h ight for 1 00, from p
t ember 27 to D ecember 31, is given in Water - upply and Irrigation 
Paper o. 11, page 30. 

List of discharoe measur menta made Oil Coow Rit e1· at Ri rersid , Alabama. 

l1r t r Ga~ :No. Dale. Hydrogr. pher. num· beig t 
bcr. (fee t). 

-- ---- --- - -
1 96. 

B. M. Hall. .. ...... ! 1 pt. 8 0.70 2,520 0. 65 l , 630 
2 l:iept. 25 Max Hal l. __ ....... 11 0.50 2,426 0.5 1, <103 
3 Oct. 30 B. ~J. Hall. ........ 0. 2,605 0. 76 1, 9 6 
4 D c. 21 ..... do . .. .... . .... 1. 57 2, 67 l.B 3,272 

1 97. 
5 ~lar. 31 B. M. Hal l. .. _ ..... 91 4. -3 4,5-1-l 2.53 112, 51~ 
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Rating table fo r Coosa River at 1/iv~:rs id .d l b , a a.ma .. 

[This table is npplicnble from eptember 27, l 96, to )la •·ch 31, 1897 .] 

Ga.£! In· ~ ISChnrgc. Discharge. Ga.e I laei"I•L Dischar"'e. Discbnr '6. 

Fret . 
Sec . f eet . Feel. ! C. f eet. Feel . Sec. f eel . F eet . ec.feet. 

o. 50 1, 400 J. 70 3,560 2. 0 7, 010 4. 10 1l, 030 
o. 60 1,500 1. 0 3, 20 3. 0 7, 320 4. 20 11,390 

0. 70 1, 630 1. 90 41 0 0 II 3.10 7, 6-JI) 4. 30 11,750 

o. o 1, 7 o 2. oo 4, ::l6o I 3. 20 7, no 4. 40 12, 110 
0. 90 1,930 2.10 4, 630 3.30 ,300 4. "0 12,470 

1. 00 2,100 2. 20 4, 920 I 3. iO I 630 4. 60 12, 40 

1. 10 2. 30 I 5, 200 ' 3. 50 J 960 4. 70 13
1 

210 

1. 20 2 40 5, 5oo 3. 60 9, 3oo I 4. o 13, 5 ·o 
l. 30 2. 50 5, 00 3. 70 9, 6JO 4. 90 13,950 

1. .JQ 2, 2. 60 6, 100 3. o 9, 9 o II 5. oo 14,330 

I ~- ~~ 3, 090 2. 70 6, 400 3. 9 10,330 5.1 0 11,., 7LO 

~.~_3_._32_o~~2_. __ o _____ G_,~_,o_o ____ 4_.oo ___ ~_1_~ __ o _____ 5._2_o_l_ 1_5_,_1_oo_J 

l~'slim a led 1110111111,11 discliar,qe of Coosa River 1£1 Rirerside, A.labama. 

r Drniunge area , 6, 50 SQUlU'O mile• .] 

Disrhnrg in •econcl -fco' l. Rnn-ofT. 

Maxi - l l\J ini · ocr -feet. Dcotb in ccond-fo•ct 

I 
Totll.l in I 

1---------~ m~ Men u. ------ inChes pe~;,a~~ro 
1 96. 

pt mu r27to30 ... . 1, ~00 
1. 350 I 1, 363 10, 12 I 

ctober .............. 7, 640 1, 450 2. 21 136, 31<0 
?\OV('IIIU r ............ 15, 100 2, 190 4.637 275,921 
Doce1n uer . .... ....... 1 12, 110 : 2, 2 o I 4, 125 253,636 1 

0. 03 1 0. 20 
0. 37 0. 32 

0.75 EJ 
0.69 

-----'---------'-

LO K ' . 5 K 00 A RI\'.l.m. 

In far ·b , Apri l, ancl May, 1 93, when Mr. D. M. Andrew Uni ted 
tat ' , i tant Engineer, wa eng-aged in improvement of Coo a 

Hiver h mad 24 di cbnrge m a nrement u ar Lock .r o. 5, one-half 
mile alJove Birmino-bam and AtJanti · Railrond cro" in o·, about 20 miles 
uelow tb gao·ing tation at River -ide, embracing gage beio-Lt from 2 
~ et to 19 fe t. 1:1 i , area. of cro · section were obta in eo by ma,king 
elev n parallel ro s section , 10 fe t apart, a nd tLus co n wino- 100 feet 
iu leng th of riv r ued. lli s veloeitie were measur d by Jon o- rod
float , reaching from top of water to near the bottom. · Mr. Andrew 
ha . plott d the eli uaro-e and velocitic in two curve , bowino- tlleir 
relation to ga,g-e ·l.Jeig-ht. 'l'be ding-ram t!Ju formed i bere reproduced, 
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showing t he di charge 
curves of velo ·i ty a nd 

e fig. 1 .) The e 

station, 20 mi le above tbi point, bowing a minimum of 1,350 cubic 
feet per econd, while tbe tabl of gage h i ht ' bow h month of 
Augu t, 1 96 to be the lowe t tag of th · riv ron record. Th r cord 
of daily gage height for 1 9..,, 1 9 , 1894, 1 95 aud 1 OG ar iv n in 
W ater -Supply and Irrigation Pap r o. 11 pag 34- G; a l o Lock 
.r o. 4 from 1 90 to 18U6, page 31-34. 

Rating table for oosa Rire1· at Lock No. li, A labama. 

Gay,e J n· b Gnae I . I Gage h . t tsc nrge. height. D1achnrge. h ig •t. e1g . I 

Feet . ec. jut. . l:'eet. ec. f eet. Feet. 

1.00 6,000 3.20 14, 00 5.40 

Dio '""''·I ,~:;r: .. l Di~'-"' ·I 
ec. j ut. ~~ tc. f ttt . 

23,600 1. 60 3-, ooo 
1.10 6,400 3.30 15,200 5.50 24,000 7 70 3-,5oo 
1.20 6, 00 3. 40 15,600 5.60 24,400 7. 0 36,000 
1. 30 7,200 3.50 16,000 5. 70 24, 36,500 
1. 40 7,600 3. 60 16,400 5. 0 25,200 37,000 
1. 50 ,000 3. 70 16, 00 5.90 ~.600 37,500 
1. 60 ,400 3. 0 17, 200 6. 00 27,000 , 000 
1. 70 

' 
00 3. 90 17,600 6.10 27,500 3 , 500 

1. 80 9, 20t) 4.00 1 ,000 6.20 2 '000 39,000 
1. 90 9, 600 4.10 1 ,400 6.30 2 ,500 3!l,500 
2.00 10,000 4.20 1 ' 00 6.40 29,000 40,000 
2. 10 10,400 4.30 19,200 6.50 29,500 4.0,500 
2. 20 10,800 4.40 19,600 6.60 30,000 4.1,000 
2.30 11,200 4.50 20,000 6.70 30,500 8. 90 41,500 
2. 40 11,600 4. 60 20,400 6. 0 31, 000 9.00 42, 00(1 
2.50 12, 000 4. 70 20,800 6.90 31,500 9.10 4~, 600 
2.60 12,400 4. 80 21,200 7. 00 32,000 9.20 43,200 
2. 70' 12,800 4. 90 21,600 7. 10 32, 500 9.30 43, 00 
2. 80 13,200 5.00 22,000 7.20 33,000 9. 40 44,400 
2.90 13!600 5. 10 22,400 7. 30 33,500 !J.50 45,000 
3. 00 14,000 5.20 22,800 7.40 
3. 10 14,400 5. 30 23,200 7. 50 

34,000 9.60 
45,600 J 

34,500 9. 70 46,200 . 
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Ratil!g table for Coosa Bivel' at Lock No . 5, .:llabama- Continu (], 

-
Ga~e Discharge. Ga" I . Gn (re 

heig1t. hei[l1t. Di charg . heig,lt. Discharge. C:n,!!e I D' ll eigllt. tschnrge. 

F eet. cc.feet. Feet. • ec.fett. Pet/ . Sec. f eet. Feet. ec. f eel. 
9. 0 46, 00 12.20 64,000 14. 50 1, 250 16. 80 0 ,500 
9.90 4.7,400 12.30 M,750 14.60 2,000 16. 90 90,2:50 

10. 00 4 , 000 12.40 65,500 14. 70 82, 750 17. 00 100,000 
10. 10 4 ,700 12.50 66,25'0 14. 0 3, 5Gq 17. 10 100,750 
10.20 . 49, 400 12·. 60 67, 000 1~. 0 -l, 250 17.20 101,500 
10. 30 50, 100 12. 70 67, 750 15.00 85,000 17. 30 102,250 
10.40 50, 00 12. 0 68, 500 15. 10 -, 750 17.40 103,000 
10.50 51, 500 12.90 69 250 15.20 86,500 17. 50 103, 7~0 
10. 60 52,200 13.00 70, 000 15. 30 17.60 10-l,500 
10.70 52, 900 13. 10 70, 750 15.40 '0 0 17.70 105,250 
10. 0 53,600 13.20 71 500 15.50 17. 80 106,000 
10.90 

" · 300 I 13. 30 72 250 15.60 17.90 106,7 0 
11.00 -s,oco 13.40 73, 000 15.70 90, 250 1 . 00 107, 500 
11.10 55 TO 13.50 73,750 15. 0 01,000 1 .10 108,250 
11.20 56, 500 13. 60 74, 500 15. 90 91, 750 1 .20 109, 000 
11.30 57, 250 I 13.70 75, 250 16. 00 02, 500 1 . :>0 109, 7i'i0 
Jl. JO 13. () 76,000 16. 10 93,2-50 18.<10 110, 500 
11. 50 I 13.90 76, 750 16. 20 9-1,000 18.50 111,250 

11. GO I 59, 500 14.. 00 77, 500 16.30 9!, 750 1 .60 112, 000 
11.70 60, 2i.i0 H.10 7 ,250 1G. 40 95, 500 1 .70 112, 750 

11. 0 61,000 14.20 79,000 16.50 96,250 1 .80 113, 500 

11. 0 61 750 1,1..30 79 750 16. 60 97, 000 1 . 90 1H, 250 

12.00 62,500 14.40 0,500 16.70 97, 750 10.00 115, 000 

12. 10 63,250 I 

T .A.LOO A 'l'.A.TION ON BLAOK W .A.RRIOH. RIVER, .A.L.A.BAllfA.. 

Thi gage was placed in po ition by the Uui ted States Corps of 
E ngin er inl . It i about three.fourtbs of a mile from the busi
ne s ce1t t r of Tu caloo a, Alabama, aud is reached by pa ing down 
Bridge treet to th river, thence down the ea t bank I, 00 feet to the 
gago. It con i ts of an inclined timber, 2 by G inches, supported on 
po t and graduated by means of notchc placed 1 foot vertically apart. 
The ob erver i W . S. Wyman, jr., Tuscaloosa, Alabama. Mr. Wyman 
is observer for the Corps of Engineers, and bas been kind enough to 
end weekly reports to Profe or Hall for tbi office. Observations 

are tak u daily at 7 a. m. The n.rea draining past tllis point is 4,900 

squar miles. 
The bench marks are fixed, one on a willow 10 feet west of gage 97.84 

feet above fobile datum, tbe other on a small hackberry 30 feet south 
of the upper end of the gage and 139.36 feet above Mobile datum. The 
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urrent here i ratlJ r .·lngcti h , b iug almo t imp rc ptible at low 
stage . Botll bank ar of artb aud subj •t to ov rfl ow. Tbe bed of 
tbe trea.m i compo ell of saud nu d gmv I. Ob rvatiou of age 
heigh t have been obtain d through t t ourt y of l\Ir. R. .1\Ic allo jr. , 
of tb e nit d tate. ] ~ ugiuecr i n ha r ...,. of tb l31a J· \Vanior Hiver, 
from the time the gag wa ' tabli ' 11 d until emb r 31 1 96. 

19 

18 

17 

16 

15 

~ 14 

" f: 
" 13 
.Q 
0 

~12 ., 
X 

"' <P ll .. 
0 

-2 
g 10 
.;: 
= ;;; 9 .... 
0 ., 

~8 
"' II 
a 7 

6 

5 

4 

3 

2 

0 

-

. 

y = di ·har g in cubic foot J> r • om!. 
20, 000 40, 000 GO, 000 80, 000 100, 000 120,000 

Discharge e9uation •• v IJ 
Y-=~oa. 62+.3BOB.75X+Ic2.7BX~ I/ 4v 

... ra 

/• • 
v I ./ 

~ 7. 

ll I 
;: l7 '? ; . ~,ra 

v~· 
/ 1<' /o ~\' 

~/J f' .; ~'(; 
.; ~\") • ~~e, 
I ox. I~ ~v ... 

l ~~ /, e,v 

• V(} 
.~ ~v' 

jl ../ fl 
V" / Curre/7t 1/e/ocity efuat/on .... 

I ,/' Y=O.~IrO.S-1-cX-00/07%~ 

v v. 
1 2 3 5 6 

y = current velocities, feet p r so om!. 

F rG.13. -Cu_ryes of curren L velo ity a n<l di char •e of Coos:. Ri v rat Lock No.5, cor gin. 'onslrncled 
by lllr. D. :ll . .A.n<lrows, . S. n•sislllnt eng ineer . 

m<'a nrement made by Mr. 11/[cCallo Sevtember 14, 1 96, show d a gage 
heigh t of -0.60 foot ; area l ,022 sq_ uare feet, mean velocity 0.16, di ' el1a rge 
164 second- feet. 

rrt e foll owing li t of mea urements at the same place ba be n fu r'
nislled by Mr. orace Hardiu o·, U. E. , United. tates a i ·tant eugi-
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neer, 2016 Quinlan avenue, Birmingham, Alabama. elocities were 
obtaiu d by mean ' of rod float reaching from IJe water urface to 
near t he bottom. Tuc h igbe t flood occmT d on April 8, 1892. 1:1Je 
gage ltei o·bt was 62.5, the sectional nrca 33,600 quare feet, and t!Je 
e timate<lmeau velocity 4.- feet per ecoud. 'l'hi gave a di charg of 
151,200 cubi ·feet per econd. Frotn t hi · e timate and the following 
list of mea uremeots a curve lta" been p lotted and a ratin g able con
structed, and this rating table applied to all gage height observ d. 
Thee timat of d is barge thu obta.ined arc shown in diacrramma,tic 
form in P late V. The bighe t di charges are merely approximations, 
but the di charge hown by the diagram ·en- a a ba i for com
pari ou of the tate of the river duriu g the vat'iou years. The record 
of daily gage heights from 1 89 to 1 !)6, inclusive, i given in \ '\Tater
Supply and Irri o·a.tion Paper ro . 11, page 37-40. 

List of di charge meas urements made on Black Wat'l'io r Ri•·er,al Tu scaloosa , A labama. F-- --- -
,a r~ Di chnrgc. Remarks. 

Datu. I he•s1•t. 
---

1 95. J F et. cc.jett. 

)ec. 17 1. 10 6 17 Stat ioua ry. 

2 Dec . 21 2.61 1, 344 Do. 

3 De·. 24 3.60 1, 73il Ri i n~ ·Jowly. 

1 ' 96. 

4 Jan. 30 9.99 5,073 Fall ing 0.03 por hour. 

5 Jan. 31 . 63 4, 363 Do. 

6 F >b. 26 . 25 4, 360 Falling 0.01 per hour. 

7 Fe h. 2 7.2i 3 657 Fallin rr 0.02 per hour. 

Fob. 29 I 6. 92 tationnry. 

9 l\1 a r. 2 7.67 Do. 

10 Mar. 3 7. 2 Falling 0.03 per hour. 

11 1\Jnr. 6 6.9-l 4,55 Risin~ 0.15 per !Jour. 

12 Mar. 2ol 24. 5 13,550 Fall ing 0.12 per hour. 

13 Apr. 10 9. 71 5, 331 Falli ng. 

14 Apr. ll 9 4,755 Do. 

Apr. H ')-
. - 0 4, 675 J is ing. 

Apr. 20 7. 55 fa lliu" . 

Apr. 21 6.65 Do. 

Apr. 22 5. 96 Do. 

19 Apr. 23 5. 46 Do. 

20 Apr. 24 5. Ri ing. 

21 Apr. 27 Do. 
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Rating table jo1· Blaok ll'ar·rior Ri'ver (tt 1'uscalooBa, ..dlabama. 

[This tab le i~ npplicnblo ouly ft·om January I, 1 95, t o D coonb t' 31, l 90.] 

lleig ·~· I Gn~o . II Gn"o n· 1- f~e- ~-1 l Dtscbnrg . ll eig'l>t. _:tnr~ ~ hoi ;:: >t. >R tnrgo . ~'"'"'ro I 
Fu t. tc. j eet. Feet . • tc.jeet. Fett . , tc. jut. F eet . rc. j ed. 

-1.00 90 3.00 1,470 7.00 3, 6" II. 00 5 5 

-0.90 105 3.10 1,520 7. 10 3, 7Hi 11.10 :-,935 
-0. 0 120 3.20 1 570 7.20 11.20 5, 9 -
-0.70 140 3.30 1, 620 7. 30 11.30 035 
-0. 60 160 3. 110 1, 670 7. 40 11.40 6, 0 5 
-0.50 1 3.50 1, 725 7.50 11.50 6,145 
-0.40 200 3.60 I, 7 0 7.60 3,9 5 11.60 6, 205 
-0.30 220 3.70 1 I 3" 7.70 4, o~~ 11.70 
-0.20 240 3. 0 1, 0 7. 0 4, 10" 11. 0 
-0.10 260 3.90 1, 945 4 165 11. 90 

0.00 2 0 4-. 0 2,000 4,220 12.00 
0.10 310 4. 10 2,0"5 ·i 270 12.1 
0.20 340 4.20 2,111 4,320 
0.30 370 4.30 2,166 <t, 370 
0.40 400 .[. 40 2, 222 ·1, -120 lw.4 

0. 50 430 ·~. ·o 2 277 11, -1. 0 12. ·o 6,700 
0. 60 1160 4.60 2, 333 4,540 12. 0 6,760 
0.70 490 4.70 2,3 4,6 0 12. 70 6, 20 
0. 0 530 4. 0 2,444 ~~. 660 12. 0 6, 0 
0.90 56" 4.90 2, ·oo 4,720 12.90 6, 940 
1. 00 600 5.00 2,55" 9.00 4,7i5 13.00 6,995 
1.10 635 5.10 2,610 9. 10 4, ') " _;) J3.10 7, O-t5 
1. 20 670 5.20 2,666 9.20 4 75 13.20 7,095 
1. 30 710 5.30 2 721 9.30 4., 9_25 13.30 7,145 
1. 40 750 5.40 2,717 9.40 4, 975 13. <10 7,195 
1. 50 790 5. ·o 2, 32 9.50 5,035 13.50 7,255 
1.60 830 5.60 2, 8 9.60 5,095 13. 60 7,315 
1. 70 70 5.70 2, 943 9.70 5, 15" 13.70 7,375 
1. 80 910 5. 0 3, 000 9.80 5,215 13. 0 7 435 
1. 90 955 5.90 3,054 9.90 5, 275 13.90 7,495 
2.00 1,000 6.00 3,110 10.00 5, 330 14.00 7 550 
2.10 1,045 6.10 3,160 10.10 5,380 14. 10 7,600 
2.20 1,090 6. 20 3,210 10.20 5,430 14.20 7,650 
2.30 1,135 6.30 3,260 10.30 5,4 0 14.30 7,700 
2.40 1,180 6.40 3, 310 10.40 5,530 14-.40 7,750 
2.50 1,225 6.50 3, 370 10.50 5,5!10 14.50 7, 10 
2.60 1,270 6.60 3,430 10.60 5,650 14.60 7, 70 
2.70 1,320 6.70 3,490 10.70 5, 710 14.70 7, 930 
2. 80 1,370 6. 0 3,550 10.80 5,770 14.80 7,990 
2.90 1,420 6.90 3,610 10.90 5,830 14.90 8, 050 
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Rati11g table fo r Blaok Wm-rio r Rivc1· at Tuscaloosa, .<1 /abama- Con tinu d . 

Feet. 

15.00 
15.10 
15. 20 
15. 30 
15.40 
15.50 
15.60 
15.70 
15. 0 
15.90 
16.00 
16.10 
16. 20 
16.30 
16.40 
16.50 
16.60 
16.70 
16. 0 
16. 9\J 

17.00 
17.10 
17.20 
17.30 
17. 40 
17. -o 

[This table i 

Sec. f eet. Fu t. 

, 105 17.60 

1 155 1 17.70 
8, 205 

'255 
8,305 
8, 365 
8,425 

19. 00 
19.10 
19.20 
19. 30 

9 100 19.40 
9, 160 19.50 
9, 215 19. 60 
9,- - 19.70 
9 315 19. 0 
9, 365 19.90 

9, <l15 1 20. 00 
9, 47" 

ec. feet. 

9, 53" 
9, 595 
9,655 
9,715 
9,770 
9, ~O 

9, '70 
9, 920 
9,910 

10,030 
10,090 
10, 150 
10,210 
10,270 
10,325 
10, 375 
10 425 
10,475 
10,525 
10,5 5 
10. ().15 
10 705 
10 765 
10, 25 
10, 0 

Feet. ec. feet. 

20. 10 10, 950 
20. 20 11, 020 
20.30 11 090 
20. 40 11, 160 
20. 50 11, 230 
20. 60 11, 305 
20. 70 11' 380 
20. 0 11,455 
20. 90 11, 530 
21. 00 11, 600 
21. 10 I 11, 690 
21.20 
21. 30 
21. •10 
21. 50 
21.60 
21.70 
21. 0 

21.90 
LOO 

22. 10 
22.20 

I 
22.30 
22. 40 

I 22.50 

11,7 0 

11, 70 
11,960 
12,050 
12, 140 
12,230 
12,320 
12,410 
12,500 
12, 600 
12, 700 
12, 00 
12,900 
13, 000 

.I 

Feet . 

22.60 
22.70 
22. 0 

1

22. 90 

1 23. 00 
I 2s. 1o 

23.20 

1 23.30 
,

1 

2s. 4o 

23.50 
23.60 
23.70 
23.80 
23. 90 
2•L 00 

24.10 
I 2·L 20 

24.30 
2.1..40 
24.50 

1

24.60 
24 .. 70 

11

24. 0 

24. v0 
25.00 

II 

Dis hnrge. 

• ec. f eel. 

13, 100 
13, 200 
1:!, 300 
13,400 
13,500 
13, 6.0 
13,740 
13, 60 
13,9 0 
14, 100 
14, 220 
14, 340 
14, •J60 
] ·~, 5 0 

H,700 
14, 30 
H, 960 
15,090 
15, 200 
15,350 
15,480 
15,610 
15, 740 
15,870 
16,000 
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.Estima ted mouthly di ch arge of B lack lrarr iol" Ril'er a t '1'11 wloosa, ..1 /abtmta . 

:ll loni h. 

1 95. 

J auuary .. .... . ... .. . . 

F ebruary ---· · --- -- -· 
1\lnrch . ......... .. . . .. 

April. . .... . ... .... . . . 

May .... . . . ... . ..... .. 

June .. . .. . ....... -- - -

J uly ---- -- ----- ---· ·· 
Au~u st . .. ...... ... ... 

eptember ... .. . . ----
October ..... .. . .. .... 

November ... .. . .. . .. . 

D ceml>er . . . . ...... .. 

[ Drninago oren, 4,900 squnro mil~s.] 

Di s<·hnrgo iu s 'C<nnl feet. 

r a~i -

1 

~t iui-
mnm. mu ru . 

lJ un . 

103, 400 2, 17i 

1-1, 30 4, ·775 

L09,00 -1,5-1.0 

1~ , 700 3,61)5 

13. 60 2 000 5, 5 11 

3,665 1 2, 1 3 
9,970 I 1 000 3,5 1 

2, 5 1,09 

1, 35 3 

310 233 

750 

11,600 2 21 

·.rotnl iu 
nero-feet. 

126. 92_ 

220 J ~1 

67,514 

52,5-12 

1>1,327 

29,03 

1- -1, ~67 

G. 0 

1. 61 

!l. -1:3 

1.57 

1.29 

0.-19 

0. ~ 

')-
--0 

0. - 0 

0.06 

0. 11 

0. ·17 

5. 20 

1. 55 

.16 

1.41 

1. 12 

0. 4<1 

0.73 

0.22 

0. 1 

0.05 

0. 10 

0. 41 

1. 3 140 7,9 1 ;;, 3o o t4 I 22.3 1 Per nnuum . . ... 10!1, 000 

1 96. 1= 

J_an nary .... .. . .. . . .. . 2~, 610 

1 } ebrn a ry .. .. .. . . .. . .. 
1 

4 1,000 

l a rch.. .. .. . . .. .. .. . . 52, 600 

Ap ril ....... ..... . .. . . 

::\Jay . • • - - .. - - -- ..•• • .. 

June . ..... ........ . .. 

Jul .v . ... ..... .. . . ... . 

lJ., 100 

49, oo I 
9, 970 

4,420 

? Hl - 1 367,T7 ~, , - I .> 

3, 66o 1 , 161 1, 102 153 ' 

3, 160 1- 996 79 , 093 

2, 721 6, 072 361 309 

1, 370 7, -1:.0 456, _. 

1, 09o 173 157 I 
460 75,753 

Aug ust. .. .. . .. .. .. . .. 750 3LO 4i 29, !) L 

11, 9 0 
9 654 

1 26 

5 , 121 1 

'"' eptemuer . . .. . .. .. . . 400 120 

1 
ctober.... .. .... .... 260 120 

N ovem bcr . . . . . . . . . . . . 600 120 I 
Decem b r .... .. . ..... 

1 
1( , 045 ~ 

Per a nn nm . .... 
1

52, 600 120 I 4, 23 3, 463, ·151 

l\1IS 'ELLA E O ' 1>IE ' REME 1'S. 

1.41 1. _z 
4.2 .. 3. 1 

3. 06 2.6:> 

1. 1.24 

1. 7·l 1. u l 

0. 65 0.59 

0.29 . 25 

0.12 0. 10 

0. 0-t J 

0. 3 0. 03 

0.07 0.06 

0.22 _;j 
13. 23 1 0 .• 9 

1\Iea urements of di cllarge were made on tbe Oo. tau aula and Etowah 
rivers at Rome, Georgia. Tho area of t he water bed n,bo ,·e Rome, 011 t be 
Etowah , is 1,770 square miles ; while above Home, on the Oo tauaula 
River, t l1 e a rea is 2,114 square mile . A r gular llydrograpbic ta,tion 
wa not establi shed l.t re, as each ri ver is influenced by tbe tage of tl1 e 
otber t o such a n extent tbat its gage h igut chan cre mn,terially, wit ll
out corresponding change in eli charge. The measurements, how ver , 
are considered useful in connecti on with tbe gage l.teight at Can ton and 
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Re nca, c. pe ially a.t cxtr me low wat r, in l10wing the chara tcri . tic 
of th lol>ennLtersbeu of t he e two riv r . For i11 ·tance, on S ·pt m
b r 2-!-, 189G, the Etowah RiY rat Rome measur 'd 3-1: S'cond-feet when 
the gag-e height at Canton, Georgia, wn -0.30 and tb el i cha.rg-e 3GO 
ccon <l -feet. On tbe arne clay th e Oo ta.nnula. at Rome men nred only 

375 econd - ~ et, when nt Re aca it had a. gage 11 ight of ].55 and a 
eli charge of 53' econcl -feet. 

A n explan ation of tbe e ecmin g d iscrer anci · may be fonn<l in the 
differ nt formation · through wbi ·h these two ri1·er rnn in tl1e Pal o
zoi r g ioo . From Carter ·ville to Rome t he Etowah River i fed by 
"T at lim . tone sprin g that ho" Yery littl e change in the dryeRt Rea-
on , antl tl1ese. prin gs seem to form th 1 we tontl t for gronnd 1Yat0r. 

On t he oth r hand, the Oo tnmtula Ri,-cr from R aca to Rome pa s 
thron o·h a belt of p rviou hale underlain in many pla ·e by <1 ep 
lim e. t n ca.YCriL . At ordi nary .... a ·ons, and e1·cn at low \Y ater during 
ordinary year , tile e ca.verns are full to overflow inn· an<l the hal e. are 
aturnted; but in an extr ·me dry a.son, like th pa t ummer and 

au nmn , when the uppl of o-rouncl water ha b en deer a. in o· for a 
.. rie of year. th e normal water leYel in the caYerns ba be orne 
lowered aucl tile bales are thorou hly drai ned . U nder such ouditions 
itis a;;yto ·ou·ei eofana l'tuall akugofromtll riv rintothe~ e hnlP. 
n.s an expl anation of tl1 li, ·harge m n. ·ur men t above referred to. 
1 n orrob ration of thi theory it may be tatecl th a t nearly all of the 

mall tr am tributary to th Oo tana.ula become dry in summer. Jt 
j. t b r m mber d t hat thi is not a" ater-po1>er tream, aocl that 
none f the G or o- ia water power ar in imila r region or have nell . a 
wa t r b d , bove th em. 

List of discharge measuremeuls 1nacle on the Etowah an(l Ooslrruaula ri·vcr at Rome Georgia. 

Ko. 

1 

1 

1 

2 

llaw. 

A ren of :\fen n ,. · Dis-
Meter G~~:c section locity ch•rge 

.lJydrogrnphcr. 2\unH' uf t tJ'OOm. uuru-

1 

height I( gunr (fPf"t pPr (secontl · 
uer. (ft•et). teet). second ). fee t) . 

---- ---·-- - ----- ------

1 !J6. 
:\l ax Hall. ... Oo~tananln b. 0.20 726 0.52 

~ l :1x Tlnll. ... Etowah . ... . 0. 50 I 609 1. 37 

15 .... . clo .. . ... Oo taua.nla a .. l ll 
... . tlo .. . ... .. ... tlo. b ... .. 11 

0.35 
0.35 

76G 0. 77 
I 7.J.L 0.77 L __ 

375 
34 

59t 
572 

. I 

aM ntle from ccon<l fi\"Citii O uridgo. b)l nde from 'Fifth :1\·enuo bridge. 

t 2? ~""r .r,.. ,. Hall made n. el i charge measurement at Ladtl n ugu "" 1H. •. . , • .,.. ' · • . . 

t t . t l eEtow"hR iver fro m theEa t an tlWestRa ilroadbntlg-c, a JOn, on J ,. ' Tl · · · 1 
· b 1 t - ·11" Georrria wit h meter No. lG. .1e JUJt ia 3 m1le e ow ar e1 v1 ' , , . . . _ 

· f d. . · t he eu <l of t b iron bml rre at n ght bn nt, , dov; n-polnt o onn 111g 1 " · · · · t 
t . " 1 of' b i'l.(lo·e T he bench mark i . at 40 fe t from tmtJal poln 

s 1 eam u e · b • . 1 · 3? 10 .r t 
f I · bor-1 on wh ich cro s-t1e rc t, ant 1 ~ . Jee 

Oll thO top 0 t 1e UO II C u , l 
b . . . te T he area. of cro s section wa 317 q nn,rc feet, mean ve oc-

a ove wn. r. < 444 nd feet T he 
ity was 1.40 feet per second, and di charge wa eco - . 
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Re aca, e pecially at extreme low wa.t r, in !towing the ·haracteri . tic. 
of the lower water bed. of the e t wo rivers. For in ·tance, on Septem
b r U, 18!JG, the Etowah River a.t Rome measured 3! . econd- ~ et when 
th gag height at Ca.nton, Georgia, was -0.30 and the d i charg-e · GO 
econ(l -feet. On the arne day the Oo tann.ula at Rome mea ured ouly 

375 cond-feet, when at Resaca it had a gao·e h io·ht of J.55 and a 
di barge of 5 second-feet . 

An explanat ion of thee eeming di cr pancie::; may be fo nntl in the 
diff r nt formation through wbi ·h these two riYer rnn in t he Paleo
zoic reo-ion. From arter ·ville to Rome th Etowah R iver i fed by 

T at lime tone sprin g that bow Yery littl e change in the tlrye, t . ea
on antl tbe "Prino- ,eem to form the lowe t ontl t for groun d water. 

On th other hand , the Oo tan:tula RiYer from R.e aca toR me pa c 
tbrou ··h a belt of perviou hales, nnd rlaiu in many 1 lace by <l ep 
lime. ton caYel'IL '. \.t ordinary c a ·on .·, and e\·en at low water <luring 
ordinary year.,, the e av rn ar fnll to overflon· ing and the hal es are 
atnrated; but in an extrem dry ea~ on, lik e t he pa t ummer and 

autumn when the upply of ground wa.ter ba b en de r a in "· for a 
, ri e of year., tb normal wat r l ,-e1 in the caYerns ba be ome 
lowered and the hal are thoroughly drained. uder such condition 
j is ea. y to conceiv of an attuallcakage from the river into these sbn lP. 
as n n xplanntion of It di, ·harO'e m n ·urement above referred to. 
111 on b ration of thi th ory it may b tated that neal'ly all. of the 
mall tr am tributary to tbe Oo tanaula become dry in summer. It 

i to b r m mb red that thi i not a water-power stream, and that 
t1 n of h e rgin water power nr in imilar region or have u h. a. 
wat r h d abov them. 

No. llnt~ . lJ y<lrog raph r. }: nmo uf stream. 

?>lax flail. .. . ostnna ula b. I 
) lax Jl all. . .. Etowah ... .. 

15 ... .. 1!0 .. .. .. Oo tauanl:\a . 

.. . .. tlo . ..... .. . .. <lo.b .. .. . 

a~~ OliO frO OJ OCOIId 3\' Cilll O 1Jri1lg · 

A reo. of ·:~r enn ,-c- l)is-
j\Jeter Gogo sn tion lorily charg 
num - , h~tght I (s9un ro (f•' " t i>rr (serond · 
ue r . ~ teet) . sccond). l feet) . 

I 
0. 20 7:.?6 0.52 37" 

0. 50 609 1. 37 3-i 

1l 0. 3' 76G 0. i7 59l 

11 0. 35 7-U 0.77 -~'> ·-
b )l ade from }' ifth "'·enuo bridge . 

11 
ugn t 23 1\fr. Max Hall mad a di charge mea nret~ en t at L_adtl 

t t . tl e E• to,;vn •- R iv r from t ho East and W t Ra t! road bnd n·e, 
a wn on 1 '"u ' Tl · · · 1 

3 mile b low ar tersYille Georrria, with ~eter o: 16. ~ ~ Jm ttn 
· f d' . · the en(l of t h iron bndge at ngh t bank, dowu-

p 111t o ou n lll gH 1 . · · · 1 · t 
. I f' b .· dge Tho ben b mark i::; at 40 feet from tmtia pom 

t r am H e o II · . · , t and is 3'> 10 feet 
on th top of the iron cbord on wh ich cro -tie I C ' J. 

b . t The area of cro s section was 317 q narc feet, mean veloc-
~tyo:a w.~.4~· feet pc<r econd, and di charge wa 444 econd-feet. Tlte 
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drainage area i about 1,1 3 quar 

examined t lle lab~m a, Uiv 
bridge i ' the Louisvill and 

TEX A S STREAMS . 

Mea ur meuts in Texa were mad by 1\fr. 
ber and De mber, 1 9G, ch i fly on tr 
de cribed in Bulletin 140 page 
followiu g table: 

y 111 · 

List of disohm·oe mcaanren~ents made on Texas 1·irers. 

I= -1 tream . Location . 

1----1------1-----

1 
96

~ Del R io a ........ .. 1 D. 1 Rio ....... 1 

' ov. 2 anal .................. do .... .... 1 

anAutoniob ..... , an Anton io ... 

UpperLn.bordi tcb ...... do ...... . . 

Alamo ditch . ...... 

1 

. .. .. do ... ... .. 

an Pedro Canal. ...... . do ...... .. 

auPeurolHver c .. 

1 

..... do .. . . ... . 

Coma! ........ .... New Braunfels I 
Gnaualupe ............. do .... .. .. 

I 

' 01' , 

1-'ov. 

D c. 

De . 

Dec. . an Marco .. .. .. .. an l\la r o 

lE_ . 3 
Colorado .. .. .. .. .. Austin .. .... .. 

1 

Barton ................. uo ... . .. .. 

~~ ter A I'Ca of Mean ..-e- DIA· 
s oliou locity hnrJl 

nbtm· (Sf[llllre (feet pH ( ('coud· 
r. fe t). ooond). fc t ). 

63 
63 

35 
19 

2.06 

o. 90 I 
63 67 0.37 

63 1 3. () 1. o I 
~: , ... ; ... "· ; .-;~- , 

72 

63 3. 0. 77 1 2. 
63 101 3. 6 390 

66~ 167 2.62 13 
3 21 0. 6 

63 525 
63 27 

a Th measurement was made below the poin t of diversion of tb canal. The total II ow Is thus the 
sum of tb d ischarges, or 97 secoll<l·fcel. 

b Total flow, add ing di tches, is 29 seccnd-fcet. c Total flow, in ludjug canal, is J l .i second · ~ et. 
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OHIO R IVER TRillUTARIES. 

The tation ma intained in this basin were de cribed in Bulletin 140, 
page 77 an d 78. 

KANAWHA BAS IN . 

.A.LDERSO STATION 0 GREENBRIER R IVE R. 

Th is station i in the Hinton quadrangle, one-half mile above the 
mouth of Muddy reck, in httitucle 370 43.4' and longitude 800 38.5'. 
It drai nage ba iu is iu the H inton, Beverly, l\Iontcrey, Hun tersville, 
an d Lewisburg quadrangle::; and ha an area of 1,344 square mi les. 
On July 30, 1805, a wire gage was e tabli bed on t l.J e coun ty bridge at 
Alder,on, We Virgin ia 21 miles above Hinton. It i placed on t he. 
tllird panel of t l.J e econd pan lower side, a nd t l.J e edge of the 1m lley 
over which t lle wire pa se is 0.75 foot south of t he . econd ver t ical 
stru t . The zero of the gage is 3 ~ et from t lte edge of t l.J e pulley. T he 
d i tauce from the en<.l of tbe weig·ht to the wire marker is 2 .37 feet. 
vVhen the reading of water is 1.8 feet, t ile d istance from the surface 
of the water to tl.Je top of t lle floo r beam at the en d of tlle third panel 
is -0.59 feet. The bridge con ists of 4 11au , each 108 feet long and 
'vith 7 panel to a pan, making· a total width of 432 feet. At ordinary 
Rtage the water flow, in two h:lUnel, there b iog an i::;Ju.ud 600 feet 
1 nrr a,nd 75 fe t in width betw en them. The record of daily gage 
beirrbt f' r 1 96 j gh n in \Va,ter- upply ~tnd Irrigation Paper No.ll, 
P• ge 41. 

List of clis.:ha~·r1e mea urements made on Greenbrier River at .dlde,·son, West Virgin·ia. 

Gn "e Area of Man 
Discbn'J.e Meter section velocit.~l' 

No. Dnte. Rytlr'O),'Tnpher. number. llt'i;llt ( qnnre (feet per (sccon . 
(feet). feet). second). feet) . 

--,---
1 95. 

1 July 30 . Bnbb ... .... 29h . 385 1. 1 457 

2 pt. -1 D. . 11 nrupnrey ' W.&L . 1.36 2 ). 27 106 

1 96. 

3 .Jun 10 D. . Humphrey W. B . 1A 2.::l0 402 1.77 714 

4 July 22 . .. . . do .. .... -··· \\ .B., 1 A 2. 07 465 1. 43 ~65 

5 Aug. 13 . .... do ...... .... \\ .B., 1 A 402 1. 31 529 

6 D ..... do .. .. .... . . W.B., 1A 639 2.32 1, f 0 c. 

D .. " ""'""''' I W.B., 1 A 

1 ti. 
1,638 

30 672 2.44 
7 Mar. 

F. H. uschutz .. Flouts .... 1,567 3. 94 6, 1 1 
3 

..... do ...... --·· \\ .B.,lA 1, 349 4.04 5, 450 
4-

..... do . ....... .. Float· --- - 4. 29 1,326 3.75 4,963 
lay 4 

... . . do-·--·- .... W. 13 ., 1 A 3.56 1, 031 3. 06 3, 158 
l ay 6 

..... lo .......... W.B., 1A 12. 30 4,756 6.85 32,563 
12 May J3 

12. 32 4,769 6. 93 33,033 
13 .ll-l ay J4 .... . do .... .. .... F loHls .... 

..... do .. . . ...... W. 13., 1 A 9.52 3, 5 0 5. 79 20,722 
14 l\l ny 14 



112 PROGRE O.F TREAl\I ~IE l EME T~ FOR 1 9G. 

Ra.ting table for Greenbrier Rirer at A lclar on, II est JTi1·ginia. 

On~t l ulscharg . lo oighl. 

--- --
Feet. Fttt . ec.jeet. Feet. ; 'tc . feel . 

1. 30 ;;, 70 GOO 0 I , 320 
], 35 5.75 '7:"0 ' 0 1 660 
1. 40 s. ·o ,900 9.00 19,000 
1. 45 145 3. 6:> 3,360 5. 5 9,0il0 9. I 19, 340 
1.50 170 3.70 3 4 0 ll.90 9,2 0 9.20 19,6 0 
l' 53 200 3 600 :-.nil 9,350 !J.30 20 020 
1.60 230 3 720 G.OO 9,500 H. 40 -0 360 
1. 65 3, 0 ' 6.05 9,650 I !l 50 20,700 
1. iO 3 960 6. 10 9, 00 9.G 2t 050 
1. 75 4, 0 6. 15 9 950 !!.70 -1,410 
] . 0 4, - 0 6.20 n. 0 21, 770 
1. 5 -l. - -i,3-0 !!.90 -2,130 
1. 90 4. 10 4,440 10. 00 22 500 
1. 95 4.15 -~ 560 10.10 22, 70 
2.00 1~, 20 4 6 0 :2 •• 240 
2.0- 4.25 4, 00 23,620 
2.10 4.30 4,92 2,~, 000 
2.r 4.3- 5, ().JO 2-1,400 
2.20 4. ~0 5, IGO 10.G 2~, 10 
2.25 I 4.4 - 5,~ 0 10.70 25,230 
2.30 ' 4.1i0 5.400 10. 0 25 -
2.3i\ 915 4.55 5 530 10.90 
2. 40 975 •1. 60 5 660 11, 00 1 I. 00 
2.45 ] 035 4.65 5, 790 I 12 050 11. 10 
2.50 1, 100 1:.70 5,9-0 12,200 11.20 

1, 165 4.75 6,050 12, SilO 11.30 27, 00 
1, 230 4. 0 6 1 0 12, -oo 11.40 2 ,240 
1, 300 4. - G,3 10 12, 11.. 50 2 ' 700 
1, 3 0 4.90 6 440 13, 100 1 11.60 29 2 0 
1,460 4.95 6 -70 3,400 11. 70 29 700 
! , 540 5.00 6,700 7.40 13, 700 11. 0 3 _oo 
1,620 5.05 6,830 7. 50 .14,000 11. !)0 30, 700 

2.90 1, 710 5.10 6,960 7.60 14,300 1 12.00 31 200 
2.95 1, so- 5.15 7, 090 7.70 14, 620 12. 10 31 ,700 
3.00 1,900 5.20 7,220 7. 0 14-, 9-W 112. 20 32 200 
3.05 2,000 5.25 7,350 7.90 15, 260 12.30 32, 700 
3.10 2, 110 5.30 7,480 8.00 15,600 12.40 33, 200 
3. 15 2,220 5.35 7,610 . 10 1-,9-10 12. 50 33 700 

/ 3.20 2,330 5.40 7, 740 !$.20 16,2 0 12. 60 3-1,200 
3.25 2,440 5.45 7, 70 .30 16,620 12. 70 34, 700 
3.30 2,550 5.50 8,000 s. 40 16,960 12. 0 35 200 
3. 35 2,660 5.55 8,150 8.50 17,300 12. 90 

... "' I 3. 40 2, 770 5.60 8,300 8. 60 17, 6-10 
3.45 2, 880 5.65 8,450 8.70 17 9 0 
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Estintated nwnthly dischat·ge of Ore b . . . R" 
en net wer at A lderson, West Virginia. 

[Drainage nrea, 1,3~4 quare miles.] 

Discharge in s~cond - feet. Run-oo·. 

Mon th,. 

I 
Total in 

1Jaxi- lliini- nore-foot. Depth t"n e ond-fcet 
muJJl . mum. Mean. 

inche . P0~~D~·~ re 
---.------1----1 

1 5. 
Angu t . . .. .... . ... . . . 422 125 16,479 0. 2:l 0.20 

epteml er .... ... _ ... 6 1 71 9,997 0. 13 0. 12 
0 tober . . .. . . .... . . .. 9L 60 I 0. 06 0.05 
' ovemb r -- -... .. . -- . 250 91 I 0. 12 0. 11 

December . _ . _ . . . .. ... 3, 120 137 1 0. 41 0.36 
1 96. 

I 
January ... _ ... ..... . . 4 6 o I 300 I 0.90 0.7 
February ... . . _ ... .. . _ I 

• 900 I 220 2.38 2. 21 
March . ... . .. ___ . .. .. . 24-, tlOO -- I 21 ' 773 3.05 0 1 2. 65 
April. ... .. .... . . . .. . . 12, 5oo 1 915 2, 723 162,030 2.26 2.03 
May---- ---- --· - ---- - ~ 5 660 595 1, 531 91, 101 1. 3L 1.14 
J un e .. .. .. . . . . ... .... 

1 
3,600 4-15 903 53, 732 0.74 0. 67 

.July ...... ......... .. 12 350 15 2,361 145, 172 2.03 1. 76 
··· ·--- ---· ·· ·· 265 1 079 66, 345 0.92 0. 0 

1 4"6 27, 13-t 0, 39 0.34 
300 1 067 I 65 607 0.91 0.79 

20 TOO 279 2,42 l I 14~,060 2. 01 1. 0 
6,050 125 1, 417 7, 12 1. 21 1. 05 

F A E'P'J'E 'l' 'rl ' N E W RIVE! . 

Thi. in the Kana.wha Fall quadrangle, j n t below tbe 
r ek, in latitude 3 ° 4' longitude 10 5'. Its dramage 

ar a i 6 200 quar mil , in th Kana.wba Fall , Nichola , H in ton, 
B v rly Mon r y, nnter ille, Lewi, burg l{.aleigb , Ubri t ian burg, 
Dublin, Pocah nta bino-don Wythevill , H illsville, Yadkinville, 
W'tll boro, and -ranberry quadrang le . The tatiou wa described 
in ull tin 140 pa.g 7\J. It i at a highway bridge of one pan, having 
a total! ngtb of 2Gl feet. .A wire gage wa , tabli bed he1'e July 29, 
1 95 a nd a mea ur ment of di charg nb equently made. The zero 
of tb g~L e i~ opposite the outh edg of tb . econd vert ical trut ·rrom 
th 11orth end f th o bridg , n,od i 5.20 feet from the pulley. 'rbe dis
ta nce v rtica,Jly from the zero to tbe bottom plate of the git'der at t4e 
nd of the .fir t pan I ou the lower ide i 55.13 feet. Bench mark : 

Top of coping of .fir t 1 ier from 1 ft bank to z ro ·of gage, 21.75 feet; 
upp rend f bridge eat left ba11l abut ment to zero of gage, 21.6t feet; 
top of ton foundatfou fwater tank besapeake and Ohio Railway to 

18 GEOL, PT 4-
1 
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zero of gage, _;3 ...1· fee . T he r cor l of da il gage beigb t · for 1 96 i 
gi,1e11 in Water- upply aud Jnigation Pa.p r N . 1 1 p. 41. 

List of d-ischarge. uu·as,n·t.,nents wac/ Ml X n· Hirer of /•'aget tr, w~s t Vir{rinia . 

I 
J Xn. Ua11·. lly tl rogrnpliur·. ~l t br 

uumb r. 
Gal! 

I h i ~ht 
(~ L). 

1 9i:i . 

. lnly 29 1 . 
2 f:ept. ·b n. 

I 96. 

'. Baub . 29, h. 

\V. D. , l A 
I. 07 
1. 71 

2, 03 
2, 11 6 

3 \\' ' I ., 1 A ·1. !'i I 2 fi -7 2. 0 I 5, 3 
-l \\' . B. 1A -1. 25 2, 474 2. - 5, 076 
- Aucr. 13 .. . . . tlo .......... \\' . B. , lA 2.32 2.2Hl ,.l. "6

1

3,454 
6 Dec. 1 ..... llo .......... \\' .B., lA 7. •1 

1
3,2 0 4.2 ' l3 5 

1 97. I I I 
7 [ar. 3l D. '. Humpbreys \\' . B., I A 5. 50 3, 0 2 . ...... 

1 
!:1, 5 7 I 

ll i\I ay 5 F. II. n ·chutz .. \\' . R., 1 A 

1 

. ~ , 3, 797 1 .... .. . 1- 931 

9 l\Jay 15 1 ..... do : ...... .. . \\' . R. lA 13.9 5,23 1 ...... ~ 5,195 ~-

Feet. 

0. 50 
0.60 
0. 70 
0. 0 
0.90 
]. 00 
1.10 
1. 20 
1. 30 I 

1.40 
1. 50 
1. 60 

.1. 70 
1. 0 
1. 90 
2.00 
2. 10 
2.20 
2.30 

Natiii !J ia!J/e for "' " w l :irer at l"agelt, West l ' irginia. 

])isdu\rg . 

ec. jut. 

:.,565 
2,590 
2,6l-

2,64-0 
2, 670 
2, 700 
2, 740 
2, 7 0 
') 20 ~ , 

2, 70 
2, 9~0 

2, !J70 
3, 030 
3,090 I 

3, 150 
3,220 
3,290 
3, 360 
3, 430 

Gn"e 
ht>i<'11t. 

Fut . 

2. 40 

2. :-o 
2.60 
2.70 
2. 0 
2.90 
3. 00 
3. 10 
3.20 
3.30 
3.40 
3.50 
3.60 
3. 70 
3.80 
3.90 
•J. 00 
-1. 10 
4.20 

Discharg .I 

• ec.jt•t. 

3,500 
3,570 
3, 640 
3, 720 
3, 00 
3, 0 
3, 960 
4, 050 
4, 140 
4, 2-10 
4,340 
4, 440 
4, 5-!0 I 

4,650 
'!, 760 
4,870 
4, 9 0 
5, 100 
5 220 

Gag 
h iglH. l>i chnrg -I 11,:-"1: 1 . v1gl1 . 

Feet. • c. jeet. Put. 

4. 3 5, 34 6. 20 
4. 40 5, 4 0 6. 30 
4.50 5,620 6. ·10 
4. 60 5,760 .50 
4. 70 5 920 7. 00 
4. 0 6,0 0 7.50 
4.90 6,240 . 00 
5.00 6, 4. (J . 50 
5. 10 6,5 0 . 00 
!'i.20 6,760 9.50 
-.so 6, 960 10.00 I 

5.40 7 160 111. oo 
5.50 7, 3 0 

' 
12.00 

5.60 7,600 13.00 
5. 70 7, 20 11. 00 
5. 0 8, 0~ 0 15. 00 
5.CO '270 16.00 
6.00 '500 17.00 
6. 10 I 7 0 I 1 . 00 

------

,<rc. jut. 

9.060 I 

D.HG 
!J 
!),970 

11, ·-70 
13,220 
11,900 
I I 5"0 
I I 200 
19 900 
21 t!OO 
25, 000 
2 I 400 
31, 00 
35,200 
3 ,600 
42,000 
45, 500 
49,000 
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F.stima ted mon thly di8cha1·(1e of New Ric rat Payette, Wes t T'"irginia. 

[Drn.i uage area, G,200 sq uar miles .] 
-----.,..--

Di charge in second-ft' t .. 

ll l onth . i 
1-Ia:<i- I Al iui------_ __::_ -=-l~tean. 

1 !).-

Au.,u:t. ....... . .. . .. . 10. 1:?5 2,900 -1, 197 
.eptember .. . . .. ..... 4,450 2,53 2906 
Octo l>er . __ .. _ . _ .. .. __ 2, 600 2, 450 2, -sz 
]\'" OVClll ber .. .. _ . . . . __ . 3,575 2,575 ') 12 -, 
Decembpr .. . .. . .. ____ _ o, 'i-o 2,550 .J.,370 

] 96. 
J annary ........ . ..... 21,600 2, 7 0 5 ·133 
Februar~· . ... . . _. _ . . _. 30. 100 3.430 11,560 
:1\l arch . . _ . __ ____ . _ .. _. 67, 900 3, 360 , 17, 051 
April. . .... _ . . . . ... . .. 6 '600 5, 220 16, 9H 
May -------- --- -- ··-- 12,:>60 .J., 005 6, 31 
June .... - .. ..... ..... 17, 70 3, ;:;co ' 5, 09 
.Jnly . ___ _ . .. _ .. ... _. _ 7-1,200 3, 00 13,373 

August.··-····· · - --- - 6 50 2, o , 3, 961 
pt lllb r -- - .-- - · - ·- 3,370 2, 615 2, 793 

C'tob r . ... - . . - .... -. 3 . ::so 2, 545 I 5. 06-l. 
T O\~ mber ............ 45 , -o 2,700 7, 912 

D-ccmb r (20 tbt~· ·) ... 31, 1:!0 I 3,570 7, 7 

Per nnuu111 _ .... 74, 2oo 1 2,615 ,G71 

Total iu 
RCl'U- fe I . 

334,06-1, 

s&l, 939 I 
11,04 '432 
l. 010,021 

I ·I ') 

345:65;; 

I 
311,375 
470, 706 

1. 01 
2.01 
3.17 
3.05 

F • . 14. -Dischnr~P of N~w lli,·ez· nl Fayette. WostVir!!i n iR , 1 96. 

115 

0. 47 
0. 41 
0. 45 
0. 70 

0.88 
1. 6 
2.75 

2. 74 
1.0~ 

0. 94 
2. 16 
0.64 
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TENNESSEE BASIN . 

A ~HE ILLE TA'I'l :'{ " J.'RE U D I D RIVER. 

Tl1i tation i in t h 
of the 

w t of 

ud of the 

List of dischargem.easurements 111acle 011 Fr611ch B1·oacl I irer at .d shet·ill Noo·th Caroli ota. 

No. 

--

1 
2 

3 
4 

5 
6 

Date. Hydrographer. l\feler I 
number. 

1895. 
ept. 2 . Babb ... .. . 29 
ept . 17 ... . . do ...... .. .. 29 
1896. 

Apr. 1 E. W.Myer ... . . 21 
June 19 ... :.do ·-···- ·· -- 21 
Aug. 16 ..... do .......... 2, 154 
Sept. 19 . .... do ..... .... . 2,154 

Gn~ 
bell! t 
(~ t) ' 

-
I 

.1, 30 

3.22 

2.90 
3.42 
3.2-

2.50 

A 
sec 

ron of 
tion 
nare 
et) . 

(sq 
f • 

650 

543 
4-38 

Jlfcan n· t velodty 18 Jnrgc 
(~ t per (s ()(Ind-. 
s courl) . t N). 

1, 192 
l , 6 

BRYSON STATION ON TUCKASEEGEE RIVER. 

Thi :station is in tbe Cowee quadrangle, 2 mil e b 1ow tbe m nth of 
Newtons Mill Creek, in latitude 350 26', longitude 830 24'. The drainao-e 
area is 609 square miles, aud is mapped on the Cowee, Ph;gall , and 
Mount Guyot atlas sheets. The gage is located ·on the ' outb rn Rail-
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way bridge about 3 miles above Bryson and ju t below Governor I land 
po t-office, and ,,-as put in J nne 26, 1806. The zero of tbe o·age rod is 
20 f et from the end of the econd span from the outh end of tlie 
bridge. Tbe outer rim of the pulley i 1 foot from the zero of the gao· , 
and from tl1e end of the weight to tbe marker on the wire i 26.75 fe t, 
tl1e gage rea<.ling zero when the weigbt ton ·be bottom. The bottom 
is rocky and not ea. ily chang d and tbe bank. are higb ; but tbe ec· 
tion is not a good one, a tbere n,re two bad pie1' ob truction , and tbe 
bridge i a ro a bend of the river, the greater portion of the current 
being thrown toward tbe west bank. 'Ibe ob erver i A. J . Sutton, 
GoYemor I laud, orth Carolina. The di charcre mea urement are 
not sufficiently compreb n ive to ju tify the construction of a rating 
table for tbi tation. The record of daily gaO'e l1eigbt for 1 06, from 
July 1 to December 31, i given m Water- upply aud Irrigation Pa.per 

o. ll, page 4~ . 

List of di•charge n~ea ul·nn nls made on T1t ckaseegee Ri~:er, S miles a.borc R1·ysou, No1·th 
Cm·olina. 

· o. Date. I 
Area of 

1 :Meter I IG•e",f1°1t section lly!lro.,• rnpher. b { re 

'-------.~ llUln Of. (foot). --·q_l_\R-,- fcut). 

] 1£ Jnn 2:2 E. \\". i\1~· r 8 _ ·- -· 21 1 100 0. 1 2 

? J ?6 I 21 2. 26 I 2i2 

- 'l~l~. ~2 1 :::: ::1: :::: :: :: :: 21M 2.42 I 207 

' 2t ~ · l -l 238 pt. 21, ____ ,(10 ·----· - --· '"* . 

3.03 
3.90 
2 . . [ 593 

a M asurement mado nt Bryson City. 
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tlle on truction of a ratino· ta bl for t hi . tn tiou . Tb r c:onl of daily 
gage lt ight for 1 96, from July 1 to D e mu l' 31 i giv II iu ·water

upply aud Irriga tion Paper ~o . 11 page L . 

!.is I of tl isclta.rge measrtrcm trls111ade 011 J, il/le 'l'e11 ues e Hit·m· at Jlldson, _.\ 'or tit aroHn a 

DatP. H yd t·ogra ph r . 

:. . 76 
:-1.00 

A ren of' ~1enn .D 
ae 1 ion Yelocily lsc lt a r,¥. 
(s~11nru (feetp ,. ( reo~) · 
_"":_ •ooo,.<l) ~I 

,., , " ::: I 
2 (j ~.7l 1 10 

) [ flPTIY STAT ! N 0~ JI[WAS EF. HIV E lt . 

Tbi tation i , in th e J\IurplJ y quad rn.ngle, on -half mil auoYe all y 
Ri'er in latitude330 5.2' ,and lorwitud '40 ,.., .3'. Th ar <'L drained i 410 
qua.re mile , and i mapp don th 1nrphy 

aW1 b et . 'IIJe gaO' wa. · tab li hed Jun 
bridg cro . iuo- the ri ver at 1\:[urphy, :rorth 
gage rod i f et north of the ent r of th orHl full -1 ngt b ompres
sion m m.ber from tb north >nd n.11d 011 t he dow1 1. tr nm Rid of bridge. 
1be outer rim of th pull y wbe l i 2 f t ft·om th z ro f th 
rod , and tb eli tan e from t b nd of tlJ w 1gh to th mark r on t it 
wire i 2!) .1 feet. The readin g of th gage i zero wh n tiJ w igh 
touehe t h bottom of the ri \' r. The ctiou b re i · n. f<tirly o-ood n 
though omewbat ob tructed by t he remains of two old pi r dir 
under t he pre ent brill o·e. The con r. of tl> tream il:! ·trai b 
several hundr d yard·· abov and b low tb brid ge and th ·urr nt 
fairly rapid. The bottom i · hard and rocky au l i.' no ubje t to ~tny 
decided cl.Jange by high water. The bank ar high and are not ub,ie t 
to overflow xcept in very lri O'h wat r . The Db n er ber is 1. L. Brit
tain, who live · about 50 yard from the bnclg-e. Tlt di charg m a -
urement are not suffici utly compreb nsive to justify th con tru ·tion 
of a rating table for thi station . The reeord f d.-L ily gnge b i h tt~ for 
1896, from July 1 to Deceml er 31, i g iven in VI a ter- upply a 11 d Irriga
tion Paper No. 11, page 43. 

List of disclun·g e measu1·ements m ade 0 11 T-Ti1casaee Rivm· at Jfurph!J, Jfo rth Ca1·oli?1ct. 

H D•W 
I 
! 1 96. 

1 June 23 E. \V. Mye1:s ..... 
.... . tlu . ....... .. 

~[ 1 r 
nurnbor . 

21 

215<1 

Gnl!e 
h ei ~: ht 
(fee t). 

3. 2 

3.95 

Ar 1 of 
8 ctiou 
(8~ 11 are 

fu t) . 

3Ll 
278 I : I ~ ug. JO 

IT~t. 22 :..._----~------ ___ _ 
..... do .. .. ·-- --- 21 54 4. 01. 353 

Meru1 n· 
v locity ' - ~lnrgo 
(fc t P r (sc< ond -
socon•l). feu t ). 

1. 17 

1. 37 
1. 46 
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I :\o. Dntc. 
I G ron of ~J ea.n I Dischnr~<l 

)Jeter Tncro section v locH)' ~ num· 1 h<light . · ( econd · 

I 
t (sq unro (te t per I foct). u:·· ~ '-t-·ce_t>_· _ secon<l ). 

------

llydro!(rnpher. 
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Rati ng t.ablejo 1· 1.'tmnessee R ·itJI:r lit lwllmlOoga, 'J' unessee. 

Gai(O 
h ight. '"~~ hoig 11. Dis luu·go. ,, lo ;t~lf~. Dis hnrgo. 

----- ---- --
Feet. ec. ftet. Pert. cc. j eet . 

0. 70 16 60 11.00 66 --o 11 

0.80 161 56 11. 50 69
1 
75-

. 0. 90 1617~ 0 12. 00 L,660 
1. 00 17,000 12.50 
1.50 1 1160 13.00 
2.00 19,500 1s. -o 
2.50 21, 100 14.00 
3.00 23,000 H . 50 
3.50 2-,090 r.oo 
4. 00 27, 300 }.- . 30 

4.50 29,660 16.00 
5.00 32,200 05 
5. 50 3<~ , 95 lOt, 710 
6. 00 37, 00 1 l, 615 'I 

6.50 40, 705 107 -2 II 
7.00 43,61 110,42- I 
7. -o 

52,325 1 

113, 330 30.50 
.00 19.50 116,235 31.00 
. 50 20. 00 u9, 14 II 31. 50 

9. 00 55,230 I 20. 50 122, o-r 32.00 
9. 50 58, 135 -L 00 124,950 I 32. -o 1 4-1.00 471, 2 

10. 00 61, 0-10 II 21. -o L 7, -5 33.00 I 4 1. 50 . '· ,_, I 
10.50 63, 94 - II 22. 00 130, 760 3 .50 

E stimate(l11tonthly d·ischarge of Tennessee River a t- Chattal! ooga, Tenn essee. 

[Drainag ar ea, 21,3 2 sqrutre miles.] 

~- Di charge in coud -fe t. nun-otr. 

Tota l for 
Month. mon tb in acre- I 

) taxi- :Mini · )lea n. fe t . D pth in j ~ocond -~ ct 
mum. mum . inches . per ~ uaro 

In l . 

--- ---
1890. 

January ...... ...... 7 , 470 30, 150 4.21749 2, 628,551 2.31 2. 00 
Februar y .... .. .... 308, 060 4.4, 191 761 0 1 41 225,310 3. 72 3. 56 
March .. -- .... -- ... 1445, 120 52,906 129, 093 7,937,670 6. 96 6. 03 
April .. .. .. .. .. · - - - ---- 121,464 43, 029 64, 855 31 59, 132 3. 38 3.03 
fay . • .. . . ...... ... 72,079 41,2 6 51, 200 3, 14 11 6 2. 76 2.39 

J u ne .. .. . .... . . . . . . U,2 6 23,400 29,102 1, 731,6 5 1. 52 1. 36 
Jul y ...... ...... ... 47,677 191500 27,036 1, 662, 390 1. 45 1. 26 
A ugust ...... ....... 461515 211100 30, 1 \• 89 '810 1. 66 1. 44 
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Estinwted mo11thly discharge of Tennessee Ri1·er at Cl 11 "' c · • • 1a anooga, .L ennessee-- onhuued. 

[Drainage are:•, 21,382 squar miles. ] 

Discha rge iu secon<l-C ol. 

Month. 

1891. 

Maxi
mum. 

Jan nary .. ....... . .. 92,995 

F brnary .. ...... .. 356, 120 

March .... ........ .. 381,040 

Ap r il .. .. .. .. .. .. .. 97, &J3 

!lay ... .. . . ....... . 

Augn t ..... . ...... . 

r pt mb r . .. .... .. 

0 tobcr .......... .. 

:\fov mh r .... ... .,.. .. 41, 67 

D c mber .. ........ 66,269 

Mini
mum . Mean. 

22, 200 27, 843 

25, 950 I 37, 982 
20 700 26, 394 

20, 4oo 1 s6, 

P r annum... 1, ().10 17, 440 -.~, 309 

1,6-6,770 

2,335,437 

1 ~ 7, 60 

2,15 '567 
1, 625,066 

2,484, 238 
1, 533, -

1, 135 130 

1,39 939 

2,416,41'7 

1 92. = ·=---1=====1 
.Jannnry ...... . .... 363, ~~ 141 2 6 103, ~~3 
F obrmwy ...... .. .... 69, 7o 33,733 46, ID5 

Mnrch .......... ... 6-1 51!6 31, 680 45,769 

April .............. 299 160 40, 705 ,101, 2 7 

May ...... .. ....... 53.4 7 1 31, 160 39,772 

Jun ............... 56,972 2 , 680 43, 265 

July .... ..... . .. ... 71.49 26,380 44 520 

Angu t .... .. .. ..... 31, 0 21 800 25, 121 

ept m bcr .. . .. .. .. 29 660 17, 660 21 , t103 

0 tober............ 19, 00 17 220 17, 952 

ovom bor ........ .. tJS, 610 17,220 27, 924 

De emb r .......... -6,972 21, 450 

p 1' n.nuum ... 363 24 0 17, 220 45, sr 
] 93. 

6,361, 118 

2,689, 34 
2 14, 244 

6,026 982 

2, 445 501 

2,574,447 

2, 737, 446 

1, 544, &lO 

1. 45 

2.0-l 

1.37 

1.95 

1. 30 

1. 77 

1. 23 

1. 69 

30. 57 2. 26 

3. 21 
7. 53 

7.30 
3. 22 

1.63 

1.90 

1. 43 

5.57 

2.43 

2.47 

5.27 

2.14 

2.25 

2.40 

1. 35 

1.11 1 
.97 

1. 45 

1.76 

2.7 

7.23 

6.32 

2. 9 

1. 41 

1. 70 

1. 2-l 

1. 9 
1. 20 

. 86 

4.83 

2.25 

2. 14 

4. 73 

1. 6 
2. 02 

2. 0 

1.17 

1. 00 

.84 
1. 30 

1. 53 

Jan un ry .. . .. .. .. .. 44 191 22, 600 26, 12 1, &1.8, 616 1. 44 1 2~- I 
F ebruary . . . . . ... . 283, 140 38, 381 105, 921 5, 2, i'\35 5. 15 
Mar 11 .. ........... 72,660 So, o-7 50, 320 3. 094,076 2. 71 

----- -'----
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Estimated moutlily discltarfJt of 1'em1 e8 ee Rire1· at hattanooga, 1\mnesse- ontinued. 

[ DrRillll l( nr n, ~ 1, 3 2 squnr tnilcR.) 

Month . 
~lnxi - I l iu i- )fou n . 

1----------------1 ~ 1111111~ -----

l 93 
April. ......... ..... 731 2<11 31 160 421 137 

i'l !ay .. .. ......... .. . 22-1, .t OO 30 150 :
9
1 :

6
>.
7
5 1 

.Jun ............... 123, 207 271760 ~ 

.Jn ly ............... 3-1 95 I -11450 25 7H 

Augu t .. . .. . ... . ... 33, 152 1 , 410 231-177 1 
ptenll e r .. .. . . . . .. 76 727 20, TO 33, 933 

ctob r . .......... . 

1

5 , 716 1 1 1660 2:- 550 

0\' emb r . ......... 311 160 20 400 221 2 '3 1 

Decemb r .......... 30, 640_, 21 1 100 1 2 1. 70 

Pl•r an nun.1. .. 2 1 t40 1 , 410 U , 61 

- I Run-of!.~ 
'l'o1nl fOI' -

mouth inn rt·-1 l·rr d 1. l fo t. D pth in Oil · <' 

2 507. 32 I 
•l l 3971929 
2 g-6,0 9 

115 z, 763 

11•14 ::!15.'H 

-,019. 149 

1,571101 

1. 32 1 73 

115 5,3:-5 

29, 96.' ];) I 

iu ·b . . pc~~au.ar 

z .. "!) 
1. 3 

1. :n 
1. 77 

1. 37 

1. 16 
1. s-

- . 2-1 

1. 97 

3. 34 

2. 32 

1. 20 

L. 10 

L. 59 

1.19 

l.O.J 
1. 17 

1. 96 
------=-

1 9-1. 
January ... .. ... .... 56,972 371 9 

93 

6, z 7 

1, 137 
,Jnue ..... ...... .... 2 680 19 :- 0 21 9 3 

Jnly ............... ! -9,170 ! 1 1910 

22, 971 

eptem ber.... . . . . . . 27, 300 161 :-60 19, 160 

ctolJ<'r ............ 1 20, 750 I 16, 360 17, .!,') 

November .......... 20,400 16,360 17,330 

D cember .......... t; . 012 16, 7 0 30. 6:. 

2, 771392 
2, 159,222 

1 911 , i).)2 

1,30 076 

1 505,595 
1,4 12, Ill 

1, 1-10, 0 7 

1,072, 65 

1, 03 1 20-~ 

1 97, 6.J3 

2.02 
3 . .J..) 

2. 53 

1.90 
1. 

1.15 

1. 31 

l. 23 

1.00 
. !)4 

. !)0 

l. G6 

1. 75 

3.31 
2. 1. 

1. 70 

1. 46 

1. 03 

1.14 

1. 07 

Per ltl1DIIIll ... 1511095 1 16.360 311 3!)5 ~21 5551040 19. 77 

1 95. 1 
J a nuary ............ 261 1 780 1 2314 0 76, 446 
February ... ... ... . 47, 096 241200 35,7 7 
March . .... ........ . 134 1 27 42, 44 

April. .. .. .. .. .. .. .. 7 1 4-70 37, 219 

i\ Iay .... .. .. .. .. . . 58, 135 34, 314 

June . .............. 35, 476 21, 100 26,4 17 

72, 3·11 I 
51 0 17 

43,929 

July ........... . ... 

1

63, 364 20, 750 29, 63 

August............ . 38, 381 1 211 00 26 927 

eptember. . .... .... , 241 660 

1

16, 780 20.316 
October ....... ..... 17,000 161360 16,665 

November ......... . 
1 

20, 1:-0 

1

17, 220 1 , 162 

4, 700, -12 

1,9 7,503 

4, 44 ' 103 
3,0371501 

2, 701,106 

-,-
-L 12 3.:-7 

1. 7-1 1. 67 
3. 90 I 3. 38 
2.ti7 2.3 
2.37 2.05 

1. 37 1.23 
]. 60 1.39 

1. 45 1.26 

1. 05 . 9n 
.90 . 7 

. 94 

1.16 

23.27 1.71 

I D•oomb" .......... 
1 

33, 152 

1

_1:7. 660 21, 561 

Per annum ... 261,7 0 16, 360 
1 

361603 

------------~----~ ~ 
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MISCELL.A.NEO S ME.A. S REMENTS. 

MNt>llremei!IB made by Jlfr. E. Jr. Jfyr1·a. ,-
Dat . fit ream. Lo a li ty. 

On October 15, 1 '9G, Prof. B . .JI. llall made mea ·ur m('nt at Min eral 
Bluff, eorg ia on the To coa l{iver, known a Ocoee River· aft r it 
cro se tbe lin into tbe State of Tenne , ee. 'Ih ben ·h mark i 011 tl.te 
toi of down stream end of econd iron tloor beam ( ro beam ) and i 
"'2. 7 feet above water. A measlll'ement wa.. made with meter l'l o. , 
which gave am an vclo ity of 0.4-!3 foot per econfl ; th area was 3.2 
quare feet, and tiJ di charge 14 ·oud-~ et. 

UPPER ~n OURI BA ~ . 

Th draina <r ba in of th e .Jli ·onri River ba b en descri bed briefly 
in th Thirt nth nunal Heport, Part HI. Irrigation begin nin o· on 
pag 3-L l n th arly part of the y nr 1 96 tbe work in thi r giou 
wa · unu r the up r vi ion of l rof. A. l\1. Ryan and after hi removal 
from l\Iontana in July, tb work wa placed in charge of Prof. Frank 
B a b of th agri ultnral experi111eut · tation Bozeman, Montana . 

1'0WN E D S1'A.'J'ION ON :m 'SO R[ RlVER. 

Thi locality i.- tl cribed in Hull tin ~o. 131, page ~3 , a.nd mention ed 
in Bul letin No.l40 pa · 9,) , Tbel\fi ouri RiverOonnni sion ba cou

rvation of ri,- r height a t tbi point and a copy of the 
r cord ha. b en obtained from apt. J . C. Sauford . By adding t he 
con taut ~~, 00 to each gage read in g, the actual heigh t of the surface of 
the wat r in th r iver above ·ea. level may be obtained. .r o eli charge 
m a urem nt wer made at tl.t is point during 1 96. Thi tation i in 
the Fort Logan quadrangle. The record of daily gage heights for 1896 
is giv u in '\Vater- upply and Irrigation I aper No. 11 , page 47. 
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Li t of clischargemeaB ill'CIIHmts 11wde on Misso u1·i River at Townsend, Montana. 

Al.(\ ler 
rea of Man /n· 1 .ag ~o tlon v looity 18 ta'!.e 

N o. Dat. R ,nkogz·nphor. 1\lllll· h i !(ht (sq na re (f tpor <• con · 
ber. (foot). fe t). 8 'OlHl ). f t). 

---- --------- I 
I A. t.Davis ....... 24 9.00 1 5-16 2. 44 3,766 

2 .June 29 P .. ieh ...... .. ... 
1 

~0 91. 5 2,290 4.67 10,699 

1 96. 

3 June 4 P. Sieb ...... . .... 20 93.55 3, 79 6. 43 2.J., 4 l 

.... . do .. .. ....... 
I 

20 90. 15 2 592 3.70 9, 602 4 July H 

5 Aug. 25 H. h a w ... .... .. 60 .70 ) 75-i 1. 93 

I 
3, 390 

6 pt. 16 . C. Babb .. . .. .. 63 9.10 1, 5 6 ]. 90 3,031 

GALLATIN RIVER. 

Tbe Gallatin River ri iu the high m untains in tb nortbw stern 
corner of the Yellowston ational Park and in t h range nor b of tbi . 
The coru· e of tbe river i in general northerly for a di tance of about 
50 miles t hrough uarrow valley~ and canyon , finally entering tb al
latin Valley, one of the :fine t agricultural area in tb e orthwe t. An 
extended description of thi tream, i t ba. in, and it tributari i 
given in tbe Thirteenth Annual Report, Geological urvey art III 
Irrigation, beginning ou page 41. 

ALE VILLE T TION ON WE T G.ALLATI RIVER. 

This tation i de cribed in Bulletin o. 140, pag 
miles south we t of Bozeman and 11 ear the hig bway bridge ro ing tbe 
stream about 5 miles south of Sale ville, Montana, in th Tb ree F rk 
quadrangle, latitude 45° 30', lougitude 111 o 16' . A gage rod wa 
erected in July, 1895, and ob ervation were begnn on Augu t 1 by Ira 
T. Williams, a rancbman living about GOO feet away. Tb gag i · 
spiked to a tree, and i not liable to be wa bed out. The bench mark 
consist. of a 6-inch spike d riven in the top of a t ump 5 feet nortl1 of 
tbe gage po t . It is 6.71 feet abo e the zero of t he gage a. lower d 5 
feet from the original position. A se ond bench mark con ist of a 
6-iuch spike driven into the ea t bridge abutment. Thi. i 3.26 f t 
above the zero of the gage. On eptember 13, 1896, a wtre gage was 
placed on the bridge and naileu to upper ide. The pull y was fa teucd 
to the end of the rod oppo ite tlte 0.15 foot mark. Tbe distance of the 
end of the weight to the index marker is 15.50 feet. The two ga e 
were made to read the same. The record of daily gage b ights for 1896 
from January 1 to March 7 and from April 10 to November 30 is given 
in Water-Supply and Irrigation Paper No. 11, page 47. 
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List of discharge 1neasurentents ·made o1t West Gallnti.·1t River, uem· ale l'ille, Moutaua, 

' A Tel\ Of Mean Meter Gnfi:' Disohn';f.o No. Date. Hydrographer. 1\Ulll· h ig t section velocity 
b r. (square (feet per (secon . 

(feet). 
feet). second). feet). 

---
1895. 

1 July 22 .A. 1\f. Ryon ........ 60 3.40 2-6 4.50 1, 15:1 
2 NoY. 29 ..... do . . ... ... .... 60 s.o:- 171 2.33 39 

1896. 
3 May 31 .A.M. Ryon ........ 60 4..90 376 6.50 2, 47!) 
4 June 13 P. ieh ... .. . . .. __ , 60 6. - 699 11. 2 7, 9 
5 July 3 .... . do ...... . ..... 60 5. 1 495 7.46 3, 693 I 
6 July 10 ... .. do . . ...... .. . . 60 4.70 3< 6. O·t 2, 403 
7 July 20 . .... do ..... ... . . .. 60 4.10 311 4.42 1,377 
8 July 30 .. .. . do .... .... . ... 60 3.95 30-t 4. 2 1,301 
9 1 .Aug. 8 ..... do ..... . . ..... 60 3. 73 2;-9 3. 45 92 

10 .Aug. 20 . . ... do ............ 60 3.45 256 2.71 695 
11 I .Aug. 2 Frank Beach .. ... . 60 3.30 260 -· 749 
12

1 

ept. 13 . C. Babb . .. . . .... 63 3. •LO 220 2.46 543 
13 Oct. 7 Frank Beach .. . ... 60 3. 30 24.2 2.-3 53 

Raliug table f or West Cal/atiu River at alesvi.lle, Moulana, for 1 96. 

Gnffo 
I Gng 

I 
Gn.~ h~i~tt I Discharg . h ig l t. Di harg. height, Di chllrgo. heig l t. Discharge. 

Fett. ec.fttt. Fut. fC. f etl . Feet. ec.feet. Feet. Sc~.fcet. 

3.10 360 •L40 1 10 5.70 5,220 7.00 8,375 

3.20 450 4.50 1, 970 5. 0 5,465 7.10 8, 615 

3.30 5 0 4.60 2, 160 5.90 5 715 7.20 ,860 

3.40 s.r 4. 70 2 345 6.00 5,960 7.30 9,100 

3.50 7.J.O 4. 0 2,590 6.10 6,200 7.40 9, 5.J.O 

3.60 35 4.90 3, 040 6. 20 6,440 7.50 9, 7 -

3. 70 925 5.00 3,430 6.30 6,6 0 
' 

7.60 10,025 

3. 0 1, o_o 5. 10 3, 720 6. 40 6, 920 7. 70 10,265 

3.90 1, 125 5.20 3,970 6.50 7 165 7. 80 10,510 

4. 00 1,230 5.30 4,230 6.60 7,405 7.90 10,750 

4.10 1,350 5.40 4, 470 6.70 7, &t5 8. 00 10,870 

[i" 1,500 5.50 4, 730 6. 0 7, 900 

.o 1,665 5.60 4, 9 0 6. 90 ' 145 I 



126 PR GRES OF STREAM MEA' REME 'f. F R l 9o. 

l!:s timatcd nto11ihly ilisolwrye of ·w est Gallatin Hirer t~car • alesr·ille, J forrlarra. 

I ,. ....... 
1 96. 

January ..... --------
r brnary ------ -----· 
J>I:l rc lt - -- -- ·----- -- --
Apri l ·····- -- -- ------
J>lay · ··---· ---- -----· 
Jnn --- -- ----- --- -- --
July .... . .. .... ... . .. 

Augu s t .. .. ... .... ... . 

i"eptember . . ....... ----
ctober ........ .. ... . 

Kovember ..... ....... 

neceml..H•r ............ 

p r annum ..... 

) l nxi 
mutn . 

:oo 
3·0 

-·---· --
560 

• I OlO 
1(), 7:'50 

4 55 

1, 02 
692 
615 
4:>0 

--------
lO,TO 

I 

)lin I· 
11111111. 

210 
100 

...... --
210 
.1-o 

3,0 10 
33 

560 
:>60 

:360 
100 I 

........ , 
100 

) I n u . 

250 
250 

a 2-o 

313 
g::;o 

7, 011 
2, 1 

T.> 
6:21 
527 
336 

a 1.-o 

1, 132 

a l::stim!Lted . 

ec..ft 
1~. ()()() 

JA ' E M1~Rc;,H ~~;'oL . ~---16 ~~~- JULY 

12, 000 

11.000 

10, 000 

9, 000 

8,000 

7, 000 

6,000 

5, 000 

4, 000 

3, 000 

2, 000 

1,000 

0 

I 

I 

I 

'J'otolln 
n ru- f . .- 1. 

417, 1 4 

133,30-
- G. 12:3 
37, 130 
.2, ~03 
L ,993 
9,223 

17, 2'L 

,i,u';j S E~~ 

-

Huu-no·l 

I - -1 
l)~pth iu :~~?ntl ·f<'et 
iurhtl . I> .119nnr 

Hlile. 

. 33 (J.29 
o.:H n.29 
0. 3 (). 29 
0. 40 0.36 
) . 16 L 01 
9.06 

2.91 
1. 01 
0. 1 0.73 
0. 70 0.61 
0. 4<1 0.39 
0.20 0. 17 

17.66 l. 31 

- ---

o
0

c.1
0 

NOVO .~ (2~· 

I . 
I 

...... 

:FlO . 15.-Discuargo of \Vest Onllat.in Rh·er near alesville, llloutana , IH»U. 
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BOZEMAN S1'.A.'£ION ON MIDDLE 'REEIC. 

This tation was de cribed in Bulletin No.l40, page It i loca,ted 
in Middle 'reek Canyon , D mile ' from Bozeman and ue-eighth of a 
mile above the old awmill dam on the road from Bozeman in the 

' TllreeFork quadraugle,latitude450 3±' 1ougitudelll0 2' . Thedrain-
age area i 55 square mile , and is mapped on the Three Forks and Liv
in g ton .·beets. The gage i about half a mile upstream from the point 
of discharge meastuement. The ob erver is IT. . i\fcElroy, a rancl..t
ma.u living about 2 mile away. He notes tlle lleigll t of water only 
once a week. A mall footbridge has been pl aced across the ·tream 
for ouvenience of making eli charge m asurement . The ga.ge consists 
of a vertieal post, 4 inch s square, secured to a tree , tump and pro
tected· by the latter from the full force of the current. The bench mark 
con i t s of a spike driven horizontally into a stump 5 feet high, about 
80 feet east of the g~Lge rod. The middle of tlli pike i at an eleva
tion of 7.03 feet of the gage. Another heuch mark consi t of an 8- incl..t 
bridge spike driven horizontally into a charred sLump about 25 feet 
nortbea t of t ile gage. The top of the spike is at an elevation of 3.5 
feet. The record of daily gage beigll ts for 1896, from April 4 to October 
17 is given in Water-Supply and Irrigation Paper ~o. 11, pag 4 . 

List of dischm·ge measurem e-nts 11wcle Oil Jfiddle reek 11en.r Bo.<eman, Jlontn na. 

~~ "'" 
-

Db ' '"'/'" I 1>foter I Gn~e Area of ).lenn 
section ,-clocity 

Hydrog rapher. nnm- heig 1t (sq uare (feet per c~econ < -

I 
ber. (feet). 

" et) . seoon<IJ. 
feet). 

I 

-I 1~1 
1 A ug. 3 A. )1. Ryou .. .... -- 60 0.45 36 2.32 ! 

2 pt. j .... . do .. ---. --- ·-- 60 0. 22 32 1. 53 49 

3 I ct. 6 .... . du .. . .. ...... . 60 0.2 ::\6 1. 40 53 

1 6. 

Apr. 4 I .A.. M. Ryou . . -- -. - . 60 0.10 2i 1. o- 29 

5 May 30 -·--- <lo . . . . .. ······ 60 1. 0 61 4. 00 U5 

6 1 .June 12 1 P. icb .......... .. 60 1. ?.0 71 6. 10 43:l 

1 . .... do ..... . . ..... 60 1.00 56 4. 19 233 
7 Jul y 

11 I. .... do ... .... ---- - 60 0. 3 49 3.41 168 
.Jnly 

. .. .. do .. .. - . . ---- -! 60 0.55 44 2.11 93 
9 1 Jul y 21 

60 0.45 42 1. 90 80 
10 .Jul y 27 .... . do ...... ------ I 

..... do------ · --·-- 60 0.3 40 1. 25 50 
11 Aug. 5 

60 0. 2 34 1. 30 45 
12 ug. 21 ..... do ............ 

l. 43 43 
63 0. 2i 30 l"' '"' 14 C. C. Babb---------

Prau k Beach .. ---- 60 0.21 36 1. 30 45 
14 Oct. 17 
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Rating table jo1· Micldle C1'eck neal' Boz ma 11, .il{ontana. 

[This tAble ia applioahl from Jaunnry 1,1 6, to January 1,1 97.] 

e Discharge. G.n!f,o I Discharge. 
1 h~~~.t. Dischnrg . bCig t. 

--- -------
Feet . eo. jut. Feet. eo.jeet. Feet. eo.fe / . 

0.10 2 . 7 0.50 2 1.00 233 

0.20 37 0.60 103 1.10 300 
0. 25 42 0.70 129 1. 20 433 
0.30 47 0. 0 159 1. so _:j 0.40 0.90 193 

Estimateclmonthly cli&oha1'ge of Miclclle Cl'eek Rive~·, n a1· Bozema11, Montana. 

[Drninng area, 65 aquar mil a. ] 

Discharge in sooond-fo t. ···~ 
Month. Total in 

D pth In jSocond-f Maxi- Mini - n r ~ t. 

mum. mum. Mean. inoh a. p"r,!fluaro 
e. 

1 96. 
April - - ----- - ........ 37 20 33 1, f\G.l 0.68 O.Gl 

~lay ... .............. 203 42 96 5,903 2.01 1. 74 
Jun ---- -· . .......... 610 193 381 22 672 7.72 6. 2 
July .... ... ... ... .... 267 71 16-i 10,084 3.44 2.9 
Augu t ............... 52 39 44 2, 7 5 0. 92 0. 0 
Sept roller . ...... .... 44 37 40 2 0 0. 0 0.72 
October .... .......... 3 2 337 0. 79 0.69 

I 

LO GAN "l'A'l'IO 0 GALLATrN RIVER. 

Thi ta.tion ha be n de cribed in Bult~tin No. 131, I a 
Bulletin o.140, page 9. It is in the Three Fork quadr. ngl , in lati
tude 450 54' longitude 111 o 26'. The drain acre ar n. i 1 ..:~0 quare 
miles, and i mapped on the Three F ork , Living ton and allatin atla 
sheet . 

The ol<l gage wa under the northeast corner of th railroad brid e 
of the main line of the Northern Pacific Railroad cr ing th a.llatin 
River. A cable wa placed by Mr. . P. D avi tb tream, 
about 300 feet above t he railroad bridge. The low r portion of the 
gage is inclined, and i graduated from 0.6 to 7.1 feet. Th v rtical 
por tion from 7 to 12.3 feet is spiked to pile . The bench mark on ists 
of the bead of a bridcre spike driven verticall y into the top of the pile 
stump, to which the lower end of the inclined gage i fa ten eel. Tlli is 
0.38 foot below t he 2-foot mark on the gage. A econd bench mark i 
the bead of a bridge pike driven horizontally into tlJe north end of the 
pier. It i 7.32 feet above the 2-foot mark. On epteruber 16, J896, a 
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wire gage wa placed in tbe ea t span and fa tened to the guard rail 
on the upper side. Both gage were made to read tb'e ame ou that 
date. The distn,nce from the out ·ide edge of tbe pulley to tbe end of 
the rod was 1 foot; from the end of the weight to the index marker 
1 .40 feet. The record of daily gage heio·hts for 1896 from January 1 to 
F bruary 29 and from pril9 to December 26 is given in Water-Supply 
and Irrigation Paper ~o. 11 page 48. 

List of disch arge 111 a.s1wements marie on Ca llat·in .Rirer at Logan, 1lfontana. 

Met r I Gage .Area of I 11 a n 
Dis hnr;r.e eli on volocity No. Dato. lly<lrogrnpber. num- b igllt 

( ~~~~). (feet per (socon · 
ber. (feet). 

second). feet). 
I 

1 9!. 
--~--

1 ov. 17 1 A. P . Da,·is .... .. 2.J. 1.11 ---· -- -- - 1. 2 772 
1 95. 

2 Apr. 2 A.M.Ryou ... . .. 20 2. 00 533 2. 74 1 461 
3 May 11 P. ieh .... . . .... 20 2.60 630 3. 37 2,113 
4 . . ... do .... ...... 20 3. 45 790 !.17 3,2 9 
5 A. )I. Hyon ...... !:U 0.80 346 1. 37 477 
6 20 1. 20 40! 1. 3 741 

7 )fay 20 l. 4- 434 2.22 963 

I Jan. i . .... do .. .. . ... .. I 20 3. 0 94 I ·b. 32 3, 62 

9 Jnly 7 ..... do .... . .... . 20 2.05 556 2.97 1,655 

10 Jnly 25 .. ... do ......... . 20 1.10 424 1. 0 767 

11 ept. 10 Frank Bea ·h . .. . 60 1.00 4~5 1. 77 

I 
770 

12 . Babb . .. .... 63 l.OO 392 1.55 609 

13 ct. 12 Jornuk B a.ch ... . 60 1.00 ... ... ... .... ··· ·I 6 9 

Ratiug table for Gallatin Rire1· at Logau, l!Iontana, jo1· 1 96. 
--

I Di 
'"" II ,?;~~ . ~ m '"""' I I Gn~e h~i~~~t. Dischnrge. Gn~e 

h i ~ l. 
Dis hnrg . beig 1t. 

~I 
--
tc. ft•et. l:1tei. • 'ec . .feet. Feet . cc. f eet. 

F ee t. ec. f eet. 

O.GO ,j 5 1.90 1, 100 3.20 3 050 •1.50 4, 900 

530 2.00 1, 523 3.30 3, 1 0 

ll 
-1.60 -, 050 

0.70 
575 2.10 1, 6-1 3.40 3, 310 J.?O 5,200 0. 0 

630 2.20 1,'175 3.00 3, 440 II 
4. 0 5,3-o 

0.90 
2.30 1, [)02 3.60 3 5 0 I 4.90 5,500 

1. 00 6 0 
2.40 2, 029 3. 70 3,720 5.00 5,650 

1. 10 730 
2, 151 3. 0 3, GO 5.10 5, 00 

1.:10 0 2. ~o 

2.60 2, 2 4 3.90 .J., 000 5.20 5, g-o 
1. 30 70 

2.70 2, 411 4.00 ·1, 150 5. 30 6, 100 
1.40 940 

2.80 2, 539 4. 10 4., 300 5. ·10 6, 250 
L -o 1, 020 

,J.20 4, <150 5.-o 6, 400 
1.60 1 100 2.90 2,666 

s.sw I ~· 70 1, 1!)() 3. 00 2, 793 .J..30 4, 600 5.60 

1. o 1, 29o 11 3. 10 2 920 4.40 4,TO 

- 18 GEOL, P 'r 4--!l 
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:e$tinwteclmonlhly discluo·ge of Gallatin Rircr at l .of!a n, .llonlan a. 

[Drain11g nr n. 1,6~0 squn rc miloR.] 

I l)isdmt·go iu se oud -fot•t. I 
I 

mum. )[eau. l 

I j-----

_foufh . 
)fnxi - Miui-

mum. 

1 96. 
.Tnnuary ............. . a6 0 

February . . . . . . . . . . . . 730 630 662 
~fm·cu .... ........... . a700 

April... . .. ....... ... . 00 6 0 7 12 

:., 411 '00 1 09 
June ......... . ....... G, ;)50 

July ....... . .... ····· 1 2,539 

Augu t.... ..... ...... 00 

2,793 I 500 

730 1, ~20 

0 697 

eptember .. .. . ... .... I 73 31) 

Octoh r ...... . ....... 730 G."i-

November............ 0 0 

December . . . . . . . . . . . . 730 0 705 

'l'otnl in 
acr~ · fO<· f. 

JJ , 12 

~,079 

4a, OJ.t 

12,37!) 

>7, 511 

267,769 

75, 015 

41, l<t 

to, 463 

·l::l , 3 19 

L lcrannum .... . 630 1.051 7 l, 72 

a l':•timatod. 

Hun-otr. 

Depth in ::iec.<m<l-f•e; 
inclu.• . pN square 

m1l c . 

0. ·1 0.4 2 

0.44 o.n 
0. 19 0. 13 

0. tH 0. 44 

0.77 0.67 

:t ll 2. 79 

0. 6 0. 75 

0.49 0.43 

0. 17 0.42 

0. 1 0.42 

0. J7 0.42 

0. 51 O.H 

!1.06 0.117 

FJO. 16.-Disohnr '0 of allatiu River at I.ognn , llfontana, 1895-06. 
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-List of d-ischarge measurements made ilt .1lonta11 a on Ea st Gallatin Ricer a1 d t ··b 1 .· 

by H. !t aw. · • '' 11 a.11 eB 

Date. ." lream. 

'ept. 2 j East Gallat in .. . ...... . ... . 
ept . 3 Rns reek .. . .. .. . . ... . .. . . 

• ep t . 31 prin oo Cr ek .... . . ... ... . . 
ept. 3 Ro reek . . ....... . ..... . 

ept. 3 • warup Creel~ . ... . .. .. .. . . 

Ea t nll atin . . ..... . . . .. . . 

Po t-Offi e Creek . . . .. . . . . . 
Bnll Run . ........ .. . . ... . . 

• outh Cr ek . . .. .......... . 

ont h re k No. 2 .. .... . . . 

Ea t Gall ati n .. . .. . . .. . . .. . 

Dr.v Creek ... .... .. ... .. . . . 

I Meter 
number. 

.A.ren of 
section 
(squnro 
feet). 

Mean 
Yolocity 
(feet, per 
second ). 

60 10. 9 3. 03 

:~ , .. . ~~: -~-- .... ~:~~--
60 12. 27 1. 23 

60 25. 22' 0· 63 
60 
60 
60 
60 
60 
60 
60 

119. 3 
18. H 
2. 9 

14.34 
4. 0 

96.84 
4.82 

1. 55 

0. 64 
1. 20 
0. 40 
0. 51 
2. 06 
1. 70 

Nelson' s Ditc4 .. . . .. .. .. . .. . . ····· l ····· .. .. .... .. ... . 
Ditch No.1. . . . .. .. . . .. . I 

i' pt. 5 ~~!:~ ~ ~: ~ :: ~ ~ ~: :::: :::::: :::: :: :: :::::::::: :::::::::: 
MADISON RIVER. 

Disch nrgo 
( ~ccomf· 

fee t). 

33.1 
10. 9 
3. 0 

15.1 
15. 

1 4. 4 
11. 5 
3. 5-J. 
5. 4 
2. 45 

200 

.2 
2. 0 
0. 66 
1. -o 
1 

'Ih Macli on R.iv.er ri e in the ellow tone ational Park, south
ea t of tb OtU' of th W e t ::rall atin . It course is in general we t -

rly anduorthw terly for abou t 40 mile . It then turns toward the 
nor h a.nd oon nter MHrli on \'"a lley, a long narrow opening, bounded 
at both ud by anyon tbrouo-h which the r iver flow . n extended 
de ' cription of tbi riv r Hnd i t ba in i g iven in the Thirteenth Annual 
R port, G ologi al Part III, Irrigation, beginning on page 46. 

THREE FORK S'fATION ON 1\f.ADISO JUVER. 

A de · ription of thi tation wa given in B ulletin o. 131, page 20, 
and in Bu ll t in o. 140, pa-ge 91. It i in t he Three For·ks quadrangle, 
in latitud 450 5-', Jon o-it ude 111° 31' . Tile ""!-1 o-e i at tl.Je bridge of t he 

orth rn Pacifi c Rai lroHd Company, one-ha lf mi le from t be town of 
Threefork . The o- reater part of t he d i charge of the river flow under 
tb i bridge, but th re are a number of ·mall ide channel , b ranchin g 
off at points abov t hrough which on:te water flow· , e pecially in t ime 
ofiioo L '!'he o-age i in clined, th zero bein g H .ll feet below the top 
of the rail on th a t end of t.h bridge. The record of da ily gao·e 
h ight 1) r 1 90, fro m January 1 to F •bruary 2() and from April 8 to 
Octob 1· 31 gh·en in V\ ater-Supply and Irrig·ation Paper No. 11, 

pa o 49. 
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L ist of di8charge measut·ements ma.do on Madison Bi·vet· at T lu·ee F01·ks, Montana. 

Meter Cn~o Dischn•;r.e 
No. Date. HydrOI,'1'npb r . 1111 111· heil( 1t (aecon -

be··· {f et). fee t) . 

--- ---
1893. I 

1 Aug. 24 F. H. N'ewell. . . .... 2-1 0. 30 5 2 2. 15 1, _51 

1 94 . 

2 Nov. "- A. P. Davis .... .... 24 0.57 751 ). 99 1 49+ 

1 95. 
3 "'fay 12 P . 'ieh . . ... ... . . .. _o 0. 0 96J 3, l H 

t! Juno 27 . . .. . do ....... ..... 20 J. OO 941 3,2 7 

5 July 30 A.M. Ryon ........ 20 0. 10 7 0 1, 693 

6 July 30 P. ieh .... ... .... . 20 0. 10 7 0 1, 695 

7 Sept. 29 .. .. . do . ...... • ... . 20 -0. 10 723 1,44.0 

1 96. I 
12 P. i h .. .......... _o 0. -!0 77 1, 91,~ 

8 ..... do . ... .... . ... 20 9-6 3,207 
16 .... . do ............ 20 00 2, -52' 

24 ... .. do ... . ... . . .. . 20 7 4 2,041 
OJ)t. 10 Frank Boach .. .... I 60 Gl 1, 6 12 

ept. 19 c .. Babu .... ..... l 63 642 1,>13 J 
14 Oct. 12 Fr ank ilea h ...... 60 0. 45 720 1 -tr 

R ating table for Madison Ricer at 1'h1·eo Forks, _,lfonltma. 

[T his table is appl icable from Jnnnar,l' t, 1 06, to )fay 31, l 97.] 

G-n!f,e I Discharge. G-age D i charg . , Gage I Di charge. Gnlte o•~''"''·1 heig t . heig h t. h igh t. h il( t. 

I 
---

Foot. ec.fut. Foot. Sec. feet . Foot. ec.jeet. 

I 
Foot. • 'cc. jut. 

0. 00 1 560 i 0. 30 1, 980 0.60 0 0.90 3, 0 0 
0. 10 1, 690 

I 
0.40 2, 140 0.70 0 

II 

1.00 3, 2 0 
0.20 1, 830 0. 50 2, 310 0. 0 2, 0 
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Rating table for .Madison Bive1·a.t 1'hree Forks, Montana. 

[This fab le is applicnbl from J uue l , 189G, to December 31, 1 96.) 

Gn~e I Discbnrge. h~i~'!~t. I Dischnrg . h~i~l~. l Di charge. 
Ga,:re 

n;""""' ·I heig tt. hoight. 
---

F eet. Stc.jeet. Feet. , ec.jeet. Feet . ec.jeet. Feet. tr. j eet. 
0. 00 1, 055 0.90 1, 945 1. 0 3,960 2.70 6, 570 
0.10 1, 130 1. 00 2, 085 1.90 4, 250 2.80 6,860 
0.20 1, 210 1.10 2,255 2.00 4, 540 2.90 7,150 
0.30 1 295 1. 20 2 430 2. 10 4, 830 3.00 7,440 
0. ,1Q 1, 3 ~ 1. 30 2 620 2. 20 5, 120 3.10 7,730 
o .. -o 1,4.75 l. tW ? 30 2.30 5,410 3.20 ,020 -, 
0.60 1, 575 1. 50 3,090 2. 40 5, 700 

E 1, 690, 1. 60 3, 375 2.1JO 5,990 
0 1, 15 1. 70 3, 675 2.60 6,280 

Estimated monthl!J dischat'[JB of ,l[adison River at Tl11·ee Forks, Jlfonta~a . 

.\Iouth. 

Janu!HJ ... . ...... .... 

F bruary .... .. -- -- -· 
:\far h · -- ···· --- · -· ·· 
.\ pril. .... .......... .. 

M ay ·· ····· --··· · -- ·· 
Jnn . .... -- --------- · 
Jul ,1' .. .. ............. 

Augu t ...... . ........ 

~epterober ... . ..... 

otober .............. 

' o' 'eml.Jer .. . .. . ..... . 

Docemh r ............ 

p r :UJnnm .. ... 

[Drnin ng nrea, 2,4.20 sqnLtr miles.] 

Dischar~:e in second-feet. 

Maxi· 
IH11Dl . 

· ---- - -· 
-- ----- -
--- --· ·· 

1 il80 
3 680 

' 175 
725 

1 15 
1, 5:25 
1,475 

...... .... ... 
---

' 175 

Mini
mum . 

---- · ··-

~r nn. 

II 11 500 
.. ..... . 1a1 500 

... ... .. , a 1, 600 

1, 690 I 1, 1 
1 30 2, 222 
4,425 6,363 

1, 690 2, 723 

1, 385 1, 513 
1, J27 1, 469 

1, 385 1, 432 I 
a1,400 

. ......... . . a.1, 400 J 

---
1, 385 2,078 

a Estimated. 

Total in 
acre-fe t. 

92,231 
86, 2 1 
9 ,3!l0 

108, 178 
136, €26 
37!l, 624 
167, 431 
93,031 
87, 412 

1, nOo, 634 

Run-off. 

. Seconrl-fee 
Depth m per •quare 
mche. mile. 

0. 71 0. 62 
0.67 0.62 
0.76 0. 66 
0.83 0.75 
1.06 0.92 
2.93 2. 63 
1.29 1.12 
0.71 0. 62 
0.68 0.61 
0. 68 0.59 
0.64 0. 5 
0.67 0. 58 

11.63 0. 86 
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ec..ft. r--:--:-c::-r-o~=........-oAiTTo;;"AYTJUNfT:i"'T'l'YlAUGT'1rEP'f.""TOC'f:'Tl;i'O'V,l~ 

13, ooo ~~~2-.zy.-J-!1~+J!g4-~H-'¥-T-t-T-T--HT-f--!n+nrt-T-'Ti-T-n 

FlO. 17.-Dis hnrge of Madison RiY r nt Tbr Forks, Montnua, 1 00. 

JEFFERSON RIV E R . 

The drainag ba in f J ff r on Riv r lie ,..,. t of that f the 1 ~Hli · 

on and include tlJ area bound d n th uth and we ·t b tlt gr at 
b nd iu the ontin ntal Divide. Tb main tr ami form d by th 
union of Big Hole River cominrr from tlte W t aul th B c rh a l 
from the outh. From this point the riv r flow in a en raJ n rtb n. • 
erly cour e for a di tance of 60 mile to i t junction witlt th fadi n 
and Gallatin , formjnrr th Mi ouri l<.i ver. f th · l1r . tr • m th 
Jeffer on has by far the large t draiuag area and rnn ·otl'. A n · xt nd d 
de crip tion of thi tream anrl. it ba 01 is ,·iven in tb Thil't utb 

nnual R port, Geological urv y, Part III Irrigation begin uing ou 
page 49. 

SAP PI NG'J.' ON TA.TI01 N .JEFFERSO L' lU E R . 

Tbi tation i de cribed in Bulletin .l.. • 1. 1, pag _,2, and in Bull tin 
o. 14.0 page 92. Tl.le old gage wa, verti ·al a nd fa t ned to th t•ib 

work form ing the middle 1 ier of th Nor theru Pa ific Railr ad bridge, 
one-fourth of a mile 110rth of Sappington tation. ne b n h mark 
con r~ts of a 6-inch wire nail dt·iven horizontall y in tlt a t id f tl1 
blocking which form s t!Je south abutment of the ra,ilroad bridg . It is 
level wit!J the 6.9-foot mark of th e gage. The ecoud bench mark i a 
6-inch wire nai l driven horizontally into a tel graph pole ah nt 30 fe t 
south and ea t of the outh abutment of tll bridge. Tbi nail i!'l a,t 
the elevation of the 7 -foot mark. 

Durin g the ]Wing floods t!Je cable, located about GOO feet abov the 
bridge, a,nd ftom whi h discharge measurements were made, wa m~r-
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riecl aw<ty. It wa replaced on September 17. On the arne dat a 
wire gage wa placed on tl.J e east span of the bridge. It i fa. teu d to 
tbe guard rail on tbe upper ide. The outside edge of the pulley i 1 
foot from the end of the rod. 'rhc di tance from the end of the weight 
to the index marker i Hi feet. Sappington Station i in the Three Forks 
quadrau o·le, in latitude 450 48', and l,ongitude 1110 4 ' . The drainage 
a r a is ,9 ± quare mile , and is partly mapped on the Three Forks, 
Dillon , H lena, aud Fort Logan atla beet . The record of daily 
gag·e height for 1896, from J anuary 1 to ~5, ~wd from eptember 10 to 
D cember 24, is given in Water-Supply and Irrigation Paper :ro. 11, 
pao· 49. 

List of di scharge measl£rmnents made 0 11 Jefferson Rirer at a11Pingtou Jfontaua. 

~' "' Meter Ga~o 
L\.rca of I ?>Ican Dis hnrge 

Rydrogrn phc". nmn- heig •t s ction ,. locity (s coml -
(sq uare (fe t per 

b r. if et). fe L). seco nd). fcot ). 

----- ,-I ) 93. I 1 I Aug. L4 F. IT. X ewel L .... .. 24 , . . .. .. .. 442 

I 
1. 3 

I 1 94. 

1 NoL H A. P.Davi ···- · · - · 2.J. L O 732 2.67 
2 

1 95. I I .J ul,\' 31 'P. i .b ---- -· ----- - 20 0. 0 558 2. 02 
3 602 1. 99 11.0\'. 30 ____ .do __ ---------· 20 0. 95 

I -1 
1 96. 

5 May 10 P. i h .. -·- · - -- - .. 20 2. 15 956 3. 61 

0 1 
.July 31 __ __ .do ----- -...... 20 0. 0 55 2.02 

7 ('pt. 18 . Babb 63 0. 94 - 9 2.0 1, 229 ... . . . --
·t. 24 Frau k Heacb ... - . ·I 60 0. 625 2. 09 1,309 

Rating ta blefo1• .Je;O'erson River at itppiuglon, .JlouliLIW for 18 6. 

Gu~t 
heigl•t. 

Feet. 

0.70 
0. 0 
0.90 
1.0 

Dischnri(C. 

co. j u t. 

1, 155 
1, Z.l-

1, 335 
1, tl35 

G·•~e I . 1'\ Gng:e 
1 

.' 1 Dtscharge. hcigcllt. 
101g l • ' 

Feet. eo. j u t. Fut. 

1.10 1,555 1. 50 

1. 20 1,675 1. 60 

1. 30 1, 00 1. 70 

1,.10 1,(135 1. 0 

·--

Dischnrge. l· ,?;~'l:'c I n;.,.,.,, ·I 
----

ec. j eet. J'eet. Sec . f eet . 

2, 080 1. 90 - 00 

2. 240 2.00 3,050 

2 410 2. 10 3,300 

2, 600 2.20 3, 560 
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E snmated ?IIOntllly disohm·ge of Jej/'erson Hit'er ttt appinfJIOn, i1Ionta?la. 

1 96. 

[Drn.inago ru· n, ,0 4 equnr 111ilcs.] 

Discharge in s cond-foot. 

:.\lnxi· :M ini · 
IIIUII) . tnftm . 

::\[eau. 

~~-~ 
Total iu ~~ nrre-feet. l Dopth in ecoud-feet 

in ·h B. 1 crs9 unrc 
mile. 

79, 54 I 0. 17 0.15 eptember ..... .. . ... , 

October . .... .. . .... . . 

1, 227 l , 342 

l , 299 1 327 1 59! 0.17 0.15 

November......... . .. 1, 6T 1, 25! 1 1, 499 , 200 0. 1 ~ I ~: 1~ I 
December .... ........ 

1 
...... .. ........ ~ 65_-o__,__1o_t_,_41)--*_· _,___o_. 2~ 

YELLOWST ON E R IVER. 

This basin i descrihed in tbe Thirt uth nnual Report of t}li 
Survey, Part III, Irr igation, page 63. No mea ur m ut ltave recently 
been made on the Yellowstone prop r, but ob ervati n have been 
maintained on Goo. c reek and Clear re k , teibutari of the Yeliow
stone, in t he State of W yoming. 

HERID.AN 'l' .A'r i O Or L IT'l'L E GOOSE UREEK. 

This station i · lo ated at Broadwa y brid o·e in the town of heritlan 
Wyoming, and about 1,000 ~ et above the mouth of tbe r k. 'rile 
gag-e rod is fi rmly fa ·tened to t he piles of tbe bridge. Th chanuel i 
shifting, being compo ·ed of clay and gTave1. The observer i · Mr. Feli:.\. 
O'Connor. 'rhe record of daily gage l.leigb t for 1 9G from May 1 to 
J uly 31 is given in Water- upply and Irr igation Paper .r o. 11, png 49. 

Rating table for Li.ttle Goose Creek ttl hel'i dan, 1FyonLing, for 1 96. 

Ga~e Discharge. Ga~e Discharge. Gn~o I Discl•argo. I Gn1he o;"'"• ·I beig •t. heig 1t. beicr 1t.. h ig t. 

--- -
Feet. ,;ec.jeet . Feet. "ec.feet. Peet. ec.feet. PeeL. cc.fut . 

0.7 0.0 1.2 16.0 1.7 4i.O 2.2 9-t 0 
0.8 2.5 1.3 20.0 1. !)4.0 2. 3 105. 
0.9 4-.0 1.4 26. 0 1.9 62 . 0 2.4 116.0 
1.0 7.5 1. 5 ! 33.0 2.0 72.0 2. 5 130. 0 
1. . 1 12. 0 1.6 ' 40.0 2. 1 83.0 2.6 14<l. O 
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Estimatecl monthly dischal'r;e of Little Goose C1·eek at hel'idan, Wyontinr;. 

[Drni&a" area, 12 square miles.] 

I 
Discharge in cond.fect. 

I Rnn·oO'. 

:Month. Total in 
Depth in I ooond.fo tl 

I 
Maxi · :\fini· • a r .f et. 
mum . tn nm . l\[ean. tn cbes. pers~uaro 

mt e. 

------
I 1 96. 

May ·--- · ·· ---- --- - ·- 130 20 58 3,566 0. 52 0.45 
.June ----_·--- - ·-· __ __ I 130 

I 
0 33 1, 9().1 0.29 0.26 

I I .J ul,y _ . ____ . ____ . __ ___ 4 0 2 12::! 0.02 0.02 
I I 

SHERIDAN TA.'I.'ION ON BIG GOO E CREEK. 

Tlti station i de cribed in Bnlletiu No. 140, page 94. It i located 
in the uor·thern part of Sheridan Wyoming, n.t the F ifth a'' enue bridge 

ro iJlg. Tile rod i ecurely fastened to the bridg pile and l1ro
tected from injury by driftwood and ice. The channel i hifting·, 
compo eel of clay and gmvel. The tatioo is below the mouth of Little 
Goo eCreek. Theob erveri Mr.FelixO 'onnor. Therecorclofdai ly 
gag height for 1 96 from April10 to September 30 is rriven in Water-

apply and Irrigation Paper No. 11, page 50. 

Rati11r; table j'ol' Big Goose 1·e~k, at hel'idm1, Wyoming, jol' 1896. 

Gn~e , D. I Ga~e Disch!l.l'ge. ~ tSOtn rge. heig 1t. 

Feet . • ec.jeet. Feet. ec.feet. 

2.9 
I 127 4.1 357 I 

I Ga~e D' h lloJle Disc!:aq;e. 
heig •t. IRO nrgo. l height. 

I 
Fett . ec.ject. Feet. ec.jnt. 

0 5 0 1.7 2i 

0.6 2 1. 31 3.0 137 4. 2 3 2 

I 
3.1 154 

I 
4. 3 403 

3.2 172 4A 430 

3.3 1 6 
II 

4.5 455 

3.<1 205 4. 6 480 

0. 7 3 ' 1.9 36 

0. 4 ~ 0 J.O 

0.9 6 2. 1 -15 

1.0 2. 2 50 
3.5 2:-5 4.7 510 

3.6 245 II 4. 8 526 

3.7 267 I 4..9 565 

1. 1 !l 2.3 60 

1.2 11 2. <l 67 

1. 3 H 2.5 75 
3. 286 5. 0 7 95 

3.9 307 5. 1 __;j 4.0 330 5. 2 0 

1.4- 17 2.6 6 

I 1.5 20 2. 7 9-

[_1.6-
24 2. 105 
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Esti1nalecl montilly discharge of JJig Goose 1·eek at hel'iclctu , Wyo1ning. 

[Drnlnngo nr a, 320 aq n uro milos.] 

::\lontb. 

] 96. 
April10 to 30 ......... 

i\lay ... .. ------ ·- - --· 
Jm1 e ............. .... 

July ........ .. ....... 

August ............... 

Sept.ember . .......... 

1\[nxi
mum. 

182 

526 

630 

100 

55 

31 

Mini 
mum . I 

71 

40 

43 
110 

2~ 
14 

n FFALO 'l'ATI N 0 

-

.Mean. 

9 

1 7 

241 

60 

39 

-1 

Totnl in 
u ro-f ct. 

3,717 

11, ·19 
14.,34 
8, 6!) 

-89 
] 250 

----

I 

J{un-otr. 

D pth in oc?ml-fe?tl 
in bes. pet squa t e 

tnll. ' 

G.~l 0.2 

0.67 0.5 
0. 3 0.75 
0.22 0. 19 

O.H J£J 
0. 0 0. 07 

LE lt REEK. 

Olear Or ek with it tribntari , irrigate the u any other 
strea.m ri ing in the Big lloru Mountain . 'Ib ' volutn of its 'rater 
upply i , therefore, a matter of con iderabl imr ortanc , and it -was 

the fir t tream in uortilern yoming to b m a ur d by the irri o·ati n 
antboritie. of tll tat . rl' h gaging . tation is 1 at d ahont. tl mil s 
we t of the ity of BuJJ'alo th coun y eat of J hn on ou n y on what 
wa formerly the Fort 1\Ic] inuey Iili tary Re en ·ation. Th ob 1.,. r 
i Mr. Fred Bond. '1 a r re k lik all the other tream of th Birr 

oro Mountain , r ceive · everal important tributari below wh r 
ierio·ation begin . It i thus impo ible to e tabli h a tatiou wJJi h 
,,m ivetheentirewater upply ofthi draiua g y t m . .Piny r k 
the roo t important tributary, doe not j oin the main tream un til ll ar 
the lower end of the irrigated di trict and a· irrigation b gin at the 
edge of t he foothills and the diver ion of water at n ar th ur of 
each of the e s treams, any station whic1 might b tabli h d would 
give a very incomplete record of the total water upply. 

The ta.tion e tabli bed is n,t an el vation of betw n ~,5 0 and 6 00 . 
feet above a level and above all tbe ditch which di tribute wa.t t' 

directly to irrigator fro m the main stream, but b low two ditcb 
which dive:ct water from .Clear reek acros a low tlivid into Fr n ·b 
Ore k, one of 1ts tributa rie . 1easurement wer berrun in 1 !) in 
which year a ub tantial measuring flume wa p laced in tlte clJann 1 of 
the stream. This flume i 24 feet long, 30 feet wide, with ide 7 fe t 
high , and with wing at the ides and a. pitch t1 apron at tb upp r ud 
L, feet long. The floor i et level in all direction , th e up tr < m dge 
being eveu with tbe grade of the creek channel, and the lo wer: or 4 
inches above. It cost 300, and although . ubje ted to r ugh u age 
tlJrough the practice of floating cord wood anti timber down the tream, 
it is still uninjured, and permit. of more accurate measurement tban 
can be obtained at any otber gaging tation in the tate. 
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. The e ~ea urements have their origin in a controver y ov r water 
ri g_ht whJCh the ~hortage of 1 89 made acute and which could only be 
ad.Ju t.ed by a enes of mea urements which would show the a tual 
volum e of tlle tream' flow. Tbe flume wa bnilt to ecur t he e 
mea uremeut and was paitl for at fi r t by the city of Buffalo autl t he 
cou nty of John on, each ontributing oue.half of tbe xpen ; but in 
1 9~ the legi lature reimbur ed these partie for their ou lay and the 
, tatwubecamethepropertyofthe tate. Inone re. pect it i auincou 
veni 'Ut point for ob ervation , a the neare t ob erver Jive n arly 4 
mil es away. This make daily ob ervations out of the question and 
for the pa t two sea ons a aq enter water regi ter, which ke p au 
automatic record and require attention only once a week, ha been 
n ed with fairly ati factory result . 

Tbe water-right con trov r y which led to the e tabli l11n ent of tllis 
station grew out of the diver ion of water from Olear Ureek into Freu h 

re k by two ditche which bead in the northern branch of lear reek 
at an levation of about 9,000 feet, or near timber lin e. .r one of the 
water tl.llt. diverted return to the tream until t.be mouth of French 
Creek i reached a di tance of about 1 miles from the pla where 
t urn d out. In tbi di tance there are eight important ditcbe wat r · 
iug , vera l thou and acre of laud , the city of Buffalo, aud b fore its 
aba nclon m nt For t McKinney. In 1 !) o mucl! water wa tumetl out 
of h tream that I ar ' reek pra ·tically rau dry b fore reaching the 
it~ of Buffalo. A th r bad b en no adjudication of ri crbt there 

wn . no mean of eufor ing pri ritie , aml a t l!e !aims of the parti s 
owning- t h d itch aggregated 336 ubic f''e l)er second, or nearly 
thr time the mean di charge of the stream durin g the irrigating 
s a~on th parti thus threatened with the total los of their water 

upply £ lt impell d to , e ur ome legal protection for theii: right an d 
a apr liminary tep inaugurate l the mea 'nremeots of di char ere before 

reD rr· d to. • 
in ce it e tabli Lment, the value of thi station ha largely dimin· 

isl1 d . inc Wyoming admis ion to tatebood the right to water 
from t hi s str a m hav b en adjudicated aud nuder the more rigorous 
r quir men t of the tate law the claims of the divertin g ditche w re 
Ja r cr 1 rednced, 011 e b incr rej ected altogether, o that t he amoun t 
whi 'h an b diverted doe not now riously threaten the right of 
tho e appropriator located alon cr the tream above wher the water so 
div rt d b gin to return a eepage. · . 

The volume allow cl by the 11djudicR.tion wa 517 cub1c feet. The 

10 a n montbJy discharge for tb ea on of 1 !)6 wa. as follow : Ma.r, 139 
s cond-feet· Jon 251 s cond-feet; July, 115 econd-feet, and Augu. t, 
66 econcl- f~et. Tl1 ba is for the allotments made at the adjudication 
wa 1 second-foot for each 70 acre shown to be irrigat~d.. A t~1 ere 
wa.s 110 ea.rcity of water during th e season ju t clo ed 1t 1s ~u~mfe t 
that hi was either au exces i ve allo t l.ll'ent or t hat the acrea.ge Irrigated 
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at the t ime of t he adjudication wa iu exc s of that wat red during 
this year, probably both cau e have operated to produce this result . 
The r cord of dai ly ga.ge beio·bt for 1896, from l\fay 2 to October 19, is 
given in Water- apply and l rrio·ation Pap r o. 11, page 50. 

Rati·11 g table f or Clea·r 1'eek nea1· Bu_tfa lo, Wyo1ltin g,.fo r 189G. 

Gn~e 
h ig lt . Discharge. Gaff: 

heig t. Discharg . , Y0fi: 
h ig t. Discharge. Gn~ 

h ig l t . D i charge. 

---
I Feet. eo. j eet. 

'I 

Feet. eo. j eet. Feet. eo.fe•t . 

I 
l'eet . ec.jeet . 

0.05 2 0. 70 64 I 1. 35 266 2. 00 55 
0.10 4 0. 75 73 1.40 2 G I 2. 05 582 
0. 15 6 o. 0 ~ 1. 4.- 303 I 2.10 607 
0.20 9 0. 85 92 1. 50 323 2. 15 632 
0. 25 13 0. 90 104 1. 5- 344 

I 
2. 20 657 

0. 30 17 0. 95 11 1. 60 365 
I 

2.2- 680 
0.35 20 1.00 134 1.65 3 - I 2.30 705 

I 

0. 40 25 1. o- 150 1.70 406 2. 35 720 
0. 45 29 1.10 169 1. 75 426 2. 40 752 
0. 50 I 33 1. 15 1 9 1. 0 447 2. 4/' 77 
0.55 I 39 1. 20 209 1. 5 475 

I 
2 50 j 0.60 46 1. 25 22 

I 
1. 0 

I 
504. 

0. 65 55 1.30 2+6 1. 95 529 
I 

E &timated nwnthly discharge of Clear r eek nea1· Bu.ff'alo Wyomi11y . 

[Drainage area, 11 square miles .] 

I Discharge in econd feet. Run-off. 

Month. 

I 
I 

T otal in 
Sooond-feet Maxi- Miuj . acr e-feet. D pth in 

mum. mLLm. Mean . inches. p r s~un re 
m e . • ---

1 96. 
May · -----· --- -- ----- 406 64 139 ' 547 1.36 1.1 
June ....... .. .... .. .. 504 82 251 1•l, 936 2. 37 2. 13 
J nly . .... .. ...... ... _ 323 64 115 7, 071 1.12 0.97 
August -------------- 134 40 66 4, 05 0. 64 o. -6 L;mb" ··- ---- ---- 56 40 46 2, 737 0. 44 0. 39 

ber 8 to 19 ... .... 3 29 32 756 0.12 0. 27 
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P LATTE BA.SIN. 

A o-en ral di u!:ision and map of thi ba in i given in the Thirt enth 
Annu al Rep~rt of this Survey 1 art III, I rrigation, page 73 to 91. 
Re£ r~n~e to~~ may al o be found in Bulletin 140, page 95. The gen ral 
de cn ptwn o·tven b low reb ti ng to Wyoming stream. are from the man
u cript report of P rof. Elwood l\1ead, tate engineer , cooperatin g with 
the Divi ion of H ydrography. 

NORTH PLATTE RIVER. 

T he orth P latt R.iver from its location with reference to tran por
tation facilit i its large drainage area, and t he very large amoun t of 
out iguouc liTigable land, o ·cupie a very important po it iou in the 

irr igation developmen t of Wyoming. ide from the area already 
r lai m don thi tr am and i tributari in t he upp r P latte Yalley 

ontb of the · nion E a ific Railway very li t.tle u e i made of it waters 
for t bi purpo aud there yet remain s a ' ery large amount of exc llent 

land unrc !a im d. 
T il r th l latt River, after it cro e t l.J e Union P acifi c Railway, 

flow. nor th rly for a eli tance of about 80 or 90 JOiles, and at a: per, 
-yomin turn aRterl,v main ta iuing thi direction until it leave 

tat a it ea tern boundary. From the railroad to n a.t' Oa p r 
our ' of the tream i through canyon almo t all th e way, t here 

b ing li t Je or no irri gable Janel borderitw it or upon which its water 
ould be diver ted. F rom a few mile above Oacper-which i the p res
nt t rroinu of t l.J F remont, E lkhor;n and Mi ouri Valley Railway

tb , r iv r ent r tbe o·call cllower P latte Vn.lley. The climati c condi-
t iOJI S, t he favorabl al titude, and t he tran porta,tiou faciliti alon g· t hi 
p rtiou of th riv r attach ape ·uliar 17alne to t.bi ui t rict aud render its 
future culti v[ttiou a certain ty . 'e' eral can e have hith erto restricted 
a nd limited the re ht mn.tion of t!J e e lands. The valley is comparatively 
narrow and i bord red by bluff which abut p rpenclicularly nr on the 
river at points where i t wings iu it ' course frow one ide of the '~all ey 
o th other. The fa II of the river i. light, and it bank at ordmary 

beio·ht of water ar somewhat high. A canal t herefore, to irrigate the 
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most of the bottom laud woulu b:t e to b t:tk n ou at considerable 
di tance above tlt Ian 1. to b irrigated, anu in mo t ca construe· 
tion around th pr cipitou blu:ffi would be 11 ce ary, rendering tlle 
expeu e of con truction and maint n:tnc too on rou forth individun,l 
irrigator. One large project on templates t h r lamation of a bout 
150 000 n,cr s of land in the , o-call •rl o hen - ole whi h Ii along the 
ea tern border of th tate, and for this ltav already been 
mad. 

LARAMIE RIVER. 

The first gaging tation e ·tabli b din Wyoming b til State irriga· 
tiou departm nt was at Woou Landing, on the Laramie l~iver. 'Ibi 
was in t he winter of 18 8-89, iBce which ti~ r ·or ls of di charg have 
been kept dnring the irrigation ea on for ix of the eight ucceeding 
years. 

The election of tbi . tr a m, as t b on to b fir t mea nred, wa due 
to the omplexity and importa nc of t h probl m growing out of the 
nse of its water . In the volume of it fl wit i surpa . eel by a s ore 
of other treams iu tlle tat , but in the value of it w:Lter rights1 the 
acreage of land irrigated, and the co t of it irrigation works, it ea ily 
takes first plac . In addition, it is an in rstat river, ri in g in Colorado 
and flowing into Wyoming, and a c ntrov r y ha ari en ov r b r la
tive right of appropriator in th two tate , whi h may giv l'i · to 
prolonged and exp n ive litigation. 

The Laramie River ri e in the Medicin Bow rang of mouut< in , 
about ""5 mil south of the Wyoming boundary and n ar haruber 
Lake, the ource of ache Ia Poudre 1 iver, on of the mo t important 
irrigation. tream of Colorado. ~ al'ly all th lofty mountain wbi h 
drain into this river are in Oolorado, o that practically th entire wat r 
supply for late irrigation comes from that tate, til only import:t11t 
tributary in Wyoming, the LittleLaram1e, being fully appropriat d and 
u ed by the irrigators along its bank . 

For about 20 miles in Colorado the river valley vn,rie from one-half 
mile to 2 miles in width, and i ea ily irrigated. After ro ing into 
Wyoming there i a canyon about mile· long, b low w hi ell are the La.ra.
mie plain , a plate~~u which the river enter at its sontlJem and leave 
at near its northern boundary, dividing it iu to two 11 arly qual part . 
It is th large. t body of land adapted to irrigation bordering any 
tream in the State, the irrigable area being from 3 to 20 mile wid , 

with a total length of about 75 miles. On leaving these plain th riv r 
turns to the east and cuts directly through the Laramie Rano·e, formerly 
known as the Black llills of Wyomin<r, in a. narrow, precipitous can . 
yon and with a total fall of 2,000 feet iu 15 mile . Below th i it "flow 
through a narrow valley, nowhere over a mile wide, and border d by 
rugged, broken hills wh'ich limit irrigation to the bottoms bordering 
the ·tream. 
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The irrigated lands aloug the trearu are eparated into three divi
sion : 'I be Yalley land in Colorado, a trip 20 mile. long and from on . 
half to 2 miles in width, with an average elevation of about 8 000 £ t 
and pr.od nctiou limited to native hay ; the plateau lands of th~ Larami~ 
plain . , wluclt are largely in exces of t he tream capacity to en·e 

. 1 ' Witt au averao-e elevation lightly above 7,000 feet and with produ -
ti0n limited tO hay and t he hardier OTain and V~o·etabl e · and th 
bottom along the la t 50 mile of the tream with an avcra"'e width 

b 

of le than half a lllile an elevation varying betw eu 4,600 and 4 00 
feet, and capable of producing nearly all the fruit and vegetabl ~ 
grown in 'olorado or Utah. 

The ditche ' which make thi stream notable ar not those watering 
the land along it bank , but tho e which divert it water from the 
contiguou lan tl . Of the e there are two, and a ide from the compli
cation in water ri o·ht which they create, they are both importan t and 
int re ting work . The fir t of the eis in Colorado and it ' purpo e. i 
to turn the bearl waters of the Laramie into ache la P oudre :E iver, for 
tbe use of irrigators along that t ream. The proA-imity of their ource 
make. thi pos ible, but t he rugged and pre ipitous nature of the coml
try has mad the work co tly and difficult.' The bead gate is over 9,000 
feet above ea,level, nearly up to t imber Jiue, and the entire five mile of 
ui Lch is cut ul ng gro,nit cliff: r tlwough d n ely wooded stretch of 
timber. V\ hen fu ll it will div r t a little over one hundred econd-feet, 
and a non of tbi r turn a epage for u e below, it lo i a seri
ou one to tho e havino- prior right on tbe stream. 

1\ h n m a ur d inJun la t, tlJ . entire tream was being turned 
into tbi ditch, which wa carrying about 70 second-feet. The eli · 
cbarg of the Laramie at ood Lao ling the followino- day wa 197 

• nd-£ t o that the appropriator in Wyoming were losing at that 
date abon on -fomth of their ·up ply and about one-half tlleir mean 
upply for the moo ll of Atwu t. 
A all th large nr propriatious in Wyoming are prior to this diver

· ion in point of tim and a the :flow of the tream wa largely appro
priat d before any ditcbe w r built in Colorado, the questiou as to 
whetb r prior ri ght can be enforced across State boundaries become 
a vital one to tho on t lJ e lower portions of the stream. It takes on 
add d ii.Dportan e in yoming becau e the water supply of the roo t 
important dit b proJ ct of the tate depends on its ettlement. This 
i th ca.nal of tbe Wyomi1w Development Company, the second of tbe 
dit he which takes water away from tiJe lands bordering the tream. 
By 111 an of a tnnn el 3,800 feet long about 700 econd-fe~t can be_ 
turn d from the Laramie mto Blue Gras Creek, a mall tnbutary of 

yb!lle reek, which in tum ell.lptie into the I1~1·amie a~out .30 miies 
b low wh re the water i turned out. outh of the ybllle 1s a mag-

'l·or doscl'ipt.iou sco lrdga.tiou near Gre loy, 
ttou J'aporNo. 9. 

,_ 
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nilicent pla.teau of which nea,rly 60,000 a ·r s •au b water d. A the 
soil is exceedin (l"ly fertil , and it elevation 1 ss than 5,000 feet, or 
nearly 1 500 fe t below th mean of tlt outhern half of the State it 
reclamation is of more than local importance. 

Any stream measnrem nt on th Laramie iutendcd to lJOw it po . 
ibilitie a a water up1ly for irrigati n bould in ·lud m a urement · 

at two point aud how two thing : 'Ihe tream .' l•oulu h ' mea ured 
above all irrigation in '' yom ing to det rmin tll Y lume receiv d 
from Oolorado, which i practi ally qnivalent to th volume r ceived 
from the melting of wint r now . This will give a 11 approximate 
m asure of the area whi h can be reclaim d withoul r orting to tor
age · but in con nectiou with the. tlJ r hould be a ec
ond tation, near the mouth of th 
of th Wyoming D velopment ompany abo r 
the water which run to wa t and to giv an id a 
gated area can be extend d by til u e of · tor::~>ge . The tation main
tained during the pa t two a on · w r t , bli b d with the e ideas 
in vi w, the one at Wood Landing b ing abov all Wyoming ditche 
and the one at va b low tho e of a11y im1 rtan 

The r ord for 1 96 can -not b btk 11, h w ver a · indicat,ing the 
normal po . ibititi of l1i . . tr am, b can th sea. n ha been an 
unu ual one, eli tingui heel alike for tb mall now fall of tb pr <· cl
in o· winter, the diminished v lt1me due to tbi, , and to th extent t 
which the ummer upply wa augm nted by local rai-u . ~:r :ca~on 

since irrigation began in\ yoming ha witne •d a many cloud burst 
or heavy rain torm during tb latter 1 art of tb irrigation· HP-ll u a 
the one ju ·t closed. .A. ma,uy of tl 1e e torm fell below the 1 oint 
where water can b tor d the s a on r cor i ~tt a larg ly 
exaggerated idea of the ·tora(l"e po ibiliti e of this tream. rroba bly 
not one-half of the water wbiclt flow d pa t tbi o-aging tati n after 
Jnue 30 could have been uti lized had an the torag ba in along th 
stream been improved, becau e the torm occurr d below wh re tb 
water could have been diverted. 

The rights to water from tbi ·t1' am have never lJ en adj udi ·at I, 
and the recorded claim give a greatly exaggerated id a of the a<"tual 
extent of the irrigated territory. \. umma.ry of the ·lailns i giv u 
below. By comparing the volume claim d with tb volume av~Lilab l e 
to supply the e claims, it will be seen that later Tight have li ttl value. 

In1 96 the mean discharge for June wa -±5!) econd-fc t, whil tbe 
claims to water under the Territorial law , leaving out of account tho. e 
filed under State laws, aggregate over 26,000 second-feet, or nearly . ix 
t im.e the total supply. The total discharge from April1 to October 1 
was a little over 100,000 acre-feet, while water is claimed for 3GO,OOO 
acres. 
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lmmwty nf claim ~ 10 lvalet filed i11 th e State fii [Ji11ee1"s o.Oice, Cheyenne, Tryomi'llg, 
11
p to 

October 31, 1896. 

l.AilA~IIF. f!l\"EI!. 

Number of claims 
' umber 110t gi vin~ ·c·;~~~i~.~- ::::: : _·:: ::: ~: ~:::::: ~ · ·.- ·- · · · · · · · · · · · · · · · · · · · 

Number not giYing an1oun\ claimed. __ .. _._. ___ ..... -- . . · -·· ·.······ -·· ··· 
"umb r not givin" acreage . . __ . . .. ____ . ___ . .. ___ .. ----- .-·--- ------ -·----· 

Acreage aid to i.J e water d by 51 cla.im __________ ---- . -- .. -------- ---- · ·--

Total capacity or Yolume claimetl ( ceond-fcet) .. _:::: : : :::: :: :: : :: : ::::: :: 

5 
6 

20 
7 

1 3, 1 0 
16, 7 

Numbe1· of d"ctes of land described in applications jot petmils to appropl"ialo water. 

A])prov ed ............. __ .. __ .... __ l 4, 
231 

~~~ecc:t~~- :: -. :::::: :: __ ·-.:: :·_: : : ·.:: ::: :_ :::: -~-: : : :::~ :: :: ::::::.::::.:::::: : :: 5, ~:~ 
Total ---· --- .. -·---·--- .. ----- .. . ---- ----- ... -- ..... . .......... .... . 190, Oi4 

WOOD LANDIN G- TATJON ON LAR~HE R1VER. 

Thi station h:>. been de cribetl in Bulletin o. 131, page 2 , aud in 
Bulletin o. 140, page 95. It i on the Laramie atla beet. Tile 
measur ments of di charge are made from a wao·on bridge which pan 
the river at a pomt about 400 feet b~low the Jocatiou of the gage rod, 
tb width of the stream being about 90 feet. The bridge i a roughly 
con tru ·t cl woo len one, r sting upou two channel pier which are log 
crib filled Witl.t Joos rock, pre enting a square end to the current. 
Th ·urrent of the t hree openings under the bridge being much broken 
through eddie formed by tbe pier , it wa found tl.tat a sati factory 
g~ging cou ld not be made from tbe bridge it elf. To overcome this 
difficulty timbers w >re piked to the woodwork of the bridge proje ·ting 

18 GEOL1 P1' 4--10 
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up tream about :C et · timb ·r a foot-
board i · laid, and t11 CUlT nt i it i broken by 
t11 pier . 

T11e bottom of the trea,m i compo e 1 f Jarg granit b wlder . 
Tbi , haracter of bottom while it rend r the hap and lope of cLan
Jl el practic~tlly nn ·hang abl ' at tl1 am in1 ad d. an element of 
uncertainty to the gaging r nl t::;, pecia11y at Jow-wat r tage . 'Ibe 
rock ar of u h nu even iz tLat in takin g t h ound ing tbe rod at one 
].1oin t may indi ate a d pth of ix-t nth · f tt foot, whil _ if mo,ed <t 

foot ither way t h d ptlt mi gb b a foot gr ater. '.rill difficul ty of 
obtaini no- a co1-r ct cro - e ·t.ion ar a at I w wat r i a! o ma.terially 
incr a · d by t l1 e un venn f h wat r ·urfn , du to tb rapid :flow 
of tb tream over the rough bottom. 

Flo. 20.- LooltiDJ! np L aramie from bridge nt W oorls , ·w yoming. 

The permanent gage rod i fixed to a perp ndicular po t . et firm ly in 
th e bed of the tream and braced at the top to adjacent tr . It 
stands about 4 feet from the river bank in a po ition which prot ct it 
from drift. The rod is connected with a perm anent b n ·h mark on a 
co ton wood tree near the margin of th e riv r. Of tu · seven gagin .,. 
made at tl1i station six of them were with th e Price Acou tic m t r 
:No. 104, and tbe otb r with the olorado met r; the velocitie w re 
taken at intervals of 5 ancl10 feet, those at low water being at 5-fo t 
section , th e other 10. Tile bench maJ;k is a nail head in a notch on a 
cottouwood tree, 1 foot in diameter, 6 feet from the rod, and i lev I 
with the 7-foot mark on tbe rod. The observer is 1\fr. S. S. Wood . 
The record of uaily gage height for 1896, from April12 to October 15, 
i ' given in Water-Supply aud Irrigation Paper No. ll, 1 age 50. 
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1 

2 

3 
4 

5 

6 

7 

Date. 

1 95 . 

May 24 

Oct 23 

1896. 

Apr. 20 

l ay 25 

June 16 

,June 27 

Aug. 

llydrogrnp~er. 

W. M. Gilcre t .. .. 

-- -- .do . . _ ... _-·- -

W. M.G il cre t . . .. 

.. . .. do _-- -- --- - - · 
· - - - .do----- - · ___ _ 
E lwood Mead. ___ . 

19 W.M. Gilcrest ___ _ 

1 
Aug. 30 ' -- - -.do ........ ___ 

Oct. 2 . T . .Jolwston _. _ - ~ 
I ~ 

Gnao Meter heig\>t nnmber. (feet). 

---

10~ 2. 80 

·-- ---- 0. 0 

1~1 0. 5 
74 2.4-0 

1(14 1. 75 

74 1. 20 
10-~ 0. 5 
1~ 0. 0 
1W 1. 00 

147 

Area of Menn 
Dis hnrj.o section ' 'elo ity 

(squa re (fe t p r (s on . 
feet). aecoml). fee~). 

238 4-.74 1, 129 
41 1.19 49 

37 1.94 75 
230 3.36 797 
145 2. 65 350 
13~ 1. •l6 19 

4-3 1. 79 1 

39 1. 68 iJ 14.2 1.16 1 

Rati11g table for Laranrie Ri1;er at Woods Landing, Wyoming, for 1 96. 

· h~rg~t Dischru·go.ll ~~fffi~t- 1 Disclmge . ll 1~f~~t. l Dis~arge. ~ 1~?ffbt. Uischarg . 

.Feet. ec.jeet. II Feet. ec./u t. II Feet. 1·, tc. j eet. Feet. Sec. j eet . 

0. 10 4 I 1. 00 ' 120 Il l. 90 i565 2. 80 1, 699 
. 20 11 1. 10 140 2. 00 691 2. 90 1, 25 

0 30 19 1. 20 165 2.10 17 3. 00 J, 951 

0.40 29 l. 30 190 2. 20 943 3. 10 2, 077 

0.50 3 1. 40 220 2. 30 1, 069 3. 20 2, 103 

0. 60 49 1. 50 2-- 2. 40 1, 195 3. 30 2, 229 

0.70 62 1. 60 295 2. 50 1, 321 

0. 0 76 1. 10 3-o 2. 60 1, <t<~-7 

0.90 91 1. 0 435 11 2. 70 1 573 

Est·imated mouthl.v di sohm·ge of Lm·amie Rirtl'r at Woods Landing, Wyo11ti11g. 
[Drniungo area, 4.35 square mile•. ] 

Discharge ius cond-fe t . l!un-ofT. 

Total in 
Second-fee Month . 

Maxi- Jltini · 
acre-feet. Depth in 

Jllean. pe~i~~~re mnrn. mu m. inches. 

---------
1 96. 

April12 to 30 .... - ---- 754 69 222 360 0.36 0.51 

May- ------ - · ----- - -· 2 166 275 619 3) 061 1.64- 1.42 

.Jun 1, 195 165 465 27, 669 1. 19 1.07 ---- --·- - ·---- --· 
Jnly ------------- - --- 220 62 127 7,809 0. 33 0.29 

August .. -- .. . .. - - .. .. 231 49 94 5, 7 0 0.24 0.21 

ptember - -·· · -----· 190 62 116 6,902 0. 29 

~ October 1 to 15: .. .. .. 130 120 122 3,630 0.15 8 

.- - ---
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Sec 
2, 

.. ft. 
000 

:!. A.~ .r.c~ I'".~K-~ ~::~.Q: ...!~A-1. ~~J J~':'!. .~Y-~· ~!~~· ~-c~ ~-0~ ...!'?.~Q_ 

500 
~.~ £rv 1-4 ~ 

000 

~ 

1, 

1, 

500 
ll'l ic-, fV V£'" !"'' 

(\ 

500 
lojsj6 Ltv !'I Jl 

000 

1, 

1, 

500 

la& '/( I" f"" N 
0 

2, 000 

1, 
"'/') •s L !.D . if.u.s :6 

500 

Ml\ 

""' •• ;f'l !a (C ir lrr"' 0 
f"' P'' r<- 1..1 

1, 

Fxo. 21.-Diacharge of Laramie River nt Uvn nud Woods, W yomiug, 1896. 

TA'l'IO . 0 LARA.J"'11E RIVER. 

Thi station wa de · ribed in ulletiu o.140, page 96. 
line of the Cheyenne orthern Railway about 100 mi l north of h y 
enne, in the HarLvill e quadrangle. Tbe rod i fixed to tb id f n 
of the clu ter of piles which upport the railroad bridge in mid-ci.Jaon I. 

The rod bein g about 1 mile from the town of va antl the rai lway ta
t ion, it was found mo t convenient to employ the railway se tion man, Mr. 
J. A . Carley, to take the daily readings. Hi duties call him to the 
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bridge but once a day, hence but oue daily reading of the rod ould be 
had. The point at which the railroad crosses tbe river being in a bend, 
it was not a proper place to make tbe gao-ing mea urement . The near
est point, and t he only available one at high stages of water for obtain
ing th e velocities, is the wagon bridge, which crosses the tream with 
one clear span, about one· half mile below the railroad bridge. Here 
the river bas a sufficient traight stretch above and below the bridge 
to in urea uniform current. The bench mark is a spike bead on south 
side of pile at ea t end of bridge. It is 5.95 feet abov 6-foot mark on 
rod. The record of daily gage height for 1896, from April 6 to October 
15

1 
is given in W ater-Supply and Irrigation Paper .r o. 11, page 51. 

I 

List of di charge n~easu ren~ents made on Lm·am.i River at Ura, Wyoming. 

Gag .A.J·ea of Man Dis har&o 
~ret r Re ti on Yelocity 

No. Date. Hydrographer. number. l1eight ( quare (feet per (SCCOU • 

(feet). feel.) second). feet). 

-- -----
1895. 

' 
1 June 14 W. M. Gilcre t . .. . Floats. 4. i 5 4-38 4. 04 l , .Jl7 

2 July 15 . . ... do ... . ....... . .. . .. . 1.60 i 1. 65 14.6 

3 ept. 27 ..... do .......... . ..... .. 0.75 4- 1. 51 6 

] .!!6. I 
4 April 29 ' . M. G1lcrc t . . .. 104- 1 90 125 1. - 217 I 

2.70 200 2. 54 549 
5 Jnno . . ... tlo . ... . .... .. 104-

1.40 12 1.15 i J 6 July 22 . . ... do .. .. . .. . .. . 104 

7 5 . T. John ton . ... 10-l 0. 0 11 1.02 0 
I 

Ratmg table jo1· Laramie Ri rer at Uva, JJ'yomiug , f or 1 96. 

Gogo D ' 1 Gage Discbarg II Ga ge Discharge. , h~i'i\~t. Disccnrge. 
hoigbt. '"c 1arge. h 1gnt. he1gl1t. I----I 

ec. Feet. --;::;-I 
0.00 0 i 1 . . 0 
0. 1 1 I 1. 30 I 

0. 20 2 1. 40 

Feet. ec . .Fctt . .Feet. 

H 2.40 

15 II 2. 50 
] 6 2. 60 

0.30 3 1. 50 50 2.70 

0. 40 4 1. 60 92 2. 0 

o. 50 6 1. 70 J3.J. 2. 90 

0. 60 7 ] . 0 176 3. 00 

0.70 1. 90 21 3. 10 

0. 0 10 2. 00 
0.90 11 2.10 

12 2. 20 

260 3. 20 
302 3. 30 
344 3 40 

0 13 2. 30 3 6 3.50 

~ 

rc . .Feet. .Feet. 

428 3.60 
470 3.70 
511 3. 0 

552 3. 90 
-93 4. oo 
634 4. 10 

675 4.20 
716 4- 30 
T 7 4. 40 
79 I 4. 50 

739 4.60 
0 

ec . .Feet. 

920 
960 

1, 000 
1 040 

J , 0 0 

1,120 
1, 160 
1, 200 
1, 24-0 
1,2 0 
J, 320 
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Estimated 11101lthly discha i'[IC of Lm·a111i.v Ril"er at w, 1'Vyomin9. 

April G to 30 ... . .... .. 
l\Jay .... .. ....... . . .. 

Jun(' .. ... . ------ ..... 

Julr ........ .. ...... . 

Augnst ... . .......... . 

~rub«···:· ... .. 
bcr 1 to 1:> ... ... . 

[Drainage urea, 3 ,17!1 sqnru·o milca.] 

Dischnr!!"" in secoml-fe t. 

fn xi · Mini · 
mum . 

260 15 127 

4.70 16 2-lO 

1,320 11 260 

260 2 

7"7 60 
10 9 
11 10 10 

'l'otn l in 
aero· feet. 

r, •171 
1, 722 
3,6 9 

536 
300 

1--J-h.,:· ,, I 
D pth in ooon<l f e t 

iu ·hos. por 9unro 
mile. 

0.0-l 
. 09 0.0 

0.09 0.0 
0.01 0. 01 
0.02 0.02 
0.00 

~ 0.00 0 

FIG. 23.-Laramie River wagon bri<lg at U va, W yoming. 

ORIN JUNCTION , T.A.'.riON ON NORTH PLATTE RIVER. 

T!Jis station, de cribed in Bulletin 140, page 9 , is located at tbe bridge 
of the Cheyenne orthern Ra.ilway, near Orin Junctiou , Wyoming, 
at a point on the stream about 90 miles west from where it cro" e th 
eastern boundary of the State. Thi point was selected, as it is ea ily 
reached from Cheyenne by means of the above railroad. It is below 
all of the principal tributaries of tbe stream, save the Laramie River, 
and upou this branch a separate station is located at va, wiJi ·his 
about 18 miles above its confluence with the Platte. There being few 
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ditcbe and little use of the water , of the Platte below the o·a,o·i n ()" ta-
.. • • 0 • ~ 0 0 

t10n It 1 an Important one, a th e result of the di barge obtained. 
here will practically indica,te the amount of waste or surplu watet· 
which l ave Wyoming. 

'Ibe rod is fixed. upon the midcltannel pier of the railway bridge, aud 
is connected with ·a permanent bench mark on shore. The b d of the 
stream i compo eel of heavy gravel a.nd and, he cro. ection bein O" 
quite uniform. The channel i traight for orne eli tance above ana 
below the tation; the fa ll is sJi o·lJt, and. t he e condi tions combine to 
in ure as ~:;table aud uniform a cro section a cau be expected in 
str am of this ize. The ection boss, Mr. P . J . Burn , wa employed 
a ob erver, and a hi · dutie require him to eros the bridg·e morning 
and evening it is pos ible to have two daily read ings of t he rod except 
on unda,y . 

Th stream at this tatiou is divided into t "·o permanent main chan
nel by the bridge pi r; at high water there i a tuird channel to the 
we t of the econd pier aero whiell the bridge re t on piles, aud at 
a certain tage of water a long cobble bar running down to the bridge 
divides thi s third hannel into two, thus making at time four chan
nel altogether. The current meter i always used for making mea.
urement at tlli s tation, the metllod employed being to tretcb from 
pier to pier a cord, havin g measured pa e · mark':ld oft' on it, to wbich 
a boat i made fa t a!lll. lid from tation to tation. This m tllod i 
per£ t ly ati fa tory for the two main chan n I · but as ther i no way 
of . t ret hi no· tbe rope o that th boat can be u ed above the piles aero s 
the third cltann 1 it has to b dropped below, where, of cour e, t he 
r nlting mea uremen t po e e an element of uncertainty by rea on 
of t he pile b ing o numerou a to in tertere witb tile uniformity of 
th current. Thi difficulty can ea ily be avoided at a comparatively 
mall co t by attachin ()" proje t iug supports to the upper ide of the 

pile , ju t above high 'rater upon which a footboard an be fasten d 
and th urrent tbu measured befor being brckeu by these ob -truc
tion . The b nell mark i a pike on top of cap ou the set of piles 
near e t wat rat east end of bridge. It i · 11.52 feet above datum. The 
record of daily gag hei.o·bts from April 13 to October 15 and from 
De ember ~ to 1 ar given in Water- upply and Irrigation Paper 

o. 11, page 51. 
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List of el-i chcwge measttremenls made on 01'lh Pla tte Il-irer, at Orin, Wyomi ng. 

c Area of Menu 
Di scbar~e 

Date. H ydrographer. seotlon velocity (seeon . (square (fe t Jl r feet). feet). •~cond). 

1 95. I 
1 June 27 W.M. .i ter t ... . -- -- --- 959 4.29 4, 110 
2 July 17 . .... do .............. . ... 769 3. 0 2,475 

I 
3 ept. 26 ..... do .................. 0.65 2~ 2.97 50 

1896. 
4 May 27 W . M. Gi lcrest . . .. 10.1 3.95 3.23 3, 
5 Juno 10 ..... do . .. .. ...... ] 0.1 4.50 4. 62 5, 
6 July 20 . .... do ........... 104 2.50 645 2. 0 1, 

~ Sept. 2 ..... do . . ........ . 1W 1. 20 434 2.27 

Bating tablefo1· orth Platte Ri vn· at Orin, Jllyonli11g, f or 1 96. 

Gn~ Discharge. , Gal! Discharge. ll •~r~.t. I Di charge. i 8J! ,_: , .. ,. I beig t. height. h igbt. 

' 
Feet. Sec.fttt. 

I 
Feet. Sec. f eet. 

I 
Feet. 'ec.feet. 

I 
Feet. to.fttt. 

0.0 400 1.6 l , 230 3.2 2, 500 4. 7, 000 
0.1 440 

f 
1.7 1,300 

IJ 
3.3 2,600 4.9 7. ~0 

0.2 500 I 1.8 1,360 3.4 2, 720 5.0 7, -o 
I 

II 
0.3 540 

I 
1.9 1,430 3.5 2, 60 5. 1 ,300 

0.4 600 2.0 1, 500 3.6 3,000 5.2 . 700 
0.5 650 2. t 1,560 I- 3.7 

I 
3, 160 5.3 9, 150 

0. 6 700 I 2.2 1,620 3.8 3, 320 5. 4 9,600 
0.7 750 2.3 1,690 

I~ 
3.9 3,520 5.5 10,000 

0. 00 I 2.4 1,760 4. 0 3,740 56 I 10,400 
0.9 -o 2. 5 1, 840 4. 1 4, 000 5. 7 10, 00 
1.0 900 2.6 1,920 

II 
4.2 4,360 5. 8 11, 200 

1.1 9i'i0 2.7 2,000 4.3 4, 740 5. 9 11,600 
1. 2 1,000 2. 2,095 4. 4 5,240 6.0 12,000 
1. 3 1,050 2.9 2 195 I 4. 5 5,650 6. 1 12, 450 
1. 4 1,100 3.0 2,295 4.6 6, 150 
1.5 1, 160 3. 1 2,395 II 4.7 6, 600 I 
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Estimated monthly discharge of ?1-o,·th PI tt R' . a e 1Ver at Onn, TJTyomi 11g. 

[Draiuug nreu, H ,828 sq uare mile.~) 

I Discharge iu so ond-feot. Run-off. 

Month. T'ot.al in 
:llnxi- )'lini- ncre-feet. Depth in Second foot 
mum. mum . Mean. pers~uaro inches . m e. 

--- ----- ---
April Vl t"' 30 .... _-_ ... 6, 150 I 1, 936 3, 113 111, 150 0.1-l 
~1ay ...... . ..... . . . ... 

0. 21 
,075 2, 6l)4 5, 070 311, 742 0.39 0. 34 

Jun ··· - ·:.· ·· · - ·· ·--· 12 315 1,634 5,261 313, 051 0. 39 0. 35 
July ........ .... . .... 1, 84-0 950 1, 339 82,-332 0.10 0.09 
August .. . .. . .. .. _ .. .. 1, 4-65 775 1, 00 61.9 0 0. 08 0.07 

eptemuer ...... . .... 1, 085 25 974 57, 957 1 0. 08 

~ October 1 to 15 ....... 1, 085 9-o 925 27, 525 0.04 6 

Sec.-ft. &"-~· 
13, 000 

12,00 0 

11, 00 0 
'8~'6 

10,000 

9, 000 

' 000 

7, 000 

G, 000 

5,000 

4, 000 
I 

3, 000 

2, 000 

1, 000 It; 

0 

FIG. 24.-lJisclHlrge of North Platte River at Or in, Wyoming, 1 96. 

AMP L ARKE ' TATION 0 NORTH P LATTE RIVER. 

Tbi tatiou wa · e tnbli ·lled :mel observation commeu eel on June 
27, 1 9G. locat d on the righ t bank of the river, about 40 feet 
above the Camp la.t·k brid

0
e, in tbe Camp Clarke quadt·augle. The 

observer 1 1r. Hob rt H. Willt , coun ty surveyor of Cheyenne County, 
ebra. ka, wlto li' about lmile from tbe gage. Ob rvation ar taken 

once daily. The ga,.e cou ist of au oak pt ce, 2 by 4 inches, 10 feet 
long. It I S fa tened to cro~ ·- tie , which ttre bedtled in the bank of the 
river. The face of t it rod i ' inclined at an angle of 30 degrees to the 
horizontal, ·o tllat .<J feet alon,. th rod are equal to 1 foot in the verti-
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cal, and the rod is graduated accordin g ly. The chauu l at tlte tation 
is fairly traigbt a,bove aud b low. 

The bed, a I ewher alon g thi river, i of loo · , oar. and. Two 
ben h mark were e tabli bed. The fir t CO il i ts of a pik which is 

of the down tr am pi le of the 
span on t lt e , outh end of the 

bridg . Thi pike is 7.-5 fe t abov z roof the gage. The econd 
beucll mark i a poin t on th ' Outh ast corner of th wind w ill at the 
front of the tore. 'rbis point is 9. 7-1: £ t abov tlt z ro of the gage. 
The rating table giv n b low i ba d on the fir t t'''O m a, ur ment of 
di charge, tb third ba ving b · n matl aft r th pr · uc f ice had 
altered the relation b tw n gage h io-llt. and di ' lwrg . 

List of discharge mectsurcmeuts made 0 11 S orth Platte R i, cr, at amJJ Iarke, ;.Yebraska. 

R--=- H ydrographer . 
M ter 1 
ll11nt · 
her . 

1

- 1 1 96. l I 

June 27 0 . Y. P. tout . . . .. · ·-- - - ~ 
2 

3 
Au '· 10 R. H. \\'illis ... ... . · - - - -· 

:::-lov . 21 , .... . uo ----- · . .. • .. . . .•. • 

Ar a of 
HOt: tio n 
(squnro 

ft• 1) . 

l enn n· h 
v t>locit v I IBC nrge 
( ~ ·•• t P : ,. (second -
s ·oud) . feet). 

2. ,--

1. 6. 
]. 36 

--I 

3, 60u 12 
931 

Rating table fo r Sorth Platte Ri-rtw at C'anqJ Clarke, N ebraska. 

Gn~e n · b G a~e I n · 1 C.nsro In· I I Disch:~ I heig Jt. IS :trg . 'I heig •t. I, • large. h ig h t. 18 .argo. 

---
Feet. '<e. feet. Feet . 'ec. f eet . Fert . 'ec. j eet . Feet. ec. j eet . 

@_I 57 2. 50 1,16 2. 0 2,0.J2 3. 10 3, 23L 
7 2.60 1, •L O 2. 0 2, 404- 3.20 3, 696 j 0 932 2. 70 1, 71 -l 3.00 ') 00 3. 30 4, 1!15 -, 
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'fbe following table gives the computed daily discharge during the 
period to which the rating table applies: 

Daily mean discharge (in cubic feet pe1· second) of North Platte Rirer at Camp la1·ke 
f or1896. 

Day. I June. I 
1. ... .. ... . 1 .. . . . ... . . 

:.::: :: :: ::::::::::::: 
5 . .... .... •. . ........ 

6 ...... . .. • . ..... ' .. . . 

:.::::::: ::!:: :: :: ::::1 
10 .. ... .. ........ . ... . 

11 .. .. ...... ..•. . . . ... 

12 ..... . ... .. .. .. . ... . 

13 ....... .. . . ....... . . 

14 .. .. ... . . . . . . . . . ... . 

J ii •• ••••• •• ••••••••... 

16 ... .. . ... . 

1 

. .. .. .. .. . 

17 ... .... . . . . ... . .. . . . 

~9 : : : ::: ::::::::::::::: 
20 . . . . . ... . , . . .. .... . . 

~~-::::: : : J : :::: : ::: : 
23 . . .. ..... J .. ... .... J 

~4 .. . . ··· · · · .. .. . .. .. . 

25 .. . .... . . . . .. ..... . . 

26 .......... . ... . . ... . 

27 . .... . .... . .... . . . . . 

2 . . . . . . . . . . 4, 100 

29.......... 3, 324 

30. . . . . ... . . 3 102 

)[eau ....... . ··· ·· · 

July. 

2, 6 

2,552 
2,295 
2, ().12 

1, 78 
1,655 

1,537 

1,566 

1, 537 

1, 50 

1,47 
1, 160 

1, 160 

1, 137 

1. 137 
977 

1, 046 

1, 977 
1, -

1,137 
1,1 6 

1, 160 

1, 626 

1, 566 

t, 3 
1 3-t2 

1 566 
1,1H 
1, 39..1. 

1 960 

1,554 

August. J September. 

1, 316 854 

1, 160 1, 056 

1, 160 73 

1, 114 835 

1, 092 796 

1, 114 816 

1, 114 35 
1,160 95 

1, ().16 1, 023 

954 1, 186 

54 1, 046 

16 932 
777 

706 

95 
1, 069 

54 
16 

777 

777 

1 000 

35 

796 

924 

1, 114 

95 
54 
16 

796 
1,114 

796 

954 

977 

932 

1, 046 

1, 160 

1, 11·1 

954 

1,092 
875 

35 

35 

939 1 

0 tober. 

75 
932 

875 
75 

932 

914 

914 
954 

1, 290 
1, 01)9 

1, 0- 3 
1 ().16 

1, 023 

1, 046 

1, 046 
1, 0.16 

1, 023 

1 000 

1,046 

1, 000 
1,0{6 

1, 023 

954 

977 

977 
95-1 

1, 046 
1, 046 

1, 023 

l , 26•b 
1, 023 

1, 008 

I No,·l'mb r. 
I 

1, 046 

1, 137 

1, 1 6 
1, 212 

1, 2 

706 

1,046 

1, 160 

1 • •••• ••• • • 
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The following tatement afford a comr ari on of the m an monthly 
di charge for t !J e twos ason during wbicll there ord bas been kept, 
and al o of the computed eli charge at Camp Iarke, 100 miles above 
North latte: 

, Mean monthly clischa1·ge i11 seco1ul-jeet of til e 1Yo1·th Platte River at orth Plutte and at 
Camp la1·ke Nebraska. 

:Month. 

1arch ...... . ..... . .... .. . .. .. . ........ __ .. 

April. . .. .. ...... .. .. . __ ...... ....... .... .. . 

1a.y ---· . ..... ..... . .... - · .. . ... ·- .. ... . ·- . . 

June . ..... . . .. .. --· · ....... ... ... . --·- .... . 
July . . . ....... : . ..... .. ......... ... ....... . 

Angu t .. ... . . ... .. . .... . .. ...... .. . ....... . 

eptember .... ..... . .. .... . . ........ ... ... . 
October _ ... . . .. .. ............. . ..... .. __ . _. 

Nov mber . . .......... ...... .. . ...... . . .... . 

D cern lJer . ....... . . .. ....... ......... . _ .. _. 

a 21 <l ays in 1896. 

"North Pla tte. 

1--------
1 95. 18~6 . 

Camp 
Clarke, 

I 96. 

3,005 

3,,70 

7, 033 
10, 991 

3, 137 
49~ 

24.1 
10 

1J 357 
3, 4.(}.3 

a 2,490 

4.,557 
6, S.lO 

1,135 1,554. 
915 924. 

b 7 939 

.. ··--·· .. ···-· ·· ·-·!· 
···· · ··· --·-~ 

b 26 days in 1 96. 

Water is diverted for numerou canals at points between the two 
stations named above. Blue Creek and Bird wood reek are th oly 
considerable tributaries which enter the river b twe u them. urin 
the ea on of 1 96 no measurement of th North Platte I iver were 
made by orr ported to the Survey at point in N bra ka otl.J r ban 
the gaging stations. Bird wood Creek i the only tributary which wa 
mea ured. The gaging was made n ar the mouth of the ere k and a 
short eli tance below the headgate of Bratt ditch. The di charg was 
found to be 133 econd-feet. .At the same time ratt ditch wa div rt
ing 28.2 cubic feet per second, which, added to the mea ured discharge 1 

of the creek, would give a total di charge of 161.2 second-feet. 

NORTH PLATTE STATION ON NORTH PL 'l'~'E l:UVER. 

- Thi station was establi hed in 1 94 and i under eharge of Mr. Charl 
P. Ro ·. .A description of the tation, with a li t of mea urem nts 
made at the station and above on the arne river, toget!Jer with a nttiug 
table and a r ecord of gage heights and daily discharge for 1895, w re 
given on page 99-102 of Bulletin o. 140. It i located in the orth 
Platte q ua.drangle. 

A ll of the discharge measurements have been made from the wa-gon 
bridg~ 1 mile north of the town of 1. orth Platte, this bridge b >ing in 
sec. 28, T.14 N., R. 30 W . I t is a long, low, pile brido·e, having 7 spans 
of approximately 20 feet eaeh, crossing the main channel of the river. 
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North of this, at a distance of about 440 feet, is another bridge cro sing 
a smaller branch or lough, and having 6 pans of about 20 feet each. 
The water, except in times of flood, does not pa under all of the 
pan of the lon g bridge, but nsnally the gr ater part flow under two 

or t hree of th e e, preading out in hallow pools or streamlet under 
others, the greater number being over dry and. The initial point for 
soundings i on the right bank , and consi t of a mark on the railing 
on the up tream ide of the brid ge. The channel is nearly traight for 
about 500 fe t, both above and below the tation. 

'l' he rating table given below doe not agree with that for 1895 as 
clo ely as one might reasonably expect in theca e of a river of u h a 
size and for two ucce ive year, . The points of greate t rlivergence, 
however are tho e which are repre ented in the two year by actual 
gaging . The record of daily gage height for 1 96, from January 1 to 
February 29 and from April10 to December 31, i given in Water-Sui ply 
and Irrigation Pa1 er o. l 1, page 52. 

f easur ment of discha~·ge have been mad e a follows : 

I Gnge 
~ I eter heigl1t 

number. (foot) . 

Area of Afean Discharge 
se tio11 I veloci ty C•ecomf-Ko. llydrogropher. (squnro (feet r r feet ). 
f ot). second). 

Date. 

-- --- -1-------j---------

1 9 

1 IF\). 21 .P. Ross --- - --- - 1 2.35 1, 0.1.3 1.96 2,045 

2 J nn 13 O.V.P. tont __ . __ 7 3.35 2, 736 3. 20 9, 000 

3 June 29 ..... do-- - -- - -- -- - 105 2.90 1, 560 2.51 4,000 

<i July 2'" 1-- --· do · -- ------- - 105 2. 05 600 1. 90 1,260 

5 pt. __ __ .do -- --- -·- -·- 105 1.50 · ·------ - ----- --- 5-17 

6 ct . 1 I . P. Ross _____ - __ 1 1. 90 722 

I 
1.74 1, 25 

rov. 9 _____ clo ·- --- ------ , 1 1. - 526 2. 01 1, 056 7 

Two ratin g tc'tbles have b en prepared ba ed upotJ the above mea ure
m nt: 

Ga~o 
heig1t. 

Fett. 

1. 00 
1.10 
1. 20 
1. 30 
1. 40 
1. 50 
1. 60 
1.70 

Rating table for Xorth Platte Rirer at Sorlh Plalle, X ebmska. 
[This table is npt>licnble from .Aprill, 1 6, to ' ptcmber 30, l 96.) 

Dis hnrgo. he@Jt. Dis hurge. G.n!h~ I Dischnrs:e· ll l Gn~~ I Discharge. he1g l. •e•g 1 . 

ec.fetl. Feet. cc.jeet. Feet. ec.jeel . Feet. ec. f eet. 

250 1. 0 00 2.60 2,890 3. <10 9,570 

320 1. 90 950 2. 70 3, 225 3.50 10,690 

380 2.00 1,130 2. 0 3, 560 3.60 11, 10 

440 2.10 1,350 2. 90 '1, 000 3. 70 12, 930 

~oo 2. 20 1 600 I 3.00 5, 110 3. 0 14, 050 

550 2. 30 1, 60 3.10 6, 220 3.90 15, 170 
I 

600 2. 40 2, 170 3.20 7,330 4. 00 16,300 
I 
I 

3.30 . 450 675 2.50 2, 490 I 
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Rating table f nr ll'o1·th Platte Rire1· at No1·th P latt , Yeb1·as~·a. 

Gn~:e D i charrro. Gn~e Disoharg ·I I Disohnrg ·II ng Discbnrgo. hoight. hoig >I. h lg ht. 
, ____ 

P eel. ec . j eet. Pttt. .••. f t. Pu t. . ·ec.fttt . 

II 
Fett. • t c. feet. 

1. 50 384 1.90 1, 236 2.30 2, 73l 4, 2 
1. "5 455 1. 9- 1,3 7 2.3- 2,963 5, 19 
1. 60 537 -.00 1,551 2. 40 3 ~On 2. 5, 524 
1. 65 62 2. 05 1 722 2. 4" 3, <15 5 

' 
60 

1. 70 730 2.10 l , 903 2.50 3, 72l 2.90 6 206 
1. 75 41 2.15 2 095 2.n5 3 993 2.9:5 6,:-62 
1. 0 963 2.20 2, 2$17 2.60 4,2 0 3.00 6, 92 
l. 5 1, 09.J. -· 5 4, 576 

Esti.!nat.ed monthly tlisohm·oe of .North Platt Rirm· at Xorth Platte, :I. b1·aska. 

[Drainage a.rea, 

D i hnrgo iu second-f'oct Hnu-o n·. 

r Month. 1'otnl in 

[ax i-

I 
::l!ini-

aor .r t. • ond -feel 
::\ l oa n . p raauaro mum. mllm . m! . 

------
_, 

1 96. 
Apri110 to 30 . .. .. ' .... 3 560 I 1, 60 2, 23 1 117,579 1 
fay . ... .. .. . . . ...... 7, 2, 680 I 4,55 2 '262 

16,300 2 0 6, 334 376 9 0.24.0 0.222 
2, 6 o I 250 ] ' 134. 69,727 O.O IG 0. OlO 
1, 60 460 - ,507 0.037 0.032 

eptem ber . . ...... ... 1, 24-0 550 50,995 0.033 0.030 
Octob r . ..... . . .... . . 2,509 730 70, ill 0.0~6 0.0 10 
Ko,,ember .. . .... . .... 3,721 730 12 ' 6 0.0 0.075 
December .... .. ...... 5, 60 2, 731 267, 350 0. 175 0. 152 
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SOUTH PLATTE RIVER. 

South Platt~ River ri e iu the , outh part in tile main range of the 
~ocky Mountam and flows northeastward through a, narrow canyon 
m the Front ltange. It i de cr ibed in Bulletin No. 140, page 102. A 
number of olcl measurement have been made on this river and it 
tributarie, , notably on Bear Creek, which enter 6 mile above Denver 
and on Bowlder, South Bowlder S t. Vrain, and .Big Tllomp on creek . 
Cac!Je la Poudre River bas been mea ured for a number of years by 
Prof. L. G. Carpenter at a point abont 12 mile above Fort Collin . . 
A complete record of these measurem nt may be found in Irrigation 
near Greeley, Colorado, by D avid Boyd: Water-Supply and Irrigation 
Paper o. 9. 

DEAN BURY TATION 0:.\' SO 'l'H PLATTE RIVJ!:R. 

Tbi. station i de cribed m Bulletin No. 140, page 103. It i located 
about 1,000 feet south we t of Dean:bury, olorado, a ·tation on the 
Denver, Leadville and Gunn i on Railroad, 27 mile from Denver in 
the Platte Cau:yon quadrangle. Jt wa tabli bed on November 15, 
1 95, by l\'Lr. L. R. Hope. Th di charge measur ments are made from 
a footbri lg ro .. in g th . tr am. The gage rod i vertical fa stened to 
a 3 by 6 inch plank,and marked to O.o- of a foot. An automatic regi ter 
i al o u d. Both bank are high and not liable to overflow. The bed 
of t b tream con 1 t of grav 1 and mall bowlder and i not liable to 
chan Iea urement are made at tbi ~ point during the winter 
month , in c the cha,nu •1 bein g narrow and current wift., tbe river is 
l likely to fr eze tiJan at station :ro. 2. 

tation No. ~ i located about 300 feet above station :ro. 1 and i 
n ed durin o- tb ummer month , being a more de irable poiu t for lJig-lJ
water mea uremeot tiJan ta ion Jo. 1 owing to greater width of 
channel and lower Yelocity of the water. It wa establi ' heel on April 
2G, 1 96. 1 a urem ot are made from a footbridge. Tbe g-age cou -
i ts of a 2 by 4 in ch timber, inclined, securely wired to rocks, and 

marked to vertical 0.10 of a foot the pace be ''"e n the marks being 
0.141 of a foot. Tile m au daily readin g- of tile automatic regi ter 
hav been reported 1uce June 1, 1 96. Tile railroad embankment 
form tbe rigl1t bank, while the left i - low and ubj ect to overflow at 
l1io·h water. TIJe bed of tlJe tream i rocky and not liable to change. 
'Ihe r ecord of daily n-ag heights for 1806 is given in Water- up ply aud 
Inig-ation Pa.p r o. 11, page 52. 
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List of discharge tneasut·cmonts macl 0 11 outh P!MtelZiver at 1 eansbury, Co lo1·ado . 

:No. Date. 

1 9'". 

Ry•lrogrnpher. 
Jlretrr 
num
ber. 

1 No' ' · 30 L. R. Hop .... .. .. 
2 

3 
4 

5 
6 

De ..... do .... ....... . 
D c. 7

1 

..... rio .... .... .. .. 

Dec. . .... do ... ........ . 

D 14 .... . 1lo ........ .. .. 

Dec. 20 ..... do . .. ...... . . . 
1 96. 

7 J an. 12 L. R . Hop ... .. ... 20 

Jan . 1 ..... do .... ........ 1 :.0 

9 Jan. 27 ..... do .. .. . .. .. .. . _o 
10 Feb. 4 . ... . do . . . . . . . . . . . . 20 
11 F b . 11 ..... do ............ 1 20 
12 F b. 19 .. ... do . . . . . . . . . . . . 20 

~! ~:~.: ~3 :: :: : (~: :: :::: :: : : J ~~ 
15 Mar. 20 ..... do .. .... ...... 20 

16 :'!Jnr. 30 .... . do .. .. .. .. .. .. -0 

17 Apr. 2 ..... do .. .. .. .... .. 20 

1 Apr. 13 ..... do .. .. .. .. . .. . 20 

19 May 3 ... . . do . . . . . . . . . . . . 20 
20 Ma.y 26 .... . do . . . . .. . . . . . . 20 

21 June 9 ..... do .. .. .. .. .. .. 20 

22 June 14 ..... do .. .. .. .. .. .. 20 

23 July 6 ..... do .. .... .. .. .. 20 

Gng 
h ight 
(feet ). 

.t 00 

3.20 
3.60 
3.6-

3. 0 

3.3'" 

3.05 
3.05 
2.90 

3.75 
o. 15 
4.30 
4. -

2.70 
2.55 
1.90 

1. 4<~ 

0.90 
24 July 24 ... .. do . .. .. .. .. . .. 20 1:766 

25 Ang. l.t ..... do .......... .. 
26 I Aug. 25 ... .. do .......... .. 

27 pt. 2 ..... do .... .. .... .. 
28 Oct. 10 .... . do ...... ... .. . 

29 Oct. 20 ..... do .......... .. 
30 Oct. 31 ... .. do ........... . 

31 No¥. 10 . .... do .. . ..... ... . 

32 D c. 5 .. ... do .......... .. 
33 Dec. 9 .... . do .......... .. 

34 1 Dec. 16 .... . do .. . .. .... . . . 

35 Dec. 27 ..... do .......... .. . 

20 

20 
_o 
20 

20 

20 
20 

20 
20 

20 

20 

0.73 

1. 30 

1. 50 
1. 42 

1. 23 
]. 33 

1.27 
3.25 
3.14 

3.07 

2. 79 

Ar n. of 
section 
( qunr 

f, ot). 

49 
37 

44 
,]5 

<1.7 

3 

3-l 

33 

31 
3-

33 
32 
40 

32 
47 

2 

1 

92 

43 
4·1 

41 

36 

1>f oflll 
Yeloci ~y Disolw rgo 
(~ t per (seconcf. 
scconcl) . feet). 

4 .. 03 

3.29 

3. 02 
2. -1 

3.5 
3. 01 
3. 9 

5.51 
4. 52 
5. 15 
4.03 

3. 0 

3.25 
2. 

2. 11 

2."2 

2.63 

2. 55 

2. 29 

2. 41 

2. 31 
2. 7 

2.54 
2. 5 

2.36 

197 
102 

160 
166 
1 3 

135 

911 

94 
90 

116 

101 
91 

144 

97 
1 '~ 

372 

259 
329 
557 

205 
239 
233 
193 
212 

201 

120 

112 

116 

90 

Gngings No . 1 to 1 , inclu~ive, ancl Nos. 32 to 35, inclusive, made at station :No. 1. Gngings os . 
19 to 31, inclusive, made at s tation No.2. 
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Rating table for station No. 1 on S01,th Pll, tte River at Deansbury, Colomllo. 

(This table is applicable from November 15, 1895, to April 26, 1896, and from December 4, 1896 to 
D embor31, 1896.) ' 

6 Gag< 
heigb t. 

t. Fee 

2. 7 
2.7 
2.8 
2.8 
2.9 
2.9 
3.0 
3.0 
3. 1 
3.1 
3.2 

0 
5 

0 
5 
0 
5 
0 
5 
0 
5 

3. 2 
3. 3 
3.3 
3.4 
3. 4 
3.5 
3.5 
3.6 
3.6 
3.7 

~- 7 

0 
5 
0 
5 
0 
5 
0 
5 
0 
5 
0 

5 

Discharge. I Ga~e heig t. 
I 

ec. j eu. Feet. 

84 3.80 
85 3. 85 
6 3.90 

87 3.95 
88 4.00 
90 4. 05 
92 4.10 
96 4. 15 

100 4.20 
106 4.25 
112 4.30 
118 4. 35 
125 4. 40 
131 4. 45 
138 4. 50 
144 4.55 

151 4.60 

157 4.65 
164 4.70 

170 4.'75 

176 4. 0 

1 4.85 

Discharge. Gnll,e : Ga~e / D' h heig t. Di6Charge. : beig t. , IBC erge. 

Sec. f eet. Feet. Sec. f eet. Feet. Sec. feet. 

190 4-.90 337 
I 

5.95 4 1 
196 4.95 344 6.00 489 
203 5. 00 351 I 6.05 496 
210 5.05 357 6.10 503 
217 5. JO 364 6.15 510 
223 5. 15 370 6.20 518 
230 5.20 377 6.25 525 
237 5.25 383 

I 
6. 30 532 

244 5.30 390 6.35 539 
250 I 5.35 397 I 6.40 547 
257 5.40 404 6.45 554 
263 

I 5. 45 411 I 6.50 561 
270 5.50 418 6.55 568 
277 5.55 424 6.60 575 

284 5.60 431 6.65 582 
290 o.65 438 6.70 590 

297 5. 70 445 6.75 597 

304 5.75 452 6.80 604 

311 5. 0 460 6.85 611 

317 5.85 467 6.90 618 

324 5.90 474 6.95 626 

330 

.Rating table for stati011 No. 2, on South Platte River, at Deansbm-y, Coloraclo. 

(This table is applicable only from April 26, 1896, to Dece::::~ber a, I 96.) 

I 
Discharge. II b~~t. Gn~ Discharge. Gn~ Di charge. Ga!f,e Dis barge. 

big t. heig t. beig t. 

Feet. eo. f eet. Feet. Sec.jee/. I Feet. Sec. f eet. I . Peet. tc.feet . 

0.70 11 1. 20 190 1. 70 272 2. 20 371 
I 

197 1. 75 281 2.2- 384 0.75 125 1.25 

0. 0 132 1. so 205 1. 0 291 2.30 39 

0. - 139 1. 35 213 1.85 300 2.35 414 

0.90 146 1. 40 221 1.90 310 2.40 430 

0.95 153 1.45 229 1.95 320 2.45 447 

1.00 161 1. 50 23 2.00 330 2. 50 465 

1.05 168 1. 55 246 2.05 340 2.55 486 

1.10 175 1. 60 254. 2.10 350 2.60 50 

1. 65 263 2.15 360 2.65 531 
1.15 182 

-~ 

18 GEOL PT 4--11 

I 
I 
I 

I 
I 
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Rating table for stati01• No. !3, 01• outh Platte Rivttr, at Detmabm·y, Ool01·ado- out'd .. 

(This table Ia applicable only from April 26,1 96, to December 3, 1896.] 

Gnj!e 
I 

Gn!f,e II Ga!he l>ei~~L l>illchnrg• · ] h ight. Disohnrge.

1 

heig t. Discharge. beig t. 1 Dlscl>nrg . 

Peet. u.jeet. 

I 
Peet. Sec. feet. Put. ec.jeet. P eet. ec.f rt . 

2.70 55-1 3.00 700 3.2- 3.~ o 920 

2. 75 577 3.05 722 3.30 3.55 910 

2. 0 601 
!I 

3.10 744 3.35 3.60 0 
2. - 625 3. 15 765 3.40 3.65 

~ 
650 

II 
3. 20 7 6 3 . .J.5 3. 70 1, ;) 

675 -

Estimated monthly diacha,·ge of outh Platte Rivtt?· at 1Jcauabury, olomdo. 

RW1-off. 

Month. 
Maxi
mum. 

J\11ni
mwn. Meen. 

Total io 
acre-~ t. 

1--------------- ___ , ____ , 
1895. 

ovem ber 15 to 30 . . . . 311 ~90 241 
145 

7,64 

'915 0.07 ,Decemb r ·----- -- - ---~~___::__ 
1 96. ------!===!!==== _ _ _ , 

January ......... ..... 138 
February . _ .. ______ . _. 138 

March .. _ ... __ ..... _ _ 561 
April . . ......... __ . _ _ 982 
May ··---- ---- ____ _ __ 830 
June ___________ ... ... 60 1 

.July·- ------ - ----_ ___ 430 
August ........ _ .. ____ 291 

September - -------- -- 310 
October _ .. ____ .. _ . _ _ _ 229 

November .. - - ..... _ _ _ 213 
December .. .. .. . __ . _. 151 

88 

92 
100 
196 
350 
1 

118 
118 
197 
197 
132 

3 

97 
115 
207 
473 
502 

2 1 

233 
1 9 

250 
217 
169 

93 

5,964 
6, 615 

12,72 

2 '14 
30 67 
16 721 
13,711 
12,174 
14, 76 
13,342 
10,057 
5, 71 

0.04 
0.04 
0.09 
0.20 
G. 22 

0.12 

0.10 
0.09 
0.11 
0. 9 

0. 08 
0.04 

1. 22 

0.09 
.06 

0. ~ 

0.0-l 

0. 
0. 1 
0. 1!) 

0.11 
0.09 
0.0 
0.10 
0.0 

0.07 
0.0-,L 

0. 09 P er anL.Jm . .... _9_2_ --8-3-,---;;- 170, 919 

-~--~---L--~ 

DENVER STATION ON SOUTH PLATTE RIVER. 

This station is d3f,Cribed in Bulletiu No. 140, page 104. It i in the 
Denver quadrangle, and was established May 7, 1895, at the Twenty
third street viaduct, but was abanuoned on June 18 of the same year, 
as the location was unfavorable and a sand bar had formed around the 
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gage rod. Only one di charge mea urement was made at this station. 
The pre eut tation is at the Fifteenth street bridge, and was estab
lished July 15, 1 95. The stream measurements are made from the 
lower ide of tbe bridae, except at very low water. The gage consists 
of two 6 by 2 inch planks spiked together -and fa tened to posts driven 
into the river bank. It is inclined and 'gra{fuated to vertical 0.10 of a 
foot the pa e between mark being 0.156 of a foot. The bench mark 
i 107 ~ et outhwe terly from the gage, and is a cross mark on top of 
the ea t abutment of the Fifteenth street bridge, on the north corner. 
It i marked B. M. and is 6.15 feet above the 9-foot mark of the gage 
rod .. 

The river is confined between slag embankments, and the bed is 
sandy and hifting. During the flood of August 22, 1896, in Oberry 
Creek which en ters immediately abov the station, the channel near 
the lope rod :f;illed in witb sand, and all the water now flows down the 
left sid of the riv r . On Augu t 26, 1896, a short vertical rod, read
ing arne as the lope rod, was spiked to a pile near left abutment of 
th bridge. Stream mea urements made since this date a.re not appli
cable to gage heights previous to August 22. The record of daily 
gage height for 1896 is given in Water-Supply and Irrigation Paper 

. 11, pag 5 . 

List of !lisrhm·ge mcosuJ'tnne~rts made on Ot~th Platte Ri~:m· at Dtmver, Colomdo. 

'o. Dat . Met r ~~~~t 
number. (feet). 

Area of 
se tlon 
(square 

feet). 

------------1---
1 9 0 

1 Mny 

2 , .July 
3 Aug. 

4 Aug. 

7 P. J . Pr ton .. .. 21 ! ....... . 
23 F. og well ... .. 

7 P. J . Pr tou .. .. 

22 , ..... do ---- ----- · 
9 ..... do ........ .. 

Jov. 2 , .... . do ...... .. .. 

1 H6. 

14 
14. 

21 
14 

6 , P.J.Pr stou .... H 
Apr. 1 .... . do .......... 21 

,: I ~:~ ', 1: :: I :: I 
11 .1 nJy 2- .... . do .. .. .. .. .. J< loats. 

12 Aug. 5 1 ..... do.......... 14 

13 Aug. 26 R. mnner .... 21 

14. ept. 1l F. o rswell . .. . . 14. 

15 30 P. J.Pr ton.... 21 
16 9 ..... do.. ........ 21 

17 Deo. 9 .... . do.......... 21 

5. 40 
4..60 

3.90 
4.30 
0 .90 

3.60 
4.50 
4. 00 

4.33 

6.10 
4. 35 
4. 0 

5. 10 
ll , 70 

4. 75 
<1.62 

114 

411 
263 
162 

76 

57 
77 
58 
-7 

52 

MelocCll?t Discharge ! 
" 

1 Y (second · 
(fee& per feet). I 
s nd) . 

1.48 

3. 63 
3.33 
2.75 
2.56 
2.37 

2.15 
1. 71 
2.09 

1. 54 

3.7 
1.6-
1.46 
2.12 

1. 59 
1. 76 

1.71 

168 
1,490 

76 

-M7 

430 
303 I 

1 3 

235 
305 
107 

1, 316 
125 
83 

163 I 
93 

~----~--~-----
~ 
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Rating table jo1· outlt Platte RivtJr at Denver, Colorado. 

[Thi tabl is npplloabl only from January 1,1896, toJune16, 1896.] 

Gate 
heig l. 

Discharge. Dlsebnrge. 

---
Ftet. u . j u t. Fut. 

2.40 131 3. 35 224 355 
2.45 132 3.40 4. 35 229 3 4 
2.50 134 ·3.45 170 4. 40 234 372 
2.55 136 3. 50 172 4. 45 239 1 

2.60 13 3. 55 174 4. 50 244 390 
2. 6- 140 3.60 177 4.-5 2-o 399 
2.70 142 3.65 180 4.60 256 5. 55 '1 

143 3.70 4.65 262 5.60 
145 3. 75 4. 70 268 5.65 
146 3. 0 4..T 275 5.70 
14 3.85 4. 0 282 44·1 
150 3.90 4. 85 289 4.53 
152 3.95 4.90 2 7 462 

3.05 153 4.00 4.95 305 471 
3. 10 155 ot.o- 205 u. OO 313 480 
3.15 157 4.10 209 5.05 321 4 9 
3.20 159 4.15 212 5.10 330 
3.25 161 4.20 216 5. 15 3 
3. 30 163 4.25 220 5. 20 347 

Rating table for O!,th Platte River at Denver, Colorado. 

[This table is applicable only from Ju:ne 16, 1896, to Aug ust 22, 1 96.] 

-

1 b~i~. Discharge. Ga~e 
heig t. Disoharge. Ga.~e 

heig t. Discharge. Ga~e 
belg t. Dis barge 

Feet . Sec. jf!et. Fut. Sec. feet. Feet. Sec. feet. Fut. Sec. j ed. 
3.90 21 4.35 120 4. 80 255 5.25 54 
3. 95 31 4.40 132 4. 85 278 5. 30 56 
4-.00 42 4.45 145 4.90 302 5. 35 629 
4.05 53 4.50 158 4-.95 335 5.40 672 
4.10 64 4.55 172 5.00 368 5.45 715 
4-.15 75 4.60 1 7 5.05 401 5.50 758 
4-.20 86 4. 65 203 5. 10 434 

~ 
97 4. 70 219 5. 15 472 

~ 108 4.75 237 5.20 510 0 
I 
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Rating table for South Platte River at Denver, Colomdo. -

[This table is applicable only from August 23, 1896, to December 31, 1896.) 

---
Ga11 Discharge. Ga.~o Discharge. Ga~e Disc barge. Ga!J:' Discharge. I b ig t. beig t. heig t. heig t. 

Feet. Sac. feeL Feet. Sec. j u t. FeeL Sec.jeet. Feet. S~X.jeet. 

4.20 11 4.65 83 5. 10 162 5.55 246 

4-.25 19 I 4.70 91 5. 15 171 256 
I 5. 60 

4.30 27 4.75 99 5.20 180 5.65 266 

4.35 35 4.80 108 5.25 189 5. 70 276 

4. 40 43 4-.85 117 5. 30 199 5. 75 286 

4.45 51 4.90 126 5. 35 208 5.80 296 

4-.50 59 4.95 135 5.40 218 

4-. 55 67 5.00 144 5.45 227 _j 4.60 75 5. 05 153 5.50 237 

Estitnated monthly discharge of South P latte Rivm· at DmJVm·, Colorado. 

[Drainage area, 3,840 square n»les.] 

I Discharge in second·feet. 

---- Total in 
Montb . acre· feet . 

Ma.x.i· Mini- Mean. mrun. mum. 

- - - - -----
1 96. 

January . . . ... ........ 202 163 1 2 11,190 0.06 

F bruary . ............ 229 172 19 11, 159 0.05 

far h ..... ........... 2 9 198 225 13,834 0.07 

April. ................ 4-44 239 301 17 911 0.09 

May ................. . 40 22}) 291 17, 92 0.09 

June ..... ............ 3&J. 53 200 11,900 0.06 0.05 

July ..... ..... ....... 758 42 1&J. 10,084 0.().! 0.04 

August . ... . ...... .. .. 42 115 7071 0. 03 0.03 

ptember . ... ....... 10 145 8, 62 0.04 0.04 

tober ..... . ........ 27 111 6, 25 0.03 0.03 

ovember ............ 126 3 101 0.03 0.03 

December ............ 126 75 103 0.03 j±j Per annum ... .. 444 t12 178 0. 62 -
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' FtG. 25.-Discbarg of outb Platte River at DeanRbury and Denver, Colorado, 1~6. 

ORCHARD STA'I'IO ON S01 TH PLATTE RIVER. 

This tation i de cribed in Bulletin No. 140, pag 112. It i lo ated 
one-fourth mile southwest of Orchard, Colorado, and was e tabli bed 
:November 20, 1 95. The gage i inclined, consi ting of two 2 by 4 
inch plank , piked together and fa tened t.o post driven into tl.J river 
bank. It is, marked to vertical 0.10 of a foot, the spaee betwe u the 
marl>: · being 0.127 of a foot. The bench mark con i t of a 2 by 4 inch 
stick driven almost to the surface of the gTound feet back from the 
rod. The top of thi i 0.30 foot above the 8-foot mark on the rod. 
The initial point for soundings is on the right bore. The left bank i 
high and the right low and liable to overflow, the bed of the tream 
being sandy and shifting. Measurement are made by wading, bn t a 
sufficient number have not been obtained for the timatiou of the daily 
discharge. The primary object of this tatiou is to obtain the winter 
flow of the Platte at this point. The station was reopened December 1, 
1896. The ob erver is Mr. W . N. Bachelder. 

On November 21, 1895, a station was est~tbli hed at Green City 
bridge, about 6 miles west of Orchard. Tb river at that point <li -
charges through two chanJlels, and as for other reasons the location i 
not a desirable one, the station was abandoned March 18, 1896. The 
record of daily gage heights for 1895, from November 22 to December 31, 
and 1896, from January 1 to pril 4 and from December 1 to 31, i 
given in Water-Supply and Irrigation P aper No. 11, page 53. 
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List of dischat·ge measztrements made on , outh Platt-e River at Orchard, Colorado . 

Meter Go~ 
.Area of • :r::r., I """".!' No. Date. Hydrographer. nom- beig t section 

ber . (feet) . (square (feet per !secon ,_ feet) . second). feet). 

--
1895. 

I 1 Nov. 20 P . J. Pre ton ---- -- 21 4.00 327 2. 53 829 
2 Dec. 27 ___ _ .do _____ __ __ ___ 21 3.83 2 - 2.34 667 

1896. 
3 Feb. 19 II. A. uruner .. .. __ 21 3.90 2 7 2.33 669 
4 Oct. 22 P.J.Pr ton ------ 21 3.20 111 1. 99 240 

I 
5 Dec. 12 ____ .do ______ ...... 21 I 4. 55 294 I 1. 7 550 

MORRI ON TATION 0 ' BEAR CREEK. 

This t ation i described in Bulletin No. 140, page 106. It is in the 
Golden quadrangl , and was e tabli bed May 19, 1 95, in the upper 
part of Morri ou, olorado. During the flood of J uly 24, 1896, the 
gao·e rod wa wa bed out, and a new rod wa placed in the tream on 
August 4, 1 96 about 150 feet above the railroad depot . Thi rod con-
i t of two i nclin d plank 2 by 4 inche by fee long, piked t.ogether, 

an 1 fa ten d to p t driven into the ground. It i divided into verti-
al tenth of a foot th pa b twe n the marks beiug 0.127 of a foot. 

Thr nail in a tree in ri ht bank 190.5 £ t b low gage rod are 10.14 
£ t ab ve z r of gag . oth bank are low and liable to overflow at 
high wa r. ifea urement are m. de by wading, but the bridge above 
the ag an b u d at high water. 

From le el note taken Augu t 4, 1 96, the followino- approximate 
tima i made of the discharo- of Bear reek at thi point during 

tb flood of Friday July 24, 1 96: Depth in main channel, 5.40 feet; 
velo ity of main ha,nnel 19. 0 feet per econd; total area of cross 

ction 465 quare feet · total discharge, 8,600 second-feet; high-water 
mark of the flood referr d to the pre eut gage at the 10.90-foot mark. 
Th cro e tion wa takeu some 200 feet above the present gage. The 
ob erv r i ir. Frank Ewer . The record of daily gage height for 
1 9G, from April 6 to October 31, i given in Wa.ter-Supply and Irriga
tion Paper o. 11, pao-e 54. 



168 PROGRESS OF STREAM MEASUREME T FOR 1 96. 

List of duohat·ge meaam·eJJumtsmade on Beat· Or88k at Mon'iB011, olorado. 
' 

M t.er Gn~e 
Are of Mean 

Dlsobnr~o 
8 Wou "610 lt;y 

'o. Date Rydrogrnpb r. BUill· b lg 1L ( qunro (~ t per (se on< · 
b r . (f t) feet) . s oond). ~ t ). 

1895. 
1 May 1 P . J . Pre ton ...... 21 0.90 22 2.17 47 

2 J ane 12 ..... do · -- --· . . .... 21 2.05 69 ll, 77 331 

3 July 24 ... . . do ... . ........ 21 1.65 5 2.96 171 

4 Oct. 9 ... . . do-- - - -- . . .... 21 1.05 30 2.15 64 

1896. 
5 June 17 P. J . Pre ton ...... 21 0.75 23 1. 41 32 
6 Aug. 4 .. ... do·----- ' ·---- 21 2.90 1 3. 00 55 
7 Sept. 19 R. u.mn r .. - ... 21 3. 05 21 

·~ Oct. 30 P. J . Preston .. _ .. . 21 2. 55 11 1. •14 16 

Ratit~g tablej&r Bear Cr88k at .Jlorrison olorado. 

[This table is applicable from January 1, H!96, to ugust4 , 1896.] 

Gage 
h ight. Dlsohnrg .1 Gnge 

h lgbt. Dis hnrgo. G~ belg t. Dlaohnrg . -~~. I D. .... : 

J?eet. &c. f eet. Feet. Seo.jeet. Feet. Sec . feet. l?eet . eo. f eet . 

I 0. 60 11 1.10 71 1. 50 137 1.90 249 

I I 
0.70 23 1. 20 6 1. 60 159 2.00 2 9 
0. 0 34 1. 30 101 1. 70 1 2.10 370 

~ 
46 1.40 11 1. 0 213 2. 15 417 
5 

I 
00 

G~~,;t. 
---

J?eet. 

2.50 
2. 60 
2. 70 
2. 80 

Rating tablejO"T Bear Oreek at Morrison, oloFado. 

[Thl table Is applicable from August 5, 1896, to December 81. 1 96.] 

Discharge. G~e 
beig t. Discharge. ! Ga~ beig t. Discharge. GalLo 

belg t. 
---- I 

Sec. feet. Feet. Sec. f eet. Feet. eo. f eet. Feet. 

9 2. 90 57 3.20 101 I 3.50 
20 3.00 71 3. 30 117 3.60 
32 3.10 86 3.40 135 3.70 
44 I 

Discharge./ 

eo. f eet. 

154 
173 
193 
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Esti11tated monthly discharge of Bea1· C1·eek at Monison, olorado. 
[Drainage area, 170 square mil .] 

Dtscbarge in second-feet. Run-ofr. 

169 

l 
Month. Total in 

Depl.b in ISecond-feetl Maxi- Mini- acre-feet. 
Mean. incbe . per anare mum. mum. 

m e. 

1 96. 
April 6 to 30 ....... ... 6 23 49 2,425 0.28 0.29 
May ·--··-·· -· ----··· 71 34 51 3 136 0.35 0.30 
June----- ·-··· -- · ... . 5 23 32 1, 904 0.21 "0. 19 
.r uly 1 to 2-L _ ..... _ .. _ 5 9 33 1,560 0.17 0. 19 
August 5 to 31. ...... _ 71 38 53 2,835 0.30 0. 31 

eptember .. ......... 71 38 50 2,975 0.32 0.29 
Octob r-- .- .. - .. .. -- - 44 26 35 2,152 0.22 0.20 

MARSHALL TATIO ON SOUTH BOULDER OREEK. 

Thi tation is de cribed in Bulletin No.140, page 107. It is located 
about 3 miles west of Marshall and was e tablished on May 14, 1895. 
The gage consist of an inclined 2 by 6 inch timber, with a 1 by 6 in h 
seal nailed to it, and i fastened to a tree and to takes driven into 
th ound. It i marked to vertical 0.10 of a foot, the distance 
be n tbe mark bein 0.2~ of a foot. The bench mark i a tone, 
15 feet northwe t of th gage, marked with black paint. Its elevation 
is 6.99 feet above z roof rod. Mea uremen are usually made by wad
ing near th a-age, but a footbridge ~0 feet above can be u ed in high 
water. !.rb ommunity ditch and the ' South Boulder and Coal 

re k di h" both take out water above the gage, and this amount 
mu t b a{}ded to the discharge at the station to obtain total rnn-off of 
th dramage ba in of the creek. The ob erver is Mr. C. E. Barber. 
Th record of daily ao-e height for 1896 from April1 to October 31 is 
given in Water- apply and Irrigat;-!on Paper No. 11, pao-e 54. 

List of disoha1·ge measureme11 ts t11ade on South Boulder Creek, nem· Ma1·shall, Oolomdo. 

Meter Gaf: 
I Area. of Mean Disoba.r.f.e section velocity 

No. Dnto. Hydro~rrapber. num- beig t (square (fe t p r (86000· 

ber. (feet). foot). s ond). feet). 

--

1 
1 1 95. 

May 14 P . J. Pr ston .. .... 21 2.00 53 3.09 164 

2 July 18 .... . do . . .......... 21 2. 00 61 3.19 195 

3 Oct. 10 ..•. . do .... . . ...... 21 1. 05 25 1. 68 42 

1 96. 
4 July 3 P . J. Pr ton . . .... 21 1. 50 38 :&.34 88 

5 An g. 8 .... . do ............ 21 0.96 19 1. 45 27 

6 Sept . 24 R. s. uruner ... ... . 21 1.00 22 1. 43 aR1 

7 Oct. 17 P. J . Preston . ..... 21 0.90 18 1. 36 24 

a Gaging made a miles above Mnrsbnll, Colorado. 



170 PROGRESS OF STREAM MEA 'UREMENTS FOR 1896. 

Rating table for South Bouldel' Cl'eek at Marshall, Colo1·aclo, f or 1896. 

Gn~e 
beig t . Di~cbargc. Galte 

heig t. Discharge. 
''"',\", D>ooh"'g ·I 

Fut. S~!JJ . fUt. Fee t. 'ec.f-et. Feet. Feet. ec. f eet. 

0.70 15 1.20 52 1. 70 2. 20 

0.75 16 1. 25 57 1.75 2.25 

0. 0 1 1. 30 63 1. 0 143 2. 30 

0. - 21 1. 35 69 1. - 1-5 2.35 401 
0.90 24 1.40 75 1. 90 167 2.40 443 
0.95 27 1. 45 2 1. 95 1 1 2.45 4. 3 
1.00 31 1. 50 9 2.00 1 6 2. -o 543 
1. 05 36 1. 55 97 2.05 214 2.55 603 
1.10 41 1. 60 105 2.10 233 2.60 663 
1.15 46 1. 65 113 2. 15 260 

Estimated monthly cliachm·ge of 1·eek nea1· Mm·ahalZ, oLOrado. 

[Drainage area, 125 square mil .] 

Discharge in second-~ e• Run-off. 

Month . Total In 
D pth in I ' ond f~et Maxi· Mini· aor fe t. 

mum. mum. Mean. inches. p r sfi uaro 
IDl • 

1 95. 
May 15 to 31 ... .. .. .. 445 148 238 ,024 1.19 1. 90 
June .. . __ .. -- ... . -- . . 1, 090 261 531 31,597 4.74 4.25 
July . ---- ·-·- -·- ·- -- · 3 14 130 205 12 605 1. 9 1.64 
Auo-ust .. .. ...... ---- . 166 62 99 6, 7 0.91 0. 79 

eptember _ .... .. .... 77 20 37 2,202 0.32 0.29 
Octob r .. ------------ i 14 36 2, 214 - 0.32 0.2 

I 
Estiniated numthly discharge of South Boulder Oreek at Marshall, olorado. 

[Drainage area, 125 square miles .] 

' 

I Roo~ Discharge in second-feet. 

I 
- Total in Mouth. 

Maxi- Mini - aero-feet Depth I cond-~ t 
mum. mum. ll.fean. ioinches. per saua ro 

m1 o. 
---

1 96. 
April ---- --- ------- -- 167 1 72 4,2 0.64 0.5 
May---· -- - -· -····--· 603 97 219 13,465 2.02 1. 75 
June ......... .... .... 358 105 204 12, 13 1. 2 1.63 
July .. ------- .. -- .. ,. 105 52 75 4,612 0.69 0.60 
August . .......... : .. . 167 27 42 2,5 2 0.39 0.34 
Sept ember ... . . ...... 46 31 37 2,202 0.33 

~ October . ... ---- .. .... 31 18 23 1,414 0.21 8 
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BOULDER ST.A.1'ION ON BOULDER REEK. 

This tation is de cribed in Bulletin o. 140, page 108. It. i located 
about 1~ mile · above the town of Boulder and was established on by 
13, 189-. The gage rod consists of an inclined 2 by 6 inch timber, 
with a 1 by 6 inch scale fa tened to it and piked to stakes driven 
into the ground. It i marked to a vertical 0.10 foot, the space 
b tween the mark being 0.207 foot. The bench mark is a large 
stone, 20 feet north of the gage. Its elevation is 9.95 feet above the 
zero of the rod. The ob erver is Mrs. Carrie 0 good. Both bank are 
high and rocky and not liable to overflow. The bed of the creek i 
quite rocky. Measurement are usually made by wading, but during 
high water cau be mane from a bridge 40 f< et above the gage. The 
r cord of daily gage heights for 1896, from .A.pril1 to October 31 is 
giv n in Wate~-Supply and Irrigation Paper No. 11, pag 55. 

Li11t of discharge measm·entents made on Bo1Llde•· Cl'eek at Bonldn· , r;olol'ado. 

IT 
1 

'o. Dnte. Hydrographer. 

-,-Aren of 
Meter Ga.ge section 
DUID· heiglJt 

Menu Discharge 
veloc• ty { econtf. ' 

ber. {feet). Csqunre 
{feet). 

{fe t per f et). 
econd). 

1 95. 
1-- ----1------- -, 

1 July 17 P .. J. Pr too ... .. .. -1 1. 90 3. 0 317 

2 0 t. 3 ..... do .... . ....... 21 0.50 32 1. 04 36 

I 1 96. 
3 Ju ly 2 P .. T. Pr ton . .... .. 21 1. 30 51 2.71 139 

4 July 3 ..... do ...... ...... 21 1.10 46 2.40 110 

l£_ ' pt. 
23 H. 1-i. tlllltl l'T ...... 21 0. 0 31 2. '22 

I 
69 

Oct. 16 1 P . J . PrN<tou ....... 21 0.50 21 1. 7L s-
__ I _ _ 

Ratiu!l table for Uould r Creek at B o1dder olorado, j01·1 96. 

• OJ!t' Di~ hur~c. I h i l!l•~ 
<~_ngo Discharg . 

hl'!gl•t. 

Feet. 

0.~0 

0.25 
0. 30 I 

0.35 
0. 40 
0. 45 
o. ·o 
0.55 
0. GO 
0. 5 

0.70 

M.feet . F trl . 

7 0. 75 
11 0. 0 
15 0. -
20 I 0.90 
25 . 95 
30 

35 

40 
46 
51 
57 

1.00 
1. 05 
1. 10 

1. 15 
1. 20 
1. 25 

ec feet. 

63 
69 
75 

1 

7 

94 
101 
10 
116 
124 

132 

' "~ohnrge -, hGngo Dischu"l!e· 
bcit.rltL · e1gbt. 

Feet. 

1. 30 
1. 35 
1. 40 
1. 45 
1. 50 
1. 55 
1. 60 
1. 65 
1. 70 
1. 75 
1. 0 

ec.fcet . 

141 
150 
159 
169 
1 0 
192 
204 
21 
232 
250 
268 

Put . 

1. -

1. 90 
1.95 
2.00 
2.05 
2. 10 
2.15 
2.20 
2.25 
2.30 

ec.jeet. 

292 
317 
363 
410 
4 ·7 

523 
590 
656 
733 

~~L------L--~---~~ 

_j 
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Est·imated monthly disoliarge of Bou lde1· Oreek at Bou lder , 'ol01·ado. 

[Dra inage a rea, 179 sqoa.r miles .] 

:Month . 

Disobar ge iu soooml -feet. 1---.-----:-----1 Total iu 
Mini - acr - ~ t. 

1 95 . 
May 14 to 3L ... -- .... 
June. -- -- .. .. . . ----- -
July . .. .... .. ..... ---. 
An go t . .......... .... 

eptem ber . .... . ..... 
October .. .. ..... ..... 

1 96. 
April -- -· -------- -- · -
May - ---- -- -- -- -· ·---
Jon · ----- · -- -- .. . ... 
July .... .. ... .. .. .... 
Augn t ·--- ---- ---- .. 

pt<'m b et· .... .. ..... 

October ...... .. .. __ .. , 

LYON ' 

M ax:i
mum. 

4.21 
760 
550 
34.5 
145 
114 

292 
09 

466 
250 
21 
108 
51 

Mean. mtun. 

229 316 
3 2 502 
261 355 
132 205 

5 6 
5 tl<t 

7 0 
7 240 

141 264-
101 150 
46 
46 73 

20 33 

TA'l'lON 0' S1'. VRAI ' 

2, 705 

4, 760 
14, 757 
15, 709 
9 223 
6, 210 
4, 344 

2, 029 

REEJ<. 

Run -o il 

1.19 
3.12 
2. 2 
1. 33 
0.54. 
0.29 

0. 50 
1.54. 
1.65 
0 97 
0.64 
0 . 4.6 

0. 21 

1. 77 
2. 0 

Thi tation i describe<l in Bullet in o. 140, pag 109. It i 1 cated 
one-half mile outhea t of Lyon , below th inter ection of th north 
and outh fork of tbe St. Vrain, and wa establi bed May 11, 1 9~ . 

The supply ditch take water out on the left side o( the tream above 
the gage. To obtain the total run-off of the drainage ba in of the 
creek at this tation the amount of water in the ditch wHI ha ve to be 
added to the discharge of the creek. The gage is an inclined 2 by 4 
inch timber marked to vertical 0.10 of a foot, the space between t !Je 
marks being 0.134 of a foot, and is fastened to posts driven into the 
ground. Both banks are low and liable to overflow, aud the b d of 
the tream is compo ed of gravel. .Measurements are u ually made by 
wading, but at high water can be made from a wagoll bridge 400 fe t 
below the gage. The observer is Miss Bessie Site . The record of 
daily gage heights for 1896, from April 1 to October 31, is given in 
Water-Supply aud Irrigation Paper No. 11, page 55. 
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List of disohat·ge mea.s·ut·ements m.ade on St. Vrain Creek at Lyon11, Colora.clo . 

HD·~ 
- -

Meter Ga~ 
.tl.rea of Mean Discho.rje 

Hydrographer. num- heig t section velocity (sccon -
her. (feet). (square (feet per feet) . feet). second). 

-- ---

I 1 95. 
1 May 11 P. J . Preston .... .. 21 1. 65 78 3.33 260 

I 2 July 20 .. ... do .... .. . ..... 21 3. 40 103 3.27 336 
3 ct. 2 . .. .. do ... . . . . .... . 21 2.10 24 2.78 65 

1 96. 
4 June 6 P. J. Preston ...... 21 3.57 119 3.27 389 

5 July 29 ..... do ... ... .. . . .. 21 2.70 43 4.41 189 

6 Sept. 22 R. umner .. .. .. 21 2.50 56 1.9 110 

7 Oct . 14 P. J. Pr,ston ...... , 21 2.22 36 1.49 53 

Rating ta.ble for St. Vrain Creek at Lyons, Colorado, for 1896. 

I hGi~'i:t. Discharge. Ga~ Discharge. Ga~e Discharge. Gate Dis barge. 
heig t. heig t. beig t. 

---
Fut. u.jut. Fut. u.jut. Fut. ttJ.jut. Feet. ec. f eet. 

1. 0 I 5 I 2.45 103 3. 10 283 3.75 +2 

1. 70 6 2. 50 U6 3.15 295 3. 0 4.39 

1. 0 7 2.55 131 3.20 306 3.85 4-50 

1. 90 9 2.60 146 3.25 318 3.90 462 

2.00 12 2.65 163 3.30 329 ' 3.95 473 

2.05 1 2. 70 1 0 3.35 340 4.00 4.84 

2.10 27 2.75 195 3.40 351 4.05 495 

2. 15 37 2. 0 209 3.45 362 4.10 506 

2.20 47 2.85 222 3.50 373 4.15 517 

2. 2- 57 2. 90 235 3.55 384 4. 20 529 

I 
2. 3 67 2.95 247 3.60 395 4.25 54.0 

2.35 7 3.00 259 3.65 406 4.30 551 

I I 2.40 90 3.o- 271 3. 70 417 

:-
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Esti.mated monthly discharge of I. T"1·ain 1·eek at L-yon a, olo1·ado. 

Month . 

[Drainage aroo., 209 square tniles.] 

Ma>J. 
IDU L..1 . 

Mini· 
llllltll. 

1\IoruJ. 

Total in 
ocr -feet . 

1--------- --- ---1----1----1 

1 95. 

June 13 to 30 ... ... . .. 1, 0.10 430 711 -5,3 0 

July ... . . . ... .. .. . . .. 0 259 HO -5 210 

August . . ... .... . . .... 4 134 229 1·1 0 0 

September ... ... ..... 125 72 9:3 5. 534 

October .. -- ..... ... .. 230 0 1 9 11. 621 

1 96. 
A.pril. ......... · . ...... 247 5 74 4.,403 

May ..... . . . . . ... . ...• 573 103 229 1-l-, 0 0 

June ........... ______ 417 195 320 19 041 

July -- .... --- .... ---- 4':1.7 116 211 12,974 

August ... ............ 529 47 15-l 9,771) 

~ruO" 373 67 129 7, 676 

er . ...... .. .. ... 90 5 55 3,. 2 

Ru u-ofl'. =l 
D 1'1 b lu onil -fe t 

inches . p r sq unre 
IIJilO. 

2.34 3.40 

2.26 1. 96 

1. 27 1.10 

0.49 0.44 

1. 0-l 0 .. 0 

0.39 0. 3:3 

1. 27 1. 10 

1.71 1. 53 

1. 16 1. 01 

0. 7 0.76 

0. 6 0. 61 
0. 30 0.26 

A.RKINS STA.TION ON BIG 'l'HOMP 0 CREEK. 

Tbi station is described in Bulletin J:i1 o. 140 page 110. It i located 
about 9 miles west of Loveland an d about 600 feet below the "Home 
Supply Dam," and was e tablisbed May 9, 1 95. The gao-e i vertical 
unpainted, but notched for each foot and 0.10 of a fo~t, and i fa ten d 
to the timbers of a bridge. The bench mark i a notch in a tree a-bout 
50 feet below the gage, on the left-band ide of the stream. It eleva
tion i 4.92 feet above the zero of the rod. The right bank is hi gb, but 
the left is low and liable to overflow at high water. Tlte bed of the 
stream is of gTavel with some bowlders. Measuremen t · are u ually 
made from t he upper side of the wagon bridge. The head-gates of the 
Home Supply Ditch and Handy Ditch are located abo e the dam. The 
observer i Mr. E . Chasteen. The record of da ily gao-e height for 
1896, from April 28 to October 31, is given in Water-Supply aud Irriga
tion P aper No. 11, page 56. · 
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List of dischm·ge measU1'eJn611 iB made on Big 1'hompson Creek near .t11·kins, Col01·ado. 

I 
"Meter Galj,e area of Mean 

Dischar.fe "o. Date. Hydrographer. oum· heig t. section velocity (secon . 
ber. (feet). (squa re (feet p r feet). feet). second) . 

-- ----- ---
1 95. I 

1 May 9 P. J. Preston ... ... 21 1. 25 120 2. 17 260 
2 Jnly 19 . . ... do . .. .... . . . .. 21 1. 90 139 3.59 499 
3 Oct. 1 ..... do ............ 21 0.45 56 0 ~-.I 42 

1 96. 
4 Jun 1 P.J.Pre ton ....... 21 1. 70 12 3.H 403 
5 July 2 . . ... do . ...... . .. .. 21 J. 50 112 2.56 286 
6 Oct. 15 . ... . do ..... . ...... 21 0 . 0 74 1. 01 74 

Rating table for Big Th011tpson Creek near A.rl..'ins, Colorado, f 01' 1896. 

hO~~c I"'"""''· Ga!he Discharge. Ga!he J Discharge. hcig t. heig t. 

Feet. ec.jeet. Feet. ec. jeet. Feet . Sec.jeet. 

0.10 6 0.65 40 1. 20 I 1 0 
0.1" 0.70 50 1.25 195 1. 

0. 20 62 1.30 211 1. 85 
0. 2- 74 1.35 22 1. 0 566 

0.3 6 1.4.0 2-1-6 2. 00 649 

0.35 99 1.45 266 2.05 692 

0.40 112 1.50 2 6 2.10 735 

0. 46 2•1 1.00 125 1. 55 311 2. 15 77 

0.50 27 1. 05 1 1.60 337 2.20 821 

~ 
30 1.10 1-2 ] . 65 370 2.25 66 

34 1. 16 166 1. 70 403 2. SO 911 0 

E t'ima.ted monthly dischat'!J of B ig Thompson C1·eek nea1· .dt·ki.n , Colorado. 

[Drlliunge aron, 805 square miles.] 

Month. 

1 96 
Mi~y . .•. ... ....... ... 

Jru1e ... ... .... . .. . ... 

July .... ........ . .... 
Ang u t .... ...... ..... 

epteo1 b 1' ... .... .... 

tober . ... .. .... . .. . 

Mnxi· 
mum. 

911 
4 3 
403 
443 
195 
13 

i\fini
mum. Mean. 

Total in 
nore-feet. 

- ----1----1 

5 21 13, 40-l 

180 285 16,959 

162 225 13,834 

3 1·14 8, 854 

74 119 7, 0 1 

20 66 4,05 

Run-~ 

-~' Depth 111 per square 
1nche~. mile. 

0. 3 0. 72 

1.03 0. 93 

0.85 0. 74 

0. 5<.1. 0.47 

0.44 

~ 0.25 2 
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L OUP RIVER. 

ST. PA L STATION ON NORTH LOUP RIVER. 

[Drainage are!b, 4,02<1 square mile .] 

This station is on the left bank, at the lower ide of the wagon bridge, 
4 miles north of St. Paul, Nebra Ira, in the St. PauJ quadrangl . The 
gage consists of a piece of oak 2 by 3 inch , 16 fi et long, with the fa e 
inclined 30 degree to the horizontal. Thi ' re t upon cro . tie w 11 
bedded and covered, the bottom of the rod being thrust into the bed f 
the river. The zero of this rod i 15.01 fe t below the top of th lower 
horizontal projecting part of the footplate at the north ud of th w t 
truss of the north span of the bridge. The ob erv r i J arne tout jr. 
A descriptionofthi ~tation, together with there ult obtained in 1 9-, 
is given on pages 114 and 115 of Bulletin No.l-10. 'fhe gage and the 
ob erver are the same as for 1 95. daily record of gage h ights has 
been obtained for the period from Mar h 29 toN ovem ber 1. oundiogs 
made by the observer at interva.:. during the eason have prov d to be 
of little value in making up the r cord of di ·barge. The re rd f 
the year's sounding and di charge m asurem nt i pre eoted in the 
following table: · 

lAst of measm·em.ents made on North Loup River at t. P au l, NebrCUJka. 

Date. 

1896. 
May' 9 

May 24 

June 1 

June 11 

July 7 

July 9 

July 15 

Aug. 2 

Aug. 15 

Aug. 21 

Hydrographer, 
Meter 
DUIU· 
her . 

E . N. Corb in ........... , 78 

Ja. Stout, jr ...... ... . 1 .... .. 

.. . .. do .......... .......... .. 

0 . V. P. tout .......... 1 78 
James tout, jr ............. . 

E. T. Youngfelt........ (a) 

Jas tout, jr ........... . .... . 

.... . do ...... ........... .... . 

. . ... do . ............... . .... . 

E. T. Youngfelt........ (a) 

'ept. 1 Jas. tout, jr ............ .. .. 

Sept. 15 . .... do . ... , .......... . .. ... . 

Sept. 23 E. T. Youngfelt.... .... (a) 

Oct. 2 J as. tout, jr...... .. .. .. .. .. 

Oct. 17 ..... do ................ .... .. 

L;_l: :: :: ::: :: ::::::: 

Gage 
belgllt 
(feet). 

3. 40 
3.33 

3. 48 

2.30 

2.30 

2.10 

2.10 

2.10 
2. 07 

2.05 

2.04 

2.22 

2.15 

2.20 

2. 15 

2. 20 

2. 20 

a Price acoustic. 

A r of 
s ction 
I square 
f t). 

455 
4.56 

495 

578 
420 
623 

584 

517 

433 

530 

546 

454 

4 9 
697 
730 
588 

Mean n· velocity ISohnrge 
(f' L per (second· 
second). f eeL) · 

2.50 1, 1 

1 337 

2. 67 1, 120 

2. 03 880 

2. 06 935 

............... .. , 

........ , .~ 
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p to the time of the flood on Juue 5 aud 6 the general appearance 
of tb river at th e gagin g tation was a in 1895. The rli scbnrge on • 
May 9, 1 06; with agao·e height of 3.40, wa found to be 1,13 econd.
feet. Tbi ' d.i c!Jarge correspond in the ra tin o· table for 1 95 to a height 
of 3.1iJ fe t ou the gage. Tbe di charge from Ar ril 1 to June 5, 1896, 
ba been tima,ted by adding 3.40 minus 3.15, equal 0.2- feet to the 
ob erved gage height, and taking from be rating table for 1< 95 the 
di ciJarge corr ponding to t !Je re ultiug gage height. A rating t able 
b a b n prepar d. which applie either directly or indirectly to the 
variou · nbperi d. from Jun 7 to ovember 1, 1 9G. 

I 

}'J(l. 26. -2\orth J.oup Rh· r nenr Bunvoll, Nebrn ·ka. 

Rati>1 {J table f or Yo1·th Loup Ricer at I . Paul, N ebraska. 

(~\pplying in gent•rnl indit· c lly lo tho period sncceedin~r th e fl ood of June, 1896. ] 

C:n "O n· 1 Ga11e n· l ag-e Dischn.rge. Dis bnrge. b lgbt. 
1 

1sr 1ttrgo. ll height. ISO :mr~e . ll hei ht. 
I 

Fe.t. tc. f ett. Feet. 
I 

eo. f eet . FtU"t. tc.fett. r--:.:- ec. j eet. 

1. 50 46- 2.:20 1, 000 2.90 1,660 3. 50 2 290 
I 

1.60 530 2.30 1, 0 0 3.00 1, 760 3.60 2, 400 

1. 70 .600 2.40 1, 171"" 3. 10 1, 60 3. 70 2,525 

1. 80 6 0 2.50 1,-60 3.20 1, 960 3. 0 2, 625 

l. 90 750 2. 60 1,360 3.30 2, 060 3.90 2,750 

~ 
835 2.70 1, 460 3.40 2,175 3.95 2,825 

915 2. 0 1 560 0 

. . . . . t . t ble to tbe d duction of T he lll(hreet 111etbod of n.pplyw g a ra tUg a . 
· h t · - 1 ·ned in t he followmg discharge from observed gao-e .he1g s 1s exp at 

18 GEOL, PT 4- 12 
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pag-es in ·onnection with t h li us -ion of th 
Jun flood in th Loup I iver at olurnbu 'r!J 

Jl riotl fo llowi ng the 
eli It, rg ' ti mated 

in tbi maun r i re ·ord tl in tb fol lowino· tabl : 

Daily mean discharge in cnbi feet pu econd o.f Xol'lh Loup Ril'l' l' at I. P(wl, Xl'braBka. 

Dny . 

l.oo o 0000 

2 ...... .. 

3 ...... .. 
4-.... 0000 

5 .. .... .. 

6 .. .. .... , 

7 ...... .. 

fl ...... .. 

10 .. .. 0000 

ll ...... .. 

1200 000000 1 
13oooooooo 

14 .. ooooo o 

15 . . 00 0000 

16 ...... .. 

1. 07 1 521 

1, 139 1, ·155 

930 1,233 

1, 07 1, 263 

4 1 263 

9 7 1, 139 

1,139 
9 7 I 

901 
44. 

84-t 

- , 519 
1 962 
1 r5 

1,553 

1 263 
1700 .... .. 1,4-5 

18 .... .... 3, 767 

19.. .. .... 1,962 
20 0 ..... .. 

21. .. 0 .. .. 

22 .. .. .. .. 

9 7 
44 

901 

1, 6. 

1, •155 

1, 139 

1, 139 

1, 170 
<I 100 

2 25 
1, -10 

1, 34.0 

1,260 

1,337 

1, 290 

1, -70 

1 230 

1. 200 

1,165 

1, 155 

1,1cl-7 

1, 257 

1 330 

1,54.0 

1 930 

,Jnly. 

1,13 

1, 110 

1, 120 

1, 0 0 
1 0 0 
1,072 

1, 100 

1. 

1, 032 

1. 056 

11 072 

1, 0().l 

1. 032 

1. 

ug . 

1, 072 
(192 

957 
[12 

97~ 

919 

915 

!132 

957 

900 

67 

75 

900 

932 

1, 01 
1,000 

3 

957 

1, 016 

9 3 

9-lO 

90 
23...... .. 95 1, -0 1,016 67 

u .... 00 .. 930 1, sso 1, o-6 os2 
25.... .. .. 901 1 560 991 923 

26 ...... .. 1 44 702 1, 370 1,1 l 9-19 

27 ° 0 0 0 0 
•• 

0 779 2, 327 1, 370 9 3 923 

2 ° 0 
• 

0 
0 ° 0 

• 1 139 759 I 1, 3oo 1, os6 923 
29 ° 0 

• 
0 0 0 0

• 1, 962 570 1, 212 923 900 90 

:~: : : : :: : : .. ~·. ~ ~ .. 0 

7~~ 1 .. ~·- ~~~.. ~ : ~~ : ... 
0 
~~~ 00 

Mea u .. j 1, 305 l-1,- 0-40- 1,494 ~2~ 904'J---ru3-

~ 
~9 I 
963 

I 15 

932 

032 
9~3 

923 

910 

o.w 
910 

9~0 

9 5 
!J 3 

949 

94 

9·19 

923 

915 
5 

9 5 

94 

923 
940 

9£!3 

940 
1, 2-0 

1, 220 

1,120 

95 

On the ni gl1 t of June 5 rain of unpreced nted volume and inten ity 
fell upon the watershed of thi ' tream, o that 011 the mor11io g of June 
u the riTer wa eli chargiug a volume of wat r gr ater than bad ever 
been kuown before. At the gaging tation it was 3,000 feet wide, a)j(J. 
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Second· I IU ~u I tu ~u I tu ~u I IU LV I IU LU I IV ~u I IV ~u I IV LV I IV .cv I •v .cv I tv LV I I U ~u I IU LV I tu LU I 1u £U I au L.U I tu ~u I 1u LU I 
ee t. I I I 1 I I 1 I I I I I I I I . I I I I I I I I I I I I I I I I I 

.ooo I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

5'500 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 1 1 

5
•
000 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

4,5oo I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

4,ooo I I I II I I I I I I I I I I I, I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

3,500 

3
•
000 1---1-l II I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I 

2
'
500 I I I II I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I, II I I I I I I I I I I I I I I I I I I I I 

2,000 

1 
'
500 1•1 I ti:Jll I I I I ~~ II I I II I . I I II I I I I I I I I I I I I I I I IU • I I Iilli I I . I I I I I I I I I I I I 

1,000 

DI SCHARGE OF NORTH LOUP RIVER AT ST. PAUL, NEBRASKA, 1895- 96, 
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tbe . urface of the water ro e to a height of t4.9 feet! above zero 
of t he gao·e. The averao· depth of t he water for the ent.ir width wa 
abou G fe t. It i e t imated that t il maximum rate of di charge wa 
90,000 cubic £ et per econd. The two 100-foot tru . pan at the 011 th 

nrl of tlte bridge at th gagin g tatum wer carried a1Yay, and tlte 
cmT nt cu tit channel far iu to tbe outh bank abo e the ite of the 
bridg•. 

Tll ag wa uot di turbed, a it wa protected from the current by 
the nortiJ pier of th e bridg . A large quantity of and from th e bed 
of the river was , com·ed out g,nd depo ited on the adjoinino- field . 
Ju t b fore the flo d the ordinary gao·e heigbts ranged from 3.:.0 feet 
to .40 feet a-bove zero of the gage. After th e flood ub id d the ran ge 
wa from 2.10 to 2.-5 £ t, thu indicatin ·that. the surface of t he water 
at ordiuar.) tag s had been low red to the exten of about 1 foot. 

'1' . P.A. L ST.A.'l'ION ON MIDDLE LOUP RIVER. 

~ ·ortliug-: Jug h. wn.tet 11Ht.rk nud I O \*t)~~~tu by Mr. Hob~rt Harvey, idl ngiueor of 't. Pnul. 
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L ist of di .scltat·gc nt eastll·emtmlsmadc on ]} fiddle LouJJ 1 iuer, at I . Paul 'eb1'(tska. 

Date. I 
' ~ .Arrn. o f 

1
M Nul v · 

M . t• r •!•{!O s• · t io n loc ity D ischnr;:-c :\Ieu n 
H ydro •rnphe r . num- h - ~~h t I (squnr (fct· L pe r < ·• ·· ~on<l · d pt h in 

bor . (I el) feeL, . se one I) . ft• I) · 1 ·et. 

1 96. 
~---1 

lay , I E . N. 'or b in .... 7 J. 36 

l\Iay 21 j A.. . Ll .)' tl or. ... . . . . . . 1. 55 

J un 1 . . .. . do · ·-- - - -- · -- ---- 1. 0 

June nl O.Y.P. tout .. . i 1 2 ~ 
July 1 I A. . nyder . _ .. . . -- .. 1. 35 
July 9 E. T. Youngfelt . ( a ) 1. 42 

July 15 A. . uyder . .. _ ..... - 1. 26 

Aug. 1 ____ _ do--- -- - - -- ...... 1 1. 62 

~:!: ~~ 1 -~_-/;~,;~~-f- ;~ : --,-~/ ~: !~ 
ept. 1 A .. nyd er .. ........ 1. 3 

ept. 15 __ __ _ do .. __ .. .. - .. ... -I 1. 6 t 

ept . 23 E. T. Youug fel t. (a ) 1. 53 
Oct. 1 A. . ny <l r ____ .. _ _ _ _ l. 50 

Oct. 15 . . . . . do -- ---- --- ...... 1.--

a Price a ou tic. 

41i6 
-gG 
973 

452 

511 
440 

627 

560 

5:33 

606 

2.02 

2. 9.3 

940 

1, 400 

0.7 

0. 7 
1. 3 

1. 25 

- -- - -- -. - -- -- -- . . 1. 3!"1 
2. 19 t , ss2 1 1. 1s 

1.17 

1. 25 

--~ : ~; - - . ---~ - ~-., ~: ~~ 
-- -- -- -. -- - - ... -- . 96 

- - - --- -- ----. -- - - 1. !) 

1. 1 1,o15 1 o. 9s 

0. 

1. 02 

l 

It is evident th at very little relation i di cov rabl b twe n ga 
heigh ts and di ·charge, bene no rating tabl is off red. In makino
up tbe record of daily di ebarge for tb foll owing table a m th d wa 
u ed wbici.J. i quite tediou iu tl tail. It wa ba d up n h principl 
creLlited to Prof. A . M. Ryon on pag ,., of Bulletin :So. 140. 

Da-ily mean dischm·ge, in cubic feet per second, of Middle Loup R i t er at t. Pattl, 
.1.\"ebraaka, j"o1· 1896. 

~--~--------------------~----.---~----

1 ~ i Apr. May. .June. .J uly. Oct. 

1.... .... 1, ,190 1, 4"40 1 720 1 315 970 

2 .. -- - .. - 1, 31i0 1, 300 1, 550 1, 240 06 1 022 

3 .... - - - . 1, 060 1, 150 1, 430 1, 270 9H 

4 .... --.. 1 020 1, 230 1, 460 1, 270 914 0 
5 . . . . .. . . 1, 030 1, 050 1, 290 1, 270 1, 210 18 9 -

900 900 ..... .. .. 1, 195 1, 125 962 1, 010 

1, 020 1, 015 . -- . . ---. 1, 0 0 955 7 2 93 

() ____ . .. . 

7.. .. . .. . 1 

1, 170 70 2 2-o 960 9-J 2 79Jo 1, ooo 

1, 310 1, 360 1, 774 1, 332 900 00 914 

1, 200 1, 015 1, 5.1 5 t , 770 955 974 1, 046 

1, 050 890 1, 400 1, 420 980 1, 058 1, 0 2 I 

1, 00 1, 030 1, 465 1, 270 9'12 1, 010 1, 010 

1, 00 1, 060 1, 300 1,200 40 1, 034 97,i 

1, 730 1, 150 1, 300 .1 , 100 8 5 1, 190 1, 034 

·g __ . . - ·. -

JO .. .. ----1 
11. . .. .. .. 
1:2. .. _ __ __ 1 

~ I 
--~----~----~------· 
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PT 
20 

OCT . 
10 20 

6
•
000 

1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I 
5

'
500 1 I I I ! I I I I I I I I I I I I I I I I I I I I : I I I I I I I I I I I I I I II I I I I I I ! I I I I I I I 

5
'
000 I I I I ; I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I 

4
•
500 t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I T r I I I I I I I I I I 

4
•
000 

1 1 1 1. 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I 
3

•
500 t 1 1 ll 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I .I I I I I I I l 

3
'
000 I I I Il l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I 1 1 1 1 1 1 1 

2
'
500 I I I Il l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

2
•
000 1 1 1 Il l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I I ~ I I I I I I I I I I I I I I I I I I I 

1,5oo 1 1 1 

DISCHARGE OF MIDDLE LOUP RIVER AT ST. PAUL, NEBRASKA , 1895- 9v. 
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lJltilg mean disohlwge, in cnbic feet per second, of J fid dle Loup Ri.rer at t. Pa!£l 
Xeb1·a~ka, for 18.96-Cout inn ed. 

Day. pr. :llay . 

15.... .... 1. 210 1, 0 

16 ........ 1, 330 1,-JAO 

17 .. ...... , 

J ...... .. 

19 ...... .. 

20 ...... .. 

21. ..... .. 

22 ....... . 

1, 360 1, 300 

2, 000 I 1, 260 

2,430 

1, 730 

1, 070 

910 

1.16:-

1. 210 

1, 310 

1.00 

23. . . . . . . . 1, 170 1, 170 

24.... .... 1,210 1, 0 0 

25 .. .... ..1 1,3~0 1,1 70 

26.... .. .. 1, 000 1, 210 

27........ J, 190 1, 200 

2 . . . . . . . . 1, 300 1, 000 

29.. .. .. .. 1, 60 1, 215 

30........ 1, 60 1, 070 

Ju ne . 

1. 560 

1. 590 

1. 5-10 

1. 4 .) 

1, 560 

1 ~70 

1.660 

1, 650 

1,5 0 
l. 795 

1. '20 

1. ~5 

1,505 

I · 1, .J.17 

I 
1. 315 
1,-15-

Jul y . 

1, 0~0 

1, 050 

1.110 

1, liO 

1, 160 

1, 170 

1. 260 

J, 220 I 

1, 210 I 

1, 300 

1,300 

1, 440 

1, 5-10 

1,4 0 
1,320 

1,? 0 

95!5 

9 ! 

1, 000 

0 

760 

20 

746 

pt. 

1, 142 

1, 070 

1, 130 

1, 046 

1, 015 

9- 6 

9 
1 034 

1, 036 

1, 106 

1,15-l 

1 09-! 

Oct. 

1.110 

962 

974 

1,000 

1, 070 

1. 106 

1010 

1 0 2 

1, 000 

1, 070 

9 5 
1,094 

1, 070 

1,010 

1, 370 

1, 4 7 

:u .. ...... . •••. ..•• _ 1_. 1!_1_5 _ . .... . .. . _ l ,_G_,_o ___ ,_~_-_ 1 ....... .. 1, JOG I 
1,041 lll ean .. 1. 36-1 1. 154. 1, 542 1. 271 975 993 

ll a rain wlti h fell in t h all y of mall t ri butarie (lf this 
tr am ·au d a on id rable fre h t ou June 6. The gage height on 

that day, a 110t d by Obser r nyd r are a follow : 1.54 at 6 a. m.; 
4-.5 .... at a .m. ; 4.5~"" at .30 a . m.· 4.60 a t .45 a.m. · 4.70 at 9 a . m.· 4.75 
a 9.15 a. m. · 4. :3 at 9.' 5 a. m.; 4. 5 at 10.25 a. m. ; . -o a t 6 p. m. and 
3.9r3 at 10 p.m. t 6 a . m. on June 7 the gage read 3.35. The obs1•rver 
11o t that t he fre b twa au ed by a · loudbur~ t on Oak aod Turkey 

r· ek . It i t imatcd that th e maximum rate of di charge was 
16 000 ubic fe t p r cond. The damage eau d by t he freshet was 
confio d to tb all y of tbe mall tream . 

MIS ELL .A. NF.O Dl CHARGE fE.A. 1' EME "TS. 

Tb followin cr mea ur ment at point other t bau regular . tation 
wer made by Prof. 0. \T. P . tout in 1 96: 

Nn me of s1fonm . Wh ro mca-
111' d. 

Meter 
numb 1'. 

.A.r~ of ll lon." / Discbnrl!O 
section Yeloc>ty <• •·one! 
(sq unro (f t ]lor fe•o . 
~ t). soooud). 

----------- -----------:---,----
1 06. 

Aug. 29 onth L oup . .... 
1 

Rrw una . . . 105 98 1. 45 142 

Au 30 l id dle Loup .... CDO'lt .. ... 105 94 2. 26 212 

Do .. .. ..... d o ..... . ... . Dnnuinrr . .. 105 218 1.4 323 
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COLU1\fB L P RlVER. 

lAst of discharge 1neaRttrementa ntade 011 Loup lUrer at olulltbtt s, S ebraska . 

Dal~. 

1 96. 
Ma r. l:-

May 3 

I . Jun e 4 

June 24 
June 30 
July }.1. 

Jul y 22 
Jnly 31 
Aug. 10 
Aug. 28 

ept. 8 

~25 30 

-~-

Hydrographer. 

O.V.P. tou t .... __ __ 
'Vm. Grant __ ________ 

O.V. P . tout ____ __ __ 

----.do -- --- · ........ 
M . . :w age _______ __ __ 

~fP t er 
numb r. 

Float 

7 

7 
7 

.... ----

-~.-/;0-~~~-f~;~::::: l '-- ;~ --
M. avage . ........ . . -----· --

---- .do ---- ---· - -·· . . -- -----· 
E . T. Youngfelt ____ .. 7 
M. avage ______ _____ -- ·-- ---
E . T. Youogfelt ___ ___ 7 
L ':wage __ __ .. __ __ . ---- · -- -

I 

I 

Gage 
II · i~tht 
,fot•t). 

3. 
5. 12 
4. 76 
4.10 
3.90 
4.0 
3.91 
4.14 
3. 96 
3. 75 
3.7 
4.09 
4. 05 

A ron of 
se ·t ion 
(squnre 

feet). 

475-

1.194 
9. 7 

1,057 
921 

l4 

835 
6 
7 

726 
931 
797 
77 

::IIcon 
v locit.•· Disohnrgo 
( f et pe'r ( •cond · 

cond). f t). 

3.27 1. 550 
3 . ~ 6 ·1,256 

3.37 3 222 
3.0-l 3, 206 

--- ----· ---- -· ... 
· ·--·· -- -- -- --- --

2. 90 I 2,420 

-------- ---- --- --
..... ...... -- ·--- -- ---

3.0 2,234 
.. .... . . .. --- -- ---· 

2.97 2,370 

,-- ---- -- , . . ... . . . . 
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Rati11g table f or Loup B il'tw at Columbus Neb1·aska. 

[This table ;s applicable only from .A.pril l , 1 96, to .Tun 5, l 96.] 

Gng~ 
Di:-~charg·. Ga~o Di charge. I Gn~e Di charge. GllJ[O 

height. hcig Jt. heig 1t. height. Di · harg~ . 

---
F eet. ee.f et. r ePt. Su. feet. Feet. "ec .jeet. Feet. , 'tc.fett. 

3.50 640 4-.20 1, 4.90 3, 613 5.no 5,797 
3.60 7 .J..30 2, 106 5.00 3, 97 5. 70 6.1~6 

3. 70 947 .J.. 40 2, 334. 5.10 4, 190 5. 0 6,50-l. 
3. 0 1,116 .J.. -o 2,572 5.20 4 494 5. 90 6 il 
3.90 1, 296 4. 60 2, '17 5.30 4. 7 6.00 7,24 

~I 
1,4 3 4. 70 3,073 5.40 I 5, 12 

0 1, 6 0 4. 0 3.33 5.50 5, 4-5 

I na much a no permanent relation between gage height and di 
charge ould be found for t l..te period from June 8 to :November 1, the 
above table wa appli d in an indire t manner to deduce di charges 
from gag h ight for that p riod. 'Ihu , on June 24, when the gage 
heio-ht wa 4.10, t he dischar O"e was found to be 3,20o econd-feet. This 
di ' 1.1 rt:r · lT p nd ' in, the rating tab! to a ()"age height of 4. ~- . 

Th n it is a um d t hat if 4.75-4.10 = 0.65 be added to tlt 

Dltil!lntean llisoharg (i ll oubiof t ]J61" ecoud) of Loup Ri·ver at olumbus, Xebraska , 

for 1 96. 

Day . .._\ pr. "l!ray . Jnn . July. .A.ug. "1 ------
1. 0 0 0 0 0 0 0 3 20.') 4 07 2.69-l. 2. J7 3, 100 2,063 2.402 

2 ........ 3 5:"" '' · 2:.0 3, 126 2,694 3,203 2, 150 2,3 0 

30000000. s :w- 4,220 3 153 2, 32 2, :.:6-~ 2,2 7 

-1 ........ 2 9 1f' s, !l7 3 205 2,792 2,455 2, 2 7 

5 .... ~ . . - 3, 126 3, 312 3 n l 3 2,6i0 2 430 2, 240 

G ........ 3,0 1 3, 390 - -·· · --·- 2. -g7 2, 2 7 2, 2 7 

7.--.---- 3, 126 3,0 1 2. -oo 2, 170 2,35 

3,205 2, 76 ,000 2,5i2 3, 3 0 21063 2, 477 

()oOOoooo. 3.33 2, 6!)4 3, 421 2, 'i6 2,668 2, 063 2, 5-1 

J 2, 7~3 3,073 2, 621 2,620 2 170 I 2, 5-l 
10 ........ 3.393 
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Daily mean di cllm·ge (in cubie feel per B con d) of Loup River at 
for 1896- outiuu d. 

olmubus Z.\ebraska, 

P:l Apr. !lfny . I Ju n . 0 ·t . 

3,365 ? 67 1, 9 1 2 69-l 11 . ... . .. "J -, 
12 ..... . .. 4, ~3-t. 2, 21 2, 20. 

13 ........ 6, ~50 272 2 063 

14 ...... . . 5 797 2. !!2 2. 6 

15 ....... . -1, 6.-o 2.645 2.10 2,52<> 

16 .. ... . .. 3 725 o ·J? 
I ~- 2, 1 0 2,33-1. 

17 .. .. .... 4. 160 3 0~:.. 2 106 2, 334. -, 15 

1 .... ··- · 4 650 2,945 1,991 2 310 2,69-t. 2, 6-15 

19 .... .... 7, OL 2. 2, 406 2.51 2,621 

20 .. .. .... 1 5,937 2,406 2. -1!\ 1 2, 597 2,<>97 

21. ....... 5, 157 - !\02 2,Gr 2,817 

22 ........ 4,017 2, 670 2,4.)-l 2 ()70 2 !)1 

23 ........ -5,032 2, 6-1 2,5 6 2 72 2. 945 

24-........ 5,060 2, 455 2,5 6 2.524 3.022 

:.5 ........ 3,205 2, 35 2,502 2,370 

26 .. .... .. R, 126 2.310 2, 727 :1,3:>-1 

27 ........ 3100 I 2,621 3,021 2 94- 2 3i0 

2 --- ----- 5,326 2, 645 2 743 2, 970 2 406 
29 .... .... 3, 613 I 2, 67 2 6i0 2,970 2,310 

l_::_-__··· · 1,970 
2 917 2, 621 2,970 2.2 7 

.... !. ........ 2,621 ········ - 3.021 -- -- --·-· 

OnJun 6agreatfl.oodoccurr d. Mr. ayag ,th ob erv rat olum
bus, tate th~1t the wat r began to ri ·e rapiul at about., p. ro. Hi 
5 p. ro. ob ervation how a gage beiglJt of 9.75. Th-e 7 p. m. ob rva
tion: which wa the highe t noted, wa 12.55. He tate. that th water 
near bis house, which is about one-third of a mile from the brirlge an d 
river, and on th e down tream ide of the railroad tra ·k, continu d to 
rise slowly until about 2 a. ro. on unday, Juu 7. It i ueli eved how
ever, that the height at the gage attaiued a maximum littl , if any in 
excess of 12.55, as noted at 7 p. ro. on June 6. 

Professor Stout vi ited tile station on J un 10; found no cl finite 
high-water mark at the bridge, but a step in tue up ' tr am wing of the 
left abutment, which shows no signs of having been swept by tlJe flood, 
is at an elevation of about 13 feet above zero of the gage, a indicated 
by ight with a baud level. 
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. Tb b rid ge con i ts of pan a follows, the len gths bein o- tho e 
~tven bytoMr. Savao·e and c.heckecl roughly in a few in sta.uces by Pro-
J_e or ut: 

On I gram tru s ... . ..... .. __ . Feet. 
On Peg-ram tru . . . . . .. _. _ .. .. : : .·:: · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 200 
Eight through rns at 150 feet .................... · · .. .. .. .. .. .. .. .. .. 150 

' ............ -- - · .... ....... . . . .... . .... .. ... 1, 200 

T?tal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 550 

~ w rough mea ·ur 111 ent for m tl1 basi for a n · tima te tl.Hlt the 
area of cro ection t hrou h which the max.imum flood pa eel i about 
11 500 ~ ~are fe t. The Yelo ·ity eveu at tb w st end of the bridge, 
wa ~ ffi 1ent to l~y but no t to break, welJ. o· rown willow apliu g:s 10 
feet b1gh and 12- m che or more in diameter. At the a tend of the 

l ' ro . 27 . -Cn~ting s tnfion 011 Loup Ri"cr nt Columhu•, Xebrn ka, showi ng location of l!•g ro<l. 

bridg tone a er:t in g t he izc of a man' h ad and larger were torn 
out of t h riprap. Owing to b fa t that th ord inary cba.Jmel i her 
r "tri ted by th brid g , t lJ n.t th 1J d i al o t rew·u witl1 1 bri from 
form r b rid O' and tlood and that a v igorou growth of brn lt and 
wi llow ccupi a width f about 1 0()0 feet of th floo l channel, an 

of di cba rg ba ed upon t he data at hand. i not at all 

' hailly formu la, 1 v=5.67 .Jag indica te· that t h " locity of cur
rent ag~tin . t t h ea · t bank W<1S about 7.5 feet per se ond. 'l'h e max i
mum v lo i ty wa probably not much in exces of thi ' . .Assttmin o· 7.5 
feet per " on l a tlt mean for 500 ft>et from t il en t bank we obta.iu 
a.n e: tinmt f 3,000 c md- ~ et for t lt a.t portion . The 
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di charge through tb remainin o· 7 000 quar fe 
tion can only b gue . 1. lt run s probably i 11 th 11 igh borbo d of 
3~,000 eco11d-fe t. ll 11 tb ' tota.l t ima t d maximum di h;org 
took pia· at tbe rat of ab ut '10,000 , ·ond - ~ and last d i'r m 
7 p.m. on June G t 2 a .. m. on Ju11 7. Th maxim um rat 
in th North Lour at t. Pc ul i b liev d t l1av ex •> d d t hi ( 
mated at 90 000 e ond-f e ), but tl1 maximum fiood h ig ht \\' U n t" 
well sn tained . 

A tabl is given on png 1:'?0 r Bull eti n N . 14 to bow th ra tio in 
1 U5 between tb combin d di lt arg f tb Middl and N rtl1 LOU ]) 

at t . Paul aud til di eharg of th Loup at luml.n . 
expr ed in per entage a nd t il figtu' for 1 !J nnd 1 
given in the following table : 

Percenla{J6 of the cH8chm·ge of th e Lo11p 1 irer at Col11mbn8, Xebm8ka, contribntecl by the 
Midllle aull Xo1·th Loup l'iVCI'B at t. Paul, X b1·aska . 

Yettr. I Mny. June. July. An g. 

3. 1 1. 5 1. 3 -.5 1.2 1.1 

73. -1 (a ) 7.5 69. -1 77.5 73.2 

It ha been noted that the ratio in 1 95 wa. nearly cou taut, clo ely 
approximating the ratio of the cone pondin g draio ao- ar a. · a nd that 
the combined di charge of the two riv r at t. P aul tog tb r witb tb 
e timated discharge of tbe tributari which nt r th Loup 
below St. Paul, are about qual t t h di charge at olumbu . 
facts seemed to indicate that th part of he Loup l~iver b tw en 
Paul and olumbttS wa bel w the region of ·on id ra-bl ontributi n 
from prings. 

It wi ll be no teu that tb ratio in 1 96 wa not nearly o con ·taut a 
in 1 95. In attempting to di cov r tb wide variation from tb condi
tion · which tbe record of 1 95 Lad led u, to exp t, t he following tab
ular compari on have been made. The figur in t h last lin e. of hi 
a,ud the nex t four . ucceedin o- tables xpre the rati , in per· ntao-t- , 
which the 180G di. charge bears to that of 1 05 : 

Mean mon th ly lliBclt Mge (seca ncl-feet) of the .Jfic1dle Lo11p Rire1· at t. Paul, rebmska. 

I 
1-----

Y enr. :\lay. June. Jul ·. Aug. 

1 95 .. ....... .. ... 1, l73 1,396 86 1 973 

ILl 96 .............. ,
1

1, 1549-. 3 , 1, 542 1, 271 975 

uo. 5 ~~ ~o j 

·ep . 

877 

993 

113.3 1 

~ct.l 

0 

1,04.1 

123~ 
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J fean monthly disoltm·ge (seooncl:feel ) of th e Xortlt Loup Rirer at t. Paul, Sebraska. 
,.--

Year. :May. June. July. Aug. ept. Oc~ ,_ 
1 9- ........ . ... . . 1, l 9 1. 531 64- 984- 1, 094 1 146 
1 96 .............. 1 040 1, 49-1 1, 102 904 913 95 

I 
91.9 1 

----

L 
7.5 97.6 127. 6 1 83.5 3. 6 

I 

Mean fllonthly clisclt a1·ge (second-feet) of th e Jficlclle and N01·11t Loup 1'it•et·s ( combi11ed ) at 
I. Pa~tl, Nebraska. 

Y nr Mn~· - _ June. ~~- ! .A..ug. pt. Oct. 
-- - - --- I 

1 95 .... .. ........ 2, 362 2, 927 1, 725 1,957 1,9 6 , 1, 71 c . I 
2,194- 3,036 2,373_, 1, 79 1 906 1,999 

96. o . ----uu.- 1 
92. 9 103.7 1 137.5 1 100.6 

.Jfean mon thly dischm·ge (second-feel) of the Loup Riter at Columbus, Xebraska . 

Y or . M ay. Jun . I July. Aug. 
I 

Sept. Oct. 

I 66 3, -91 2, 122 2, 2 9 2,L7 2, ,150 
~ ......... 1 2,712 2 623 2,460 2, 732 

I 
I _ I ----

127.7 1 00.6 1---- ..... , ll<l. 5 101. 3 ut. o I 

1 95 .. .. .......... 2, 

1 !)6 . .. . . . .•. .... 2,!) 

1l fcan m onthly net dt schctrf! ( ccoucl·fC{•t ) coutl'i/Htted to the Loup Rivff1· beltreen I. Panl 
and C:.:olumb us Neb1·aska. 

L I June. 

- :t.-, Oct. I Y nr Mny. J uly. Aug. 

l 9- . . . . .. . ... .... 604 

' -- --~---
397 332 ~56 464 

1 96 .. .. .... .. .... 7. l 339 H4 554 733 

1-30. 9 , ......... , _:.4 , 221.:.., 100. 0 I 158.0 I 
L 

_ __.l 

The fio-nre.· for the l a~t tab! nbov a.r obtained by ubtm ting the 
ombined eli •harg- of the two rivers a.t St. Pau l for any month, from 

the di barge of t he Lonp I iver a.t olumbu for the a rne month. It 
1 p ' ible that t l1 varin.tiou in the ratio of Lhe everal di charges 
may b fo u11d t orre pond in ·om way to variation i n the di tribu
tion of t he rai.nfa ll over t h drainage area of the streams. A cnr ory 
examination of nt-i11fall record , however, f'a,ils to reveal any ncb 
r latiou . 
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PLATTE RIV E R . 

T l 'LA.'l'1'E Rl VER. 

FIG. 2 .-Looking north across south channel of Platte River, nca r Colnmbns. " ebraska. 

bon e is about one-half mile from th e gage. ObR r vation hav be n 
taken twice daily. The gag consist of a portion of t b oak I iec 
which served as a gage on tbe opposite ide of tbe ri ver in 1805. It 
i 3 by 4 inches in section and is 12 feet long. It fn e i in clmed to 
tbe horizontal at an angle of 30o, o that 2 feet along tbe gage corr·e
sponds to 1 foot m the vertical, audit is graduated accordingly. It i 
fa tened to cro s-tie which are bedded and to , takes wlJicb ar dri ven 
in th e bauk of t he river. The clJaunel is straight both above and 
below the gage . 

.A round tump on the west ·ide of the road and 80 feet north of tbe 
north end of the north t.russ of the bridge and a quare tump dil'ectly 
opposite on tbe east side of tbe road were elected a bench marks. 
Tbe top of the first is 7.38 feet above the zero of tbe gage, and the top 
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of t he econd L 7.66 feet above the zero of t !J e gaO'e. Mea ureweuts 
of di char ··e !Jave been n ad e in 1896 as foll ow : 

List of discha1'ff e meaBtt1'l'mtuts made on Platte River at olumbus, .Neb raska. 

~ letc r G~ge Area of sec- Men.n . 
tion (square Yelo01ty Dtschnrg-e Ulllll· h C J~ht 

ber . (feet). 
H .nlrograpber. 

feeL). a (feet per (second-feet). 
econd). 

1----1-------1--'---'---
1 96. 

\Vm . Grant ... ..... 7 , .. 
3 
... 

1

.

9
__ _ 2.26 

O.V.P. tout .... .. (b) 2.44 
:May 2 
Jnne 5 
Jun 1-t .. - - . do .. - - - - .. __ .. 7 4. 1l 2. 

June 30 -----do-- -- ----- -- · 7 3.35 1. 06 2.30 
Jnly 22 E.T.Ynug~ l t .. . . (b) 10 1.40 

Ang. 26 O.Y.P. tout ...... (c) 1. 06 , ... ..... ... .... ... . 
Aug. 2 E. T. Yonu <Tfelt .... --- --- 1--- -__ __ -- -- --. ____ ____ ... . 

4,550 
4,320 

10,307 
4 -1.50 

14 

1 

d() 

clO 

1 ~ ~ ~ ; :~.:·::.;; : J : ~ I ;;; ; ;; I 
-~------------~--~-~ 

a Arens and mean T"elocities ar for mniu channel. 
b P rice acoustic. 

c Estimate. 
dDry. 

e ·and. 

ratin g table ba 1 on t h m a ur ments ha been prepared and 
pr n t d her with: 

Hating table /01' Platte Rit•et· at olumbus, Xebm~kn. for 1 96. 

• Rf!(\ Dis~hnr,.:c. 
nge Discharge. Gn~e Dischar re. "1h" Discharg . 

height. heie:ht. h ei~od•t. h ig L. 

Feel. tc . .ful. Fu t . ec.feel . Fu t. ··ec . .feet. Feet. . ••. .fetl. 

1. 70 1 2. -o 1. 975 3.20 4., 04.0 3.90 I 250 

1. 0 425 2. 0 2, 2-o !1.30 4, 4-00 4.00 9,300 

l. 0 6~0 2.70 2,500 3. ~0 J , 50 4.10 10,400 

w,OO ?-- 0 2. 0 2,7 0 3.50 5,2 0 4.20 11,630 

2. 10 1, 030 2.< 0 3,060 3.60 5.750 .J-.30 12, 960 

2.20 1, 250 3.00 3, 360 3.70 6,450 4.40 1-i,390 

~ 
1,475 3.10 3 700 3. 0 7,300 4. 50 r,920 

1, 775 0 

Th z roof t h gag io 1 96 i ~ . "feet lower than zero of the gage 
in 1 05. Oompa.ring the above rating table with t hat for 1 95 it i ' eeu 
th at t he two r ating' a re wid ly discrepant for the 1naller di c!Jarge , 
but ag1' e q ui e lo ~'< ly for t he larg-er discharge . Tlte record of daily 
di charg appearo in the followiug table. 
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Daily nwMt d'i8chm·[Jo (in cubio feet pe~·second) of Platte Rii'OI' at 'olmnbus Nebra~ka, above 
mouth of Loup Ri rer, for 1 95-96. 

I 1 95. 

-·~1------,----

J une July. I A ng. Jnn . 1- _· __ _ 
1. - - - - - - - - --- 9, 315 1 1 250 

Jul,r. 

~ .400 

4-,400 

4-,490 

·l, 490 

4,2 0 

2 .. -- -------- 7, 00 975 

3 -- -- -- -- -- -- 6, 6 0 590 
4- __ -- 9 420 6 210 69 

5---- '600 5, 170 7 2 

6 .. -- 7, 100 '' · 16- -16 

7---- 51 170 1 3, 95 1 56! 

7,500 4,345 444 
9---- 11,250 3,7:20 312 

10---- 12, 5 0 3, 720 472 
11. __ . 27, 200 1 3, 205

1 

336 

12---- 22, 400 , 4-, 4 35 -64 
13 -- -- 22, 420 4 345 96 

14---- 19 2 0 4 615 ) 1, 105 
15---- 17, 460 4, t 910 

16---- I 16, 150 1 41 165 910 

17---- , 17, 130 3, 375 15 
1 ---- 16, 150 2, 950 5 

19---- 16, 970 3, --l5 910 

20 .-- - 16.150 3, 205 672 

21 .-- - 14, 9 0 , 2, 700 536 
22 __ __ 14, 400 2, 530 I 
~3 __ ..i 13, 47o I 2, 135 1, 25o 

24-- -- 12, 5 0 1, 9 0 1, 3-10 
25-- -- 12, 00 

26-- -- , 12, 250 
27-- -- 10, 590 

2 -- -- 11, 550 

1, 9 0 1, 070 

1, 7-15 I 
1,3 0 

1,380 

725 

.,, -o 
4 320 

5. 260 3, 700 

5, 750 3, 700 

7 050 3,505 

9, 715 3, 190 

14,900 3, 0 

11, 975 3, -70 

12, 1 I 2 475 
10, 92- 1, 97-

10,400 
6100 

,250 
7,9-o 

6, 100 

5, TO 

5,510 

6,380 

1 530 
725 

1 

Dry. 

Dry. 

Dry. 

Dry. 

Dry. 

Dry. ) 
Dry. 

Dry. 

Dry. 

Dry. 

Dry. 

Dry. 

1 96. 

Dry. nry. 

620 l>ry. 

Dry. 

Dry. 

nry -

tl25 ] ry. 

620 Dry. 
1, 72- I Dry. 

930 Dry. 

1 Dry. 

Dry. 

1 

Dry. 

Dry. Dry. 

Dry. DQ-. 

Dry. Dry. 
DF. Dry. 

Dry. Dr y. 

Dry. Dry. 

I 

Dr_r. Dry . 

Dry. Dry. l 
Dry. Dry. 
Dry. I Dry. 

Dry. I Dry. 
I 

9 .... 11,750 1,525 Dry. Dry. Dr~' · 

30 .. -- 11,450 1,525 336 4-,535 Dry. ] ry. Dry. 

~~- - 1,470 1 1, 140 ~ Dry. Dry. Dry._ 

ean I 14, 027 3, 6 - 722 7, 510 1, 629 423 000 
I 

OH.FOLK STArT N ON 'OU~'U FOR,J OF ELJCHOR 

Oct. 

1 

620 

620 

350 -- - . -- --
56- , .. ______ I 

:~~ ::::::::1 
---- ---- 1 

6 19 

1 IVER . 

Tbi ' Rtation wa · e tabli h l on July 16, 1 96. I t is about 2 miles 
south of rorfolk, near the line of Thirteenth street extended. The 
gage is on the left bn,nk of th e river. It cousists of an oak piece, 2 by 
4 in ·bes, 12 feet long. The face is incline(l 300 to th e horizon , and the 
foot marks are 2 feet ~patt on the rod . Tlte rod rests ou beveled 
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block whi h re t in turn on horizontally bedded cro ·-tie . .All are' 
firJJily fa tened tog tber by lag crew , and tb . earth of th bank i 
well tamp d :uound an d over the ties. 

Til tr am furui she power for gristmills above the tation, and tbe 
effect of th eir pon<ling water over night aud releasino- it in the morn
in g 1J a been ob rved at tb oao-e. Tb ob rver i ~1r. Burr Taft, a 
farm r, who hom is about 300 yard from the gage. Observation ' 
ba b en mad on e iaily, u ually iu th early evenin g at which time 
it i beli ved t hat the ·age heigilt is about equal to that corresponding 
to tb normal or average rate of discbaro-e for tb twenty-four hour . 

The river u d at he station i . compo eel of and aucl mud. There i 
a curve in tb cbannel about 400 feet above tbe station and an island 
just b low. At the time of low water be point of the i Janel divides 
t he O'agi ng section into two parts. Tim far the hydrographer ba 
waded the trea,m wh en gao·itJg, but flood gao·in g mu t be mad e from 
th Thirteenth tr et bri lge. The zero of t he gage i .21 fi et uelow a 

mall pike driven horizontally into a tree near t he root about 20 feet 
ba k and down , tream from the gage. Al o, t he z ro of the gage is 
3.96 fi et below t he bead of a lag crew which i placed vertically in 
the horizontal trunk of a large living willow tr whi I! overhang the 
str am ubout J5 ~ t b low the a 'i\I a urement of eli b aro· have 
b 11 mad as f II ow~ : 

List of disdtm·ue 1neasurent nts made on outh Ji'o1·k of E lkh o1·tt Rire1· at _Yorfolk, 
Xebraska. 

I= Tiydrograph r. 
. I Gage M ter height 

numb r.

1 

(~ t). 

rea of 
seetion 
(sqnnr 

foot) . 

---I 
Me~n Di charg 

velomty ( econd · , 
(~ t P r feet). 

econd). 

I 1 D6. 
.Ju ly 16 105 0.9 119 1.60 19l 

Au . 27 ·-- - .do.............. 105 0. 9 ~~~ ~:~~ 1~: I 
. Y. P. tout .. . ..... 1 

r p t. 12
1 
.... do .. .. .... ~-~~---1-05 __ o_._ 6_.:_ _______ _:j 

Th followin O' rating table bas been pr p:Hed to conform to the 
ga ·ing and t th facts that th e rano-e of variation in gage height and 
di ·ch;n'o· during til ~ a 011 of record wa ·not wide, and_ that the ~clth 
of th t.r a m at the tation i nearly on ta11t for acons1derable he1gbt 
aft r th poiut of t h i land i on ·e ver cl: 

l!ati11 g tablofor outh F01·k of Elkhor tt Ri1'er at Xo1j'olk, .Kebraska, fo t·1896. 

0 g (;ag n· I Gnj!: I Di-:::::: .n g ])ischnt•g . .u Dis ~ har l.! . 1 i '11 IS C large. hetght. e 
, ,bcigl1[. ~~~Ig )ll . 10 "II. ----

1 Feel. 

I 
0. 70 

0. 0 

0. 0 
L_ 

'ec . ji•et. 

F3 
165 
179 

---
F'ut. ec . f ••et. 

1. 00 1:!7 

1. 10 2'0 

1. 20 2 3 

Pert. ec . .feel. }'ut. cc.jeel. 

]. 30 29 ' 1. GO I -1-!5 

1. 40 336 1. 70 512 

1. 50 37 1. 0 "70 
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Th reconl of daily di harge n deduc d from th abov ratin g table 
a.od from tile ob ervecl gag heights i gi\ ninth followi ng table : 

Dai ly mean clisc/>m·ge ('in cnbiofeet p er seco nd ) of Elkhorn Hit;er a/ 
j'O!'l 9o. 

Dny. July. 

!, _____ -------- ------ ----------

2.-- ..... - ---.-- --. - -· ----- ... ·-
3 . ......... .. ---- ........ .. ----
4, ______ .. .......... .... .... .. .. 

5 ...... ...... .... ---- ------ - ---

6 .......... .. .... ---- ...... ----

7 .... .. ...... ------ -- - --· -- ----

9 ...... ------ ---- ............ .. 

10---- .. .. -- .. .. -- ...... -- .... .. 
11.-- - -· - -- ... . .... -- .... -.--- . . 
12 .. - ......... -- .. .. .. .. -- -- -- .. 
13.-.- . . . .. .. ---- . . -.. . . -.- .... -
14 .. . - . . . -.... -- .. ..... -.- .. -.. . 

I 15 . . . . .. ... . . _ . .... .......... . . . 
16.... .. .. .. ...... .. .. 191 

17 ...... ---· ---- ------ 1 6 
1 .... .. ....... .. ... .. 

19 .. -· ·- · --· ·-- .. .. ---
20 .. ...... .. ----------

21. ----- ---- -- - -- . -- --
22.- .... -- .. --.--. ----

23-- -- -- ---- ---- . -- -- . 
24 .. .... ------ -- -----· 

25 .... ----------------
26 .... -- -------- ...... 

~7:::::: :: ::::: : : :: ::: I 
29 . ... ---- -- · - .... ----
30 ...... ------ ...... .. 

31.------- - -- --.- - - --. 

184 
185 
17 

174 

172 

216 
213 

206 
226 
226 
213 
194 
2C6 
321 

.A ug. 

~70 

409 
29•l 

~r3 

233 
~13 

206 
203 
197 
191 
191 
179 
1 0 
177 
1 3 

193 
1 6 
1 6 
179 
176 
170 

167 
16~ 

163 
165 
162 

157 
155 
15 
170 
172 
1 7 
170 
17 

17() 

174 

179 

o>folk, ebraska, 

213 
213 
213 
21 3 
216 
226 

216 
213 
213 
210 

213 
2:?0 

-13 
213 
210 

210 
213 
210 
_03 

223 
203 
213 
243 

29 

'" l u 
31~ 

:.9~ 

. 9~ 

' 

... ...... . 

------ ----

------j-------1-------1-------
)[ean ---------- .... 206 210 173 210 --- --~ 
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# 

MISCELLANEOUS MEASUREMENTS. 

I 
Date. By whom. Name of stream. Whero 111Ca:m red. 

Dis-
chars; 

I 
(cnb1o 

fe ·t per 
second). 

1\Iean I 
Yelocit _y 
(foot r r 
second). 

J 96. 

J u no 29 { 
'on th Pla11e RiYer. l ' orth. P latte . . ... . . . }-------

O. V. P . ."tout······ Platte Uiver. . . . . . . . Kearney .. . . .. ...... O. 0 

July 9 

July 10 

Aug. ao 
.Aug. 30 
July 16 

Oct. 2 
July 23 
July 17 

June 23 

ct. 

t. 
0 t. 3 

June 24 

Jun 24 
Jnn 25 

... . . do . ........ ..... ::\ orth Loup Uiver .. Burwell . . ... . .... .. a625.0 

.... . do ... ........... Calamus River .. ... .. . .. . do........... . .. 36 .0 

.... . do .............. Middlu L oup Ri,· er . u a............. . 212.0 

..... do .. ........... ...... do .............. Du nning ...... .. .... 323.0 

.... . do .. . ..... ...... North Fork E ikhonl Norfolk......... . ... 70.0 

ni,·er. . 1 _ 
.Adn>t Dobson .. ..... Elkhorn Rn·er...... Atkm on ........ .. . 
O.V.P. tout . .. . . ....... rlo . . .. .. . ...... . W aterloo ...... . ... . 

. .. .. do . .. .. . . . . . .. . . n ion Cr ek ... . .... 
1 

:\In eli on ........... . 

E . T. Yom1gfe!t .. .. . Xiobrara Ri,- r .. . . :\[ar land, D awes 

1 County. 
Ad nu Dobson . . . . .. . .. . .. do ..... ...... ... \alcnti ue ..... .. ... . 

.... . d . . . . . . . . . .. . .. Mi ni baduza reek . Fort Niobrara .. .. .. 

... . . do ............ . . Piue Rh·er . . . . . ..... LongPin ......... . 

E.T.Youngflt . ... . \VbiteUivcr ...... .J ".23,'1'.31 N ., R. 
.;J \\' . 

.. .. . d ........... .. .. .. .. do ........ ...... 1 'rawford .. . .... .. . . 

.... do .......... .... . ... . do ........ ...... 1\hitney ...... .... . 

ll. 15 

4. 95 1 

38. 3 

4. 0 

i l. 2 

45.2 
H. I 

23. 3 

30. ~ 
27. 2 

2. 7 

2. 94 
2. 45 

1. 4 
J. 39 

I. 64 
1. 42 

Jun 24 ... . . do.. ............ oldi r reck ... ... . Fort] obinson . .... . 
J u no U ' . ... . rlo .............. }'ortnouinsonDitch .... . do ...... ... .. .. . ~: ~~ 1:: :::::::: 
Juue24 . .. .. do ......... . .... ''' hit lay reck .. N. l in sc.2.'1'.31, 4. 0 

R. 52 " · 
Juuo2~ ..... do .... ... ....... :qnaw reek ....... N.Iin s .1,T.31 , 0.66 

R. 52 \\'. 

Jun 25 .... . do ..... . .. . W t'S t Ash I'C k .. . . N. lines c. 25, T. 32, J. 73 

R.5l w. 
Juno 25 ..... clo ...... ... . ... . Enst A h r~ k ..... ! mil aboYe month. 1.09 
Jun 25 .. . .. do .... . ....... . LitL.(\ ln sec. 7, T. 32 N.,L 0. 1 

51 w. 
Suno 25 ..... do ....... .. .... . 'ottonwood 6 miles w est of 0. 2 

r k . Whitney. 

Jun 25 ..... do ......... ..... Inilinn r ok . .... .. Near mouth . ....... 0. 06 
, \ ug. 2 0. Y. P . tout....... outb Loup Riv r .. Callaway.. .... ..... J . 0 

.Au g-. 29 1-- ---do ......... ..... ..... do . _._. ...... .. .. . R:wenua .. ... ....... 142.0 
July 11 ..... lo .. ...... ... ... LoupJllver . .. . ..... Fullerton .. ... .. .. .. 2, 900. 0 

J uly ll I· .... do .. .. . .. . .. .. .. Cedar River .... ... ..... . do .. --_- .... ---.. 23 . 0 
July 21 ..... do ... ........... .... . do .. ............ ednr.Rap1ds ....... 212.0 

July 14 .. .. . do .. ............ Bem·erCreek ...... . Genoa ...... . .. .... . 110. 0 
111.2 

17.4 

15. 3 
20. a· 
15. 0 
22. 2 

W .J. M oJ<:ntbron ... . .. . do .. ..... . .... .. . .... do ............. . 

. Y . I . Stou t .......... .. do ..... .. .. .. ... , Albion .. . ......... .. 
. .... do ......... .. __ _ bell Creek ......... P iotto Center . .... .. 

..... do .... ...... . ... ..... do.. . ....... .. .. chuy lcr . .. ....... .. 

.Aug. 14 

W . J.llfoEI\tbron ... Loo~ingGlnssCreek l N armouth .. ...... . 
O.V. P. 'tou t .... ... Pumpkin edCrook Cnroy 'sRnnch .... .. 

'----'----

1.15 
J. 45 

(b) 

c 2. 24 

1. 79 

J. 71 

1.13 

0. 94 

1. 20 

2.11 

aRh•cr nbou t 3 inches higher th:.u on tho followi ng morning. 'n.id to be aliout 4 inches above nor -
ma l. l!i• due to min on n ig h t of Ju ly 8. 

b ROuj! h gaging. 1· t t t' e of ga"ing 
c 1\!a r l;s of rl ood of J uue 5-6, J 96, oro npproximntely 7 foot abo,·e stage o wa er n ·1lll "' · • 

18 GE OL, PT 4--13 
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KA.N A B IN. 

The drainage ba in of the Kan a H.iv r lie b twe n that of the 
Platte and Arkan as, being en irely within tb r gion of tb Great 
Plains and principally withiu the arid or emiarid ar a. It Ita uo 
mounta.in tributarie , but d p uds ntirely fori wat r supr ly upon 
the water which, falling within or near the basin, p l'colat slowly to 
the drainage channel . Tl1 cat hm n t area extend fl' m a tern 
Colol'ado to tlie Mis ouri H.iv r, a rli tan fl'om ea t to we t of 4 5 
mile . It extr me width ·i about 200 mile and it drainage area 
61,400squaremiles. TbeKansa iv r audit tributarie aredecribed 
at length in Volume XVII, Tenth Cen u page 5G to 77. Ad crip
tion of the topography of thi ba iu is al o giv n in Bull tin 140, 
page 123. 

REPUBLICAN RIVER. 

This , tream unites with the Smoky Hill near Junction ity to form 
the Kan a River prop r. The area drain d i 25, 37 square miles, 
and the minimum flow , a ob er eel at Junction it , i a,bout 200 sec
ond-feet. It i describ d more at length in Bull tin 140, page 125. 
Two tation have been maiuta iu d on the Republican prop r and 
sev ral on tributaries. 

HAIGLER TATION ON NORTH FORK REP BLI .A. RIVER. 

OuJune17,196,arrangement weremadewithMr.Jam . or r 
of Haigl r, Nebraska, to make frequent gagiugs of the North Fork of 
the Republican River at that place. o gage rod was placed iu h 
river, as it wa very shallo'' flowed over a andy b d .and wa.s said to 
be ubject to udden flood of greater or le volume, which might b 
expected to change the rel at ion between gage h igbt and di charge at 
frequent intervals throu;;hout the season. While in one instan at 
lea t, that on July 16, his re ' ult is variant from that obtained by a b t
ter-equipped hydrocrrapber; his list of gagin<T · r pre enu very fairly 
the record of the discharge of the stream for the season up to t he mid-
dle of September. · 

In the followir!g table of discharge mea urements, tho e by Mr. 
Porter were made either with floats or with a mall paddle ·wheel which 
be has rated after attaching a registering device, and whi h may be 
expected to measure surface velocitie with a fair degree of accuracy 
when no wind is blowing. The other di charge measuremeut: w re 
made with a Price acoustic meter, the property of the Nebraska Stat 
Irrigation Department. 

On Augu t ~5, when the , tream at Haigler was eli charging a.t the 
ra.te of 10 second-fe t., at a point 2 mile· we t of Ive it wa carrying· 
ouly 5 , ecoud-fee-t, an<l was dry at Benkelman. Bet,-veen Haigler and 
Ives no water is diverted, and the only tributary is Buffalo Creek, 
which is a very steady spring-fed little st1'ram carrying uniformly about 
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8 second-feet at a point 7 miles north of Haigler. Rock Creek enters 
t lle Republican at Ive with 12 second-feet, and the Dundy County and 
neighboring ditch s head about 7 miles we t of Benkelman. A. ditch 

.of which Me srs. Morse and Callaha.n,· of Benkelman, a.re the principal 
owners head near Ive , on the outh side of the river. 

List of dischal'!]e measm·en~-ents made at Haigler, Keb1·aska., in 1896. 

Date. Hydrogmpber. Nnme of stream. 
~ et. 

I Di•chnrge I . I ru seconcl-

---------------------- -----

1 96. I 
Juu 17 0 .. P. tout ..... . RepublicanRiver ............ . .. a8.24 

J une 17 ... .. do . . .... ... ... Arickaree Cre k. ...... .... ..... . 15.12 

Juu 17 .

1 

. ... . do ........ .... Republican River . .... ..... . . ... 1 b23.92 

Jun 17 ..... do ... . .. . . .... Porters Ditch .. ...... ........... c .9 

~::~ ~~ ~ .. ~~~~0-~.-~~-~~t~~:::.· -~~~~bl~~~~ -~~~~-r.::::::::::::::: ~::~ 
J uue _5 .... . clo ...... ........... do................. .. . ...... b. O 

tff: Hi //:H~ : > > I ~:i 
Jul~ 13 .... . do ...... ...... .. ... do ... ....... ... . .... ...... . . 36.0 

16 1-····do .......... ... .... do ............... . -- ---····· July 

July 
. July 

16 E.T.Young~ lt ........ . do ....... ....... .... . .. ... .. 

16 ... .. do ............ Ariokaree Cr ek . ..... ... --·· ... . 
July 22 J amc A.Por r .! .. Republican River ... .......... .. 

July 2- .. .. . d ................. do------------ .... .. --------
.Jul • :n .. .. . do ................ . 1lo .. .......... .. .... ---· -- --

~~~~. 23 ::::::::: : :::::::::::::::: :: ::::::::::~::::::::::::: 1 
Ancr. 16 ..... do ................. do-------- ---- ..... ...... ... ' 

Aug. 1 I do .do .. --- .. -- ........ -- · .. ---- ~ 

Aug. 2- !::::: do ::::: ::::::::::: .do---- .... --- ------- ....... . 

Aug . 25 E. T. Yotwcrfolt ......... do .. .. ...... . ......... ------ ~ 
Aug. 2 JamesA. Port r ......... do .................. .... ... . 

ept. 1 ..... do ........ ... ...... do .. ........... ......... .... , 

:~:: 1~ ----·:: :::::::::::::::::::::::::::::::::::::::::::::1 
cpt. 1 ' -~.--~ .. Yonng.C It ......... do------------ .......... ----1 

a Above mouth of ri knree. 

30.0 

d6.17 
d 3. 63 

20.0 

30.0 
50.0 

5. 0 
Dry. 

e10. 0 

e12.0 

15.0 

b 10.04 

20. 0 

190.0 

15. 0 

20.0 

b24. 5J 

bB low mouth of Arioknree. . . lllld wastes iulo the .Ariokare . On 
c Th water of Porters Di tch is diverted f rom the Republican l . to tbo .ArJCkaree. 

1 h t 11 ta 0 above where 1t w1>s os 1ll ' 
Jnno 17 tho ditch wns gag don Y a 8 or < s 0 

9 8 d feet os agamst 30 second-foot 
dThe sum or th s two gngmgs by Mr. Youugfolt = + · socon · • 

obtaiuo<l by llfr. Porter iu arly morulllg of same day. 
eRam. 
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W A NE1'A , TATlO 0 F R E H [A RI ER. 

This tation wa e tauli h d in 1 95 for 
iug aml perhap ' ultimat ly r placing tlt 
ame tream. lt was thought that th more p nuau nt bed th le ' s 

eli tanc between bank~, and tb ldrrher bank at Waun ta ofrered 
advantage· f, r a ,curat o-acriug and tability of r lation b tw n gage 
I1eigltt and di har()'e which ould not b obtain d at ali ad . For 
tb mall er or ordinary rate of eli, charge, at l a t, thi ha not I roved 
to b' the a e. No relation between gao· h i.,.ht and li charg has 
bt·en ob ervable which will b lu throughout m r than a v ry hort 
pcr:od of time. That thi i true will appear upon an amination of 
th e following tab! : 

J.i st of c/ i .~chargr m.ea~ rtremcnls 11wde on Fl·en cil1nan Rll' rat Waun eta, _Y ebraska. 

l o>nt . 11 ytlrogrn.pher. 

I 
Meter 

nu tnUer . 

1 96. 

.\l ay lfj u. L::. 'rownovcr ...... ...... . ...... 105 2.20 .!1 

Jnne 1 0. Y . P. tout . ...... ..... . .... --·· ( a ) 1. 47. j 
.July 1-1, E. T. Youngfel t. ... : .. ....... ..... . (a ) 2.15 91.3 
Aug . 12 0 . v. P. t II t . . ................... 105 1. 00 46.2 

ept. 16 E . T. Youngfelt .............. .. .... 
1 

(a 2.07 ; 
Oct. 17 C. E. ' rowno\'l•r ................... 105 2. 0 62.5 

'I he station i , de ribed on page 1 1 f Bulletin o.1 0. On Auru t 
1~, 1 DG, tb zero of the gage wa lower d one foot. part of tb pub
lished de cription bould, tber fore, be amended to r ad a foll w ~ 
''One of tb ben h marks i the tone d or tep of a concrete bon <i 

which tands below the gage on the rigb t bau k, th el vation of th i 
being 20.!)9 f et above the zero of the gage. A econd bench mark 
is the top of a stake a,t the northwest comer of the lot in whicll tbis 
hou,e stand , this point being 20. 3 feet above tbe zero of the gag . ' 
~1r. W. W. Fisher has continued a ob. erver during the ea on of 1 96. 
The only record of da1ly di charge w!Jicb can be offered is that bich 
appear in the following table. 
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Daily mean discha?·ge (in cubic feet ]Jer second) of FrenclJ111a11 River at Waun eta, Xebra ska, 
/01' 1896. 

~ '"' 
L ..... .. 

2 .......... .. 

3 ........ .. .. 

4-...... .... .. 

5 ............ ' 
6 .......... .. 

7- . .. -- ... - .. 

!l .......... .. 

I ~? ------ -----
L---- ----

s pt. 

86.4 

Date. .Aug. pt. Date. I 
12.. .. -.. -- .. . 6 . 5 22 .. .. 

13 .. .. .... ---- 70. 7 23 .. .. 
14.... .. .. .. .. 70.7 
15............ 73.0 
16 . . .. 6 . 5 73.0 
17 .. .. 

1 .. .. 

19 .. .. 

20 .. .. 

21. . .. .5 

73.0 
70. 7 

73 . 0 
73. 0 
70. 7 

24 .. .. 

25 . . .. 

26 .. .. 

27 .. .. 

29 .... 

1 

30 .. .. 
31.. .. 

.A ng. S~pt. 

70. 7 
70.7 
70. 7 
70.7 
73.0 

, ...... .. 

PALISADE • TATl r ON FREN JDJ.A~ lU\'EH . 

Tbi station wa e tabli bed and ob ' 'n-a tion n·er commen <1 on 
ctob r H 1 04-. Th gag i imm diat ly al.>oYe the britlo·e of tlie . 

Uurlin gto n and l\Ii onn Hiv r l ailroad about three-fourths of a mile 
w ·t rlyfrom th railr ad tation at Pali sade, Nebra ka. Th e ob .er
,·ation ". r tak n until re ently by Mr. J.l\1. Re d a fa rm er Ji ving at 
a di t::ttl of ab ut 75 yard from th gage. 011 October 1, 1 nn, he 
·waH u ce d d by )1r. A. J. Koontz who mo d in to tit llou e wldch 
bad b u upi d by the former ob erver. The gage i · a n oak , tide, 
2 b · 4 in b , a11d a out 1--! feet long. It is fa tened to t ie which are 
b dd din t b right bank of th riv r, and th fa ·e wa · et at an angle 
of 300 to tb horizon . Th e foot mark are 2 ~ et apa rt nlon o- t he rod. 
Tit b n h mark i tbe top of the crew thr ad on th e bottom of th 

a t ide of the north pi! of he ond b nt from. Pali ·ad . Tbis 
poi n t i 7. 9 fe t abo e t he zero of t he gage a · origi nally d. On ,lnlle 
1 1 96 it wa found tbat tbe 7 5, 4 · a1Hl ::? foot mark Oil t l1 g-:1g-e 

r peotively 0. 7 ""· 7 3. 3, 4.76, and 5.65 feet b low tbo boll ·II 

mnrk . 
Tb b d of th e tream at thi poin t iN of loo , hi ft in g- aud , a,ufl 

chu,nge on iderably from time to t im . Botll ba.uk ' aro rcln ti' ely low 
and liable to ov rliow a,t t im of hi o·I.J wn,ter. Rating tabl> were pre
par din 1 05, ea ch tab! applying to only a portion of t he ea on and 
ncb being baed on omewha t immfficieot data. During the ca ou of 

1 96 con iderable pain were tnk u to obta in enouo-lt data UI ou which 
to ba au a cura te timate of the daily di charge of tlt e str am. 
Arraugemeut were made with t lt e ob erver to make frequent i"o und
ings at the gaging . ection. 'rwo upplementary a-ag wer al ·o pnt 
in- oue above and one below t be main gage. Til e outh or up trealll-
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gage is about 325 fe t above the main gage. It con i t of an iron pipe 
driven into the sandy bed of th river be ide th right bank. The top 
of the pipe is 2.24 £ et above the original zero of th main gage. 
Observation of river b ight are made by mea tuing UI or down, as 
the ca e may be, from the top of the pip to t.he surfac of the wa.ter. 

The north or downstream gag i about 300 f t b low the mam gage. 
It is of the same kind a the outh gage, i on the right bau k of tile 
river, and observations are made in th same mann r a in tlt ca e of 
the south gage. The top of tlt pipe i 1 .4G feet abov the original 
zero of the main gage. tabular tat meut of tlte riv r hei bt on 
the main and supplementary gage i pre ent d in Water- upply and 
Irrigation Paper No. 11, page 56. 

List of dischat·gB 11wasur ntents made on Frenchma11 Rive1· al Palisade, ll' b1·n ka. 

\n··· - ~ Gn~ 
Mean I . 

Meter ,- ~ I oc it,y D1schn1.e. 
H ydrograpb r . nu mb r . l> eig t (Joet }JCr ~secon . 

(feet). second). f L). 

.E. Crowuov r ..... 10;) 1. "5 56. 1 ]. 103. 1 I 
.June 1 (a) 1. 35 32. 4 1. "6 50. ::; 
Jul y 15 E. T. Youn gfelt .. . ... (a) 1. 46 53. 1. 72 92. i 

Aug. 13 O.V.P. tou t ... ... . . 105 1. 36 46.3 1. 39 6-1 . l 

~16 E. T. Youug felt .. .. .. (a) 1. 51 53. 9 1. 57 
17 C. E. Crowuov r . .... 105 1. 50 53.7 1. - .j. 2.-

a Price acoustic. 

It ba been found impracticable, even with the aid of the ounuing 
and the reading on the upplementary gage·, to prepare a thoron bly 
sati factory rating table. The following, however, will apply direc ly 
to the period from August 13 to October 29, 1 ~6, inclu ive, and ha 
been applied indirectly in the manner de cribed in connection with h 
Loup River at Columbus to the period from May 1 to August 13 1 96: 

R ati11g table for Frenchman River at Palisade, ebraska. 

[To be applied directly to period from A. a gust 13 t<1 October 29, and indi rectl y t o the peri od from May 
1 to Aognst 13, 1896.] 

· Ga~e Discharge. Ga~ Die bnrg . Gal! 

"'"''"'•·I heig t. heig t. h eight. 

--I Feet. Sec. feet . Feet. Su.feet. Feet. • ec.feet. 

I 

E 
56. 0 1. 60 97. 3 1. 80 171 

0 69. 7 1. 70 130.0 1. 90 215 

I 
0 3.6 I 



DAVIS. ] RE PUBLICA RIVER. 199 

!h f?llowing table of dai ly mean di charge bas been dedn ed from 
tb1 ' rat10g table and the observed gage height : 

Dai ly mean disch.a1·ge (in cubic f eet p m· second) of Jilren chman River at Pal·isadc, 
Neb1·aska, f or 1896. 

Date. May. 

L . . . . . . . . . 200. 0 
2 ___ _____ __ 140.0 

3- -- - -- ---- 140. 0 
4 . - - - - - - - - - 130. 0 
5 . -- - -. -- -- 140. 0 
6-- -- . - - -- - 123. 5 

7---- --- ---

9 . .. . .. ----

10 .. . -- -- ---
11. -- - -- ----

12.-- --· ----
13 .. --- -----
14 --- -------

15 --. -··-- --
16.---------
17-------- : . 
1 . -- --- ----

19 .. -- .. ----
20 .. .... --- -
21.- --- . ---. 
22 .. .... -- --

23.--------. 
24 .. -- .. --- -
25 .. ----- ---

26 .. . ... --·- ' 
27.----- ···-
2 · - - - --·--· 

29 . .. . --- ---
30 .... ---- --
31.-.-.--- --

120. 5 
116.6 
116. 6 
116.6 
11 .0 

10 .5 

104. 3 
104 . 3 

103 . 0 
116.5 
112.3 
113.6 
110. 0 

107.0 
100.2 
103.0 
10-.7 

104-.3 
100.2 
100 2 

9. 
9 .7 
97. 2 
92. 0 

105.7 

June. 

92.0 
89.2 
9. 2 
9. 2 
6.5 

85.0 
2.3 

79.5 
79.5 
7 . 0 
76. 6 
74-.0 
74-.0 
69. 7 
65.5 
61 .4 
60.0 
-o. 5 

51.3 
53.0 
71.2 
66. 

116.5 

93.4 
101. 5 
103.0 
93.4 
7. 

9. 2 
00.0 

July . 

110.2 
110.2 
109. 

107.0 
103.0 
92.0 
-.o 

83.6 

92.7 
145.0 
93.4 
90.6 
89.2 
9. 2 
6. 5 

85.0 

79. 5 

Aug. T . ept 

79 5 
76.6 
75. 3 
75.3 
74·. 0 

72.6 
7-t . O 

71. 2 

71. 2 
69.7 
66. 

62. 
64. 1 

64. 1 
83.6 
81.0 

7 .0 
81.0 

85.0 
92.0 
83.6 
1.0 
3.6 
3.6 

81.0 

76.6 
72. 6 

1.0 

76.6 

1.0 
7 .0 

7 . 0 

76. 6 
76.6 

l. O 
1.0 

76. 6 
83.6 

.6 

1.0 

3.6 
83.6 
9.2 

83.6 

Oct. 

76. 6 
1.0 

1. 0 

76.6 
1.0 
3. 6 
3. 6 

83.6 
7. 

6.5 
6.5 

83.6 
3.6 
3. 6 

81.0 

1. 0 

76.6 
76.6 
1.0 

1-----1-------1----1------1---1------1 
2.5 1. 6 1\1 an __ .. 

1 
------~----~----------

75. 7 103.6 93.9 

UPERIOR TA1'IO 0 REPUTILIOA RIVER. 

Tbi tation was e tabli he 1 on .T u ue 20, 189G about 1 mi le westerly 
from Superior, in the Superior quadrangle, in latitude 40° 2', and longi
tude 9 o 05'. Tbe dra.inage area is 22 347 quare mile , and is partly 
mapped on the uperior, Red loud, Holdredge, Beaver, Gothenburg, 
Lexington, orton, Phillip burg, mith Center, and Mankato atlas 
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sheet . It i on tll left bank of the riv r, about .I fe t above the 
iron highway bridg \.dam and th head of a mill ra ear only a 
sbort distance b low the bridge. 

The observer E. E. ady, live in Sup rior. Tbe gag on i of au 
oak piece 2 by J inche 10 feet lonO'. Tb fa i iuclined 30° to tile 
horizontal, and tlle foot mark ar pia d .. r t apart to ·orr pond t 
tlt is inclination. The rod is fa ton d to ro -ti whicll ar betided iu 
tbe bank of tlle river. Tbi lo ation i ou ilo ou id of an ea y bend 
in tbe river. The b d of tll ri,·er i of mud and and. The top of 

·ec. -fl. .~A_~ ,_c_e
0 

IM,AR_ A PRI_L MA ' J~"!! ~~y ':_U.<:_. ~~~~ ~oc.:: !".o.v DEC 

800 

700 1- - I-;--18. 9( 
600 

ouu 

'lW 

300 

200 

100 r" 1'- '" 
1- 1::-

..r 10. :?9. - Di,t·hnr(ru uf Frendtman Hiv r at l'nlhuHl -', 1. .. bnu~ku , J 96. 

tlle rim of the up tream cylinder of tbe north pi r i 1"".42 feet abov 
zero of the gage. A r ord of daily gag ob ervatiou of riv r 11 ig ht 
wa kept from June 20 to December 1, 1 96. ouucliu o· and m a: ure
ment of di charge hav been made a ·bowu in tlte £ !lowing tabl : 

List of somtdings and discharge measu1·emcnts mad 01~ R epltblican River a t up 1•ior, 
Xebl'as~a . 

Date. 

1 96. 

Meter 
Hydrographer or obHerver . nu m-

1 lj r. 

June 20 0. V. P. Stout .... ...... (a ) 

.June 30 E. E. Cady .............. . .. . 

July 11 ..... do .... .. .............. .. 

. Jnly 17 E. ·r. Yotmo-felt .... ~ -- - ( a ) I 
July 30 E. E . Cady .... _ .. . ...... _ ... 

~:!: 2~ ~ : :: ::: :: :: :: :: :: :: :: ::I:: :: :: 
Aug. 24 E. T . Youngfelt .. .... --1 (a ) 

. ept. 1 E. E . 'ady ........... . ...... 
1 ept. 11 1-- ... do ..................... . 

. • ·ept. 21

1 

E . T. Y. oungfelt ....... . 
1 

(a) I 
I ~ct. 25 R.A.Trai l .. . .. . . 10:' L 23 

1 
E. T. You ngfelt........ ( b) 

a. Price acoustic . 

Gng• _Art•nof 
heig[at :-le~: t ion 
(f •L). ("<JI ItlrO 

fe t). 

445 

442 

~lPnll 
,·elo · it\· Dis<'harg 
(fc >t Jlt'"r (~IWO IHl· 
8Cl"OIId). f I). I 

1. 57 700 0.92 

0. 2 
1 38 
0. 7 

0.63 

0.93 

0.79 

0. 9 
0. ,14 

0.50 
0.4.2 

0.45 

0. 73 

724. . . •. .. -- - -- .. . - .. 

·14 7 j 1. 31 - 5 

, .... .... .. .. .. . .. 

1. 40 6 4 . 

0.64 

0. 24 

227. -
72 

515 

-------~----------~ 
IJ W ir nud Price acoustic. 
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On December 23, 1896, a survey of tl.Je gaging station was made by 
.!VIr. E. T. Youngfelt, a sistaut State engineer of Nebraska. Following 
are some of the importan t facts which were obtained: The crest of the 
dam is 215 feet lon g. For 200 feet of this length the crest i. nearly 
level and is at a mean elevation of 0.02 foot below the zero of the gage. , 
For a length of 15 feet the ere t i 0.8 foot higher tban tile portion which 
ba just been de cribed. The head of the mill race is about 200 feet 
above the dam. The discharge of the mill race w·as measured, a.nd the 
mean bead of water on a length of 200 feet of the crest of the dam was 
noted a 0.75 foot. The discharge of the mill race wa found to be 85 

cond feet, and tha.t pa · ing over the crest of the dam, as computed 
from the measured head and length of ere t, i 430 second-feet, giving 
a total of 515 second-feet, a noted in tl1e foregoing table. 

The flow in th e mill race i regulated at the mill. When the g·ates at 
the mill are hut, there i no current in the mill race, and the entire 
di char ge of the river pa e. over the dam except at the time of high
est flood . The miller informed Mr. Youngfelt t hat water wa n ed 
by t l1 e mill at a nearly 0011 taut rate. If th is be true, a rating table 
can be ·on tructed wbicll will give the di barge over the dam for the 
different gage heights and the ob erver can be in tructed to note 
wh 'ther th mill rae i li cllargin · or tagnaut at the t ime that he 
r ad ' th ga e. If it i eli charging 5 econd-feet hould be added to 
th a.mouut giv n by th rating ~ble. 

Nal i11 g tab le j01· Rep'llblican R·irer at upl'l'ior, ebms'ka, jo1· 1896. a 

r 
.ago 

h~igb t. 

F u t . 

0. 10 
0. 20 

0. 30 
0. 40 

0. 50 

0. 60 
0. 70 

]) ischa rg . Gn!!o 
h igbt. Di hargo. 

1 ~~~!Jn. , Dlsohurge. 
1 b~i~lf~t. 1 DisohHg . 

,_____ ----- I 

ec. f eet. 

22 

59 

106 

169 

·240 
321 
•JO 
50~ 

610 

. Fut . 

1. 00 

1.10 

1. 20 

1. 30 
1. 40 

1. 50 

]. 60 

1. 70 

' 1. 0 

---'--------'-

ec. f ed . 

72 

6 
9 2 

1, 122 

1,268 

1 J.09 

1,582 
1, 7-1 

1,9:.6 

F /U!t. ec . .feet. Feet. Sec . .f et. I 
1. 90 2, 096 2. o 3, 975 I 
2. 00 2, 284 2. 90 4, 213 

2. 10 2, 476 3. 00 4, 45-! 

2. 20 
2.30 
2.40 

2. 50 

2.60 
2.70 

2, 673 

2, 76 

3, 0 5 
3,299 

3,519 

3,746 

3.10 
3.20 
3. 30 

3.40 

3.50 

4, i 03 

.J, 952 

5, 211 

5, 470 

'·'"I 
~-~-. - t l__!.d __ f_ t_l--1-ill-. • -.e-nt_ g_u-"e heights . If 

aTI1 n 1'11ting ta.bl gh•es th nmouutwhioh passes o,·or 10 nm or IO ' 
· b · bt · b o · 'Od 85 second-foot m us t be added to tho mill rue is di sohnrg ing at tho tm1 0 the gasr 01g ' o s '' ' . 

tb o quantit y given by th o rating table in order to obtain the total <lischnr"e of the nver. 

The following table of the daily mean discharge _for ~he period fo~ 
lowing June 20, 1 96, ha. been constructed by addu~g ll1 each case 8o 

econd feet to the quantity in the rating table wbJCh co_rresponds_ to 
the observed gage height. It is almo. t certain tllat th is correctiOn 
should not bav been made fo r some days, and therefore tl.Je monthly 



202 PRO RESS OF STREAM MEASURE MENT F OR 1 9 . 

mean as obtained from the table of di charge will sligh t ly xceed the 
tr"ue value: 

Daily ?neandiscllarge(insecond-feel) of theR rymblica11 Ri1·erat uperior, braska, i.n 1 96. 
I 

----
Date. June. Oct. '--J:OY. 

L ... ------ ·---- --- -- 223 333 
2 .. .... .... ------ --- · 20-1 2 2 
3-:- ..... .... ---- ...... 2~3 373 

4.67 229 342 
5 .......... ---- -- ---- 3, 02~ 467 21 :241 325 
6 .. ........ -- ---- ---- 2, 147 467 210 229 342 
7 .... .... .. ---- -----· 1, 750 l, 279 ~04 210 333 
.... --- --- -- --... -- . 1 940 730 197 191 415 

9 .. ........ --------- - 1, 90-1 1 16 204 2().1 406 
10 ... .. ..... ---· ···· - · 1,52 467 2 191 ~41 

11. ........ . ---- ---- -- 1, 325 415 325 223 39 
12 . . ........ ·----- ---- 1, 165 341 304 191 432 
13 .. .. -- -- -. ------ · ··- 9 ll 30-1 2 9 20-1 441 
lL .. ... .... --- --- ---- 813 2 423 191 47. 

15 .. - .. - -- .. ----- -..... 720 2 9 1 1 442 
1G ... .. ..... ----- ----- 6~2 204 ;32 
17 .. -- -... . - ------ ---· 551 1,395 2 512 

1 .... ·----- ~ ·--·-- .... 1 ~70 1, 466 197 476 
19 ...... .......... .. .. 552 1,042 191 3 0 
20 ... ....... 720 532 611 204 325 
21 .......... 600 5 0 ~ 0 223 357 
22 .......... i 513 450 790 2 2 
23 .... .. .... 551 4 4 695 ..311 229 41" 
24 ... c ...... 441 450 632 2 2 217 3()5 
25 .... . . -- .. 450 441 6lt 223 I 229 941 
26 .. -.. - · ·· - 1, 052 423 .~22 ... ....... 1 217 1, 137 
27-- ........ 642 3 2 ·167 26 229 450 
28 .......... 673 374 432 254 2:.3 459 
29 .......... 642 39 365 2 9 -115 ······ · ··· 

~ - 610 432 333 2 2 I 3 2 4!)3 
------ .... ·- -- -- 1,004 296 ----- ---·· 365 ·-- -- -·- ·· 

Mr. Youngfelt also et an iron pip , 3 _inches in diameter and 4 f< t 
long, for a bench mark. The cap of tbe pipe is marked "U. . Geo
logical Survey B. M ." Thi. bench mark is 83 feet noeth of the up. tream 
cylinder of the north pier of the bridg , and i 10 feet we t of th liu 
of the upstream tru s of the bridge. It is 1 foot in ide a wir fi nee. 
The t op of tbe pipe is 4 incbe · above the ground. The elevation of the 
top of the pipe is 4.88 feet above the zero of the gage. 
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JUNCTIO~ CITY • 'rATIOr ON REPUBLICAN RI ER. 

Thi station was establi bed pril 26, 1 95, by 1\:Ir. Arthur P. Davis. 
It i located at the wagon bridge at the north end of Wa bington street, 
Junction Oity, Kan as, and is near the junction of this river with the 

rooky Hill, forming the Kansas River. The measurements give tbe 
total run off of the Republican River. The ob erver i Mr. John Davi , 
who live about 200 ya.rd from the station. The gage consists of two 
oak timbers, 4 inches by 4 inche , one nearly verti aJ, the other much 
inclined; the latter i bolted to a po t driven into the bed of the river 
and bolted to a cottonwood tree1 and the vertical portion is piked to 
the arne tree. The cale i · painted on pine boards nailed to the e oak 
timbers. The inclined cale i marked in tenth of a foot from 1 to 10 
feet, aud the \ertical portion from 10 to 27 feet. The bench mark con
si t of a 60-penny nail driven into the ba e of the abutment at an ele
vation of 10.67 feet on the cale. A econd bench mark i the top of 
the stone in tl1e ba e of the bridge abutment 18 feet outh of the gage; 
it elevation i 14.51 fe t. A ub idiary gage ha been placed 507 feet 
up tream. It consi t of a Yertical oak stick, with a painted scale 
nnil d to it n,nd re~ n erl to thf' RAm rlntnm a" th low r gage. The 
dlff r n in reading th r f, re giv the lop of the river for thi di -
tanc . Th initial point for ounding i on the ri()'bt bank at tbe end 
of the bridg . The chann l i traight above the tation for about 100 
fe t then urving to tb northwest. Below it is traight for everal 
hundred£ t. Tb right 'bank i;· high and not likely to overflow. The 
1 ft bank i low aud may b overflowed iu high water. The bed of the 
str , m i andy, and pecially o from the center to the left bank and 
i on tautly h, u ing. All measurement are taken from the bridO'e, 

Thi tation is in tb Junction City quadrangle, in latitud 39° 3'' 
and longitud !) ·o GO' . Th drainage area i 2o, 37 square miles, and 
i partly mapp l on the 'lay ' nter, Wa bincrton oncordia 1\Iankato, 

mith nter, J{ed loud, Holdr do·e, Arapahoe, and Norton beet . 
TJ1 r or<l of daily gag height, for 1 96 i. given in Water- npply 
and Irrigation I ap r o. 11 pao·e 57. 
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lAst of disoha1·ge meas1wements made on Repubbi an Hit•er at Ju110tion City, Kansas. 

Hydrogynph r . 

1 95. 

1 Apr. 27 A. P. Da,Tis ....... . 

2 Aug. 20 W.G. Russ 11 ..... 

3 Oct. 11 .... . do 

:: I '1 No,·. l1 . .... do 

.5 Dec. 13 .. .. . do ·----- ···- - · 
6 Dec. 27 ... . . uo ---·· ·· ····· 

1 96. 

7 Jau. 15 W. G. Ru ell .. .. . 

.Jan. 27 ..... do .. .... . . ... . 

9 Feb. 10 ..... do ..... . .. ... . 1 

JO Apr. 16 , ... .. <lo . ....... . .. . 

11 May 14 ... . ,uo . ..... . .... . 

12 Jnne 16 . .... do ........... . 

13 June 27 . ... . do . . ......... . 

14 Julr 11 ..... do . .......... . 

15 Au;. 12 1 ... . . do .... . ....... 
1 

2 

16 ... . . tlo ..... . ..... . b5-

17 .... . do ........... . 

18 .... do ........... . 
19 

20 
. . ... do............ 55 

.. . .. do...... . .... . 55 

21 17 ..... do . . . .. . ... . .. 55 

22 Dec. 10 ..... do . . . .. . . ... . . 55 

a Haskell m ter. 

Gnj!o 
hoigh t 
(foot ). 

. 00 

:!.57 

2. 60 
:.?. -
3. 1 

3.50 

3. 12 

3. 70 

6.50 

4.00 

4.90 

2. 0 

2.75 

2. 0 

3.30 

3.50 

' 

r n of 
soc lion 
( qnn ro 

fc l) . 

1·11 

701 

1N 

1H 

i 

1 7 

263 

b Price large meler. 

1. 91 

1.74 

2.32 

3. 2 

3.29 

1. 6 

2. 7 

2.61 

2.22 
2.63 

3.31 

2. 6·1 

1. 91 

219 

1 911 

2 1 

2 6 
37 

4·15 

504 

410 

. 74-5 

3, 6- 1 

3-5 

3<l7 

594, 

551 
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24,ooo 1 I I I . I I I I I I II I I I I I I I I I I I ! I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

22.ooo I I I 1• I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

20000 I I I Il l I I I I Ill 1'49r I I I I I I I I I I I I I I II I I I I I I I I I I I I Ill 1'19f I I I I I I I I I I I I 
1e,ooo I I I I 

I · 

16,000 I I I I 

14,000 1 1 1 1 

12,ooo 1. 1 1 1 

1o,ooo 1 1 1 1 

8,000~ 

6.0°0 1 I I I 

4,ooo I I I I 

2,000 1-+-t----4 

0 ............. 

DISCHARGE OF REPUBLICAN RIVER AT JUNCTION CI TY, KANSAS, 1895- 96 . 
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Rati.ng table jo1· Republican River at Junction City, Ka.nsa B. 
[Thi s !.able is applicable only from .January 1, 1896, to July 1. 1896. ] 

n~o I Dis Ltarge. ~ Ga~ , Discharge. , Ga~ Discharge. Ga ge I D ischarge. hoig t. heig t. heig t. height. 

Fu t. 

I 
.,ec. f eet. Fett . ec.feet. Feet. , ec.jett. Fu t. 'ec.feel . 

2. 0 3 0 3. 90 916 5.00 1,830 6.10 3 390 

2.90 3 4.00 1,026 5.10 1, 960 6.20 3, 450 

3. 00 396 4.10 1, 117 5.20 2, 105 6.30 3, 510 

3. 10 410 4. 20 1, 150 5.30 2,260 6.40 3, 570 

3.20 .JAO 4.30 J. , 217 5.40 2, 425 6. 50 3, 621 

3. 30 467 4. 40 1, 287 5.50 2, 605 6. 60 3, 680 

3.40 495 4. 50 1, 362 5.60 2,810 6. 70 3, 740 

3. 50 554 4. 60 1 440 5. 70 3, 025 6.80 3, 800 

3. 60 612 4.70 1 523 5.80 3, 140 6. 90 3,860 

~ 
715 4. 0 1, 610 5. 90 3, 250 7. 00 3, 920 

25 4. 90 1, 705 6.00 3, 335 7.10 3, 9 0 0 

Estimated monthly di chaTge of R epublican Ri-ver nt. Jnn oti.on City, Km1 sa . 

Run-off. 

Montil. 
'l'o t~ l in 
acre· feet. . econd·foo 

Maxi · Mini· Men n. I D pth m per•a""" 
mnm . mum. ml}hes. m' e. 

---------
05. 

Jul y . ..... . .. _-- · . . .. 6, 000 439 1 800 110, 67 0.09 0. 0 

·--·-· . • .. . . .. a:Hi 000 265 3, 192 196,269 0.16 0.14 

ept mb r . . .. . .. . - . . 4, 170 219 542 32, 251 0.026 0.023 

touor .......... .... 326 220 249 15. 310 0.012 0. 011 

ovember ... _ .... . .. _ 3:'i5 230 16 779 0. 013 0.012 

De emu I' .. .. .. .. .... 57fi 230 24, 103 0.019 0. 017 

1 96. 
J an mory ---- 556 27,547 0. 020 0.017 

F uru ary 1, 131 756 43,, 6 0.031 0.029 
. ....... ----

March 504 504 30, 990 0.022 0.0 19 
·· -- -- ·- - --· . ·-

Apr il. .. .. .. .. ........ 1 3, 770 1,414 84, 139 0.061 0.055 

May .... ... ... ____ . .. 3, 920 2,124 130,601 0.095 o.on2 

June ----· ·· ··-·-- .... 3, 9 0 1, 370 1, 520 0. 059 0.053 

July .. __ .. . .. ______ .. 1a37, i>OO 3, 678 226, 153 0.162 0.139 

Aug nst.. __ .. . ___ . .... \ 2, 340 93 54, 909 0.039 0.034 

2, 425 326 667 39,690 0.028 0.024 

2, 180 356 475 29, 207 0.021 0. 018 

459 655 3 976 0.027 0.023 

I 

ovemb r . .. ... ...... 1, 1180 
December .. ____ .. __ __ 1, 121 594 810 4.9, 05 0.036 § --- - 837,023 i~l t 

Per :mnum. __ __ a37,500 26 1, 150 

a Esl imnled. 
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I 

MEASUREMENTS AT POINTS OTH E R THAN GAGING STATIONS.' 

Dnte. I By whom. nme of atrenm. Wbero measured. 

1 96. I 
June 17 0. V. P. tout ....... A.ri kar e Ri1•er .... Haigler .. . .. . . .. . . . 
July 16 E. T.Y"oungfelt . . . . . . . . . . <1 . ............. . . .. . do .. . . ... . .. . . . . 
June 17 ..... do .. . . ..... ... . . Buffalo Cre k .... . .. 1\ r Moor s Ranch 
Aug. 25 . . . .. do .. .. .. ....... . n publi an River .. . 2mil sw stofh·e . 
Jun 16 0 . V. P. Stout ... . ... Rock r ok .. .. ... . . .A.t 13. and l\L Ry. 

Aug. 25 

June 16 

June 16 

oro siug. 
E. T. Y"oungfelt .... .. . ... do .. .. . .. .. ....... ... do . ... ... . . .. . . . 

. ~-- -~~~: .. ~~:.~:: : : : :: ;o~:bli:\~;,;~~ : :: . ; ·,;;i~:.~ -~~~-;~~ -~~~;~·· · I 
k~ l mn.n . 

June 16 ..... do . . . . . . . . . .. . . . Dt1.ndy ouuty irrl· At bend gate . . .. .. . . 

June 10 

June 16 

.A.ng. 25 

J une 16 

June 16 

June 19 

May 16 

Jun 19 
opt. 17 

~:ation ditch. 
. . . . . do .. . ....... . ... N ighbor !lit h . ..... .... do .. ...• . . .. . .. . 
. . . . . do .. . ...... . .... Rcpublic.~n Ri<"er .. ·1 B nkelman .. . .... . . 
E. T. Youngfelt ... . .... .. do ...... .. . ... . . .. . .. do ........... .. . 
..... do .. . .... . ... .. . onth Fork R pub· .. ... do ...• ... ....... 

. . ... do . . ... .... . .... 

1

.. ito •••• • • • • • .... 

1

3·::,.:. l " •L ot' 

0. V . P. tout ...... . Republican River . .. 
1 

ulb rtson . . .. .. . .. . 
C. E. Crownover .... . .... do . .. . . . ... . ........ . <lo ....... . .... . . 
O.V.P . Stout ..... .. tink:ing'Water . .... Palisad . .......... . 
E. T. Youngfelt ..... . ... . do . .. . . . ..... . ....... do ....... . ... .. . 

June l9 O. V. P. tout . .... .. FrenchruanRi<" r . .. c.33,T.4,R.32 . . . 
Juno 19 E. T. Yoo.ngfelt . ......... do . .... ... .. ... . 

Dis· 
char~:e 
(cubio 

foot per 
s ond). --, 

i\{ean 
" locity 
(feet per 
second). 

6.14 , ....... .. . 
3. 63 ....... . . . 

7. 90 

5.00 

12.16 

12. 20 

0. 22 

87. 52 

6.19 1 ... .... .. . 
1. 12 ...... . .. . 

29. 30 , . .. ... ... . 
0. 00 . .. ... .. .. 

:~ I . I 
a6. 48 . ...... .. . 

a78. 36 , .... ... .. . 
bl2.24 .... .. ... . 

c20. 00 .. .... . . . . 

20. 30 

13.40 

June 19 0. \. P. tout . . . . ... Cul bertson Canal... d60 . 0 

May 17 C. E . !rownover .... Republican River .. . Oxford ..... . ........ 25-1 .50 

June 20 I 0. Y. P. tout. .. . ... . .. .. do._. ..... . . . . ... .. .. . do.. . ... .... ... . 109.40 

June 28 ... . . do .. . ......... . . Pumpkmsecd Creek arey~ Rnnch ... .. . . , e22. 20 d_:j.ll 
ept. 9 . .... do . . . . . . . . . . . . . . Bird wood Creek . . . . ntherland . . . . . . . . . la3. 00 2. 05 

ept. 9 ..... <lo . .... . .• . . . .. Britts di tch ... .. . .. . .. .. do ... ·==· _ 2 -~·· ....... . 

a.A.uove mouth of Frenchman. 
h .A.bo,·e mill at P ali sade. 
c Below ru ill at l'aliaad&. 
dTotal discharge of Frenchman River waa about 1.25 s cond -feot more than this. 
eGaged below Bratts ditch, wbi uh n.t the time was carrying 2 .2 Mcond reeL 

The measurement of the R publican River ( orth F ork) which were 
made in the vicinity of Benkelman on June 16, 1 96, are related to 
eacl.J other as follow : The gaging near Benkelman wa made at 
about 110on; the other gagings we t of there were made in the afternoon, 
when t he discharge had been coo iderably increa ed by r ain whi h 
bad fallen farther up the river. The Neighbor ditch a nd the undy 
County ditch divert their water from the river just below the gagwg 
section, 7 miles we t of Benkelman. 
. On the morning of June 19 tl.J e U1scbarge of the Culbert on anal 
was measurell at the head gate uear P ahsade. It was diverting t b 
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entire discharge of the Frenchman River except about 1! econd-feet. 
The amount enterin g the canal wa found to be 60.8 second-feet. At 
about noon the river was gaged in sec. 33, T. 4 ., R. 32 W., of the 
ixth principal meridian, where it was found that the di charge was 

26.3 se ond-feet. This amount is mane up of the 1! second-feet 
which pa ed the head gate of the Culbert ou anal, the di charo-e of 
Stinking · ater Creek, which enters the Frenchman a hort di taoce 
below tlle head gat , aud eepage. measurement of the tinking 
Water on that day bowed it to be di charging at the rate of 12.24 
econd-feet, but a a mill pond i situated on tbe stream between its 

month and the gaging section, it may be that the true di charge into 
the Frenchman IS not indicated by the measurement which was made. 
It i beli ved, how ver, that the difference on that day was light. 
At ulbert ·on the di · ·barge of the Frenchman into the Republican 
River wa found to be 13.4 second-feet. Two canal betwe n Culbert
son and the place of mea urement in ection 33 were diverting 2.2 
and 15.92 ecoud-feet, re p ctively. Stinking Water> Creek is the only 
tributary r eceived by the Freu bman between Pali ade and Culbert on 
which need to be con idered iu tbi connection. 

SMOKY HILL RIVER. 

m ky ill Riv r ris in ea tern olorado and drain an area of 
q uar mile . It ha two con iderable tributarie , tbe aline 

and b olomon drainiug r sr · iv ly, ,611 aud 6, 2 square mile . 
Mea ·ur ru nt hav b en continued on all thre of the e tl·eam . 

DELOI'l' 'T.A.TIO 0 OLOMO ' RIVER. 

Tbi tation wa staLli · It d April 22 1 95, by Mr. Arthur P. Davis, 
at th wagon bridge ou tb outh edg of th town of Beloit, Kansas. 
Tb pr ent ob erv r i Ir. W. F. Jordon, who wa appointed June22, 
1 96, th ~ rmer ob rver bavmo- mov d away. Tl1 pre fmt gage is a 

pru boar·d L £ t long graduated in feet aud tenth , piked to the 
up tream dge f the brido-e floor, above the Jeer e t water. It is read 
by low ring a b avy a h \Y igbt by a small brM bain with a small 
ring th r in who low r do- wb n tb w ight touche the water, 
gi c th ame r ndino· a the water urface gave ou the old gage. 
The bridg pier i graduat d from 6 ~ t np to the bridge floor. It wa 
impos 1bl to fasten a gage in th river a there i olid rock at 1~ 
iu h ben ath the b d. Th b u 11 mark consists of a tenpenny nail 
]riven into tb ba e of a cottouwood tref), 35 ~ et northwe t of the pier 
upon wbi lt the mark ar made. lt levation i 13.70 feet. Meas
nr ment are made from the bridge, tb initial point being at the outh 
dge of the ton abutment on tlle left bank of the stream. 
Th r ha, been mor or 1 dredo-ing of the bed of this tream here 

duriuO' t lt year, pe ially during 0 tober and Nove~ber and th bed 
s em to hav bowld rs, too· h nee the same gage hmght do not give 
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ame depths. The mill j n t above th ga ge u e everal wat r wheel , 
and at time run but one, t hen mor than one, giving varying amotmts 
of flow, and it is impo ibl e to rr t very accurat re ul t . ' rb e stream i 
straight for about 200 feet above and for a mu h long r d i t~wc below. 

Tbi station i in th Beloit quadra no·) in latitude 390 27', I ngitude 
930 7' . It drainage ar a i partly mapp d on tb Beloit Mankato, 
Smith C nt r, P hillip burg, and ortoo he t . Tb r cord of daily 
gao·e beigbt fo r 1 96 i given in at r - upply and Irrigation P ap r 
No. l l, page 57. 

Lis/ of di8cllarge mcasw·emeuls macle on 'o lomon Nive1· at JJ /oil , l1~an~a8. 

q Dnw. llydrogrnphor. 

1 95. 

1 Apr. _o A. P. Davi ........ 

2 Aug. 19 'i . G.Ru s lL __ __ _ 

3 Oct. 31 .. .. . do .......... .. 

4 No\'. 1 ..... do .... ...... .. 

5 Dec. 13 .... _ito .... .... .. .. 
6 Dec. 27 .. .. . do .... ____ .... 

1 

:\l o t ~ r 
num
b 1', 

1 96. 
14 W. . Rus ell. .... _I (t2 7 Jan. 

I 8! J an. 
9 Jan. 

10 Feb. 

14 .. ... do ____ .... __ __ 

31 - -- -.do-----------· 
12 .... . do ... ... .. .. .. 

I 11 Apr. 17 ..... do ______ . __ .. . 

1 
12 ~lay 1-i 

1 

. .. .. do ...... .. __ .. 

13 June 5 ..... do .. ....... : .. 

14 J une 27 ..... do .......... .. 

15 July 

16 
9 ..... do .......... .. 

-- .. _do .... _: ... __ . 

17 

1 :::: :~:. : ::::: :: ::J d:~ 
19 -- - -.do- ----- ---- -- 55 
20 Oct. .. ... do . ........... 55 

21 Oct. .. .. . do...... ...... 55 
22 Nov. 17 ..... do............ 5-

23 Dec. 11 .. ... do ...... .... .. 
1 

55 

alia kell mewr. b Estimated; no current. 

Gu~:!t' 

\',~~;t 

2.90 
3.27 
2.10 
2.()3 
2. -

2. 0 

1.90 
2.75 

2. 5 

2. 75 
4.5 
4. 35 

o4. 0 

4.05 
4.25 
4.20 
4.15 
3.90 
3.40 
3. 10 
3.00 
3.00 
3. 10 

stH:tion 
(squar 
foot). 

119 

25 
63 

91 
9 

1. 60 
1. 64 

0. 3 
1. 24 

1. 19 
1. 07 

10-~ 1. 01 
102 1. 22 
109 1. 13 

325 ~- 26 
302 2.12 

3 1. 95 

251 0. 3 

300 1. 1 

2 1 0. 93 
277 0. 79 

] 9-J, 0. 69 

168 0. 53 
143 
138 
1 1 

169 

0.61 
0.61 
0.53 
0. 5-

Di chn r~e 
(80 ('011<1 · 

f • 1). 

115 

125 

123 

209 
3.)3 

1 

220 
135 

96 
91 

c Now gngu. dPrico larg mo•t r. 
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G•~o 
heig 1t. 

Feet. 

2.00 
2.10 
2. 20 
2.30 
2.40 
2.50 

I 
2. 60 
2.70 

I 
~- 0 
2.90 
3. 00 

I 
3.20 
3.40 

Feet. 

3. 10 

Rating table for Solomon Rivtw at Reloit, Km1 sas. 
['rllis tab! is applicable only from Jan nary 1. J 96, to June ?O 1896) - . 

Ga~e 
I 

Gn~e I Ga~e Dischar~:e. Discharg-e. Di~ch..rge. 

I heig t . 1J eig1t. heig t. 

I 
ec. j eet. Feet. ec.jeet. Feet. ec . .feet. Feet. 

15 3.60 390 I 5.00 42 7.60 
25 3.70 425 

I 

5.20 938 7. 0 
3 3. 0 460 5.40 1, 046 8.00 
51 3.90 490 5.60 1, 167 . 20 
65 4.00 520 I 5. 0 1,300 . 40 
0 

I 
4.10 555 6. 00 1, 507 8.60 

96 4.20 590 
I 

6.20 1, 748 8. 0 
110 4.30 620 6. 40 2,024 9. 00 
133 I 4.40 650 I 6.60 2, 350 9.20 
164 4.50 6 ~ 6. 0 2., 720 9.40 

196 4. 60 71 7.00 3 H4 . ' 9.60 

264 
I 

4.70 750 7.20 3 630 9. 0 

330 4. 0 780 7. 40 4200 110.00 
I I 

Rating table for olonton Rit:er at B eloi.l, Klwsas. 
[This tahl e i.• npflliCJible only from Jnn 20, 1896, to December 31, I 96.) 

Di cbn.rge. 

ec. f eet. 

4, 60 
5, 630 
5,930 
6,250 
6, 5 0 
6, 930 
7,300 
7,685 
8, 100 
8, 530 

J 990 

~ 1 

I Gage D I I On" D' h Gn.ge D'=:ll 
:c largo. hei rh L is HUge. heig1tt. IRO arge. height. ·=I 
~••· / ttl. Fttt. ec. f ret. Fu t. ec. feet. Feet. ec. feet. 

60 3. 40 I 4. 00 165 4. 60 560 

63 3. 50 4. 10 195 4.70 630 

66 s.uo 4.20 260 4.80 700 

72 3:70 4.30 330 4. 90 770 

~ 
\ 

840 0 3. 0 4. 40 410 5.(\0 

3.90 141 4.50 4 -
II 0 

E thnalul mo nthly disohat·ge of olo11wn River at Beloit, Ka·nsas. 
'I ) [Drniuago urea , 5,539 sq uare n~. -g Discharg in scc~ml - feet. :Hun-off. 

--- I Tot.al in 
Mon~b. 

I 
nero.. feet. . Second-fee 

[a; . l1iui- i\'[eMJ. DepUI m per sq nnre 
munt. runm. 1oohes . mj)e. 

---- --
1 95. 

July ----------- --- - a 21,000 1-9 2 202 135,396 0. 460 0.400 

Au gust. .... . . -----· a24, 000 17:.! 1,629 100, 164 0.3\l 0. 29 

ept w ber ... ... . . . 615 14 156 9,283 0.032 0. 028 

Octobe1· ..... . . .... . 62 7 2 1, 722 0.006 0. 005 

November __ ........ 26 7 23 1,369 0.005 J£1 December .. __ -- . .. . 250 7 114 7, 010 0.024 1 

" a E eWmnted 

18 GEOL, P1' 4--14 
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Estimated monthly discharr1e of olomon River at Jlelo·it , llcwsas- o nt i n u ~d . 

I Dischorge in Rccon d-fcot. """"' ] :Mouth. 
'l 'o:al i n 

11 pth in CCOI;f 0 1 ncro-r I. 
~taxi · J>:[J ni -

) I &<U. mum. 1U U IIl . In h •. p r sn uar I nH e. 

1 96. 
J an uary -- --- - -- -- - 121 

5 I 5, 411 

February ·---- --- -· 121 / 19 10 I 5, 92 
March ... . . . . . .... . . 123 94 5, 7 0 0.017 
Ap r il.. . . .. . . ..... . . a 1 '-oo 1,65 0.300 

May ... . . .. . . ...... 4, 700 4-9 0.077 
J une .... .... . . . . . . . '740 52 

July . .... . ---· ..... a 21, 00 1, 238 76, 122 
Angu t .. . . .. ... .... 03 354 21, 767 

960 130 7,735 0.023 
6 760 302 1 ,569 0.055 

ov mb r . .. .... . . . 
1 

117 76 0.013 
December . ... . .. . .. 12 ~ 92 o. 017 I 

Por nn uuw ... 
1 

a21 800 5 , 451 0. . 

----
a E s bmnted. 

BEVERLY STATIO ON SALINE RIVER. 

This station was establi bed by Mr. Arthur P. Davis April! , 1 95, at 
the iron highway bridge one-half mile south we t of town . The pr ' ent 
observer is Mr. J erome Wil on, who took charge F ebruary 1 , H:m6, 
Ob_arles Reid, the former ob er ver, having m2\·ed away. Mr. W il on 
lives about one-half mile from the stati on. 'l'be gage i au incl iued tim
ber, fa tened to tre tles which are set in the ground aud well loaded 
down with rock. This is graduated up to 18 feet, and one of tLe iron 
cylinder bridge pier i · then graduated up to 30 feet. Th ben ~h mark 
is the top of the lower iron strut at the north end connecting t he t wo 
south piers. lts elevation is 18.95 feet above the zero of the gage. 
This gage was put in August 8,1895, being brought over from th e north 
bank, as the high water of July had settled the fir t, a repor ted in 
report for 1895. The water i cutting out the north pier , and quite 
an amount of work will be done here thi winter to change the curr n t 
back toward the south bank, which may damage t hi s gage. 

This station is in tbe Minneapolis quadrangle. It la titude is 390 1' 
and longitude 970 59'. The draiuage area i 2, 730 square mile , and 
i partly mapped upon the Beloit, Mankato, Smith Center, Phillip -
burg; and Norton atlas sheets. 'fhe record of daily gage height for 
18961s given in Water-Supply and Irrigation I aper o. 11, page 58. 
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List of discharge measunmwmts made on aline River at Beverly, Kansas. 

Meter I Ga~e 
.A rea of Mean Discbarf.ej 

Ko. Date. Hydrographer. num- heig 1t section velocity 
ber. (square (fe t per (secon . 

(feet). feet). secot>d). feet) . 

------
I 1 95. 

1 Apr. 1 A. P . Davi ··-····· 2 al. 50 16 1.35 22 
2 June 8 W. G. Ru . ell ...... 19 a9.!JO 44 2.77 1,23 
3 July 22 ... . . do ............ 19 6.10 129 1.76 226 
4 Aug. 22 .. ... do ............ 19 4.70 50 1. 52 76 

ept. 21 .. .. . do . . .... ..... . 19 3. ~ 30 0.42 13 
12 . .... do ... ... . ... . . 19 4.30 52 1. 09 56 
14 ..... d . ... ... .. .. . . 2 4. 60 60 1.19 70 
23 ..... do ..... . .. .... 19 4.10 44 0. 57 25 

1 96. , 
9 Jan. 16 W . G.Rn ell . .... . 4. 10 '47 0. 69 33 

10 Jan. 2 . .... do . . .......... 4.05 40 0.77 31 

11 Feb. 14 ..... do . . .... ..... . 4.25 4. 0.96 46 

12 Apr. 14 1::: :::: :::::::::::: 9.70 249 2. 79 693 

13 May 15 5.75 112 1. 83 204 

1<1 Jun 6 ..... do ............... 9.20 250 2.69 674 

15 July 11 . .. .. do .......... . . 7,50 174 2. 2 493 

16 Aug. 13 .... . d ·-· ··· ···-·· 4. 0 1.23 96 

1 .. .. . do ...... . . . ... c55 4.60 1.00 76 
?- ::::::: ::::::::::::1 -5 4.40 0.7 56 ~o 

55 4. 30 0.69 48 

20 Nov. . .... do ...... .. . .. . 55 4.90 1. 22 107 

a Old gage before il\j11ry by flood. b Haskell meter. cPrice large meter. 

Rat-i11g table for aline River at Bevtrly, Ean a . 

I Gn~o 
hoig tt. Dis bl\l'ge. Gn~ 

heig t. Dis barg . I Ga~ I D" b II Gnae height. 180 IU"ge. height. Discbargo. l 

---
Put. ec.jut. Peet. ec. feet. Peet. eo. feer.. I Feet. to. feet. 

4. 00 3 5.50 167 7.00 3 8.50 592 

4.10 33 5. 60 1 1 7.lp 400 I . 60 603 

4.20 41 5.70 195 7. 20 420 
I 

. 70 614 

4.30 49 5. 0 212 7. 30 443 8. 0 626 

4. •.W 56 5.90 223 7. 40 467 8.90 638 

4.60 65 6.00 234 7.50 493 9.00 650 

4.60 76 6.10 246 7. 60 502 9.10 661 

4.70 5 6.20 25 7.70 511 9. 20 674 

. 4. 0 96 6.30 270 7. 0 520 9.30 6"77 

4. 90 103 6.40 284 7.90 529 9.40 681 

5.00 113 6. 50 29 8.00 539 9.50 685 

5. 10 122 6.60 314- 8.10 549 9.60 689 

5.20 132 6.70 330 8.20 559 9.70 693 

5.30 143 6. 0 346 

5.40 164 6. 90 362 _j 
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Esti·ma ted 1nontilly discharge of aline Rit•er at Bcrerly, 1\ansas. 

[Draiungo 11ret>, 2, 730 sq unro miles.] 

Dischnrg lu st•cour\. fo('[ . 

)ionth. 

1 95. 

la~i 
u\urn . 

July ........ _...... a 10 000 I 
Angu t. .... ... . .... 339 

ptembrr . _.. ..... 92 

Octob r .......... .. 

No,'elllb r ...... - ... 

De ·emb r . ........ . 

1 96. 
J anuary ............ 76 
F bruary ........... 

)Ja rch .............. - I 

April ··---- .. ---·-- 693 I 

l\Jay ............... . ' 
June ... .. .......... a16 000 

July . .. ....... . .... 679 
.Angu t . .... ........ , 493 

eptember ... .. .... 
1 

90 1 
ctob r .. .. ........ a6. no 

Kovemb r ........ ..l 1 
9 

Mini· 
mum. 

73 
5 

9 1 
6 
9 ' 

13 

26 
33 
33 
37 
·F 

167 1 
1 3 
41 

33 I 
31 
41 

31 

)[QRII . 

574 
10l 

27 
::13 

33 

52 
51 
•19 

151 
313 1 

2, 29l 

2 '6 
107 
5 

260 
75 
62 I D '~··'-----· ---- ------

Per annum ... a16,000 26 313 

a Eatimnted. 

I 

Tow! in 
II!'I'O· f t. 

llun-otr. J 
I ])~pth lu 

1
• ' n<l ~ 1 

Inch~ I P r "'\ u>U' 
I ml e. 

3:i, 2 ~ 1 
G,:no 
~.26 1 

1 GGO 
1,9'1 
•J 
~. 29 

::l, 197 I 
2 9 l 

3,013 
!l 6 

Hl,:.t· 

136,32-t 
17 
6,57. 
3, 1"1 

15,. 1 

4,-163 
3 605 

22-,270 

o._o I 

o. o· - ~ 
0.012 

o. . I 
o. 10 I 
0.011 

0. 02~ 
0. 109 
0.031 
0.002 

1. 523 

.1 
0.031 

. 011 

0. 
0.009 
0. 010 

. 019 

0.1Q..I. 
0.037 
0.021 
0.095 
0.0~7 

0.002 

o.n2 I 

ELLSWORTH STATION 0 'M KY HILL RIVER. 

This station wa e tablisbed by Ir. Arthur P. Davi April 17, 1895, 
at the highway bridge on Dongla aven ue, E ll W(lrtb, an a , in tb 
Ell worth quadrangle. The ob rv r i Robert fartin, who liv about 
100 yard north of the bridge. The o-age i ltD inclined a h timb L' 

spiked to a po t driven in the bed of the river aud bolted to an ir u 
post of the bridge pier. The graduation are in £ et and teutb to 4.5 
feet ou the timber, and continued on the bridg pier. The mea nr · 
menta are taken from the bridge, the initial point being at the north 
end. The bench mark is a nail driven iu the base of a laro-e box elder 
tree near the southea t corner of the bridge, 90 fe t from the gag . 
Its elevation i 13.07 feet above tlle zero of the gage. Another gag 
was put in July 25, 1896, as the channel bad left this gage; it i timb r 
plank bolted to the bridge pier 90 feet north of the first gage and 
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only about 4 feet long, as the water reaches the first gage at le s than 
that h ight. .A. ecood gage wa e tabli bed October 23, 1895. It was 
1:'pik d to the ea t or down tream pile of the fourth bent from the 
outh nd of the Fri co railroad bridge, west or up tream from the 

old gage 2 536 feet, and wa placed at the same elevation as the old 
gage. The difl'ere11ce of water height October 23 was 1.44 feet, giving 
a lope of 0.00056 . The channel i ' nearly traight above and below 
the bridge and the bed i. sandy and hifting, and i moving nor thward 
toward the 1 ft bank. Th r cord of daily gage heights for 1896 is 
g iven in \Vater- upply and Irrigation Paper o.ll, page 5 . 

I.Ast of di Bch a1·ge meas1~1·enwntsmade on nwky Hill Bi~er at Ellswo1·th, Ka11sas. 

I ~0. Dnte. Hydrographer. 

1 95 . 
1 Apr. 16 A. P. DaY is ...... 

Apr. 27 I . .. . . do ----- · --- -
2 June 5 I 

I 
w. . Ru ell .... 

3 Jul y 3 ..... do .......... 

4 I Aug. 21 ..... do -- --....... . 
- pt. I .. .. . do ..... . . ... 

t. 23 ..... do ------ .. .. 
7 Dec. 6 . . . .. do -------- --

I D 2 ..... do ·-- -·· ----
1 96. 

9 .Tau . 22 
I W . . Rus 11--. 

10 ~far. 1!1 ..... do .. . .. ..... 

11 .Apr. 13 ..... do ------- ---
12 I June 9 . .. . . do --- -- .. ----
13 I Jun 2- .... . do ·-- -- --- --
14 June 29 ..... do .......... 

1-

I 
July 1 ..... do ······ ···-

16 July 2- ..... do ·-- -------
17 Aug. 19 ..... do -- ---- ··--
1 .. ... do ..... . .... ... 

2:J . .. .. do ·----- ----
26 .. ... do ...... ... . 

2 ..... do --··· · ...... 

20 ..... do .. ....... .... 

..... do ·· · · ······ 

.A.re:\ of 
Mel r 1,~j;ht I section 

number. (fc:;t) . (squru-e 
feet) . 

Mean Di 
,-elocily 8 harg 
(feet per (secon<l -
secon<l). feet). 

---------1 

2 1. 50 ·------- - 0. 12 

F loats. --- ----- ··-··· ·- - 0.33 al 

19 9. 05 1, - 2.91 5, 402 

19 2.60 115 1. 9 217 

19 2.10 7i 1.3-l l().l 

19 1. 50 2 0.9-! 26 

19 1.35 21 0. 8-! 17 

19 1. 35 19 0.94 1 

19 1.30 19 0.95 1 

b3 1. 42 26 1.00 26 

s 1.24 1 0. 16 

s s.w 221 1.75 387 

3 3 --.();) 277 2.20 609 

s 2. 50 138 1.68 232 

3 3.40 296 1.73 511 

3 3.05 2-i2 1.78 431 

3 2.00 l 1. 58 128 

o55 1. -6 53 1. 49 79 

55 1.60 49 1. 76 7 

55 1.68 63 1. 63 102 

55 1. 30 so 1. 22 37 

55 1. 0 82 1.85 153 

55 1. 20 33 l.().l 34 

55 1. 20 32 1.14 37 

b mnll Price meter. c Larp:e Priue meter. 
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.Rating tablefor 11wky Hill Ricer at Ellsworth , 1\ansas . 

[Titis table is appli able onl y from Jnrlllary 1, 1 96, to Jun 30, 1 96. ] 

Gnc-
h i <!ht. 

ng~ 

lr ol•ht. Dischn rgo. 1 ng 
helglrt. I ~·=··"'~ 

Feet. 'u.jeet. •.jut. Fut. , u.jut. Fut. tc. jut. 

1. 25 16 2.20 163 3. 00 372 3. 0 723 
1. 50 49 2. 0 1 3 3. 10 ·146 3.9 
1. 60 7 2.40 206 3.20 47 ·1. 00 

' 
1. 70 106 2.50 -3~ 3.30 512 4. 10 

1. 0 113 2.60 3.40 I. 20 
1. 90 120 2. 70 3.50 4.30 1, 017 
2.00 12 2. 0 3. 0 ·1.40 1, 91 
2.10 144 

II 
2.90 339 3. 70 

Esti111ated n~o11tl1Zy dischm·ge of moky Hill River at Bl1swol'tli, .llansas. 
[Drnlnag nrc!\, 7,080 sqnare miles.] 

' "'''"' 
-

Discharge in second ·~ t. J nn-ofl'. 

Total in --
ncr . ~ t . Second f~ Ma xi M in i- D ptlr iro 

UlUlO. mum. ~l f'An . In ·b s. l"' r "n''""'l ml . 

1 95. I 
April17 to 30 ......... 14 11 12 33 0.001 0.002 

I May . ................ 20 9 11 76 0.001 0.001 
\ June ... .... .. .. .. . ... 4,900 10 690 .u,u- 0.10 0. 09 

J uly ...... .. ..... .. .. 21, 000 202 1, 4 ,420 0.22 .19 
August ... .... ........ 344 65 186 11,437 0.03 0.025 

eptember ......... .. 135 19 44 2,61 0.007 0.006 
October .............. 22 14 18 1;-107 0.003 0.002 
November ............ 19 12 18 1, 071 0.00 0.002 

.... Decem be;:- .... .. . ..... 22 11 17 1,045 0.003 0.002 

1896. 
January ... . ............ . 57 17 25 1,537 0.004 0.003 
February ................... 49 1 26 1,496 0. 00! 0. 003 
March - ......... --- · ---- 21 14 1 1, 107 0.002 0. 02 
Apr il .. .. ........ . ... _ 00 14 130 7, 736 0.01 0. 016 
May . ................ 116 18 62 3, 12 0.009 0.00 
June ....... . .... . .... 1, 713 72 313 1 , 62- 0. 0.14 0.039 
J uly .... ... . . . .... . . . 951 119 230 14, 142 0. 033 . 0.029 
August . .... .. ........ 372 66 115 7, 071 0.016 0.014 
September . . ... .... .. 117 50 72 4,2 0.010 0.009 
October ............ . . 2-5 25 54 3, 320 0.00 0.007 
November .. .. : ....... 122 20 54, 3, 213 0.00 0.007 I D""mbru . . u u u uu 

•13 18 34 2, 337 0.005 0. 004 
--------- --- ---

er annum . . . .. . . 1,713 14 95 68,6 1. 61 0. 012 
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K A NSAS RI V ER. 

Tb ]{au a River properly so alled i formed by tbe · t ' 
F t R'l f t l l{ Jnnc wu , near 
~r 1 ey, 1 • epn~lic~n and Smoky Hill riYer . The principal 

tnbutary below tb1 pomt 1 Blu River upon = b ' h • H tc mea u.rements 
havtel been ontmu d. Ob rvation have al 0 been taken at two I oints 
ou 1 ma:in tream. 

9
' 
000 ltltilti-t-H-t-HH--t-JH--H-1-+--MH-+l--1-+-W..-WW--W--U 

s. ooo H-t-ti-t-rtt-H--HH-tlri--HH-1-++1-+--1-~-W-+W-WW 
7

• ooo t-tt-r-tti+H+H-t-I+H-+1~+-H+t-l--W-l--W+U..llJ 
8 9 .' 

a, ooo H--t-ti-ti-t-t-t-t+-H+-H-+--Hi+-Hri=+-J~-H~-W--l-W-+-1 
6, 000 rti-H-tt-1---t--HH--t-H-+.t-+-+ijH-+ 1-+-l-1-+-l-l-l-..WW..-U--LJ 
4, ooo lt-t--HH-t-H-+H+-HH-H-Hit--+--i++-~+-1-t+-1-t-+-W-U 
3,000 ~~i-ri-r~-t-r~,+4-+H-++I~~~~~~~~~-+-~-LJ 
2,ooo rt-r~ti-r~r+-rt-t-+4-~~41~-++-~~~~-l-~~~~ 

Flo. 30.-Discbnrgc of moky B.ill River nt Ellsworth, Kansas, 189.5-96. 

, T 'l'IO 0. :BL RIVER. 

Th Bin 

report in Volume 

n us pag 
tation wa e tabli bed ou th Blu Hi er at th county bridge, 4 

mil north f fanbattan. It i de crihed in Bulletin 140 page 144. 
Tb is 1 oint i l> yon l the in fin u e of ba kwat r from th' Kan a , and 
all bnt about 50 of t l.l 9 490 quare miles of drainag area i repre
s ut d in h di llar · . Th tation wa establi lied by Mr. Arthur 
P. pril12 1 95 and wa placed in charge of Prof. . P . Hood, 
of tho Kan a tate gricu.ltural Oollege. It i in the Ju11 tion City 
qnadran cr] in latitude 390 H' and longitude 96° 35'. The drainage 
:tr a i. m:11 ped on the Jun tion ity, Mary ville, en ca, \ ashington, 

ntnd I land, and tromsl;n1rg atlas sbeets. 
Th gag con i ts of tbre eotion , a lower 'eotion being an a h 
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tab
rd of 

Liat of discharge rneas~£rl?'ments?nadc 011 Blu.e R i ver at .Jiallhattau, Kansas . 

---
Dl c::-:1 M ter G l . h 

Area of :Mean 
No. Date. Hy<lrogrnpber . uum- age 1e1 , . t 8 tiou voloci ty 

( ' Oll d · oor. (.t t) . (squnro (f t 1 r 
~ t ). fe t ). 

1
seoond). 

1895. 

1 Apr. 12 A. P. Davis ...... 

1 
2 3.60 - 3 7 1.4 5-l2 

2 Jul,Y 11 . P . Hood .. .... 4 3. 70 304 1.3 450 
3 Aug. 17 .. ... do .......... a4 6.90 1 077 .... ---- ·-··- ----
4 Aug. 24 .. .. . do .......... 4- 5.70 966 1. 61 1,512 

1 96. 

5 Apr. 16 0. P. Rood ...... 4 4.00 396 1. 39 617 
6 Apr. 20 ..... do ........ .. 4 10.07 1, 7 2.52 4,769 
7 Apr. 29 ----.do ...... ____ 4 5.35 679 1.71 1, 207 
8 May 6 ..... do .......... 4 11.75 2, 331 2.49 5 757 
9 June 11 .... . do ...... ____ 4 3. 70 305 1.38 450 

10 June 23 ..... do .......... 4 5. 7 607 2.07 1, 385 
11 June 27 ..... do .......... 4 11.5 2,071 2.83 . 6, .J.99 
12 July 6 ---- do ...... ____ 4 9.60 1, 717 2.19 3,759 
13 July 28 ..... do .......... 4 5.30 G21 1. 8 1,173 
14 Aug. 15 .... . do .......... 4 10.90 1,755 2. 82 4, 94,3 
15 Oct. 31 ..... do------ - - .. 55 11.75 2, 152 3.29 7,09 

a Instrument fail d . 
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Rating table fo r B lue Rirer at Mauhattan, Kansas. 

[This tablu i npplicaule only from April l2, 1895, to December 31, 1896.] 

! hGi~•t. 1 Dis harge_l n~ Discharge. I Ga~o Dischnr~re. Gn~e I D ischarg .I lwig 1t. h ig t. heig t. 
I 

I -- ·- -- ---
F eet. ec.jeet. P eet. ec.jeet. I Feet. ec.jeet. F e<t. I ec.jeet.. 
2.00 214 4-.50 7.00 2,055 9. 50 I 3, 
2. 10 229 4. 60 I 7.10 2, 115 9.60 I 3, 922 
2.20 24.5 4. 70 7. 20 2,176 9. 70 4, 007 
2.30 262 4. 0 7. 30 2,238 9. 80 4, 093 
2.40 2 0 4.90 7. 40 2, 301 9.90 4, 1 0 
-· ~o 29 5.00 7.50 2 365 10.00 t ,268 
2.60 320 5.10 1, 071 7.60 2.430 10.10 4, 357 
2.70 341 5.20 1, 115 I 7.70 2,496 10. 20 4,447 
2. 0 363 5.30 1 161 7.80 2,563 I 10.30 4,53 
2.90 3 5 5.40 1, 20 7.90 2, 630 11 10. 40 
3.00 4 5. 50 1, 2-r; .00 2, 698 I 10.50 
3. 10 431 5.60 1, 303 2, 767 10.60 
3.20 454 5. 70 1 354 2, 837 I 10.70 
3.30 47 5. 0 1 40-l 2,90 I 10. 0 5, 019 

02 6. 1 456 2, 980 10.90 5 122 
1127 6.00 1, 3 3,053 11.00 5,228 

55- 6.10 1 56t 3, 127 11. 10 5,337 
6.20 t. 6F 3 202 ll.20 5,449 
6.30 1, 670 3,27 11.30 5, '"65 
6.40 1, 725 3,3-5 I 11.40 5,685 

6. 50 ] 775 9.00 3,433 11. 50 5, 09 

6!l2 6.60 9.10 3, 512 11.60 5 937 

724 6. 70 9.20 3 592 11.70 6, 069 

4. 30 7- I 6. 0 9. 30 3, 673 1Ul0 6 205 

4.40 793 II 6.90 1 996 9 . . JO s 7~5 11.90 6,345 
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Estimatell montilly d is hai'[/C of 1~ /u Uivcr a t ltfatthltlla.n, .K.a1r sas. 

[Drninng ar~n . 9,400 squarE> 111il~s. ] 

Uidehorroin H 

~ l wd - ) l ini -
JHIIIIl . mum . ~ I ''" · 

1 95. 

ApriJ 14 to 30 ......... ) 5 502 3 1 

M ay -- -- -· ·- -- -- · --·· ll 6 •l!l l 532 

J uo 7. 500 ~-') 1, 6 ~ --- ---------- -·-· . ) , ) _ 

Jul y ·- --- ··· ····· --- - _,30 1 5:?7 73 

Ang u t ...... . --- --- -- 9,!l00 -17 2.03(1 

eptember ,::i:>O --·> 1. - 07 -- -- --····- J·>-
October ... _ .... .. .... ;:;;;:? 49.) 

Novemb r .... .. ...... 60- 3 5 5 1 

De ember .. .... .... .. 60.1 502 517 

1 96. 1 

February .. ... ..... .. G19 ii02 i'h7 \ 

Totn i i11 
U<' rO fo t. 

Huu-o fi~ 

I 
De 1 11 111 e cu111 -r t 

•• r, ... l"~~w· :·~ 

o. w I o.os 
0.07 

!1.i, 41 4 0. 1 
46 -1 5 0. 1 

1:?5. 19 0. 2 1 

71, 9 :? 

30, 4aG 

31,:>97 

3::i ·17 

3-1 2:> 
::!2, 6 11 

0. 7 
O. OG 

.o 
0.00 

January .. . .... ...... 1 60.) J ~~ ~ - ;, 1 

Mar h . . .... ·--· ·-·-· · . . ... . ...... ... ..... .. ....... . .. .. .... .. .......... . 

April16 t o 30.... .... . .- ? I 1, u- 2 1 

May . __ .. . . . . . . . . . . . . 13: ; 2- 1, 32 4 00 

June...... .. .. .. . .. .. 19, -125 677 4 594 

· July .. .. ......... .... 21,975 5, 4 1 

A.ugu t . ..... . ... -- · .. 12 375 1, 007 2,65 

eptcmber --- ---- . . . . l , 21 

October .. .... ...... .. 36 ] 179 

65,3-1 

293 l <L 

2i3,3G:. 

72, 49-l 

. 

o. ] 
0.13 

0.23 

0.5 1 

0. 19 

0 5 

0.2 

0. 17 

0.12 I 

November . .... ... . ... 527 1, 1 9 71.}: 751 

December ...... ...... 40 7 6 4 , 329 

0. 14. 

~ 0.09 0 

LECOMPTO S'l'.A.'l'IO N l ' AN AS RIVER. 

This tation is located in Lecompton Kan a at th ferry. It i in 
the 0 kaloo a quadrangle, in latitude 390 4' and longi tude 
The greater part of the drainage area is mapped on the arne 
a those li t d under the Lawren e . ta.tion. The river here, thou l1 
quite wide for ordinary stages of \Vater , is le s than 1 0 ~ et wb nth 
water is low, and affords a good place to mea ur the flow und r tb · 
condition . Mr. Green, who operate the ferry, p ut in a gage in 1 94. 
It consist s of a board marked to feet and in ch and fa t n rl. to oak 
post set in ground and braced to bor . It i impos ible to mea nr 
tbe discharge of river at Lawrence when the gage there reads 1 ss 
than 1 foot, a the mean velocity i o mall. At uch a time it an 
easily be measured at Lecompton, and the di charge i practically the 
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ame at the two places when l ow, very li ttle water entering the · 
between t hese poin t . n ver 

Two mea urem nt of <li charg were made lJ ere in 1 95 one on 
October 5, the oth~r on October 25. The water ha not been low 
enough to mak a d1 ·charge mea urement ad vi abl bee th ' r IS eason. 
The ferryman, fr . Peter Long, ha rved a ob erver from J anuary 1 

ec .. ft, 1 '-:i_ ioEi'o h4/R~ A6RI0L ~AY 

9,000 ~~~g 1~~6 .~.u. S~ PT: ~"~ ci N
0
o• 0 .~':.~ .. 

,000 

7 ,000 

6 ,000 
/- ?~ r.; 

5 • 000 

, 000 

,000 

, 000 

,000 --IV£ .J l'l ·o 
0 

,000 h 
~ I ~ ~ 

,000 
tl~~ 

2 

12 

II 

10 ,000 

9 ,000 

.000 

,000 

6 ,000 

5, 000 

4, 

3, 000 

2. 1\1\n 

1, ""' 1:- ~ i-

..... 
u • 

FIG. 31.-Dlsoha.rg of Blu River nt:lttanhnttnn, Kansa•, l 9:>-96. 

to b ' r vatioos wer tb n di outinued until spring, as 
th ic i nt rD rc wi t h takin cr the r adin rr . Tb record of daily gage 
height i rriv n in \ Vater - upply aud Irri rra,ti n Pap r No.ll, pa,ge 59. 

L.A.WR.E CE TATI O ON l N .A. R I VER .. 

t ation i l crib d on pa(Y 145 of Bull t in o. 140. The gage 
con i ts of a verti al b a,rd mark d to feet and tenth and fastened to 
~he outh pier of t b carriag bridge, about 50 fee up the river from 
the ·r t of dam. The z ro of th ga<Y i on a lev I with a large stone 
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ere t of dam. Th 

I~Ast of di scllm·ge meas11rem nls 111ade on Kan sas Hi rer at Law1·en , liansa . 

I 
:N o. I Dat. H y<lro::rrapher. 

:l! eter ag 
DUIIl · heij!ht 
ber. (~ e t). 

- 195. 1 

1 , .Juty 19 ! E. C. Murphy ___ _ 
2 July 27 ____ .do ________ __ 

6 ~.70 

19 
17 ~ j AAuLtg"·. ?.~ ' ---- -UO ...... __ __ 

"' -- ..... do __________ ! 17 

1.90 
1. 10 

4.10 

2.35 
1. 47 

3. 24 

2.63 

5 Aug. 24 ..... do ...... __ __ 17 
6 Aug. 27 ____ . do ____ .... .. 17 
7 I 

17 
ep t. 4 .... _do ........ .. 17 

5 632 
5, 335 
4, 705 I 

6,529 
5,443 
4, 99 t 

6,05 

5, 716 8 
9 

ept. 3

1

. ____ do .. _ .-. ___ _ _ 

Kov. 1 ..... do ........ .. 17 0. 20 
1
-- - - -- --- -

10 

L
ll 

12 

1896. 

April 20 E. q. Murphy__ __ 10 

July 10 .... . do .... .. .... 10 

ept. 1 ..... clo .......... ' 10 

3.00+ 

2. 20 I 
1. 30 

5,731 
5, •176 
4, 696 

1. 0 

1. 20 

0.6-! 

2. 76 
1. 44 

0. 
2.14 

1. 7-1 

1.35 

2.00 

1. 77 

0. 90 

4 

6 411 

3 025 
17, 4-

7, 69 
4 Z77 

12,!!35 
9, 60 

376 

11,446 
9,694 

4, 240 
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Rating table for llansas Rirer at LauTen ce, Kansas, based on discharqc 111easurcments 

made during 1895 . · 

I Gng I beigbt. 

Fell. 

0.00 
0.10 

0.-0 
0.30 
0. ·10 
o. -o 
0. 60 
0. 70 
0. 0 
0.90 
1.00 
1.10 
1. 20 
1. 30 
1. 40 

1. 5 

1. 
1. 70 

l;ngl' 
lllli~t11t. 

Fert. 

0.00 

0 10 
0.2 
0.30 
0.4.0 

0.50 
0.60 
0. 70 

0. 0 

0. 90 
1. 00 
1.10 
1. 20 
1. 30 
1.40 

1. 50 

1- . ,-
1 ~is harg . h~i·~1~t. Dischnrge. I Gngo 

; h igh~. 

1----11 

Discharge. 

I 
ec.ftet 

7 7 
63 

967 
1,09 
1, 25-
1, 4 7 

1, &J-3 
1, 72 

2, 1-3 
2,395 
2. 7 

2 99 ' 
3, 327 
3, 673 
4, 03ii 
4, -II:! 

~ 03 
5,!.07 

Feet. 

1. 0 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 

2.50 

-.60 
2. 70 

-· 0 
2.90 
3. 00 
3. :o 
3.:?0 
3.30 
3.~0 

3."0 

«.feet. 

.- '623 
Feet. 

3.60 
6, 051 3 70 
6,490 3. 0 
G, 940 I 3. 90 
7, <100 4. 00 
7, 70 4.10 

'350 4. 20 
0 4. 30 

9, 4~0 4.40 
9, -o ¥.50 

1 , 370 4. 60 

10. 00 4. 70 
11 , 440 4.80 
11,990 4. 90 
l:?.i>tO 
13. 12\) 

13,700 
J.!:! 

:-.oo 
-. 10 

5._0 

1~ . 90 
15, .-oo 
16, 120 
16. 750 
17, 390 
1 , Q.JQ 

1 '700 
19, 370 
20,050 
20, 740 
21,440 
22, 150 
2~. 70 
23, 600 
24.3~0 

25,090 
25, -o 

Feet. 

5.30 
5.40 
5.50 
5.60 
5.70 
5. 0 
5. 90 31,450 
6. 00 32,290 
6. 10 33 140 

6. 20 34,000 
6. 30 3-l , 70 
6. 40 35,750 
6. 50 36, 6•W 

6.60 37,540 
6.70 
6. 

6.90 

3 , ro 
39 370 
40,300 

Rating table for .!ian as Rire~· at Latc1·ence, 1\cwsas. 

(Tbi• tnbl, is npplicnbl only from :Mny 15, I D6, to .A.ngust 31, 1896.] 

Discharge. 

Stc.fut. 

1,143 
1. 335 
1, 562 

1 21 
2 lll 

~,430 

2 776 
3, 14.7 

3,5 11 
3,956 
4,390 

'~ 11 

5,307 

<ingo n·· I 
height. I '" large. 

Fut . t o. ft"t. 

1. 60 5, 7 6 

1. 70 
]. 0 
1. 90 
2.00 

2.10 
_,2 

2.30 
2.40 
2.50 

2.60 
_,70 

2. 0 

2.!l0 
3.00 

6,:.116 

6, ii5 

7 2 l 

7, 79~ 
, 3 

22 
9 340 

13,079 

''~~g'\:>. J D" b"g• b~~'\:,. D'"'""·i 
Fctt. rc .fut. I Feet . ec.jut. 

3.10 1· 637 1 4. 60 23,443 

3.20 
3.30 
3. 4.0 
3. ro 
3.60 
3. 70 
3. 0 

3.90 
4..00 
4. 10 
4..20 
4.30 

4. 40 
4..50 

14 , 203 
14 77 
15 363 
15,959 
16,567 
17, 1 

17, 23 
1 , 473 
19, I 
19, 1 

20 513 

21,223 
21, 94!) 
22,6 

4. 70 
4. 0 
4.90 
5.00 
5. 10 
5.20 
5. 30 
5.40 
5.50 

5. 60 
5.70 
5. 0 
5. 90 
6. 00 
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Est·imateclmonthl!J discharge of J(ansa Rirer at Lau"Telloe, 11a11sas. 

[Drniungo •~r " • 59, 41 sqnnr miles.] 

R uu-oll'. 

.Month. 
-~--

Maxi- Mini -

Totn l ln 
acre-foot. D Jl tb i 11 eoond-fcet 

l nobta. !per S9 uar mllo. ------------------l--n-•u_m_. _l,~ ----1---
1 95. 

Mar h ............ .... 1 643 

ApriL............. . .. 1, 72 

May . . . ... . ... ... . .. . 1, <137 

June .. .. . .. .. .. .. .. .. 20, 050 

Jul y ...... ....... .... 10,370 

August .... .. ........ . 2 , 190 

September . .. .. .. .. .. 20, 050 

Octob r .. .. .. . . .. .. .. l, 346 

Novem ber ............ 1, 346 
December ....... . . . .. 

1 96. 
January.............. 1, -10 

February .. .. .. .. .. .. 1, 540 

Ma-rch ................ 
1 

1, 437 

ApriL ..... .. .. .. . . .. . 12, 550 

1\llay ...... ... ....... . 

June .......... . ... .. . 

July .... ..... . ...... . 

August ............... 22, 

Septeml er . ........ .. 12,550 

October ............. . 

November .. .... .... .. 

December .......... .. 

Per annum ....... 

1, 255 

25 

1,176 

1. 3&1 

1 372 

1,0N 

5 927 1 
5,663 

4, 223 

5,546 H 

5,546 

3, 956 '935 
2,123 4, 436 

1, 437 1, 960 120,516 

0.026 

0. 026 

0.021 

0. 110 
0. 120 

0.220 

0.093 

0.021 

0.019 

0. 023 

0.023 

0. 018 

. 0!:9 

0.095 

.190 

0.084 

0.01 

0.017 

0. 020 0. 017 

0.016 

0.0.3 

0.021 

0. ou 
0.230 

0.250 

0.3 0 

0.150 
0.074 

0.033 

2,123 3,724 221,593 0.069 0. 062 

2, 123 2, 4 77 152, 306 0. 04 7 0. 0-U 

6, 814 4,96 ,0:'1 1. 545 0.114 
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16' 000 itliiTHt-H-t-H+H+H--HHll-il-t--W--l-WJ-UlJJ 

FlO. 32.- Discbargo or Kansas Rh·or at Lawrence, Kansas, 1 9&-96. 

'.rb Arkan as Riv r ri in tb Rocky fountain region of central 
~ olorado near tbe ity of J1 aclvi ll . everal tation have been main· 

tain don tbemaiu tr am aud n, f won t ributarie . as shown in the fol· 
lowing page . , 

ARKANSAS RIVER. 

A table 
page 154. 
part or th 

of drainage area of tbi t ream i given in Bulletin 140, 
Five station llave be n maintained on this river during a 

whole of 1 !J6. 
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ALIDA T.A1.'IO N ARKA 'A RIVER. 

List of discilarg 111easurements1nade on Arkan~as Nir·er at ,'nlicl11 , 'olorado . 

c-r - -
Jeter ' r~n or M~an 

00 ,, .. ~ rug 
8 tion ,-~lo ity Dale. Dyclrograpber. num- b Pij!ht I& :on . 

I L r. (~ l ). (squar (f<• t J>l.'r t t ) . 
'" l). 

{·~ond). 

----

1 A. P. Davi --·- ··· · 55 0.60 1 2 2. 463 

2 14 3.10 362 5.59 2 023 
3 Juue 24 .... . do .... .. ...... 1 14 1. 40 8.29 
4 ept. 29 .... . do ...... ···--·1 14 1.00 2.33 3:"2 
5 Oct. 27 ..... do ............ 14 0. 0 2.33 317 

Esli1nated monthly disclia,·ge of .drkansas Rirer at a/ida, Colorado. 

~~~: !~~: I Mean. 

1---------- ------
1 95. 

Aprilll to 30 ...... .. 1, 6 495 1,117 
May -- ---------·-·--· 2,462 968 1,545 
June ------------- ...... . 2, 2-!2 l, 244 1, 599 
July .. ... .. ____ ...... 1,626 19 1, 1"9 
August ............... 1, 2 708 860 

eptemuer ........... 819 429 537 
October .............. 402 402 402 
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Rating table jo1· .:Jrkansas lliver at 

Gni! Discharge. I h~i~~t. Discbnrgo. Gngo Discharge. GBJ!"O Discharge. I h ight. height. height. I 
---

Fttt. ' "t<J.jeet. 

I 
Ftet. ec.ft<t. Feet . ec.feet. Feet. Sec.fttl. 

0.00 190 1. 05 3 2.10 1, 162 3.15 2,066 
0.05 19-

li 
1. 10 402 2. 15 1,203 3.20 2 110 

0. 10 200 1.15 429 2.20 1,244 3. 25 2, 15! 
0.15 20- I 1. 20 456 2.25 1,285 3.30 2,19 
o. Jo 210 1. 25 495 2.30 1, 326 3.35 2,242 
().25 21 J. 30 534 2. 35 1, 368 3.40 2,286 
0. 30 _22 1. 35 57 2.40 1 410 3.45 2 330 
0.35 229 1.4-0 622 2.45 1,453 3.50 2,374 
0.40 236 1. 45 665 2. 50 1 496 3.55 2.41 

0. 4" 243 1. 50 70 2.55 1, 539 3. 60 2,462 
0.50 250 1. 55 745 2.60 1 - 2 3.65 2,506 
0.55 239 1. 60 7 2 2.65 1,626 3.70 2,550 

0.60 2 1. 65 2.70 1 670 3. 75 2 594 

0.65 277 1. 70 2.75 1, 714 3. 0 2,638 

0. 70 2 1. 75 2. 3. 2,682 

296 1. 930 2. - 3.90 2, 726 

307 2. 90 I 3.95 2 770 

31. l, 2.95 4.00 2, 14 

0. 332 1. g- 1, 3.00 

0. !!5 3-l 2. 1. 3.0i) 
1.( 36-i 2. or 1, 122 3. 10 2, 022 _ _j 

A ·y TIO 0 RI\A::\ 'A I 1'\'E R. 

Thi i11 Bull tin No. 131, page 3- and in Bulle· 
lol'at d at tb llot priug Hotel, 1:\- mil 

" nyon quadran I , about 500 yard 
r k in latitude 3 o 26' lon()'itnde 105° 
pril 1 9. During th flood of Angu t 

ri inal gag- r d w t' wa b d out and an w one has 
inl' b u pla · d ou lei' bank of riv r jngt below the foot-bridge, MU· 

1 tm of an in •lin d 4-inch by 4-in b b 16 font timber bolted to a. 
mall jttuip r tre aud to po ts c t in tb ground . It i mark d to 

rti •al 0.10 foot th pace b twe n the mark beinO' 0.223 foot. A 
rti aJ rod i also fa t ned to tbEI juniper t1·e for extr roe hiuh 

water. otb bank are high and not 1iabl to ov rflow. The current 
i wift, aud tb cro ·tiou i' uot ubject to lWY uotabl change , 
e ept at ·tr me high and low wat r ta~es. tream mea"'urements 
ar mad from tlle lower itl of the u pen ion footbridge leading to . 
the hotel. Th observ r i Dr. J. L. Preuti8S. The record of daily 
g·ag height for 1 96 i given in Water· upply aud Irrigation Paper 

o. 11, pag GO. 
18 EOL PT 4--15 
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List of disoharge measrtrements made 011 A1·kat,~sas River at anyon , olorado. 

No. Date. Hydrogra]lher. 
Meter Gage 
num- heigl1t 
ber. (fe ~) . 

23 F. H. ewell...... 2.1 2.45 291 

24 F. H. Newell ...... 24 
25 ..... do ..... .. ..... 2.t 

26 June 1 ..... do ............ 24 
27 ept. 20 I A. P. D1wi ........ ~ 1 

28 t. 15 .... . do ............ 21 2.4.0 
1895. 

29 May 31 A. P. Davi ·····-- - "5 4..35 
30 June 13 ..... do ... . ..... . .. 55 4.50 
31 0 t . 4 ..... do ...... .. .... 61 2.70 157 3.70 

1896. 
32 July 31 F. Cog well ....... 14 2. 40 129 3.21 414 

33 Aug. 30 .... . do ............ 14 2.00 9 2.47 2 3 
34 ept. 16 ..... do ............ 14 2.05 9 2.56 2"1 
3.'> Oct. 31 . . . . . do ............ 14 2.20 101 2 . _U 36 Nov. 14 C. C. Babb ........ 63 2.55 97 3.03 

Rating table for Arkansas River at Canyon Colorado, for 1 96. 

h~\~t I Discharge. Gali,e Discharge. Ga~e Di barge. GB,I( Dts bar ' . heig t. I h~tig ~- height . 

.--
Fut. u.jut. Feet. u.jttt. Fut. c./tel. Put. .jut. 

1. 80 144 2.55 4 9 3.30 1,024. 4. <Xi 1 I 
1.85 159 2.60 520 3.35 1, 069 4.10 1,914 
1.00 174 2.65 552 3.40 1, 11•1 4.r 1, 9 
1.95 192 2.70 584 3.45 1, 161 4.20 2 062 
2.00 214 2.75 617 3.50 1,208 4.25 2, 143 
2. 05 235 2. 80 650 3.55 1,25 4.30 2,224 
2.10 256 2. 85 685 3.60 1,30 4. . 35 2,314 
2. 15 277 2.90 720 3.65 1,361 4. 40 2,404 
2. 20 298 2.95 755 3.70 1,414 4.45 2,496 
2.25 321 3.00 790 3.7fi 1,470 4.50 2, 5 
2. 30 344 3.05 827 3.80 1,526 4.55 2,6 
2. 35 371 3.10 864 3. 5 1, 5 6 4.60 2, 77 
2.40 398 3.15 903 3.90 1,646 4.65 2,876 
2.45 428 3. 20 942 3. 95 1, 710 4.70 2,97. I 2.50 458 3.25 983 4.00 1,774 
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Estimated mcmthly discharge of Arkansas .Ri~;er at Canyon, Colorado. 

[Dminage area, 3,060 square miles.) 

DU.charge in second-foot. Run-off. 

Month. Total in 

Maxi- Mini-
acre- feet . 

Depth in 8econd-fee 
mum. IDUljJ. 

Mean. inches. per~uare 
me. 

---
1895. 

January . . ..... . ... ... 3!:18 344 21, 149 0.13 0.11 

February ..... -.. . ~ .. 361 20,049 0.13 0.12 

farcb ..... . ..... .. ... 471 2 960 0.17 0.15 

April. ...... . .... . .. .. 68 51,650 0.31 0.28 

May .. ... . ... ..... .... 92,600 0.56 0.49 

June . .... . ........ ... 0. 69 0.62 

July ...... ..... .. .. .. 2.224 0.53 0.46 

A.ngu t ......... . - .. .. 2, 143 1 0~5 0.41 0.36 

ept mb r . ..... ..... 942 635 0.23 0.21 

Octob r .............. 827 505 31,051 0.20 0.17 

November . . .. .. ...... 520 499 29,693 0.1 0.16 

December . .... . .. . ... 520 256 444 27, 301 0.17 0.15 
--- - -----

r nnn um ...•. 2, 88 256 837 607, !}()7 3. 71 0.27 

1 9 . 
J anuary .. ... . ..... . . . 4 9 4.54 27,915 0.17 0.15 

F bruary ·········· ·· 520 25 194 0. 15 0.14 

l arch ... ........ . .... 942 0. 17 

6-1 0.20 

2, 775 0.4 

2 496 39 57,065 0.35 

1,9 235 33, 0 0.21 0. 1 

2, 76 144 395 24 2 7 0. 15 0.13 

620 192 313 1 625 0.11 0.10 

3-14 235 2 5 17, 524 0.10 0. 09 

344 124 267 15, 0.10 0.09 

D emu r .• --- . .... .. 1, 2~ 21 579 35,601 

F =§j P raouum .... . 2, 76 124 544 395,624 1 1 

PUEBLO TA.TIO ON ARKA.N A. RIVER. 

Thj tation i d crib d in Bull tin 140, pa e 15 . It is at the city 
of Pueblo in the u blo quadrangle, 2 miles above the mouth of Foun
tain re k, in latitud 3 o 16' and longitude 1040 36'. It wa e tab
li bed in ptember, 1 94. The drainage area i 4,600 square mile ' 1 

and is partly mapp d on the pani h Peaks, Walsenburg, Pueblo, Col
orado pring , a tle Rock, rike ak, ftnyon, Huerfano Park, 
and Lead ville atlas beet . There are two gage rod . The main one, 
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List of discharge measur~me11ls made on Arkansas Rir•CI' at Ptteblo, olo1·ado. 

r:T··· 
-

Meter Hydrographer. number. 

·- ---
1894. 

1 Apr. 24 P. J. Pre ton ..... --------
2 ~ept. 19 A.P. Davis ...... 21 
3 Oct. 13 ..... do .......... 22 

1895. 
4 Feb. 6 A.P.Davis ...... 24 
5 May 20 .... . do .......... 28 
6 June 11 ..... do .......... 65 
7 Sept. 5 F. Cogswell ... .. 14 

1896. 
8 Mar. 22 F. Cogswell ..... 14 
9 Apr. 28 ..... do ... ....... 14 

10 May 27 .... . do .......... 14 
11 Jtme 5 ... .. do .......... 14 
12 July 10 .... . do .......... 14 
13 July 30 .. ... do .......... 14 
14 Aug. 18 ..... do .......... 14 
15 Aug. 19 ..... do ......... . 14 
16 Aug. 19 .. .. . do .......... Floats. 
17 Sept. 16 ..... do , ......... 14 
18 Oct. 30 .. ... do .......... 14 
19 Nov. 13 C.C.Babb ...... 63 

0~ h lg t 
(~ L) . 

---

--- --· --
0.35 
0.39 

0.40 
1.65 
2. 

0. 70 

0.50 
1.30 
2.00 
1.65 
0.30 
0.50 
0.00 
0.85 

10.00 
0.30 
0.35 
0.31 

Area of 
CliOn 
quare 
f t ) . 

( 

165 
151 
157 

150 
300 
401 
170 

173 
249 

340 
29 
135 
187 
118 
195 

1,500 
121 
128 
121 

Di hnrge 
(11 nd· 
~ t). 

322 
37 
370 

2.'75 4ll 
4.7 1, 435 
6. 2,75 
3.35 570 

2.70 470 
4.09 1, 016 
4.65 1,682 
4. 71 1, 403 
2.4 335 
2.73 510 
1. 72 203 
2.74 534 

11.00 16,500 
2.4.3 294 
2.50 320 
2.46 298 
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Rating tal>le fo>· .drkansas River at Pueblo, Colorado . 

[This table Is a.ppllcablo only from pt mber 19, 1894, to Augn. t I , 1 96.] 

Ga/Le 
holg t. tsc a.rge. heigbt. n · h II Gau:e I ___ Discharge. 

Feet. ec.jut. Feet. ec . .feet. 

0.00 203 0. 95 7i6 2. 5 
0.05 227 1.00 1. 95 1, 675 2.90 
0.10 251 1. 05 2.00 1 732 2.95 2, 974 

0.15 276 1.10 2. 05 1, 790 3. 00 3,044 

0. 20 301 1. 15 926 2.10 1,848 3.05 3,112 

0.25 327 1. 20 9&1 2. 15 1,910 3. 10 3, 180 

0. 3 354 1. 2~ 1' ()().! 2.20 1, 972 3.15 3,245 

0.35 383 1. 30 1, 044 2. 25 2,034 3. 20 3, 310 

0.40 412 1. 35 1,085 2.30 2,096 3. 25 3,374 

0.45 442 1. 40 1.126 2.35 2, 159 3.30 3,43 

0.50 472 1.45 1,172 2.40 2,222 3.35 3 501 

0. 55 504 1. 50 1, 21 2.45 2,2 7 3.40 3564-

0. 60 536 1. 55 1,2&1 2.50 2,352 3.4.5 3 624 

0.65 568 1.60 1, 310 2. 55 2,421 3.50 3 684 

0. 70 601 1.65 1 3.>7 2.60 2,490 3.55 3, 737 

635 1. 70 1,404 2.65 2, 659 3.60 3,790 

6i0 1. 75 1, 455 2 70 2,62 3.65 3,842 

0. 705 1. 0 1, ~oo 2. 75 2,69i 3. 70 3, 94 

0. 74 r l. " 1,662 2. 2, 766 

Rating table jo1· .Ltrka nsa River at Pueblo, olorado. 

203 
21 0. 70 I. 90 

236 0.75 ·I ) 1.35 1. !J5 1, () 9 

251 0. 0 510 J. 40 2. 0 1 114 

2 0. ~ ~ 1 1. 45 2.05 1, 139 

2" 0.90 55 1. 50 2.10 1. 164 

303 o. 5 3 

II 

1.65 2.16 1, 1 9 

321 1.00 60 1. 60 ' 914 2.20 12H 

340 1. Oii 633 1. 66 939 2.25 1, 239 

359 I 1.10 65 1. 70 9&1 2. 30 1. 264 

O.iiO 37 l. JG '3 1. 75 9 9 :.. . 35 1, 2 9 

0.55 399 1. 20 70 1. 0 1, 014 2. 40 :J 0.60 420 
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Estinta.teil n1onthly dischat·go of .. clt·kansa~~ .Rivel' at Pueblo, olomdo. 

Rnu-off. 

1 94. 
eptember 19 to 30 ..... . 

ovem ber . ....... ..... . 

December ... .... .. ... . 

1895. 

January ........... .. . 

February . . . .. .. . .... . 

March . .. .. .......... . 

April ...... ......... .. 

May ... ... ........... . 

J.tui
mum. 

412 
472 
442 

412 

740 
670 
4.12 

1, 790 
2,490 

June .. .. . . .. .. .. . .. .. 3, 564 

July . -- ... .. ..... .... - 5, 000 
August ............ ,. . 3, 112 
September .. ....... . . 

October .. .. .. . .. . .. .. 705 
November .... . .. . .. . . 

December ........... . 
601 
568 

Mini
mum. 

301 
354 
412 
301 

327 

327 1 
301 
301 
601 

1,455 
1,044 

568 
383 
412 
472 
327 

Mcnn. 

356 
420 
413 
374 

460 
{76 

357 
744 

1 561 
2, 152 

1,900 
1,275 

494 
551 
530 

462 

Tota.lln 
n re - ~ t. 

,472 

31,537 

0.03 
0.10 
0. 10 

0.1 
0.39 
.53 

0.47 
0. 32 
0. 12 

0. 14 
0.13 

------ - - - t---------
Per annum . . . . . 5, 000 

1 96. 
Jan uary ... _ .. _ .. .. __ . 

February .. __ ....... .. 
March .............. __ 

April .. ......... . ..... . 

May ····- --- - - - ---- - · 
June .. ............. . . . 

July ......... .. ... .. . 

August . ............ .. 

September . .... .... .. 

October .......... .. .. 

November .......... .. 

December ........ ... . 

601 
536 

472 
1, 172 
2,352 
2, 096 

2, 8:~5 

3, 438 

441 

340 
486 
420 

301 

383 

354 
301 
276 

472 

412 

301 
203 
219 

268 
235 
268 

914 

519 
456 

396 

470 
1, 101 

95 

633 

4 9 

309 

293 

314 

333 

Per an num .... . 3, 438 -zo315;:7 

31 912 

26, 229 

24,349 

1 ,015 

1 , 684 
20,474 

0. 13 
0.11 

. 10 

0.11 
0. 

0.08 

375, 960 1. 54 

0.11 
0.12 
0.12 

0.10 

0.20 

0. 11 

0.10 
0.09 

0. 10 
0.24 
0.19 
0.14 
0.11 
0. 07 

0.04 

0.07 
0.07 

0. 11 
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FIG. 33.-Di hnrg of ..l.rkan ns Ri,·er at PuelJlo, Colorado, 1 95-96. 

LITTLE F r 'TAIN REEK EL l'A 0 OU NTY OLORADO. 

TRINIDAD 'l 'A'riON N PURGATOIRE RIVER. 

Thi ta,tion is Jocat d at the La nima treet bridge in the city 
f Trinidad, 0 lorado at th xtrem western boundary of t he El 

:Mor quadrangle, and wa e tabli hed on May 1, 1 96. It i ' in latitude 
370 05' and longitud 104o 30' . T he ·age consi t of a vertical 2 by 
6 inch plank graduated to v rtieal tenth of a foot, and i fastened 
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List of di cha.rge measttl·ements macl on Purgatoire Rirr1· at T1·inidcul, olorado. 

No. Dow. 

1 95. 

Hydrographer. 
M ter Ong 
mom- heigllt 
ber. (C t) . 

1 ept. 24 A. P. Davis........ 55 

1896. 
2 -'\ pr. 27 F. Co well . ..... . 

3 June 4 ..... do . ......... . . 
14 I s.~ 
14 3. 15 

4 J ul y 11 .. ... do .. ... .. .. .. . 14 3. 20 

5 ept. 14 ..... do .... . ... ... . 14 3. 50 

I ~ I ~ct. 12 .... . do ......... .. . 

ITov:_16 J .Babb . ..... .. . 

14 3. 70 

63 3. 60 

5 t 

3 
24 

39 
22 

1. 0 

2. 1 

1. 90 

1.H 

1. 25 

1. 23 

1.09 

RUTCHIN 0 ST.li..TI O 0~ .ll..ltK.A:X ' A RI VER . 

72 

30 

iJ 
Tbi station wa tabli bed fay 13 1 9J by 1\lr. r t llur P. Davi 

It i at tile \Tagou bridg at the outll ud of Main t r t Hutcbin ' ou, 
Kan a , in the Hutchin , on quadrangle, in latitud 3 o 0 ... . ' longitncle 
97° 56'. The drainage area. is about 34,000 . quar mil .· , and i partly 
mapped on Lyons, Great Bend, Pratt, Kin ·I y, Larned ;.: e ity 
Spearville, Dodge, Garden, A lbany; ranada, Lamar, JCi ar on T wo 
Butte , 1onnt Carrizo, Higbee, La Anima , Arroyo, Limon, auborn, 
Catlin, Timpa , Me a de Maya, El fora, Apishapa, epe ta Big 
Spring , Colorado prings, Pueblo, W al euburg Trinidad Huerfauo 
P a rk an d anyou City atla. beet . The ob rv r i Dani 1 Lau r 
who li ves about 100 yard from the tation . Th main gage on i t 
of an oak timber painted white, graduated in ~ t a nd. teuth · and 
piked to an oak pile a few feet above the bridge, driven a a protec

tion to the bridge pier from ice and drift. The figmes and. mark 
below 3 feet on thi gage having become obs ure, a new gag of plank 
3 feet long was painted and graduated like the other and driven in front 
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with the gra,duation coinciding. There are two 
; one i th upper ·ro. piece of the pier guard, having 

au I vation of .35 feet above zero ; the s cot tel i th e top of the iron 
door ill, next to the river, of the fir t brick building. It elevation is 

.12 feet above zero of the gage.· M a ·urem nt are made from the 
bridge, aud at low water may be made by wading. The channel i gen-

rally t raight both abo\ e and below for some di~tance, au l is andy 
and v ry bif mg. At v ry low tag the water is in vera! c!Jannel 
and cro ked. TIJ r c rd of daily gage height for 1 9() i, given in 
Wa,ter-Snpply and Irri rrati n Paper No. 11, page 62. 

List of discharyem easun,mentsmade on Arkansas Rirer at Hutchinson , .Kan sas. 

---r:T n,oo 
M t r Gal!'e 

I Area of )Iean 
mschr.r!.e 

H yd rographer. nnm- , bei bt se tiou velocity (secon . 
ber. (feet). (sa.nare (fe t s er feet). foot) . secon ). 

1895. 
1 May 13 A. P.Dad .... .... 19 1. 30 -----·--- 0.90 10 

2 June 20 w . . Htt ell ...... 19 3.40 749 1. 9 1, 471 

3 July 27 .... . do ....... ..... 19 5.65 3, 127 3.93 I 
12, 300 

4 An g. 31 ____ .do------ ...... 19 2. 73 557 1. G 1. 37 

n t . 1 ..... clo .. .......... 19 1. 60 7l 0. 0 57 

6 1 Nov. 13 .. ... do . .. ......... l!J 1.50 63 0. 73 ~6 

7 I] c. ~~ 1:::: : ::~::: ::::::::: 19 2.15 94 1. 33 12.) 

D . 19 1.T 76 0. <I .(!) 

96. 
• J Q.lt. 17 w . · .Rtt 11. ..... a S 299 1.65 ~94 

1 
Jau. 29 ..... du ............ 3 .t.JO ]. 79 791 

11 F b. 13 ..... do .. .......... 3 2. 1~ 17 l.H 30 

12 1 Apr. 15 ..... do ....... .. ... 3 ]. 7 70 1. 10 7 

13 .Juue 30 . ... . rl o .... .. ...... 3 1. 60 2 ]. 13 93 

14 Jul 14 .... . do ... ......... 3 1. ~0 29 0.9 :2 

15 1 Jttly 3 t . .. .. cl 3 1 . 0 9 ]. 39 J37 
•• •••• • •""I"" 

16 ug. 21 .. .. . do .. . . .. .. .. . . b ii5 I. 40 .J.3 1. 21 52 

~fi 1. 30 30 0. - 25 pt. 24 
1 
.... . do ............ 

1 0 t. 2:2 ... .. do .. .......... 55 ]. 55 ~H ]. 5(1 ()3 

~·' 
4 ..... do ... --- ..... . 5J J. 60 61 ]. 0 9!) 

De . 9 ..... do 3 1. 60 52 1. 00 ' 
52 

· · ·- · · ·· ··- · 

a l'ric acoustic meuu-. IJ Prico Jo rge mctc·r. 
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Rating table j o1· A 1·ka nsas Rit•m· at H ntcll ·inso!l , X aueas . 

(Th is tnblo is a ppli cable on ly from Jan uary 1, I 90, to D cemb r 31 , I 96.] 

>lgo Diijcbarg . Jj ~~~rg~~- Diijcbnrgo.l beigllt. 

--------
to. f eet. Fee t. cc . .fret. f'e.t. 'ec. l ett. ~ ·eet . 

25 1. 0 143 2.30 -1.40 ~ . 0 

2 1. 90 17 2.40 520 2.9 
51 2.00 2:..2 2.50 57 3.00 
93 2.10 276 :..60 64 1 3.10 

115 2.20 3-16 2. 70 7l2 3.20 1, :lOO 

E timaled nlonthly discha1·ge of .th·kansa TUrn· at 1/ntchin on 1\a nsas . 

1 95. 

l ay 13 to 3L . .... . .. . 

eptem ber ... .. .. .. .. 

October .. .... .. .... .. 
November ... .. . .... __ 

Decem b r ... . .. . . . . . . 

1 96. 
J an uary .... . , .... .. . 
F eb ru ary .. .. __ .. .. .. 

I 

~Jn x i 
mum . 

March ...... ...... .... 391 
Apr il. ...... .. .. . .. .. . ~6 

May .. .. . .. . .. . .. .. .. 115 

J une . . . . . . . . . . . . . . . . . 676 
Ju ly ........ .. .. .. ... 1, 138 
A n gust . .. .. ..... ... . . 

eptem ber .. .. .... .. .. 

October ... .. ... .. ... . 

. ) 

Tutu! in 

I 1 un -off. ;,] 

fini- ncr -fc t. I ll~p l h in !';ecoud - ~ 1 

mum. :11.[ !\Jl. in h s. p r ~.~unrc 

1-1 
__ , llll. 

22 27 1, 0:. ' 0. l 0.001 
33 900 ~3, 5.:-; 1 0.03 0.03 

4-t.J. I 3, .j. 236, 0. 13 O. ll 

!l5 2, 712 1 6. 7:>5 0. 0. 
57 375 22.314 0. 12 0.001 
37 56 3, 41,3 o. oo_ . 002 

29 43 2. 5-9 0.001 0.001 
37 71 4 366 0.002 0.002 
1-- -

143 426 2 ) 194 0.014 1 0.012 
178 347 19. 0 o. ~u I 0. 010 

153 9, ·107 0. 005 0. 004 
129 7, 677 I 0. 00-l 0.003 
54 :::,320 0.002 0.002 

164 9, 759 0. 005 0.005 
251 15,433 0. 009 0.00 

25 69 4, 243 0. 002 0.002 
16 27 1, 607 0. 001 0. 001 
25 52 3 197 0. 002 0. 002 
39 79 4, 701 0.003 0. 002 

52 3 197 0. 002 0.002 

150 !1o. 695 I 0. 060 0. 004 

VERDIGRIS AND N E OSHO RIV E RS. 

These stream~ drain a portion of southern K an a , and unite with 
the Arkansas Rtver near each other, a few miles above F ort Gibson. 
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LIBERTY 1'.A.'I'IO 0 VERDI RIS RIVER. 

Thi , ta.tion i de cribed on pa o-e 16., of Bulletin No. 140, and i at a 
wagon bridge about 250 feet below IcTaggart milldam, about 3 miles 
outhwe, t of th town of Liberty Kau as, in the Indep nd uce quad

raugl in latitud 37° 07 ' and lon o-itude 950 36' . The drainage area 
i 3 067 quar mil It i mapped on Independence, Fredonia, 
Emporia, Eur ka, Sedan, E l Dorado 'ottonwood Falls, Parkerville, 
Newton , and bi 1 ne atla beet . The gage i in two parts; a vertical 
board mark d to f et and tenth , fa teued to flume which serves to g ive 
ordinary h io-bt , aDd horizontal marks one-half foot apart on the cor
n r of whe lhou. e. The zero of gage i L .46 feet below tbe bead of 
three lar<Ye nail in flume. The hannel i h re about 150 to 300 feet 
wid , dep ndiug on height of water, and i broken by two piers. The 
b d i rock and gravel and subject to very little change. The river 
ri e her ometime to a height of 35 feet and flood the country on 
both ide of it. 

Three mea urement of tbe di charge were made by Prof. E . C. Mm
pby b tween the date of Augu t 2 189~, and ovember 15, 1 95, and 
ix more b tween the date of April15 a.nd September 26, 1 96. The e 

to<Yether with thr e made in 1 97 form tbe ba i of a 
rating curv . TIJ y h w very li tl han o-e of bed and a low cllange 
in m n v lo i with d ptb f wat r. Mr. J. . Kaull wbo rv d a 
ob rv r in 1 9'" lta J ft thi vi ini y and 1\Ir. . a:cTa17 o-:wt ba 

d a, b,' t'V r in hi pla . Th r cord of dail gage height. for 
6 i iv n in \V:tt r- npply and Irrigation Paper No. 11 pa o·e 6"'. 

L iBI of disclwrgc 111 a III'OIIIents mad 011 rCJ·digris 8ire1· at Lib rty, Ea 11 Ba8 . 

:Tnat. llydrogre.ph r. 

I 
1 5. 

1 .Aug. 2 E. . Murph · .. .. 

2 pt. 7 ..... do ........ . 

Jov. r l. .. .. do .. ... ... .. 

1 96. I 
pr. 15 E. . lllurphy .. .. 

1a.y 2G ... .. do ........ .. 

Ma.y 27 ..... clo . ....... .. 

July ' ..... clo .. ....... . 

ept. 25 ..... do ........ .. 

pt. 26 .. ... do ........ .. 

1 97. 
LO .A.pr. 2 E. . .Murphy .. .. 

11 .A.pr. 3 ..... do ........ .. 

12 .Apr. 30 ... .. clo ........ .. 

M t r I Gag Are:. of :Mea.n I Dis barge 
nnm· height •cauon Yeloc•ty (sacond-
b (feot). (sq uaro (fret per feet). 
or. 

1 
root). 1 c ond). 

19 

17 

17 

10 
10 
10 
10 
10 
10 

19 
19 
19 

--- ___ , ___ ----

2.40 
3.4-1-

2.70 

3.4.0 
20.00 
19. 50 
3.70 
2. -5 
2. 70 

6.55 
5. 7 

16.00 

130 
27 
1 

250 
3, 516 
3 465 

304. 

132 
150 

691 

2,917 

0. 

1.59 
1. J6 

1. 4.7 
4.14 

3.97 
:..25 
1. 29 
1. 52 

3.70 
3. 4-3 

3.55 

107 
443 

21 

368 
14,574 

13,756 

170 
229 

2, 558 
2,002 

10,367 
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Rating lablofor l'crdigris Hirer at Uberty Ha 11 sas. 

Gaeo 
height. 

.Pett. 

1.00 

1.10 

Dis harg ·I 11~;'~1~ . I Dis_ hnrg ·II h e i~1lt. 
Stc. jttl. 

1 

.f~eet. I 'eo.jeet~ I Feet. 

0 o.lO 1 , 47~ 9.20 

6 5. _o 1 5J·I I n. 30 

12 1.20 ~.30 1,616 !1. <LO 

1. 30 1 -.40 1. 9.50 

1. 40 24 ~.50 1, 760 9. 60 

1. 50 30 -. 60 1, 0 

1. 60 3 -. 70 1' 920 

1. 70 46 5. 0 2 000 

1. o 54 5. 90 2, o o I 
1. 90 62 G. 00 2, 160 ! 
2. 00 70 6. 10 2, 242 

2. 10 6. 20 2 32.! 

2. 20 106 I 6. 30 2, 406 
2. 30 124 6. 40 2, .j. 

.':tr.jut . 

4- 7 ·I 

-1 6 

4, 9-t I 
5, 030 

5. 112 
~. 194 

5,276 
~ " o. 

5 440 

10.40 

10.50 

10.60 2. 40 142 6. 50 2, -70 5, 932 

2. 50 160 I 6. 60 2, 652 10. 70 6, 014 
2. 60 192 I 6. 10 2 73-t I 10. o 09 

2. 70 224 6. 0 2, 16 10.90 6,17 

2. 80 2-6 6. 90 2. 96 1 t. oo 6, _Go 

2. 90 2 7. 00 2 9 11. 10 6. 3.12 

3. 00 320 7.10 3 06.2 11. 20 6, 424 

3. 10 36o 'l 1.20 3,144 11.3o 6, -o r.40 

3. 20 400 7.30 3226 11.40 6,~ 15.50 

3. 30 !40 I 7. 40 3, 3 11.50 6 670 15. 60 

3. 40 4 0 i. 50 3, 390 ll. 60 6, 752 1.-. 70 

3. 50 520 7. 60 3, 472 11. -;o 6 t 15. o 

3. 60 570 I i. 70 3, 55-l 11.80 6, 916 15. 9()-

Dl•duu~ 
' u .jrtt. I 

146 

3.10 6-o I 1. 8o 3 636 11. w 6. 99 16. oo 

3. o 670 I 7. 90 3, 71 12. 00 7, o o 16. 10 10, 442 

3. 90 720 8. 00 3, 800 12. 10 7, 162 16. 20 10, 52-1 

4. 00 770 . 10 3, 2 L. 20 7, 244 16. so 10, 606 1 
4.1o 83o 1 • zo 3 964 12. 3o 1, 326 w. ·to 10, 

4. 20 89o 1 4 o46 12 . . ,o 1, <~o 16. oo 10 110 

4-.30 g-o I 12.50 7, .190 16. 60 10, 56 
4. 40 1, 010 . 50 12. 60 7, 572 16. 70 10, 942 

4.50 l 070 .60 12.70 7, 6:-1 16. o 1l 02 I 
4. 60 1, 136 . 70 12. 80 1 7, 736 I 16. 90 11, 114 1 
4. 70 1 1, 202 l' . 80 12. 90 7, 1 17. oo 11,200 

I ;: ~~ I ~: ~:~ I :: : ~:: ~ ~: :~ II ~ ~: ~~ ~ ~: ~9~ I 

~---1_, _4oo~~-9-.1-0~-~-4_, _7o_2~-J-s_.2_o~---·-~--~-17_. _3o~--1-1_,4_7_Jo 



DA\' 18.) VE RDIGRI , RlVER. 237 

Rating table for Verdigris Hirer at Lib&rty, K ansas- ontiuu d. 

Gage 
D ischarge. 1 height. 

n· I II Gn(!O D' I Gage I ::=1 
JSC wrge. heigllt. 1- '-sc_ •_ar_g_e._ ll !wight. D~~ 

F eet. 

17.40 

17.50 

17.60 

17. 70 · 

17. 0 
17.90 

cc. feet . 

11 ,560 
u . 6~o 

11, 750 
n, ~o 

11, 950 

12,050 

12 150 

12,256 

12,362 

Feet. 

19. 10 1 

19.20 

19.30 I 
19.40 

19.50 

19. 60 

19.70 

19. 0 

19.90 

20. 00 

1 .40 20.10 

1 .50 20.20 

1 .60 20. 30 

1 . 70 20.40 

ec. f eet. 

13,370 I 
13, 4·90 

13, 610 I 

13, 73o I 
1::1, -o 

1 . 80 20. 50 15, 150 

U· : __ 1_3,_2-50--2~_: 7_
6

~-'--~:_:_~_6 __ 

I 
I 

I 

21. 10 

21.20 

21.30 
21. ,,0 

21.50 

21. 60 

21. 70 

21. 0 

21. 90 

22. 00 

22. 10 

22. 20 

22. 30 

22.40 

ec.feet . 

15, 594 

15, 742 

15, 90 I' 
16 03 

16, 1 6 

16, 334 

16, 77 

16,926 

17,074. 
17.222 I 

17,370 

17,51 

17, 666 
17, 14 

17,962 

Feet. ec. feet. 

22.50 1 ' 110 
22. 60 1 18, 2-

22.70 1 '406 
22. 0 18,554 

22.90 

23.00 

23. 10 

23. 20 19, 146 

23. 30 19, 294. 

23. 40 19,442 

23. 50 19, 590 

23. 60 19, 738 

23.70 19, 6 

33. 0 20,034 

23. 90 20, 1 2 

2-L 00 20, 330 

E11timated mo11thly clisoharge of Verdigris River a / Liberi.IJ, Ka 11 sas. 

[Dralnag areA, 3,06i sqUIIre miles.] 

l onth . 

1 96. 
J anua ry .. .. ........ .. 

February .. .......... . 

l'!lo.r b ...... ........ .. 

April. ... .. ........ .. . 

f ay .. .... .......... .. 

.Jun . .... ........... . 

Jul y ... .. .. .. ...... . . 

Angn t . .... .... . ..... 
1 

pI em uer ...... .. . .. 

0 toller .. .. .. .. .. .. .. 

November .. ... . ..... . 

Decemb 1 ...... .. . . .. 

lnxi
tnam. 

1, 136 

770 

400 

·~60 

8,720 

9, 130 

1, 010 

M ini· 
morn . 

4 0 
320 

256 
2 6 I 

360 
224 

62 

46 

54 

20 

2 

Moon. 

673 I 

461 1 

312 1 
721 

.,, 219 I 
2,200 

1 751 

111 

126 

625 

1, 082 

4.93 

Total in 
a ro-feet. 

41,381 

64,383 
30,314-

p I 9 960 --4.-6 1005 775, 4.26 

R~ 
-~tl 

D jlth 10 per sq uar 
m r be . mile. 

0. 24. 

0. 16 

0. 12 

0.27 

1. 59 

0. 0 
0. 66 

0.04 
0. 04 
0.23 

0.39 

0. 18 

0. 21 

o. 15 

0.10 

0.24. 

1.38 

0.72 

0 57 

0. 04 
0.04 
0.20 

0.35 

0.16 

4. 72 0. 35 or annum ..... 
1
1, , 

_.J.._ _ __L ___ J__ __ .!,___--'--·-
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TA1'ION 0 NEO HO RIVER. 

Hl of B ull tin 140. It i at a 
in h I Ia 

II 

List of discharge mea81l1'tments macle 011 Seosho Ri1;er at lola, liansas. 

~"·" 
I 

I MOOT Gn~ 
Area of j\ f ean n· 
-~ection YelociLv l&char5 Hydrographer. DUUl · 

hill I (fi t P ·r (sccon -
b r. (t t). (square 

sec~nd). 1 t t ). ,_ feel). 

1 95. I 
1 Jul y 30 

-~-- - -~:~~~~-~ ::::::1 19 2. 75 44 0.57 257 
2l Aug. 3 19 3.10 531 0.9 521 

3 1 ept. ' 6 ----.do ____________ 17 2. 0 4;"3 0.79 35 
4 Jov. 15 ----.do ______ -- --- - 17 2.40 474 0.56 267 

1896. 
5 A11r. 14 E. C. Murphy ______ 10 3.40 6 0 0.97 664 
6 May 26 .. -- .clo ______ .. ____ (a) 16. 0 3,112 11. 16 34, 722 
7 .July 8 -- -- _do __ .. __ 10 I 3.50 704 1. 23 63 ···--

16 ----.do . · · ·- ------ 17 2.25 85 0. 7 b73 

9 Jar. 19 . -- __ do _________ .. _ 17 3.15 &17 0. 7 566 l±P' 1 ----.do--- - -- .. ... . 19 4-.60 931 2. 20 2, 049 
Apr. 2 .... . do ...... . .• .. . 19 4.35 883 l. 9 1,752 

a Surface floats . b Moa.1uromout, a litt le below station , with I.Joat an<l cab le. 
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Rating tablefor eosho Rivel' at lola, Kansas. 

Ga~e Discharge. ! Ga!j.e Discharge. I Ga~e Di charge. b~i~iet. , Discharge. 1 beig 1t. b ig t. heip; t . 

1--
I 

Fttt. Sec. feet. Feet . Stc. feet. Fttt. Sec.fttt. Feet. ec. feet. 

2.00 0 6.30 4, 740 10.60 16, 110 14.90 29,44-0 
2.10 10 6.40 4,945 10. 70 16,420 15.00 29,750 
2.20 20 6. -o 5, ro 10. 80 16, 730 15.10 30,060 
2.30 50 6.60 5,355 10.90 17,04-0 15.20 30,370 
2.40 75 6.70 5,565 11. 00 17,350 15.30 30,680 
2. 50 100 6. 0 5, 775 11.10 17,660 15.40 30,990 
2.60 125 6. 90 5, 985 11.20 17 970 15.50 31,300 
2.70 160 7.00 6,200 11.30 1 ,2 0 15.60 31,610 

2. 0 200 7. 10 6, 415 11.40 1 , 590 15.70 31,920 

-.90 2-o 7.20 6, 630 11.50 1 '900 15. 0 32,230 

3.00 300 7.30 6, -o 11.60 19 210 15.90 32, 540 

3.10 350 7.40 7 070 11.70 19,520 16.00 32, -o 

3.20 410 7.50 7, 300 11. 0 19, 30 16.10 33, 160 

3.30 ·1 0 7. 60 . 7, 530 11.90 20, 140 16.20 33 .no 

3.40 560 7. 70 7, 770 12.00 20 .450 16.30 33,7 0 

3.50 650 7. 0 '010 12.10 20. 760 16.40 34,090 

3.60 740 7.90 ' 250 12.20 21,070 16.50 34,-100 

3. 70 -o .500 112.30 21, 0 16.60 34,710 

3. 960 750 12. 40 21,6 0 16.70 35,020 

3.9 1, 0 9 010 12.-o 22, 000 16. 0 35.330 

4.00 l , 200 9,270 12. 0 22 310 16. 0 3-, 64o 

4.10 1, 320 9 530 12.70 2J 620 17.00 35,9,..0 

4.20 1 440 9, 00 12. 0 22,930 17. 10 36, 260 

4.30 10,070 11 12. 0 23,240 17.20 36, 570 
II 

4.40 10 3ro 13.00 23. 550 17.30 36 0 

4.50 10, ()30 13.10 23 60 17 . . JO 37, 190 

4. 0 10,910 113.20 24 170 11. -o 37,500 

4.70 9.00 11 200 13.30 24. 0 17.60 37, 10 

4. 0 9.10 11 490 13.40 2-J. 790 17.70 

4.90 2,360 9.20 11 790 13.50 25 100 17. 0 

5.00 9.30 12,090 13.60 25 410 117.90 

5.10 9. 40 12,390 13. 70 25,720 1 .00 39,050 

-.20 9. 0 12 700 13. 0 26,030 39,360 

5.30 9.60 13.010 13. 0 26 340 39,670 

5.40 3,100 9.70 13,320 1•1. 00 26 650 39,980 

5.50 3,250 9. 13,630 1<1 . 10 26,960 40,290 

5.60 3, 400 9.90 13 940 14-.20 27,270 40,600 

5.70 3,550 10.00 14,250 14.30 27,5 0 40,910 

5. 0 3, 710 10.10 14,560 14.40 27, 90 41,220 

5.9:) 3,970 10.20 u , 70 14.50 2 '200 41 530 

6.00 4, 150 10.30 15 1 0 JtJ. 60 2 ,510 18.90 41, 0 

6. 10 4,340 10. 40 15 490 H.70 2 ,820 19.00 "·,. I 
6.20 4,54.0 10.50 15, 00 u. 0 29, 130 
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Estimated monthl!f tliscltar!Jt' of S eosho Hi rer ul l ola, ,,·au8a8. 

I , ... ,. 
\I n , j. 

1111111\ . 

~lin i 
ltt\101. 

)lt·un. 

Tn tull n 
nc.·n•· lflt·l. 

Hu u-oo· 

I 96. 
Jaouar~· ... . . . ... . .... :r;-
Feuro ary. . . . . . . . . . . . . 275 

Mar('h .. .... . ..... .... 12-

April........ ......... l:l 025 

~hty.................. 1-,560 I 
5,0 1 

7, 90 

300 
10 

C' to!Jer .. . . . . . . . . .. .. :n5 
No vcm!Jer . . . . . . • . . . . . :2, :?90 

[

cembcr ...... ... ... -1~ 5 

P r amtiiUJ . . . . . 45, :>60 

100 11-

7:> 11 -~ 

:2 Gl 
30 2. 7 

HiO 10, :273 

:?ilO 905 

125 1, 27 

10 

0 6 
0 ll 
5 245 

2 

7, G 

(i ;)57 

3 7~ 1 

HH, 1:n 

U31, 6ilG 

:13, i l 

7 .'> I 

3,566 

3:>7 

67 
11, ;'\7 

0.03 
0.03 
0.0:2 
0. 2 
:1.28 

0.:2 

0. 10 

0.02 
0.00:2 

. 00:1 

0.07 

0. 03 
0.03 
0. 02 
0.7 1 

:2. 0 

0.25 

0.35 

0. 2 

0.002 
0.003 
0.07 

5. Ill 0. 02 0. 02 

1, 322 ~lU7, 17 Ulj ~36 

MEDICINE AND CIMARRON RIVERS. 

The e tr am drain a por ti n of oothwe t I'll K ansa , and fl w iu a 
g n raJ ontb a t rly dire ·tio n into tlle rk an ·a ' I iv r . Th y a r 
l'eferrell to in Bull 'tin 140 pa o- 164. 

KIOWA . 'TATIO ' ON }!EDI lNE RIVEE • 

'rlJi tation i described in Boll tin 140 page 165. It i located at 
t he wagon bridge 3 mil .. aRt and one-half mil n rtlt of t he town of 
Kiowa,, in latitude 370 3' aud longitude 980 ~9.u ' , in th Authony quad
rangl e. Tbe draiuage area i about 1,300 quare mil 'A, a ud i mapped 
ou tlte Anthony, 1edicine Lodge, Cold water and Kiu 1 y :ttl a" !J e t ·. 
TLe tation wa e tabli. bed by Ir. Arthur P D av i , Ia G, 1 9.1, with 
lr. J a mes L Fi ·lt r a ob erver, wlto Ji ve one-halt' mile . ontl1 of th 
tatiou. Tbe gage wa · fir t fastened t.o a brid g piling uear the righ t 

uank , but the clJalluel ·lta.nged to tbe left l>auk, 1 avio g t he gag on 
dr-y land. It was tl1eu cha nged to a piliug near tlt e left bank a nd placed 
at the same elevation as before. The cltauuel theu moYed l>a~k near 
the ceuter oftbe bridge, when a second gage wa put in tlti cltaunel a t 
the same elevation a the other. Tlte beuch mark i · the top of the 
plate or cap of tlte pile to wl1icb the fi r:-;t gage wa spiked and at an 
elevatiou of 11.1 feet above t!Je zero of t lte gage. At low water meas-



D AVI .j .i\IEDICINE RIVER. :..41 

uremeut can be made by wading and at high water from th e bridge, 
the initi<Ll point being the outh end of th e bridge on the right 
bank of th tr am. During Augu t, S ptember, and October, 1 96, 
Mr. Fi ber, tb ob erver, took m a ·tuement about every ten days and 
forwar led them to fr. W . G. Ru ell for computation . Tlii tatiou 
was di continued October 31, 1896. The r cord of daily gage height 
fo r 1 96, from J anuary 1 to October 31, i. g iven in Water-Supply and 
Irrigation P aper No. 11, page 63. 

List of clischar!te 111easure1nenu mac7e 011 Jfedicine Rirer at KioU'a, Eansa . 

I Xn. ·nato. .Hydrngraph r. 
Meter 
num
ber. 

A roo of :l.l etm . 
sect'on Yelocit • D•scharg 1 

) (secontf-
(sq uar (feet per feet) 

feet) . second). · 

---- ---- - ----1 

1 95. 

1 :\Jay 6 A. P.D:.w i . ... .... , 19 
2 Jun!' 21 W.G.Ru elL ..... 19 

~ .July 25 
1 
..... tlo .. .. .. -- ---- , 19 

4 ept. 1 .... _ tlo .. .. .. .. .. .. 19 

5 ct. 29 .... . tlo .. .. .. .. .. .. 19 

6 Dec. 21 .. .. . do . . . . . . . . . . . . 19 

1 96. 

2.35 

-· 40 
3.20 

2.60 

2.40 

2. 65 

i Mny 2:! \\' .. 1 11 11...... 3 3.62 

Aug. l ..... do .. .. .. .. .. .. 3 2. 50 

Aug. 3 ..... do ............ 3 2.40 

1 ug. 10 .L bl. Fi b r...... . S l. 90 

11 An g. 1 ..... do .. .. .. .. . .. . 3 1. 0 

1- A11g. ~L ..... do . .. . .. .. .. .. 3 1. 70 

1:1 2 ..... do............ 3 1.40 

14 ..... do .. .. .. .. .. .. 3 1 2. 50 

... .. do ............ 3 2. 10 

24 

49 
173 

3 
23 

-15 

111 

30 

2 

0. 91 

1.34-
1. 70 

1. 06 

0. 

1. 22 

1. 13 

).11 

1.14 

22 

66 

2.94 
4.0 

15 

5! 

126 
34-

32 

5 0. i 4 -1 

2 0. 67 1 

1 o. - 2 I o. n 
...... __ _ ........ Dry. 

31 1. 15 36 

6 0. 75 5 l fi 

16 5 ... __ do .. .. .. .. .. .. 3 2. 20 0. 7 7 

23 

15 
68 

17 t. . . _ . _do .... . . . .. ... 
1 

3 2. -10 23 1. 00 

Oct. .. .. . •lo .. .. .. .. .. .. 3 2. SO 17 0. 92 

1 t. .. .. _do .... ...... -- I 3 2. 0 61 1. 12 

20--c-t. _ ~~ --t1o ...... ---~_3_. __ . _oo_.~.-_1_-_,__1_._2_3 130 

1 E L 1''1' 4--16 
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Ratim g tabl.ofor Medioi11e Rirtw at Kiowa, Ecwsas, co?/81.1'11 I d by Jr. 0 . Russell. 

tob ,. 31, 1 96. ) 

Di charg .1 I Dis barg Dt cbn rgo . l 

--, 
Ga~e Gn~e n~e DiR · hnt·g~. b ig tt. hoig 1t. 

I 
h ig ht. 

------
Feet. u.jeet. ~Feel . ec.je~~t. Pu t. . rc.j_.l . F.·et . lSrc.ft<'l. 

1.40 0 2.70 3 0 -1. 90 '~ 000 
1.70 1 I 2. 0 3.90 - 0 

1. 0 1 2.90 4. 0 5. 10 
1. 0 '1 3.00 130 I 4. 10 .. 20 
2. 00 <t 3. 10 F6 4.20 1 130 5 30 
2. 10 5 3.20 1 7 ~.30 1. 350 5. 40 
2.20 7 3. 30 240 4. 40 .t '~ f> . 50 
2. 30 13 3. 40 2 4. 50 1, 9-1 :j, 60 
2.40 23 3.50 345 4. Q 2,3-0 . 70 

I 2.50 36 3.60 JJO 4.70 2 7 0 5. 0 

~ 44- 3. 70 49 4. 0 3, 330 5. 

E li11wt d mo1tlllly (Jischargc of Jlediciu e River at !{iowa llansas. 

I 

1 95. ----,- , 

~lay 6 to 31 ........ .. 

J t1.ne . . .. .. ... ... . . . . . 

July . .......... ... .. . 

August ........... .. .. 
eptembor . .... ..... . 

October ............ .. 

November . . . ... ..... . 

D cembcr ......... .. . 

1 96. 

J anuarJ .. .. .. . ....... , 

F bruary ........... .. 

Mar~h ...... .......... 

1 Apnl ...... .. ...... .. 

1\<Iay ... .. .... ....•.•. 

67 
2,000 I 

1, 190 I 

427 I 
110 

32 

Julle . ..... ... .. ...... all, 60 

July ........ .. ....... a24,600 
August . ........ ...... 23 

eptem ber . .. .. .. .. .. 19 

Ootol er .... .. .... .... 130 

10 

1:2 I 
12 

14 

12 

23 

15 

5 

0 

36 

0 

0 
5 

a Estimntcu. 

20 

37 

17 

~ 

20 1 

15 I 

49 1 
26 

I 
4-6 

42 

33 

40 
32 

99 
1, 7 4 

6 

1 040 0. 01..1. 0. 015 

22, 49: 0.32 0. 2 

10, 453 0. 15 0. 13 

l , f) 0. ~6 0.023 

1, 1 0 0. 017 0. 015 

922 1 0. 013 0. 011 

2 9lf. 0. 0~ 2 0. 037 

1, -n9 o. 023 o. 020 

2 2 0. 0 0. 035 

2, -116 . 035 0. 0 2 

2, 029 

2,3~0 

1 !1 I 
53: -J94 

109, 69-J 

0. 27 

0. 034 I 
o. 026 I 
0.77'.!. 
1.-17 I 

0. 025 ' 

0.031 
O.O<t..t 

0.70-1 

1. 36 

s6!J 1 o. oo5 o. ooo 

2, 091 0. 027 0. 023 
23 I o. 004 o. 00~ 

.. ___ __,__ 



Second· 
feet 

12,000 

11,000 

10,000 

9,000 

8,000 

7,000 

6,000 

5,00 ) 

4,00 0 

3,00 I 

2,00 ) 

1,00 ) 

) 
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ARKALOl'i 'l'.A.'l' ION ON CIMARRON RIVER . 

'fbi · tati u L lo ·ated one-half mile north of .Arkalon a tation of 
t lt 'hi ·ago, Rock I land and Pacific Rai lway, and at the railroad 
bridg cro ing tbe riv r. It wa establi bed by Mr. Arthur P . Davi , 
May 14, 1 95. Til observer i G. W. iever rai lroad agent at .Arka-
1 n, who r acl. th ga"' twice each day. The gage con ist of a >ertical 
plank piked to the bridge lJiling on the west and up tream side, and 
i gracluat d to~ et and tenth . Th bench mark i the top of the ill 
at the northwe' t corner of tbe windmill tower of tb railroad water 
tank and outbwe tof the aage au l at an elevation of 14.43feetabove 
th zero of tb gao·e. The bed of thi t ream i sanely and at low 
wat r ·tr·eam i very crooked . At ordinary stages it can be ea ily 
mea ured by wading, and at high water can be measured from the 
bridge be iuitial point being the uortil or left bank of the river. The 
flow in thi tream i , in g neral, very uniform and of ' mall amount. 
H ading at t bi tation w re cli ,continued October 31 1 96. ~o 

meter m a uremeut bav l.l en made in 1 96. The record of dai ly 
gag h ight for 1 9G, from January 1 to October31, 1 · given in Water-

upply and Irrigation Pa1 r No. 11 page u4. 

hiBI of discllm·ge ~1!ea twem niB made on imarron Ri~:er at .:h·kalou, Xan 8a8 . 

:hl et r age .Area of Mean Dischnrf.o s ctiou vAiociLy .· () , nnt Hydrograph r. Ulln\· heigh t ( quare ( f t per (sooonc. 
l>er. (fe t), 

~ t ). s ond). f 1) . 

--- -- - ---
1 '9". 

1 ~lay 1J. A. P. Dtwis ........ 19 :.. 50 13 1. 31 17 

2 Juu ~-1 \\ ' . •. Rn II ..... 19 2.70 13 1.30 16 

a I . July 2:'! . .... do ...... . ..... L9 7.00 17 l. 79 317 

4 ll 29 ..... d o ........ . ... 19 2.30 10 1. "5 16 

l_5 __ rt. 3 ..... do ......... .. I 19 2. 35 16 O.!l 16 
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Ralitl!J table for imatTon Ricer at Arkalon, Kansas for 1 96. 

Gays I Disobarg . 11 ~~~~~~.t. Gn~e 
Disdmg ·II he t~~~ Dtsclturg J lte i" ·1t. heig 11 . 

I 
}'eel. Sec .feet. }'eel . 'ec.feet. Feet . ec . jcet. f'eet. eo. j u t. 

2.30 16 3. 0 -l2 5. 30 10 6. 0 279 
2.40 17 3.90 -15 5. -10 116 6.90 2 
2. 50 1 4.00 4 5. 50 L 7.00 319 
2. 60 19 .J. 10 51 5.6 1S t 7. 10 ~1 0 

2. 70 21 ·L 20 ('» I 5.70 140 7.20 3 t 
2. 0 22 4..30 57 

I 
5. 0 ] 19 7. 30 

2.90 2-i .J.. 40 61 

!I 
5.90 15 7. 40 40!) 

3. 00 26 4. 50 65 6. 00 170 7.50 , 4.36 
3. 10 27 4. 60 9 

t 
6. 10 

. 
7. 60 465 1 1 

3. 20 29 -L 70 74 . 20 l!L 7.W 4.96 
3.30 31 .J.. 0 79 ,, 6.30 203 7. -·; 

0 -

3.4-0 33 4. 9 8-! 6.40 214. 7.90 "62 
3. 50 3- 5.00 9 I . 50 22 ' . 00 599 

~ 37 5. 10 95 I 6.60 _.J.,l .10 EJ --3~ 5.20 102 . 70 261 . 20 
' 

_. ___ t __ 

Estimated nwnthly eli charge of imarron Rive~· at .fh·kalon, Kansas. 

Month. I M . M ' . 

I 
a.."tt · tm Mean. 

mum. mum. 

~-------
1 95. ,- --

May 14 to 31...... .. .. 22 1 1 

J une .. .. ..... .. ------1 170 19 
J u 1 y -- -- . -- -- -- -- -- -- 659 1-1. 

Att 17USt .. -------- -- --. 170 16 
eptem ber .. .. .. .. .. . 19 16 

October .. .. .. .. .. .. .. 16 
ronlmber . .... . ..... . 

December .......... .. 
1896. 

January .. .... . . .... .. 

.February ....... .. .. .. 
March .. .... ........ _ 

April .......... .. .. .. 

May -- -- ------------

June -- ---- ------ -- -- . 
Jul y . .... .......... .. 

August .............. . 

September .. .. . .. ... . 

October ........ .. .. .. 

17 
17 

17 
18 
1 

17 
17 
16 
16 
16 
16 
16 

47 
14-9 

30 
17 
17 
17 
17 

17 
17 
17 
16 
17 

-~ 

Totnlin I ~~ 
ncr . f t. D ptb in ond·f t 

inch s. ,P r s9uar mil. 

&i 0. 002 

2, 797 I o. 01 
9, 162 0. 033 
1 45 
1,012 
1, 0<15 
1 012 
1, 045 

1, 107 
1, 035 
1, 107 
1, 190 

1, 107 
1, 01!.! 
1, 045 

0. 7 

I 
0. OO'i 
0.004 

I 0. 004 

I o. oo.~ 

I 
o. ro~ 

0.004 

0. 004 
0.004. 
0.004 
0. 004 
o.ro1 

1 0.003 
0. 009 
0.02 
0. 006 
0. 03 
0. 003 
0. 003 
0.0 3 

0.003 
0. 003 
0.003 
0.004 

0.003 
0. 003 
0. 003 

1, 045 0.004 0.003: I 
952 I o. 003 

1, 0-15 0. 004 
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CANADIAN RIV E R . 

The Canadian River i. tl1e largest tributary of the .Arkan a and 
might properly be considered a draining an independent ba in . It is 
de cribed in Bulletin 140 on page 167. omparatively few mea ure
m nt · of th e eli charge of the tream bave been made, although among 
th e mountain and foothill in 110rthea tern New i\1exico irrigation ba 
dev lop d to a large extent.. ingle gagin g tation ha . been >stab
liHb d which i upon Mora River, one of tlle mo t important mountain 
f erl r of the main stream. 

W 'fR O T.ATI ON MORA R IVER. 

Thi . tation ba on page 40 of Bulletin o. 131. • 
During 1 95 ob ervation of ri\ r height bave been mainta-ined a~d 
occa ioual mea. urement made a howu by be acoompauying li t. 
The bed of the tream i very haugeabl , o that computa tion of di -
cl~arg an no b made with a ura y ex ept b.r continued erie of 
ouudin o· and by frequent di charge mea urement . It ha not been 

p c iblc to on tru t a rating table. The tation ha b en di cont inued. 
A r ord of daily gage h ig-bt not publi bed, wa kept at tbi point 
fr m January 1 to February 29. 

U I of disch ar·gr ?nB<IBUI'C!n elltH mad un Jfora Rirer at Jratrolt . -'-Yew .lfexico. 

I .·o. J ote. 

1 l1 1. 
I l O<·t. 4 

1 $!;). 

2 :\lny l 

Cl .J ul y 1. 
~cpt . .j 

5 :-;(' p t . 30 

I· 
() • ·o"' 16 

7 c. 13 

H .l'<lrograph r. 

A. P. ])a ,·is .... __ __ 

A. P. Dav i ... .... . 
P. E. ll nrroun . ____ 

__ __ . do ____ ____ ____ 

... .. do--------·---

... .. do . -----------
____ .do------ __ ____ 

IU .-R 

I 

I 

I 
I 

.M ior 
Ulllll · 
oor. 

21 

?. 

25 
25 
25 
•)-
- D 

26 

NDE 

G ·~ ,.\.re~ of .Mean n· b 1 " sect ton -elo ,. t1· 18c orge h ig t • ( d· 
(feet) (square (feet per ~:~)' · 

• C et) . I second). · 1 

1. ' 33 l. 05 35 

1. 50 20 0. 9 
2.00 156 0. - 131 

2. 30 106 1. 49 160 

1. 50 25 ' 0. 66 15 

1. 90 -16 0. 6 -39 

1. 90 60 1. 01 61 

B IN. 

d to in Bulleti u 140, page 169 and i d cribed 
at ·ome l no-tum t b TwelftlJ nuual ]~ port of the Unit d tates Geo
logi ·al nrv y I a l't II, Irri o-at.ion , p~ge 240 to 290. The que tiou a 
to th n.m nnt of wat r in th t ream i of peculiar importance, not only 
a r lat l t o agr iculture, but ~l o from its bearing upon interstate nnd 
in tern a tional di tribution of water. A number of gaging tation bave 
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been maintained. along thi s ri v r for tb oldest outinu-
ou records being at Del ~orte, near anu at E n1 bud , iu 
nor thern ew Mexi o. An ac urate mea ur 111 nt f t h 1 w r portion 
of this treum i attend d witll tr me diffi ·ulty, owing to tbe rar idly 
shifting chara.ct r of tbe river beu. 

DEL NOR1'E -·T '1'10 0 lU +RA.:-\DE . 

Libt of discltargenteasttremenla made on Rio G1·ancle at Del orte, 'nlorado. 

~Jeter ren of M·nn n· .. I I a~o section velocity I • cll.•;r.e 

I No. Date. Rydrogmph r . num- IJ ig lt 
bcr. (feet). (square ( f t P r (secon · 

feet). second). feel)· 

-----
1 94. 

34 Juoe 13 F. H. Xe" el l. ...... 24 2.6 (a) 

35 ept. 27 A.P.Davis . .... ... 21 1. 52 u - 2.32 
1 95. I 

36 June 14 F. Cogswell ...... . 55 4-.00 4 0 5. 
37 ct. 13 .... . do ............ 14 1. 0 l&t 

1 96. 

3 I June 22 F . ogswell .... _ .. 14 1. 90 1 3 2. 492 
3!:1 .July 27 ..... do .. . ....... .. 14 1. 70 l 5<t 3 5 
•JO , ept. 28 ... .. do ....... .... . 14 2.30 235 706 
u I Oct. 26 --- ~~0 .. ~= .. 1 

H 1. 0 166 2. 445 

a. ~ea su rements mud at iron bridge, mi.ll rae , and canal, nnd total t2ken ns di charge of ri ,·cr. 
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Rati11g laLle for R io Grande at D el ?for te, Colomdo, fo r 1895 and 1896. 

l- h G-i~-~e_t __ 

1 

Dischnr« . I h~r~~t. Discharge. I h~i~~l~- I Discharge. 

Feet. 

1. 20 
1. 25 
1. 30 
1. 35 
1. 40 
1. 45 
]. 50 
1. 55 
1. 60 
1. 65 
1. 70 
1. 75 
1. 0 
1. 5 

1. 90 
1. 9-

2.00 
2. 05 

ec. } t . 

10 
134 

160 
1 7 
214 
2+1 

2 

295 
322 
349 

376 
403 
430 
457 
484 
511 

53 
566 

Feet. 

2. 10 
2.15 
2. 20 
2 25 
2.30 
2.35 
2.40 
2.45 
2. 50 
2. 55 
2.60 
2. 65 

2. 70 
2.75 
2. 0 

2. 5 
2. 90 
2. 95 

ec.jeet. 

594 
622 
650 
6 0 
710 
74-0 

770 
00 

830 
62 
9-1 

927 
960 
993 

1, 026 

1, 061 
1, 096 
1, 134-

Feet. 

3.00 

3.05 
3.10 
3.15 
3.20 
3. 25 
3.30 
3.35 
3. 40 
3.45 
3.50 
3.55 
3.60 
3.65 
3.70 
3. 75 
3 0 
3.85 

ec. j eet. 

1,172 
1, 212 
1, 252 
1, 29·~ 

1, 336 
1 382 
1, 428 
1, 47 
1, 528 
1, 583 
1,638 
1, 702 
1, 766 
1, 3 
1, 910 
_,032 

2,154 
2, 291 

Feet. 

3.90 
3.95 
4. 00 
4. 05 
4. 10 
4.15 
4.20 
-!.25 
•t 30 
4-.35 
4. 40 
4.45 
4. 50 
4.55 
4. 60 
4.65 

4. 70 

- ,591 
2, 754-
2,829 
2, 904 
2,979 
3054 
3, 129 
3,204 
3 279 
3 354 
3, 4:29 
3, 50-i 
3, 579 
3,65-i 

3, 729 
3,804 

ll81 i1Mted monthly di8chal'ge of Rio (rl·a nde at Del :V01·t, Colomclo. 

Run-ofl'. 

~ontb• 1 1 I Tol.-tl in aore-fo t. . e ond-feet 
Max i- .Mini· M nn. J?epth m per square 
mum . mum. I ,_1n l.te · mile . 

--1-,-:--i 
1 93. 

J nnunry .... . .. ..•... 

F brn:try .. .. .... .. . . 

Man·h .. ...... . .. . . . . 

April. ............... . 

::\Ja .. ---- ... -- ..... . 
.Jun .. . . . .. . .... .... . 

July .... . ...... .. ... . 

A ugust . .. . ..... . .... . 

::\'o,· mbcr ... . .. .... . . 

D cemb r ........... . 

9-i I 
1, 061 

960 

s, 1:.9 I 
3, 1:?9 
3, OJ 
1, 252 I 

960 
566 
~ -L 

403 
l , 212 

P rnnnum ..... · S Q.l 

376 
403 
322 
403 

322 

] ' 

01 
953 
63 

2 116 
2.209 

95 
720 
•1:>4 

435 

353 
1, 008 

49, 252 
52, 9~7 

39,229 
112,0.!7 

13o 10 I 
131, 4·F 

5 ' 905 
44, 271 
27, 015 
26, 747 
21,005 
61, 9 0 

0.66 
0.73 
0. 53 
1. 50 

1. 74 1 
J. 76 
0.79 
0.60 
0.36 
0. 36 

o. 2 I 
0. 3 

0.57 
0.68 
0.46 

1. 34 
1. 51 
1. 58 
0.60 
0. 52 
0.32 
0.31 
0. 25 
0.72 , ________ _ 

1, o-!4 I 754, 931 10. 14 o. 75 

·-----~----~---Jl----
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E8ti1nated nwntlily di8ohal'ge of Rio "'lt1Hle at Del 7Yorte, olor(trlo- oot,inued. 

l~u:tr. ~ 
I 

Total in 
.Month. ncr .f' t . D >lh In Is com! f t hlnxi- ~ l ini - :llcnn . in1cbes. P ' r ~~unr mum. mum. 11"11 o. 

1 9G. 
I 

January ···· --· · ·· ·-· 1, 428 1, 172 l, 293 I 79 50-1 t.OG 0.92 

February -------- ---- ~.154 I 960 1, 25 0.97 0. 0 

March -------- -- ----- 1,3 6 30 1 0 t I 0. 0.77 

April. ................ 3, 054- 594 1, ., 4 1 1.1 1.06 

llfay ------- ·----- ---- 3 579 1 212 , ~, I 1. 96 l. 70 

June . ........ .... .... 1, 76G 430 21 0. G:> 0.59 

July ..... .... ...... .. 650 32., 403 0.33 0.29 

Augu t ... ........ .... 403 214 -61 0. w2 0. l9 

eptember .. . ........ 1 294 2 477 1 0.3 0.31 

October ............ .. r66 403 469 0.39 34 . 

'ovember ... ... . .... . 376 26 310 0.24 0.22 

December ... .. . ...... 430 322 375 0.3 t 0.27 
- -

r r anuun1 ..... 3 579 214 1»1,017 r- 0 63 

EMBUD T TION 0 . Rl RA DE. 

Tbi station i de cribed in Bull tln 131, on pal)' - . It i lo at d 
about 300 feet east of the railroad depot of Embudo. Tll ob erv r i 
F. B. Hatfield, the tation agent. Equipment con i t of a five eighth 
inch cable and car with tag()'ed wire. Th o·ao· i io lin d and con
si t of 4 by 4 timber, notched and mark d every tenth of a fo t ver
tically, and spiked to mall hand-dri...-en pil . 'rh iuitial point of 
onuding is on the right bauk. The left bank i teep..and th e right 

bank of more gentle slope. Thre di charge mea ur ment were mad 
during the year 1896, which taken in conjunction with th e made in 
189-, are used in consLructing a rating table for e timates of daily di . . 
char()' . The record of daily gage b igbt for 1 9G i ' given in Water
Supply and Irrigation Paper .r o. 11, page 65. 
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4, ooo H--t--t-H-t--t-H-++t-1-+++-1H-++-1H-++-~+-t--jf--+---f--W--+-4-1 

3,"00 ri-t-1-t-t-r-ri-i-t-t-t-~~~~~4-4-4-+-+-+-~-4-+~~4-+-~-+~ 

500 
0 ~~~~~~~~~~~~~~~~ 

6, 000~-t-+~+-~-+~4-+-~-+-+4-+-~-+~4-+-~-+~+-~-+~+-~~ 

5,500 ~~~+-~~4-~~-+4-+-~-++-~-+~+-~-+4-~L+~+-~~ 

4,500 ~-+-+~~+-~~-+~~~+-+-~-+~~4-+-~~-+~~+-~~~~~ 

4, <lOO h-+-l-+-++++-+-+--1-H~-l-+-+-+-++-+-+--1--1-~-+-+-+-+++-l---J-l~ 

2, ooo H-+-!1--4-+t+-+-+++-+ 

l, 500 h-+-+~1!-+-~~-+-+ 

l , 000 

r,oo 

0 

FlO . 34.-DI chargo of R10 Grnude nt Dol ~·orte, Colorndo, 1 g;;.....qs. 
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List of dischm·ge mea twcmen ls made on Rio G-rande at Embudo, w Mex-ico. 

( tor C+a~ Dischllrg 
Dat llydrogrnpher. num- heiJ:: 1t (sor ou<l · 

b r. (f t ) . f; ot ) . 

1 9-L 

1:::: :: :: ept. 30 A. P . Davi . . . .......... -. 21 7.70 J. -o 2 4 
Oct. 1 ... .. do ····· ·· ·· ·· · ·-·· 21 9.30 3.2- 1, 13 

189-. 
.. .. .. .. .... ! Feb. 2 A. P . Davi 2.1. 7.9 2.23 46.1 

Feb. 4 .. .. . do ---- -- · ·---- ---- _4 .Ol 2. 25 453 
Apr. P. E. Harroun ......... 25 9. ·10 399 2. 9J 1,175 
Ma.y 14- ..... do ------ ------ -- -- 25 11.2 4.39 
. July 27 .... . do ·- --- - · · ·-· · -- · - 9. 90 3 . 
Aug. 19 ..... do . ..... -- -- --- -- - 2.34 
Oct. 26 ..... do --- --------- .... 1. 65 
Nov. 28 .. .. . do ------ . .. . . . -- · · 1. 2 6t7 

1896. 
P. E. Harroun ......... 26 7. 0 0.94 213 
.. .. . do ······ · --- -- .. .. 26 7. 0 221 1.55 342 

20 C. C. Babb ............ 63 . 11 -36 1. - 43 
21 ..... do ............... . 63 .n 243 1.77 

D c. 14 P. E . Hn.rroun ......... 26 7.90 249 1. 72 

Rating table for the Rio GTande at E-mbudo, New j)[exico, fo!' 1896. 

Ga~e In· I Ga~e I 
bar ge. Discharge. C+a~e ""'"" I hoig t. . 1 heig t . beig t. 

Feet. ec. f eet. Feet. ec. f eet. I Feet. ec. f eet . Feet . 
7.3 210 .7 750 10. 1 1, 70 1l. 4 
7.4 240 8.8 ()() 10.2 1, 9 0 lL-
7. 5 275 .9 -o 10.3 2, 100 11. 
7.6 310 9.0 900 10.4 2 220 11.7 
7. 7 345 9.1 960 10.5 2,350 11. 4-,0 0 
7. 3 0 9.2 1, 020 10.6 2, 470 11. 9 4,220 
7.9 420 9.3 1, 090 10.7 2,590 12.0 4,360 
.0 460 9. 4 1,160 10. 2, 720 12.1 4-,520 
. 1 500 9.5 1, 240 10.9 2, -o ]2.2 4,660 
. 2 540 9. 6 1, 330 ' 11.0 2,9 0 12. 3 4-, 00 
. 3 5 0 9.7 1,430 11. 1 3,1 10 12.4 4., 910 

8.4 620 9. 1, 540 11.2 3, 24.0 12.5 -,090 

LE_ 660 9.9 1,650 11.3 3,380 12.6 5,24.0 
700 10.0 1, 760 6 
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Estimateclmonthly (lischarge of Rio (}mnclc at Em budo, X ew Me.rico. 

[Drainage area, 7, 000 squnre miles .) 

Discharge in second-feet. Run-olf. 

Month . 

I 
•.rotnl in 

Mari- MiDi· ncre-feet. Depth in concl-fect 
mum. mnm. Mean. 

inch s. I p ';;;1~'.are 
------.---

1 96. 
.January .. .. .......... 660 460 532 32 712 1 0.09 0. 0 
February .... ... ..... 640 4 0 551 31 694 0.09 0.0 
l\.larch ··· -- -- .. . ... ...... 2,100 50 957 5 ' · 4 0.16 0.14 
April ------- --------- 2, 720 I 1,200 1.797 106, 929 0.29 0.26 
l\fa '' . ........ ....... . , 2, 9 0 850 1 59 9 ,259 0.26 0.23 
.T uno . ................ 990 I 210 367 21, 3 0.06 0. 05 
J u l~y .. -- -- . -- -- . -- -- . 1,3 0 210 299 1 ' 0. 04 0. 04 
A11gust . .... .......... 310 210 249 15, 31o I 0.03 0.03 

ptember ... .. ...... 580 210 22 13, 570 0.03 0. 03 
etober ..... .... ..... 1,090 275 349 21,459 I 0.06 0.05 

~ov mber . . ..... ... .. 660 210 395 23, 504 0.07 0.06 
D cem b r ....... ..... 500 3 0 414 25,456 1 0.07 0.06 

--- --------
1!67, 9 o 1-;:· 25 1 P r ann um ... .. 2, 9 o I 210 645 0.09 

FtG. 35.-Dischnrg of Rio rande nt F.mhnrlo, ~ew Mexico, 189&-96. 
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S'l'ATl N 0 OIIAM.A RIVER. 

It i ated 

List of discharge mea,su!·ement 1nade on Chama Rirer at Abiquiu New lllexiro 

r-:. M ter .A.r n of 
G~~ I eo lion Hydrographer. num- , hetg t (sq uar 

ber. (C et). ~ el). 

1 5. 
---,-

June 21 P . E . Rarronn .. : ...... 25 2.50 2-<1 1. 59 404-
.July 25 ..... do ...... . ......... 

I 
25 2.90 ---- ----- 1. 33 206 

Aug. 1 ... .. do .. ....... ... ····I 25 1.30 11 1. 77 
Oct. 29 . . ... do ...... . . ... ... . . 25 1. 10 55 1. 31 

:rov. 26 .. . . . do ....... . ....... . 25 1. 0 120 0. 6-J, 
1 96. 

Jan. 19 1 P. B. Harronn .... . .... 26 1. 50 9 1. 44 

ept. 5 . . . . . do ....... .. ...... . 26 2. 20 71 0.70 .J7 
ct. 2 .. .. . do ...... . ......... 26 2.30 49 1. 03 -1 

~ov. 19 . C. Babb ............ 63 2.27 59 I 1.10 _Ej Dec. 12 P . E . Harroun . ........ 26 2. 30 62 J 1.22 

0 

R IO GRANDE S1'.A.1'IO ON RIO GR NDE. 

Tbi tatiou was de cribed in Bulletin .r o. 131, page 45, under the 
name of Water 'l'ank Station. It i also meuti ned in Bnlletlll :ro. 
140 page 175. It i about one-fourth of a mile a bove the railroad ta
tion form erly known a Wa.ter Tank, but more rec ntly call d Rio 
Grande. The equipment consi t of a flve.eightbs-iuch wire cable, ca.r, 
and tagged wire. The gage i inclined and con i t. of two timber 4 
inches squar , fastened to band-driven piles and wired to solid ro k . 
The bench mark is on the top of a bowlder, against which the upper 
portion of the gage rests. Mea urements are made from the ar su -
paneled from the cable. The bed of the tream is rocky, and is confined 
between high banks. Eight di charge measurement were made in 
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1 95 and three in 1896, and from the e a rating table has been con
structed from which e timates of daily discharge have been made. 
Tlt e r ecord of daily gage heights for 1896 for part of J an nary and 
F brnary aud from March 4 to December 26 i given in W ater-Supply 
and Irrigation Paper ~o. 11 page 66. 

List of discha1·ge 1neasrwetnents 11wde on Rio Gran de at Rio Grande New .Mexico. 
--, 

Meter Ga,:re 

I 
.A rea. of :M:ean 

Di cha~r.e ~ section Yelocity Date. llydrographer. nnm- height 
(squar~: (f t per (secon -

her . (feet) . feet). second). feet). 

---:-1 
! 

I 

1 95. 
Feb. 1 P . E. H. a r roun .... .. .. . 24 · ·· ·-- --- 3.11 652 

Ap r. 19 .... . do ·- -- -- --- -- --- -- 25 9. 80 790 6.55 5, 174 
:\fay ll ..... do ------- --- ·---- - 2- .00 725 5. 86 4, 2.19 

June 5 ..... do ?- 9. 10 1 141 5. 6 6, 6 9 -- - ---- - ---- -- -· - 0 

J uly 23 j' .... do ---- ·----- ·- --- · 25 6. 60 475 -1..41 2 095 

Au <>. 21 .... . do :: ::::::::::::::1 25 5. -o 240 3.92 933 

10 1---- .do -5 5. 10 215 3.43 739 

24 ..... do -- ---- ···--- .... 25 4.90 237 2.23 629 

30 ..... do ------ ·- - --- --- - 25 4. 90 225 2. 639 

1 6. 
ept. 4 P. E. HarroruL .... .. .. 26 4. 10 129 263 

Oct. :n .. .. . tlo --- ----- -------- 26 <I, 70 1 0 401 
~0\' , I Babb ............ 63 5.07 191 493 

c. 11 P. E . ll arronn ......... 26 5.10 224 2.65 59-1, 

Rating tabl for the Rio , t·ande at Rio Grande, New Mex-ico, .fo1· 1896. 
-

I hGI~~t . l Di 
a11e I 

'"[e Gnlf,j Discharge. 
harg · rr height Di chnr ' · heig t. Di cha r" . heig t. 

F eet. ec . .feet. Feet. ec . .fut. j-;.:- ec.jeet. Fett. eo ,feet. 

3. 7 2!0 5 .. 70" 6.9 2. 490 . 5 5, 250 

3. 225 5. 1t 765 7.0 2, 640 8. 6 5,470 

3.9 2JO 5. " .lQ 7. 1 2, 790 5 700 

4.0 2[;5 5. 6 920 7.2 2, 9.J.O I 5 930 

2i0 5.7 1 010 7.3 3, 090 6. 180 4. 1 

li 4.2 290 5. 1 n o 7. 4 3, 2"0 9. 0 6, 430 

4.3 310 5. 9 1,210 7.5 3 410 9.1 G 6 0 

4 .. 4 330 6.0 1,320 7.6 3,570 

I 
9. 2 6 940 

4.5 350 6.1 J, 440 7.7 3, 730 9.3 7, 200 

4. 6 375 6.2 1, "60 7. 3 900 9.4 7 470 

4.7 400 6.3 l , 6 0 7. 9 4,070 9.5 7 750 

4. 440 6.4 1 10 . 0 4, 250 9. 6 ' 040 

4. 9 4 0 6.5 1, 94.0 . 1 4, 430 9.7 8, 330 

5. 0 530 6.6 2, 070 .2 4, 620 9. 8 ' 630 

~ 
590 6. 7 2, 210 .3 4, 820 9. 9 930 

I 6r 6. 2 350 8. 4 -, o3o 10.0 9,240 
2 __j 
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Esti.?nated monthly cUsal! a?·ge of Rio Grande at Rio Gmndc, ew Mexico, for 1896. 

[Drninng area, 11,2.10 sq unro miles .) 

:Month. 

1 96. 

Uischnrgu in s c nd-f ot. 

Mnxi 
Jtl um . 

Min i- I ( nn. 
mum . __ ,_ 

Jannnry ------- -- -- -- ---- ---- ~ ---- -- - -
:Febru ar y ........... ... ... . ......... . 

a600 

a 600 

1,355 
3, 4 3 

2,704 

March 4 to 31. __ . . . . . . 3, 015 675 
.i pril ........ _ .. _ . . ... 5, 140 1, 10 
May ~ 250 1, 265 · ·- ·------- · --- · -
Jun -----. ----- .. ---. 1, 680 255 
July . . __ .-- .. .. -- .. .. 920 255 
August._ . .... ... - . ... 310 210 
September --- -------- 735 255 
October . .... . __ .... __ 617 350 
November . ..... --- - -- 617 310 

December----- -- ----- , 6-15 330 

a Estimated. 

535 
412 
24.3 

T otnl in 
n r . f ~t. 

3 ' 93 
3 1 51~ 

75, 264 
207,253 
166, 263 

31, 35 
25, 333 
14,942 
17, 792 

2 ' 316 
29 633 

30, 00 

Run-~ 

D l l I t; '"Oild· fAAl l 
" ll 1 11 pe r sqn nro 

inohe. mil . 

0. 6 

0.04 I 

0.02 1 
0. 03 

0. 04 I 
0. 04 
0.04 

0. 05 

0. 5 
0. 12 
0.31 
0. 24 
0.05 
0. 04. 

0. 02 
0. 03 

-~---i l 
S MARCIAL T TION 0 R I O GRANDE. 

This station i de' ribed in Bulletin "o. 140, pag 177, an d tb 
lo ality is described in Bull tin o.131, page 46. Th inclin d wooden 
gage wa broken off by fl.oatin dri ft, and , wir ()'a 
arne datum was ub tituted for it. The ob erver i 
The hannel i sandy and hifting. 
Eio-bt measurement were mad at thi point during 1 95 on b ing 

on the 22d of April when for a gage hei o-ht of 9. a di charo· of 
7, 00 cubic feet per second wa obtained. Thi wa a g r ater di -
cll arge than had occurred previou ly in that year, and wa probably 
the maximum for the entire year. Cl ~he di cbarg for May wa lo' r 
than for April, reachin o- a minimum b tween 2 000 and 3,000 cond
feet on the lOth. During J nne the di charge vari d between "',000 :wd 
5 000 econd-feet, while July furni bed both a high r max.imum and a 
lo wer minimum than either fay or June. The di ·charo· for Angn t 
wa somewhat imilar to tbat for July,, hile in eptem ber the di cbaro-e 
declined until on the 20th the r iver wa practically dry :wd remained 
so for ·over a week. On the 29th a light ri e occurred, but t he di -
charge remained mall througllout October. It gradually in ·rea ed 
throughout November, and in December di charged fi·om 500 to 700 
cubic feet per senond. ... 

,J 
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Fiv mea urement of di charge were made in 1 96 the total qt~<tn 

tity of water carried beiug far le. s tllan in the previous year. The e 
mea ur ment , together with six made during tbe early part of 1 97, 
llave b n mployed forth con trnction of a rating table from which 

l >m . 30.- 0is lutrl! of JUo Grand o nt Rio ,ranclo, 'cw Mcxiro. I 95-96. 

tb Ui •cbaro• of 1 96 ba been 8 timated. 1be record of dail T o·age 
hci ·ht. for J 96 from January ~2 to D cember 26, i ' giY n iu Wat r
Supply andlrrig·ation Pap r o. 11 puge 66. 
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List of disalw rg measu!'6111BIIts made on Nio • ran de at an jJ}ar ial, Xew Mexico. 

Hydrographer. 

1 95. 
.J an. 29 A.P.Davi ......... . 

Apr. 22 P. E . Harroun ...... . 

May 19 ... .. do . ..... .. ..... . 

Juue 1 . .... d ............. . 

July 16 ..... do .... .•... ..... 

Meter 
num· 
ber. 

pt. 5 ... . . do . .. . . . . . . . . •. . 25 
Oct. 1 . ... . do .. . . .. . . . . . .. . 25 
Kov. 17 .... . do .............. j 2-

Dec. 14 .. ... do -.............. 1 25 
1 96. 

Jan. 10 P.E.HniTouu ....... 2-

Jan. 22 ..... do .. . . . . .. . . . . . . 25 
Feb. 14 . ... . do . . . . . . . . . . . . . . 25 
May 2 . .. .. do........... ... 25 
Nov. 23 C. C. Babb......... . . 3 

1897. 
Feb. 21 P. E. Ha.rronn . . . . . . . 26 

• l\Iar. 24 .... . do .•. .. . .. .. .. .. -6 

Apr. 9 ~ --- · .. do .. . ... .... .... 26 
Apr. 20 .... . do . .. .. . . .. . . .. . 26 

I ~ny 5 ..... do .. .. . .. . .. . .. . 26 
L_ 19 , ..... do .. . . .. .. .. . ... 26 

Gng(l 
11 igr•t 
(f t). 

6. -10 

9. 5 
7.60 

. 60 
6. 0 
6.90 
5.30 
7.20 
7.20 

7. 40 
7.50 
7. 30 
7. 

7. 10 

7.40 

7.50 
7. 50 
.50 

10. 20 
10. 00 

l , 2 6 

63 
1, 14-l-

630 
315 
10 

26-1 
193 

219 
2 3 

157 
124 
211 

16"' 
192 
212 

2,025 
1 760 

2. 

1.99 
1. -17 
2.17 

3.12 

3.20 
3.2 
3.63 
1. 6-l 
]. 72 

2.49 
3. 77 
4.77 
4.28 

5.91 

Rat·ing table for Rio Grande at an Ma1·cial, ew Jf exioo. 
[This table is applicable only from .January 1, 1896, to May 5, 1 97.] 

I I Gay,o 
·-

li I 
h~~i~. i Discharge. Discharge. Gaffe Diacharg .

1 
G~e 1 heig t. beig 1t . h ig t. 

. Feet. ec.jeet. :Feet. u.jeet. Feet. , ec . jut. Feet . 
6.40 0 7.GO 950 .80 4, 150 10.00 
6.50 15 I 7.70 1,100 . 90 4, t175 10. 10 
6.60 45 7.80 1, 2-o I 9. 00 4, 00 10.20 
6.70 70 

II 
7.90 1,400 

I 
9. 10 5,125 10.30 

6. 0 100 .00 1, lOO I 9.20 5, 450 10.40 
6.90 150 I 8. 10 1, 900 9.30 5,775 10.50 

I 7.00 240 .20 :&,200 9.40 6,100 10.60 
7. 10 350 I 8. 30 2, 525 9.50 6,425 

I 
10.70 I 

7.20 460 I 8.40 2,850 9.60 6,750 10.80 I 

7.30 580 I 8. 50 3, 175 9. 70 7,075 10. 90 

~ 
700 I 8.60 3,500 9. 80 7,400 11.00 

20 
I 

8.70 3,825 9.90 7,725 0 
I 

Disr bnrf.e 
(8 COO( · 

f et). 

-
Di 

9 

2> 

15 
67-l 

2 

701 
7 7 
-70 

203 

36-1 

47 
00 

3,165 

'679 
10,403 

ec. f eet. 

• 050 
. 375 

8, 700 
9,025 
9, 350 
9,675 

10,000 
10,325 
10,650 
10, 975 

11, ,., I 
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Eslimat d monthly discharge of Rio G1·ande at an Mm·cial, 1 cw Jiexico. 

[Drainage area, 28,067 square miles.] 

I-D- ischarg: _i'_' _• _con_u-_re_et_. _ Run·:;;-! 

1 Total in ) I I 
I 

~f a:xi- I Miui · j M acre- fe t. Depth iu econd-feet 
mum. mtun. ean. inches. per •_quare 

mile. 
- --------- ------ --- - ---·----1 

1 95. I 

February . ... ..... ----1 
Marcb ....... .. . .... . . 

.Apri I. ... . . .... ....... j 
May ... ............... , 

Juue ................ . 
July ........... ... .. . 
.AU<YU t ...... ........ . 

1 96. 
Febrnar_,- .... ........ . 

1 Marcb . . ... . . ...... . . . 

ApriL. ............... j 
May .. ... . . ........... l 
June ............ .... . 

July ...... . ...... . .. . 

1, 755 1 280 I 
3,115 1, 3-o 

2,1 0 

?. o9- ' ~, ;) 

1, o o I 
60 

1, ~no I 
5 0 

2, 200 240 
4, 00 1, 400 

4 00 195 
820 0 

4, 00 0 
20 

1, -oo 
11,::100 

4 6 

0 

0 
0 

r .... . .... ... 20 
15 

460 

4, 

3 625 
3, 922 
2, 431 
2, 913 

0 

679 
3, 14.2 
2,019 

164 
4.66 
11 

130 
742 
209 

619 

-3, 760 

12 ' 79 
279,014 
222, 92 
233,375 
149 476 
179, 113 

39 114 
41,750 

186,962 
124, 143 

9, 759 

2 '653 
7 255 

7 735 
45,624 
12,444 

060 

~ 
I 

0.04 
0.08 

0.19 
0. 15 
0.16 
0.10 
0.12 

0.02 
0.02 
0.12 
0.0 

0.01 
0.02 
0. 004 

0.006 
0.03 
0.01 

0.02 

F IG 87.-Cross section of Rio Gra nde at an Maf('ial , New Mexioo. 

EL PA. 0 'J'A.TI 0 RIO GRANDE . 

0.04 
0.07 
0.17 
0. 13 
0.14-

0.09 

0. 10 

0.02 
0.02 
0.11 
0. 07 
0. 01 

0. 02 
0.004 
0.005 

0. 03 
0.01 
0.0~ 

/ 
I 

I 
I 

I 
) 

I 
I 

a 
I 

. ;J-'f 

Tbi station wa de cribed in Bulletin No.131, page 46. It is located 
oppo ·it the pumping bon e of t he smelter company, the engmemau of 
which , fr. ' . T. Pelham, i the observer. Mea urements are made 

18 GEOL, PT 4--17 

0'1 
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from a gaging car suspended from a half.jn h teel cable. The age 
is an inclined 4 by 6 inch timb r, bolted to the 'Olid ro k. The b d of 
the stream here consi t entirely of oft mud, con tautly changing and 
shifting, aud ufficient ati factory data hav not y t b n obtain d for 
con tru ting a rating curve. 

Observation of gage height w r b un on January 25, 1 95, at 
which date the gager ading wa 6.5 and the di harge 230 ubi fi t 
per e ond. The readin o- fluctuat d abo and b low thi I oint dUl·
ing the month of February, and in March r a bed a maximum of .5, 
discharging con iderably m re water during Mar h than in F bruary. 
Th discllarge duriug th month of pri l, fay, Jun , July, and 
Augu t was in general much gr at r than iu the month of Jar h, 
but only one mea urem nt of di cbarg wa mad , tllat on July 1!>, 
which bowed a gage h ight of .1- aud a di harg f 1,03 cond-

.... 
~ e 
~ 
~ 

j () () 

~ ~ ... ~ 0 ~ ~ N .., 
I I ' I I I I 

FIG. 38.-Cross section of Rio Grande at El Paso, Tern ... 

feet. The average for Augu t was something more than 1,000 c
ond-feet, but from the 1 t of September the river declined in volume 
irregularly, ur:til on September 25 a mea uremeut showed but 76 
second-feet, and at the end of that month the river wa entirely dry. 

ery little water was discharged during the month of October, but in 
~ovember it gradually rose almo t throughout the month, reaching a 
maximum gage height on Nov mber 29 of 7.75, di charging perhap 
500 co bic feet per second. The di charge for the month of December 
fluctuated between 200 and 500 cubic feet per second. 

Throughout 1896 the readings were continued. During the month of 
January the miuunum gage reading was 5.85 on the 1 t of the mouth, 
and the maximum 7.60 ou January 17. A measurement made January 
11, at gage height 6.15, gave a discharge of 150 second-feet. Another 



EIGH 1 EE:/1. TH ANfloUAL REPORT PART 1\1 PL. XIX 
U. S. GEOLOGICAL SURVEY 

El PASO GAGING STATION ON THE RI O GRANDE TEXAS. 





DAVIS. ) RIO GRANDE. 259 

mea urement on Jaimary 23, at a gage reading of 7.30, gave a discharge 
of 379 second-feet. The range during the month was probably between 
100 aud 400 second-feet. February maintained a omewhat higher 
average than this, though the maximum wa probably not o great. 
March wa clo ely comparable with January. 

The months of April and May gave the largest run off of any months 
of the year with the po ible exception of October. In the latter part of 
May and early June the volume of theTiver declined steadily, until June 
20, when there wa practically no running water at the tation, which 
condition contiuued to the . end of the month. A slight ri e occurred 
early in July, but la ted only a few day , and the river wa then nearly 
dry until July 17, when a heavy general rain occurred, rai ing the water 
to .3 feet on the gage. The river was further wollen on July 24, and 
tben declined until August 24, when it was again dry and remai11ed so 
mo t of the time until September 23, wben it was again wollen l>y rain 
and in rea ed in volume irregularly until the 16th, 17tb, and 1 th of 
October when the gr ate t d.i charge of the year occurred, the gage 
rea bing a maximum of 10.6 on October 16, and declining by October 
30 to 7.25 feet. During ovember and December tbe discharge varied 
irregularly from about 50 econd-feet to about 300. 

The total di charge for 1896 wa much le than for 1 95. The 
r ord f dail gage h igbt for 1 96 i given iu Water- upply and 
Irrigati n ap r ..: . 11, pa e G". 

List of dis !large n~cas1u·entents made 011 Rio mnde at El Paso, Texas . 

I n.~- ~-------rr~s-dro-gr-np-he-r.--_--:-1 _M-n~~~~~- _h_~_f:_:t_ --'~-~~-~~o_!_ (f~rr~ n<-~e-::o-ta);-3.-e / 
ber. l~ t) · feet). econd) . , · 

I --, I 
A.P.DI~\- j ............ 11 2-b 6.4-0 265 0. 7 230 I 

19 P. E. HarrotuJ .... .. .. . 25 .10 1, 433 0. 71 1, 039 

.... do ................. r 7. 90 4-67 1. 63 761 

1 ). 

J!tD. 25 

5.70 139 0.55 76 

5.70 115 0.23 26 
6.90 2'! 1.55 392 

pt. 21 I A. P. Dnvi ....... ... .. 

t. 3 I P. E. Harroun ....... .. 
21 .... do................. 55 

55 

4. A. P. Davis...... ...... 6l 7. 50 . . . . . . . . . 1. 37 4.23 

D 16 P. E. Harroun . ... . .. . . 26 6. 0 236 1.13 26 

De 27 C. . Babb............. 62 7. 4.2 1.50 3 6 

1 96. 
Jan. 11 P. E. Harroun ......... · 62 

Jan. 23 .... do .. .. .. . .. .... .. .. 62 

Feb. 15 .... do .... .. . ...... .... 62 

ov. 6 .•.. do . .. ... . .... ...... 62 

' ov. 25 C. C. Babb...... ....... 63 

6. 20 

7.30 

7.10 

7.70 
6.31 ' 

163 
231 

193 

179 
137 

0.93 

1.64. 
1.<19 

0.49 
1.-()1 

----~---L----~----

151 I 

lJ 
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L R DOB 

Topo o-rapbically con idered, t bi i th larg t hydrogrn,phi · bn in 
lying wholly within · the arid r g ion, having a total ar a aboY be 
town of uma., Arizona of over 22·- 000 quar mil ·. Th riv r eli·
charge annuaU a laro-e quantity f wa.t r <Wd upport · a OIDJ ara
ti ely mall extent ofirriga ion. wiug to th fac that tb main str am 
and mo ·t of it tributarie a.r situated far below t h 1 v 1 of the 
i.rri gable lands a to render their div r ion xtrem ly difficult or 
impracticable. 

GRAND RIVER . 

Tbi str am ri e in the Rocky 1ountain region, it main fork find
ing it om e in Grand 'oun ty, i u nor h m Colorado. Tlt euti r ar a 
of its drainage ba in above it jun 'tion with re n H,iver i 2G,Hi7 
squaTe mil s. 

GRAND J TIO T TIO N RAND RIVER. 

Thi station i - de cr ibed in Bulletin .1: o.131 I ao- , aud in Bull tin 
"o. 140 page 1 6. It i located at tbe wagon bridge a ro · th rand 

Ri r 11 at· tl.le }lu mp ltous of tb city wat nrork rand Junction 
olorado, and wa e tabli ' b u on ctober 1 1 9-:1:. Tb ri,·er at this 

point discharge through two chano I . 'Ihe original gaO' r d coo i: 
of a. vertical4 by 6 inch timber with 1 by 6 in ·h al , bolted the 
britlge abutment ou ri o·ht·hau d irle of the rigb t e.hann 1, and i gradu
ated to teuth of a foot. Tb di cbarO'e m a nr m ut marl dud11, 
1894 and 1 (r and gage height to Au!ro t -'"' 1 96, refi r to th i ro(L 
The 1~3-foot mark i on a level with the top of the bridg abu ment. 
The bank of tbe rio·ltt channel ar both lia ble to overfl w at very hi "'h 
water; the bed is of and, aud the current very luggi b. 

Tlte dam of the city waterwork , ju t b low thi ag , went out iu 
Juo , 1 95, and ha not been r built. 'Ibe cro ection of th chauu l 
bas materi ally changed inc that date, and the dis barge mea urc
ment ruade in 1894 and 1 95 are not applicable for 1 96. Gag rod 
No. 3 con ·ists of a vertical 4 by() inch timber with a 2 by G inch ale, 
bolted to the bridge pier on the right-band ide of the left chanu I, 
about 5 0 feet from rod .1: o. 1. It was placed in po ition on Au ust 23, 
1 9G, and is graduated to tenths of a foot. It read 3 feet higher than 
the old rod. 

The rigJJt bank of the left channel is low and lil:Lble to overflow; the 
left is high and rocky; the bed i sandy; the water i deep and rnoves 
with considerable velocity. thigh water it be orne nece ary to guy 
th e meter to a wire tretcb d acros the cbann 1 above the bridge to 
prevent it from beinO' wept downstream by the swift current. All <lis
charge measurement, in both channels are made from the upper side 
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of t he bridge, but a suffiCient number have not beeu obtained to con
struct a r ating table. The ob eever is Mr. B. W. Vedder, engineer at 
t lt pumping station. The record of daily gage heights foe 1896 from 
April 12 to December 31, are given m Water-Supply and Irrig·ation 
Paper No. 11, page 67. 

List of discha1·ge m.easm·em.ent~ made on C'-1·ancl River at G1·a11 cl Ju11 ctio11 , olorado. 

No. Date. Hyd ro~rrapber 
Meter 
llOffi · 
bor. 

Gage 
hei " bt 
(feel) . 

J---1-------- --

1 

2 

3 

1 94. 

Oct. 1 
1 g-, 

A.P. Davi · -- --· .. 1 22 

I 
June 27 A. P. Davis ... ..... 55 

Oct. 1 ..... do ............ 61 
1 96. 

4 Aug. 20 F. Uog. w ll .. .. .. . 1-l 
5 ept. 20 

1 
..... do............ 1-l 

6 Oct. 17 ..... do .. .. .. .. .. .. 1-1 

7 Nov. 10 '. Babb.. .... .. 63 

2.10 

4.03 
0. 2 

3.00 

3.90 
3.60 

3.35 

I Area of 
~ect1on 

I 
(Sq nnre 

feet). 

1, 450 

2, 60 

1, 009 

623 

9-lO 
916 
G 0 

;\Iean . :1 
ve.lo ity D1scbnrpe 
(feet per (secoua-
second). feet)· 

1.10 1, 5 -

5. 77 16,500 

:?. 0-l 2, 039 

1. 63 1, U23 

1, 69-l 
1, 5-12 

2 .. o __ 1_, 49~J 

D L RE' TATlO. ON DOLORE R IVER. 

Thi t< tion wa de ribed in Bulletin o. 140 page 191. It is lo ated 
about u -half mil above the railroad depot at Dolore , Colorado, and 
wa e tablished on June 23 1 95. The gaO'e con i t of a vertical.2 by 
6 in h plank b lt d to the abu ment of a. foot bridge, on the left side 
of the riv r, and i graduat d tot nth of a foot. The bench ma.J.·k con-
i ' t' of a nai l driv n in t he ba e of a ·ottonwood tree 18 feet south

we t rly fr rn th O'age. It is 1.60 feet abov th 14-foot mark. 
'rbe ri ·ht bank i low· the l ft higll· the water move with good 

velo ity, and th bed of the tr am i compo ed of small tone . In 
Jun , 1 !W, a l o erockdamwa bniltju tbelowtbegage,backiug up 
th water from 0.20 to 0.30 of a foot. Tlli dam, although only a tem
p rary exp eli nt to turn water into an irrigation ditch, i , from the 
na tur of it-s con tructiou, of a some,~· J.ntt permanent character, and 
th pr n t relation of eli chaJ"ge to O'a.ge height is not liable to change 
back to that of 1 95. It bas therefore been nece sary to on trnct two 
rnting table for the eli ·barge of 1 96. D1 charge measurement are 
111:1d from tb lower ide of tile toot brid g-e, except a.t a low tao-e of 
water, wllen they are made by wading. The ob erver is 1VIrs. 1VIary D. 

111 ith. Tbe record of daily O'a o· heights for 1896 from 1VIar ·h 1 to 
November 30, i given in Water-Supply and Irrigation Paper No. 11, 
page 68. 
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List of dischm·ge mea.sw·ements m.alle lm Dolores River at Dolo1·es, olomllo. 

hl ter Gu~ 
Ar n of 

No. Date. Hydrogmpher. DUm · h ig It 8 tio u 

bcr . (~ t ) . (8qunr 
t t). 

M lUI 
\'d) ity 
(f~ t per 
8 onu). 

1 95. 
1 June 22 F. 0" 

"' 
well . .. . . . . 55 3.50 ~23 3.40 

2 Aug. 2 ..... do . .. .. . . .... . 14- 2. 70 1 2.00 
3 Oct. 9 . .... do ······ · ·· - -· 14. 2. 50 59 1. 51 
4 N~>v . 20 ..... do . . . .. --- ----- 14 2. 40 51 1. 45 

1896. 
5 May 13 F. Cogswell .. ..... 14 3.50 171 3.23 
6 May 14 ..... do ·----- ------1 14 3.50 171 
7 June 17 ..... do -------- ---· 14 3.00 103 

3.42 
1. 73 

8 July 21 . . . . . clo . .... ... ... . 14 2 . 0 90 1. 37 
9 Aug. 24. . . ... do ...... . ... .. 14 2. 60 31 1. 37 

10 ept. 23 . ... . do ........... . 14 4. 0 300 5. 16 
11 ept. 24 .. .. . do -------- --- · 14 4. 15 247 4.24 
12 Oct. 21 . .... do ----- ------- 14 2. 75 43 1. 77 

Rati"!l tabl for Dolo1'ed River c£t DoiOI'I#I, 'olorado. 

lThl table is applicabl only from Jan nary I, 1M96, to Jnn lG, l 96.] 

t 
Ga!i,e Di charge. Ga~ Di&cbarg . Ga/he Di8charg .

1 
nio heig t . beig 1t. heig t. hl"ig Jt. 

---
Feet. Sec. jut. Feet. ec. f eet. Fttt. ec.ju t. Pu t. I 2.00 2.65 144 3.25 429 I 3. ~ 

2. 05 14 2.70 162 I 3. 30 45 3.90 I 
2. 10 20 2.75 1 2 I 3.35 491 3. 95 
2. 15 27 2. 80 202 3.40 524 - 4.00 
2.20 34 2.85 225 3.45 557 4. 05 
2.25 42 2.90 248 3.50 590 4. 10 
2.30 50 2.95 272 B. 55 626 I 4.15 
2.35 60 3.00 296 3.60 662 

' 
4.20 

2.40 70 3. 05 321 3.65 701 4.25 
.2. 45 83 3. 10 346 3.70 740 I 4.30 
2.50 96 3.15 373 3. 75 7 1 I 4.35 

I 
2.55 111 3.20 400 3.80 822 4. 40 
2.60 126 I 

Dlschnrj 
(86 011 -

fe t ) . 

756 
163 

9 
75 

~53 

(i 6 
179 
124 
42 

1, 550 
1, 0-17 

76 

D ischarge. 

ec.ju t. 

67 
912 
960 

1, 00 
1, 059 
1, 110 
1, 16-lc 
1, 21 
1,275 
1,332 
1,392 
1, 452 

I 
I 

l 
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Rating table for Dolores River at Dolo1·es, Colo1·ado. 

[This tab! is npplicnu le onl y from June 17, 1896, to December 31 , 1896.j 

I ,~~~ D'"""'''' 
Feet. 

2.20 

2.25 

2. 30 

2. 35 

2. 40 

2.45 

2. 50 

2.55 

2. 60 44 

2. 65 54 

2. 70 64 

2. 75 0 

96 

114 

132 
2. - 156 

3. 00 1 0 
3. 5 207 

h~~tt. I-D- i-sc_h_ar_g_e._
11 

b~;"f,, I moohngo. , b~;~~';. I n; """'·I 
Sec. jut. 

1

, Feet. Feet. 

3.10 

3.15 

3.20 

3.25 

3.30 

3.35 

3. 40 

3.45 

3.50 

3.55 

3.60 

3.65 

3.70 

3.75 

3. 0 
3. -

3.90 

&c. f eet. 

234 

264 

294. 

324 
35-i 

385 
416 

4-1 

4 0 

513 

546 

582 
61 

65-i 

690 
7_7 

76-i 

Fett . 

3.95 

-1.00 

4. 05 

4. 10 

4.15 

4.20 

4.25 

4. 30 

4.35 

4.-lO 

4.45 

4.50 

<1.55 

<1.60 

4.65 

4.70 

4. 75 

02 4. 80 
ec. f eet. 

1,550 

1, 601 840 4. ~ 

0 I 4. 90 1 652 

9_0 

962 

1,00! 

1, 047 

1, 090 

1,133 

1,176 

1, 222 

1,268 

1, 314 

1 360 

1, 40 
1, 456 

1,503 

4. 95 1, 703 

5. 00 1, 75-1 

5. 05 1, 07 

5. 10 ' 1 60 
'I 5. 15 1, 913 

1 520 1966 

'I 5 25 2, 021 

5. 30 I 2, 076 
5. 35 2 131 
5.40 I 2,186 

5. 45 I 2 2.n 
5. 50 2, 296 

5. 55 1 2, 351 

_I ,~ ~ '·'oo l 
Estimaud monthly di charg of Dolores River at Dolores ol01·ado. 

Month. 

1 96. 

[Drainng area, 562 sqnore miles.] 

Mn:ri · I ~finj . 
mum . munl. 

Mean . 

Total iJ• 
a re-feet. 

Run -oo·. 

I . Second-fee 
J?epth 1 u per sq uar 

l mcbes. mile. ---- ,-
March . . . . . . . . . . . . . . . 557 '6 2<14 15 003 0. 51 0. •U 

April. .. ·.. . . .. .. . .. .. . 1, 57 14.4 747 44. 450 I 1. 33 
May . .. .. .. . . . .. . .. .. 1,452 373 952 5 , 905 1. 71 
Jun .. .. .. . . .. .. .. .. 7 1 4.4 263 15,650 0. 4.7 

Jul .. .. . .. .. .. .. .. .. 480 4.4 130 7, 994. 0. 23 

Angust....... .. .. .. .. 1 0 38 2, 337 0. 07 

eptedlb r .. .. .. .. .. . 1, 176 2 195 11,604 0. 34 

ctobcr ...... ... . .. .. 180 96 113 6, 94 0. 23 0. 2?. I 
Nov ~ 1 bcr .... ~ j_~--1-8 ___ 3_6--l-79--10_, 6_5_t _ _ o_. 3-6-- 0. 3~ 
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FIG. 39.-Discharge of Do lore River nt Dolor s, olorndo, 1 95-96. 

F LL CREEK 'TA.1'10N Ol'\ AN MI ' EL RIV1i.: R. 

Thi tation wa d cribed in .Bulletin . HO pao- 19' 
titl of S ymour tatiou. It wa tabli ·bed in ,Jun 
gage is about 300 yard . outhw t of Fall re k a tatiou on the Rio 
Grande outheru Railroad. i charO'e mea ur rneu t ar mad from 
the wagon-road bridg . The gage i erti al 4 in he by 4 inch , and 
is spiked to the we t ide oftb nortll abutm nt. n ben ·11 mark i a 
bolt-bead in the nortll end of the we t tru , 1 £ ot from tb gag . It 
i 1.15 feet above the 10-foot mark. The ond b u h mark i. a pike 
dri veu into a tree ~OO feet northwest. This i 1.35 feet below tb 10-foot 
mark. As the channel at tbi point i nearly traight and the b uk 
ar rarely overflowed, the ection i ad irable one for measurement . 
Fall Creek emptie into the San J\IiO'uel about _o feet below the gag . · 
Th ob erver i Mr . Dora Bradl y · po t-offi.ce addre , Sawpit, Ool -
rado. The record of daily gag height for 1 96 from pril 12 
:November 30, i given in Water- upply and Irrigation P aper No. 11, 
page 68. 

Li t of discharge nteasurentents n1tule on an .Miguel River at-Fall reek, Colorado. 

I :\I ter Ga~ 
Ar n of Mean Discharge 

~·, .. Dnt. Hyll rographer. DUffi· h ig L 8 lion v lo icy (se<·ond-
uer. (feet). (squnro I feet per feet). feet). second). 

1 !:J5. I 
1-

1 June 24 F. ogswell _ .. __ .. 55 4. 00 104 4.90 512 
2 Aug. 27 ..... do ............ 14 3. 20 66 3.0 205 
3 Oct. 8 .... . do ............ 14 2. 6.- 36 2.24 1 

1 96. 
I 

4 May 12 F. Cogswell . . ___ __ 14 3.75 97 3. iO 360 
5 . )nne 16 ..... do ............ 14 3. 45 78 3. 72 290 
G , .July 20 ..... do ............ H 3.15 62 I 2. 2 175 
7 I 23 -- --.do · ·---· ...... 

I 
1 Aug. 14 -.60 36 1. 72 62 

I ept. 22 -- -- .do---- -··----· 14 2.75 41 2.07 5 

L_ ~~-~ 
.. __ . do __ __ . _ . ___ .. 14 2. 60 35 1. 0 63 
--~ -
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L 

Rating table for San Miguel River at Fall reek, Co l01·ado . 

[This table is a pplicable fr m ,Tanuary 1. 1896, to December 31, 1896.] 

2. 20 
2. 25 
2.30 
2. 35 
2. 40 
2.45 
2.50 
2.55 
2.60 
2.65 
2.70 
2.T 

2. 0 

2. 5 

h~i'ihet. , Di charr:e. I h~i~\et 
-------

1 ~ 

Pu t. 

2.95 
22 3. 00 
26 3.05 
31 3.10 
37 3. 15 
43 I 3.20 

49 3.25 
55 3.30 

62 I' 3. 35 
69 3.40 
77 3. 45 
5 3.50 

93 3.55 
103 3.60 

ec.jut. Feet. 

124 11 3. 65 
135 
147 
160 
1 1 

20~ 

225 
24 
263 
27 

289 
300 
310 
320 

3.70 
3.75 
3. 0 
3. 5 

3.90 

3.95 
4.00 
4.05 
4. 10 
4.15 
4.20 
4. 25 
4. 30 

2. 90 113 

I Discharge. 1Gage j Discharge 
ICJgb t. I . 

I ec. j eet. lj Feet . 

332 4. 35 

3
344
60 

II 4. 40 
4.45 

376 II 4. 50 
39.-t II 4.55 

~: II ::: 
4 0 

531 
5 2 
633 
684 

749 
14 

4.70 
4.75 
4. 0 
4. -

4. 90 
4.95 
5.00 

'ec. j eet. 

94 
974 

1, 069 
1, 164 
1, 274 
1, 384 

1 519 
1, 644 

1 784 
1, 924 
2, 079 
2, 234 
2, 40i 
2,574 

Estimat d mo11/llly di charg of au Miguel Rit•er at Fall reek, olorado. 

[D•ainngear n,327 equnremilea .) 

D1s ba rge in >eccnd-fe t. Rtm-ctf. 

Meuth . I I Total in 
Mnxi - 1\J ini · acre-feet. Depth in eccnd-feet 
IDUlll. mum. Mean. in bee. per aauare 

m e. 

--------
1 

April 12 to 30 . ........ 531 147 2 1 10 5 0.60 0. 6 
2, 404 310 770 47.345 2.72 2.36 

6 4 135 349 20,767 1.19 1. 07 
320 93 157 9, 653 0.5- 0.4 
113 •J9 65 3,997 0. 22 0.20 

pt rob r .· ........ .. 1 069 62 176 10.472 0.60 0.54 

lE:b' 135 49 2 5,042 0.29 0.25 
m b r .. . ... ...... 147 22 57 3,392 0.19 0.17 

FORT CRA. WFORD S'l'.A.TIO ON UNCOMP .A.RGRE RIVER . 

This tation is de cribed in Bulletin No. 140, page 1 8. It i located 
about one-half mile east of the depot, a.t a wagon bridge, and i about 

mile above .M:ontro~e, bein o· above the bead of the Uncompahgre 
Ditch. It wa established June 25, 1895. Tbe gage con ist of an 
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inclined 4 by 4 inch timber, bolted to the bridg , b nt on tb right-hand 
ide of t he tream, marked to v rtical tenth ' fa foot, h pa b tween 

marks being 0.16 of a foot. '£h b ncb mark con i t of a pik driven 
in the ba e of a cottonwood po t, and is 9.1 £ t abov • 7. r . Both 
bank are low and li abl to ov rflow at high wat r, and the b d of the 
tream i ompo eel of a11d and gra' el. · tream m a or m 11t ar 

made from the upper ide of th bridge, xcept at v ry low tage of 
tb water, when they ar mad by wading. 

During the high water iu the 1 ring of 1 6, t b chann l above the 
bridge wa traightened out and tbe b d f th ri r fi ll din n ar the 
gage, making a notabl change in th ro tion of the riv r, th r la
tion of gage height to di char during 1 9H b in mat rially di~ rent 
from that of 1 95. Th ob rv r i 1r . ' . Humphrey · p t-office, 

ncompahgre, Colorado. Th r cord of daily gag height for 1 9o, 
from by 1 to ovember 30, i giv n in Water-Supply and Irrigation 
Paper No. 11, page 69. 

c..ft 
1, 000 

. J A N . 'E I M.~'!_~H A ~'!_ ~"-o J~~ l_l ~~;: -,.~.~2~ 5~~~ -~c:.:. ,._o: 0 . ~[( 

1-!pS 5 

/'((, 
"'' I"' i .. 1. 

" 0 

2, 000 

1, 500 

1, 000 

500 

0 
V'vb I ~ ~Lt""f' I•~ 

V• ~.516 

r.. • fR. n: iWJ 

FIG. 40.-Discharge of an Miguel Rh-er at Fall Creek, Colorado, 1895-00 . 

.Li8t of discharge meaB ~t1't'Jnents made on Uncmnpakgre R iver at Fort rarvfor·d, Colorado. 

~~~~ I 
ber. 

Hydrographer. 

I 

1 95. I 
1 June 25 F . Cog well __ ___ __ i 55 
2 .Aug. 26 _____ do---- -- ------ 14 
3 Oct. 7 ..... do ___ ___ ·---··1 14 
4 ov. 18 ---- . do---··--- __ __ 14 

1 96. 
5 May 11 F. ogswell ..... . _ l4 
6 June 15 - - - -- do-- --- - ------ 14, 

7 July 18 -- -- .do ____ _ . __ ____ ]4, 

8 .Aug. 21 -- - - -do- ----- -- ____ 14 

~·· 
21 .... . do --------- --· 14 

Oct. 18 ---- . do - - - --·-· --- - 14 
I ---

---
Gage 
h ight 
(feet ). 

4. 60 
3.25 
2. 60 
2. 55 

4.30 
4.10 
3.50 
2.90 
3.25 
3. 10 

' 
T nof Mean n · h ' 

section 1 ' •elooi ty 180 n r~! 
(square (fept per \ (second-
f t ). s ·cood). ~ t ). 

123 
&i 

43 
41 

120 
117 
74 
18 
57 
55 

6. 0 

1. 72 
2.14 
1. 73 

3-1 

20-l 
31 

122 
9" 
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Rating table for !I COntpahgre River at Fort Crawford, Co lorado. 

[Thi table is appl icable from January 1, 1896, to December 31, 1 96. ] 

Gage 
heights . Discharge. I b~=fl~ . 1 -D~is-cb_a_rg_e ._ 11 b~=C~. I-D-ia-cb_a_r_g l b~:~~ . !----! 

Fut. 

2.70 

2.75 

2. 0 
2. 85 

2. 90 

:.!.95 

3.00 

3.05 

3.10 

3.15 

3.20 

3.25 

3.30 

3.35 
3. 40 

ec. f eet. Fut. Su. f eet. Feet. u . jut. 1/ Feet. 

10 3. 45 19o 4. 15 53o 1. 4. 85 

u 3. 50 201 4. 20 568 II 4. 90 
13 3. 55 224 4. 25 615 4. 95 

24 3. 60 242 4. 30 662 I 
37 3. 65 262 4. 35 7?1 
49 3. 70 282 4. 40 7 w 0 ., 

5.00 

5.05 

5. 10 

5. 15 

5.20 

62 3. 75 303 4. 45 850 

75 3. 0 324 4. 50 920 

3. :- 348 4. 55 I , 000 5. 25 
101 3. 90 372 4. 60 1, 080 5. 30 
115 3. 95 399 4. 65 1 170 5. 35 

129 4. 00 426 4. 70 1, 260 5. 40 
143 4. 05 459 4. 75 1, 360 5. 45 
15 4. 10 492 4. 80 1, 460 5. 50 

174 

ec. f eet. 

1, 570 

1, 680 

1, 800 

1, 920 

2, 055 

2, 190 

2,340 

~, 490 

2, 655 

2 20 

3,000 
3, 180 

3,375 

3,570 

lo'slllnated 111.011tilly di charye of l"n ·ompahy1·e Rir;et· at Fort rawford, Colorado. 

[Drniua urea, 497 square mH •·l 

Dis harg in s ud-feet. Run-otf. 

Month. I Total in 
I Ma i- Mini- acre-feet. Depth in Second-feet 

I 
mum . lEUlU. 

:Mean. inohe•. per s3nnre 
me. 

------
1 96. 

May · · · · · ·· ····· ---- 3, 375 207 1, 010 62, 103 2.34 2.03 

June . . ... .. ··---.·- -- 1,920 190 519 30, 1.16 1.04 

July.- ---· · .. . ..... . 207 62 126 7, 74 0.29 0.25 

Ang11 t ---- ...... .. . 115 10 38 2 337 0.09 0.0 

eptember . ... . . .. . 426 62 148 8, 06 0. 33 0.30 

to ber . _ . .... .. ___ . 174 62 106 6,518 0.24 0. 21 

L o"ember .... .. · ·-· : 115 62 86 5,117 0.19 0.1~ 
' ·-----

) 
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1. 000 

500 

0 

3, 000 

2, 500 

2,000 

1, 500 

1,000 

500 

0 

. -!. ._~ ior 2~0 M~~ APR_Ici' ~";6 :u~,r 1~~6 ,~u-<;; ~;·o ~~;0 ~o0;'o 
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w Pili ~£1C p)?l IEL lJt. 

FIG. 41. -Discharge of Uncompahgre River at Fort Crawford , Colorado, 1895-96. 

GREEN RIVER.' 

o_r2c._. 

_.... 

~, ra jvo 

Green River ri e in th Wind River rang of mountain , in the 
we tern central portion of Wyoming it ' main ·our b ing in the lofty 
peak of the Contin nta l Divid , wh r 1 ·on rv d in h gt·eate t 
quantity the winter' now, t he I w m lt in g of whi ·h ke !)~ t.h fl ow 
of thi stream at a greater volume for a longer period each y ar th . n 
mo ·t of the other large tream of the tate. It w tern tributari , 
al o, having their r i e in a high and mountainou ountry, materiall 
contribute to thL feature. 

A lthough thi stream i iu volum and drainage t he third larg t 
stream in the tate, yet ther i le irrigation development, ~ wer 
ditche , and le utilization of it water than along any oth r impor
tant tream in the ta;te. This i · not due to any ab ence of irri
gable land a long it cour e, btlt to the fact that practically all he 
irrigable laud tt•ibutary to thi stream in any c on iderable trac li 
at such an elevation above t he ordinary water level a to render th 
con truction of ditche of the length requir d to bring the e land 
under irrigation too expen i ve for individual ffort. 

There are, however, tributary to Green River sufficiently large areas 
of valuable land, 'vhich will ultimately be brought under irrigation, to 
render t he maintenance of thi tation and the resulting a certainm nt 
of the volume and di charge of the tream of great importance. There 
is now on file in the offi ce of t ue Sta-te engineer of Wyoming an appli
cation for permit for a sy tern of canal for the reclamation of om 
20,000 acres of the e bench land ; and others are certain to follow the 
successful prosecution of this one. 

GRANGER T.A.1'IO ON BLACKS FORK. 

Thi . tation is located near the U nion Pacific Rail road bridge 3 
miles west of Granger, W yo ming, the junction of the Union 1 acific 

1 
From description furnisbe<l by Prof~ El~d Mead, 'tate engineer, cooperating with tbe D•v•s•on 

of llydrograpby. 
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and Oregon Short I .ine railway . The stream is so crooked and varies 
so greatly in wiJth and grade tl.Jat a de:sirabl location for a station is 
hard to find. Th point cho en is about 300 feet above the bridge. 
Here the banks are l.Jigh enough to confine the channel during high 
water of ordinary year , and there i as long a stretch of traight chan
nel a can be found anywhere within rea onable distance of an ob erver 
of gage height . 

In making the gaging a tout cotton cord was stretched from bank 
to bank, every 10 fe tin di tauce ou this cord being marked by a tag. 
The first mea mement was made with float , it being found impossible 
to use a meter becau e of the ice which was floating in the tream and 
the severe cold, which cau ed the meter to freeze whenever taken out 
of t he water. Sub equent to thi time all the measurement · were made 
with a Gurley aeon tic meter No. 104. When the tream wa too hlgh 
to permit of wading, the meter was u ed from an .Acme foldmg boat 
attached to a cord stretched aero the tream. The measurement· at 
low stages were made by the ob erver standing in the water, holding 
the meter a suffici ut di tance from him to avoid any di turbance in tbe 
current. The mea urement made July 7 had to be completed with 
float owing to an accident to the meter. .A.u attempt to mea ure this 
stream June 1 failed owing to the uno ual high water of thi year. 
Per ·ouR familiar with the, tream for the pa t twenty year a ~ that tue 

high r th pre ent e.a on than ever before in that period. 
wi11g t ther being no way of protecting tl.Je rod at high water, it 

could not b pia d at tl.J point where gagings ' ere made, the danger 
fr m fl ating timb r beinO" too great. It W<l, , therefore, fa tened to 
th nt r pi r of tb railroad bridge 300 £ et belo"· · This loca.tion ba 
th furtb r advanta,O"e of enabling the ob rver, 1\lr. Henry Lingelbach, 
to take daily readino- without interfering with his work, he being 

tion foreman on the railroad. 
Tbi bridge re t on tbre pi r ·, one in tbe enter of +lJe channel and 

one at each bore. The brid<T i elevated cowiderably above the 
ba11lt on itb r ide aud the track approache on a long, l.Jigh fill on 
eith r ide. Th onl in rea e in cro se •tion at thi point during 
hi gh wat r is that dn to depth aloue, the ide pier with th abutting 
eal't.ben fill making b width for all d pth uniform. Above aud b low 
th hridg extreme high water is a companied by marked increa e in 
width of haunel. The bank being both low and loping, the width at 
high wat r i tbr or four time that of mean di cl.large. A are ult, 
there i a marked ontraction in cro ection at the bridge in high 
water, and tl.li year it cauRed the wat r to back up and create ed~ies 
above the bridge. The ba kwatcr and eddies extended up to the ga~mg 
station at extr me high water and prevented any accurate detenmna
tion of the di charge ~t. t that time. From test ' made it was concluded 
that the mean velocity at high water did not exceed 5 cubic feet per 
second. Later in the ·ea. on a profile was made of tl.Je channel at the 
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point where mea ur d anti thi cro ecti n moltipli d by 5, wa 
taken a the maximum di ·l!arge. Tbi " i , of ourt~ , nly au appro "i· 
mation, l>ut it i · believed to b rea onably 11ear th trutlJ. It produce 
a rever e discharg cun e, bnt t l!is i th ult t b xp ctecl from 
the contraction in the cl1anu l and 

riG. 42.-Gaglng tatlon on Blacks Fork near Granger, W yoming . 

LiBt of discharge measm·e1nents made on Blacks F ork Ni ver at Ot·a?1{)tl1' JVyomino, 1896. 

Date. Hydrographer. 
Gn,l(e .A.r "'of :M:eau Dis haJ!.o Meter 8 tiou " locit.y 

number. height (square ( ~ et per (SCOOU' • 
(foot). £ et). second). f t). 

1 96. 

.... J Float. 3.00 162 I 2.56 339 

. ... t04 5.10 337 3.32 1, 1<10 

Apr. 18 E . Mead ....... . . 

May 7 W. i\1. Gilcrest . . . 

.. .. 104 4.90 309 3.24 1, 069 
·--- 104 2.60 92 3. 12 302 
---· 10+ 2.40 51 0.7 134 

June 21 

1 

. .... do ......... . 

July 7 ..... do ....... .. . 

Aug. 2 ..... do ....... . . . 

Aug. 1 1 . .... do ........ .. ... . 104 2. 80 94 2.33 260 
Sept. 30 I C. T. Johnston .. 

.... 1 104 1. 0 33 3.30 108 
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Bating table jo1· BlackB Fork Ri~er nea1· G1·anger, Wyoming, f or 1896. 

~--

nge n · I I! Gage n · b Gage I n· I Gage -~-' -ig-cb _t. - 1_-'_•c_'_ar_ge_. heigbt. ' c nrge. beig1u. JSC Jarge . , beigllt. Discharge. 

Feet. 

1. 40 
1.50 

1.60 

1. 70 

1 0 

1. 90 

2.00 
2.10 

2. 20 

2. 30 

2.40 
2.50 
2. 60 
2.70 

2. 0 

2.90 

3. 

I ~: ~~ I 
I 

3.30 

3.40 

~ 

eo. j eet. 

10 

20 

30 

4-5 

65 
5 

110 

125 

14-0 
160 

175 

191> 

215 
24.0 

260 

2 5 
315 

3-JO 

500 

Feet . 

3. 70 

3. 0 

3.90 

4.00 
4- . 10 

4.20 
4.30 

4.40 

4.50 

4.60 

4. 70 

4.. 0 
4.90 

5.00 

5. 10 

5. 20 

5 30 

5.4 

5 . 

ec. f eet. Feet. 

540 6. 00 

570 6.10 

610 6. 20 

650 6. 30 

700 6. 4.0 

74 5 6. 50 

7 0 6.60 

30 6. 70 

0 6. 0 

930 6. 90 

9 0 7. 00 

1, 0~ 0 7. 10 

1, 095 7. 20 
1, 155 7. 30 

1, 220 7.40 

1 300 7.50 

1,360 7. 60 

1, 430 7. 70 
1, -oo · 7. o 
1,550 7. fJO 

1600 . 00 

1, 650 
1 690 

Sec.jeet. Feet. 

1, 730 8. 30 

1, 775 8. 4.0 

1, 815 I 8. 50 

1, 5 8. 60 

1 95 8. 70 

1 930 0 

1, 965 . 90 

2, 000 9. 00 

2, 030 9.10 

2, 060 9. 20 

2, 095 9. 30 

2,125 9. 40 

2, 155 9. 50 

2, 175 9. 0 

2. 200 9. 70 

2, 2T 9. 0 
2, 250 !l. 90 

2 rro ro. oo 
2. 290 10.10 

2. 310 10.20 

2, 335 10. 30 

2, 350 10. 4.0 

2, 370 10. 50 

ec.jeet. 

2 390 

2 405 
2, 420 

2,440 

2, 460 

2,475 

2,490 

2,505 

2,520 
2, 535 

2,54 
2 -Go 

2, 575 

2, 590 

2, 605 
2 615 

2.6:r 
2,6..10 
2, 650 

2665 
2,675 

2,685 
2 69-

.1£ limatell nw1tlhly di cha1·ge of }{lacks Fo1·k Ri&er at Crrauger Jry01ning. 

[Dminage area, l ,H7 square mile .] 

Mouth . 
ll1n i · 
mum. 

1 96. I 
Apri\19 to 30 .... . .... 4-60 

May .... .... .. . ..... . . 2,·w-
Jun ........ ... . . . ... 2 675 

July...... ... . ..... .. 390 

Augu t. .. . . . . . . . . .. .. 1, 360 

ptem bor . . . . . . . . . . . 610 

Octob r ..... . .. ...... 110 
ovem b r ___ . . . . . . . . . 2 5 

December ........... _ 2 5 

1------------ -

Mini· 
mum. M ean. 

215 377 

365 996 
425 1, 562 

175 27(\ 

20 301 

20 100 

45 56 

168 
285 2 5 

Total in 
ncr -fe t. 

'976 
61,242 
92, 94-

16, 909 

1 '507 
5,950 
3 ,1,43 

9, 997 

17,523 

.Run of!'. 

0.10 
0. 66 

0. 99 

0.18 
0.21 
0.07 

0.03 

0. 10 

0.18 

0.22 
0. 57 
0. 9 

0.16 
0.17 

0.06 

0.03 

0.09 

0.16 
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2, soo l-+--l-W-+-l-t-+-+-l-+-+-1-I-I-HH-+-+,
8
+.p+-+t + +-++ -H+H-t-H-I 

2, ooo H--1---HH--1-H--1--H -t--1-t-

1, 500 H-+-+-+-+H -1-+-+-t--HH-

1, ooo H-+-+-+-+H-1-+-+-t--t-j+-+ 

1 " ro rREa:owe 
o~~~~~~~~ 

!J~ ll.l j (\'~ IR'ErC"' UHL.:J 

FIG. 43.-Disohnrg of Blnoks Fork near Granger, W yoming, 1 90. 

GREE RIVER STA'l'lO GREE rnVER. 

This station, de cribed in Bulletin o. 140, page 200, i located at 
Greenriver City, the p rmanent r d b in()' t n ar tbe ea nd of 
t!Je railway bridge at the pump hou b longing to th railroad m
pany. The rod i fixed at the arne point at which th ' tat ugin er. 
formerly had one located. The engiu man in harO'e of th pumping 
tation, Mr. William later, wa employed to a t a b rv r, and b ing 

alway on duty from 7 o clock a.m. to 7 p.m. it i I o ibl to llave 
r enclin gs of th rod n.oh thty <~t tu am ll.our , morulug anti ev ning. 
Ani land dividing the stream into two channel at tbi p int, and the 
channel being al o ob tru ted by remnant of old pier of a former 
bridge it wa not po ible to utilize the present bridge a a place fmm 
which to make meter mea urement . During tb ea on of 1 95 a 
ferryl>oat, located about 1 mile below the gage rod, wa advanta ou ly 
utilized as a place from which to make the tream mea urement . 
The bottom of the channel at thj point i compo ed of mall cobble
stones and gravel, and the channel ha the advantage of pre rving at 
all time a very uniform and table cro s ection, and a~ long a the 
ferry was operated it afforded a certain mean of obtaining a m asnre
ment at any tage of the water. It i to be regretted, however, that 
an accident to the ferryboat prevented the po sibility of u ing it this 
year at the time of highest water. Re ort wa therefore had to the 
ferry cable. A. winging cage was con tructeu and an attempt made 
to get a gaging by this mean , but upon trial it wa found that the 
w ight depres ed the cable so much that tho cage would be ubmerged 
before reaching a point 100 feet from hore. Attempt were then made 
to carry a line aero s with a small boat, but proved futile, owing to the 
tremendous current and the great amount of dr ift d bris being carried. 
It therefore became necessary to resort to floats to obtain the mea ure
ments for June 19 and July 7. That on June 19 was made at the rail
road bridge, and, owing to the above-mentioned cllaracter of the channel 
at that point, can not be regarded as being entirely satisfactory. 

The gaging on July 7 was made at the ferry, the water having fallen 
sufficiently to enable the swinging cage to be u ed on the cable. The 
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tloat u eel at tbi · t ime were bottl , , which were fill ed ufficiently to 
can e t hem to a sume an npri g·I1t po -ition, leaving then ·k ouly pro
jectino-abovethewat r. 'Ih . urfac of t he waterbeing smoothandth 
day callll , t bi .. measurement may be regard ed a quite sati. factory. 
A ll other mea urement were mad wit h t he urrent meter. ' 

If thi . :tation i to be main tained another year, th di!l:iculti e 
encou ntered tbi ea ·on will not be met wi tlJ , as a new wagon bri<l o-e 
ha j u t; been compl t cl , wbi ·It span the r iv r a hor distance abo,
th f rry, wb · r very nea rl y t h am character of chann el cxi ts · and 
with :1 prop r arrangem ut t hi s can be uti lized for all future mea, nr •
m n t , a from it; the ri \ e r can b ali factorily gaged at all t ime. and 
at any stao·c or t h ''ater . In -tablisbing the . ta t iou a.t Gr enri,·er 

ity r garcl '"a b ad to it co uYenien<.:e of acces i being itnated on 

t l1 c li11 of t ho !" ni n l!a ·iJ:ic Hail way. Tlt e poin t i al o important, a 
i is b low all t ribu tarie. in \Yyomiuo· ~,. on -Bhtcks Fork-aud 
llpon t b latter Rtream n l~cttion i al o ma,intai n d . 

G.re nl i ernfterpa ' in o- tbispoint nt r a brokenbad-lancl couu trJ 
with li ttl or no irrigabl land alon g tt our in '\Yyoming. Th dis-
bar ·e m a nrement obtained at thi p in t thereforerepreseut ol ly 

tb nrpln · and wa tc wat r of t,be t r am a it leave tbi · Stat . Tbe 
b n h mark con i t of a ro s ou the t hird tep from t)te bottom ou 
t h fl.outh ncl of ea •. t abutment 5.4 feet above tb 7-foot ma.rk on tb 
gao- ro(l. The rcconl of da ily <':10' heigltt. f'or 1 !l6, from pril D to 
October 15 and from Dec mber 1 t 27 i given ill W ater-Supply and 
lnigaf ion 1 a.p r No. 11 , page 70. 

1 GE L, P1' 4-- l 
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Lis/ of disoha1·ge measurement made on G1·ee11 Rirer at Oreem·ire1· ily, Wyoming . 

~=---Hydro;rrnph r. 
l l\I t r J 

number. 

1 95. 
Jun 20 j W . i\ l. (:ilcre· t _____ , Colo. 

July 2 ..... do ........ . .......... . 

0 t. 22 1----- ~0 ------ - -- - -- --- .. - __ , 

1 96. I 
i\Iav 9 \\" . i\L il ore t.. . .. 104 

I 
Juu 1 ..... d o--- - -- ______ l:loat . 

J uly 7 ..... do . ...... . .. .. I F!oat ·I 
Au"'. . .... d .... ........ Flont. 

I ~ug. 17 ,
1 
..... do ...... ... . .. 1().1. L 30 C. T .. JollD ton . ____ I 10-l 

Gnge 
height 
( fe t ). 

ron of 
t ion 

(squar 
f et ). 

3. 30 1 129 

4. 25 1. 7 >2 
1. 15 306 

2. 27 79-J. 
6 o-
3. 60 

2 "-
1. 70 
1. 30 37-

Moan 
" looity 
(f t per 
second) . 

Di~ hnr.!(o 
(SCCOIHt: 
f~ t). I 

3.4 3 3 >6 

3. !l7 7, 011 

1. 36 •l I 

2. 52 2, 095 

5.63 H,731 

3 .. 0 4. 0:> 
2. -~9 2, 450 

1. 7 1, 067 

2. 41 920 
I 

Rating table jo1· Oneu R ire1· a/ Oneurire1· ily, Wyoming for 1896. 

r;.: -, -
1 

h~i~tt I Dischar.!(e 

Put. SPc.feet. 

0. 00 24-0 

0. 10 260 

0.20 300 

' 0. 30 330 
0.40 370 
0. [.0 400 

o.6o 4.-o 
0. 70 500 

0. 0 550 

0. 90 620 

]. 00 650 

1. 10 700 

1. 20 750 

1. 30 800 

1.40 60 
1. 50 930 

------ -
II Ga •' I I I heig~t. Di char.,o. h~i~ft. Dis ·IJnrj!o. h~t'{l,(~ . lli ohnr •c. 

1---u ---1-- --
Feet . 

1. 60 

1.70 

1. 0 
1. 90 
2. 00 
2. 10 

2.20 

2.30 

2.4.0 
2.50 
2.60 

2.70 
I 2. 0 

2.90 
3. 00 

3. 10 

ec. fttl . 

1,000 

1, 070 

1, 160 

1, 2 0 

1, 400 

1, 5 0 

1, 760 

J, 950 

2, 160 

2,400 

2, 550 

2,730 

1-'ut. 

3.2 

3.30 

3. 40 
3. -o 
3. 60 
3. 70 

3. 0 

3.90 

4.00 

4 10 

4. 20 

4. 30 

- 2, 840 4. 40 

3,120 4. 50 

3, 320 4. 60 

3,520 II 4. 70 

~.c . fut. 

3,740 

3,96 

4, 200 
4,440 

4,700 

5,000 

5,260 
5, - 0 

5,94 

6,300 

6, 700 
7, 1 0 

7, 540 

. 000 

, 4-10 

,9 0 

P et /. 

4. 0 1 

I 4.90 

5. 00 
5.10 

5.20 

5. 30 

5.4-0 
5. -o 
5.60 
5.70 

' 0 
5. 90 

6.00 
6. 10 

I 
G. 20 

f 

.·tc.fut. 

9 320 

9 00 
10, 22 

10, 660 

11, 100 
11 !).10 

12,000 
12,440 

1-, 60 

13,300 

13, 700 

H,F'O 

14, :) 0 

15, 000 

15, 460 
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Estimated montllly discharge of Green Ri111W at Gt·eellri~er City, Wyoming. 

[Drainage nrea. 7,450 squar miles. ) 

I "'"" 
Discbar~e in a cond- feet. 

Maxi
mum . 

Mini 
mum. 

-Ru:go. 
Total in 
acre- feet. ccond 'eet 

Mean. 

1 96. 

Depth in . ., 
inches. I per 89-uare mile. 

--------1 

I April n to 30.... .. . . . . 1, 0-19 930 I 1, 020 
I 

44,506 I 0.12 0. 14 

&·c. fL 
:!6, uoo 

2~ . 000 

22,000 

20,000 

J • 000 

16,000 

14,000 

12,000 

10. 000 

, 000 

6,000 

4, 000 

2,000 

0 

:'-fay . ...... .. . ..... .. . 6,90 

Jun ............. ... . 15, 460 

Jn]~- .. . .. . . .. .. .. .... 6, 0 

Au.,ust.. .. . . ...... ... 2, ;;o-
ptem bcr.... . . . . . . . . 1, 035 

October 1 to 15 . . . . . .. 00 

'ovemb r ..... .. .... . 

D cember ........... . 

; .. to roE_&_ ... ~ , .. ~~"- 'o" ~"'o 
I 

I 
f-+--

' 
1-f-f- -~ 1--·- -

1-'-- -

fvc " r( O~L 

1, 220 2, 136 I 
7, 540 j u , 769 

2, 430 4, 19 

979 1, 470 

69 I 
745 1 

~ 800 

] 0 0 

• Estimn ted. 

131, 337 

700,303 

258,127 

90, 387 

51,709 

22,170 

47, 603 
66, 4.07 I 

~~~ ~tl' t:Y~ :;; 7,E PT. 

I 

Vc 1~P~ 

.Jo~ 

0.33 

1.76 

0.64 

0.23 

0.13 

0.06 

0.12 

0.17 1 

~-c~ NO.Y: 

WI 

FlO. 45.-Dis hargo of Green Riv r nt Groonriver City, W yoming, 1896 

DL.A.F E 'l'AT16N 0 GREEN RIVER. 

0.29 

1. 

0. 56 
0.20 

0.12 

0.10 

0. 11 

0.15 

~ <_<:· 

I~ 

This tation i describ din Bulletin 140, pao-e 202. It i located at 
th ·ro ing of t he R10 rand We tern Railroad at Blake, tall , in 
lat1tude 9° , long1tud noo 9' m the San Rafael quadrangle. The 
tatwn wa .. c tabli. he< l on ctob r 21 1 94. Ob ervation have been 

contiuued tllrougll 1 '96, and utfic1ent dischar g-e measurement have 
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b en mad e to warrant the coo tru tio11 of a. ratin g tabl , appl i abl • for 
1894, 1 95, and 1 06. 

When tbe station wa vi it cl in Nov mbcr, l 96, it wa found that 
the in clined rod bad been partia,Jly carric<l <LW~L.)" during the hio-h' <.Lt r. 
The observer was readin g from a temporary r d, bu t o pl a cl hat tb 
data of t b two rod coin id d . 'I he 1 vatiou of tho top of th pi r 
i 22 f< et abov th e "'ero of the inclined gag . 011 ,. mb r () a wir 
gage wa pl a eel on th bridg . It i ' na il d to the guanl rail n the 
lo"" cr s ide. The eli tanc from the end of h ro<l to th out ide edg 
of t he pull y wheel i 1 foo ; from t b end of th weight to t h wire 
index marker, 27.67 feet. Tb reading~ of tb w gao·e. wer mad to 
· oincide. The ob, rv r i,· 1\Ir. Frank .J acobs, ngin ma,n of tb 1 urn P· 
iug tation located at t ue end of the briclg . ov mb r n 1 '96, a 
mea urement wa mad by 1r. Uyru C. Babb howin g a o·age h igbt 
of 2.33 fe t, area 1 41G quare feet, m ~tn Yelocity 1.37, and a eli cb. rg 
of 1,940 ecoud-feet. The record of dai ly o·ag b igbt for 1 96, fr m 
January 1 to November 2 , i i\'ell in \ a 1'· upply and Irrigation 
Paper No. 11 page 70. 

List of eli~ hargc 1neasm·emeuts nwde on Green Ril' r at Blake, tall . 

\ ,, 
-

Me t r Gnge r a of ~[ean n · I f 
I section ve loc ity 1 ~ • mr~ Date. H ydrograph r . ll1llll · hoijtllt (square (feet per ( SCCOII< 

ber. ( feel). feet). • cond) . fe<:t.) 

--- I 
1 

1 94. I 
22 2. ·1 0 ·t. 21 A. P. Davi 1, 660 1. 3 3.035 

l 95. I 
2 .Jnne 30 ... . . do .. . .. -· ... .I -5 - 0 3 397 4. 43 15 065 
3 . ept. 29 .. ... do . .... ...... 55 2.00 1. 423 1. .LQ 1, !). 

1 96. I 
1, 910 J 4 No v. 9 1 C. C. Babb .. -· -· .. 63 2.33 I , 416 I 1.37 

/ 

. ( 
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Hating tab le fo1' Green Hive1· at JJ /ake, Otah, Jo t· 1894, 1895, and 1&96. 

: •. ~~\.. ,-n;,~'"" 
Feet. Sk .feet. 

1. 40 l, 000 
1. 50 1, 100 
1. 60 1, 200 
1. 70 1, 300 
1. 0 ;,420 
1. 90 1,560 
2. 00 1, 700 
2.10 1, 900 
2. 20 
2.30 

2.40 
2.50 
2.60 
2. 70 
2. 0 
2. 90 
3. 00 
3. 10 
3. _o 
3.30 

2, 100 
2, 400 
2, 750 
3, 100 

3,460 
3 20 

4, 1 0 
4, 540 

4 900 

5 260 
5 620 
5,9 0 

Gage 
height. 

Feet . 'ec. f eet. Feet 

5. 40 
5. 50 
5.60 

3. 40 6,340 
3. 50 6, 700 
3.60 I 7, 060 
3. 70 7, 420 5. 70 
3. 0 7, 780 5. 0 

5. 90 
6. 00 
6. 10 

3. so • 140 

1 .'L 00 8, 500 
4.10 1 60 
4.20 
4. 30 
4. 40 

I 4. 50 
4.60 
4.70 
4-. '0 

· ~. 9 

5. 00 
5.10 
5. _Q 

5.30 

9,220 6.20 
9, 5 0 6.30 
9, 940 6. 40 

10, 300 6. 50 
10,660 6.60 
11, 020 I 6.70 
11,3 0 I 6. 0 

11 740 G. !JO 

12, 100 7. 00 
1-, ~60 7. 10 

12, <20 7.20 
13, 1 0 7 .. 0 

Di charge. II h~i~1~t. Discha rge. 

14-, 260 
H , 620 
14,9 0 
15, 34.0 
15, 700 
16 060 
16, 420 
16, 7 0 
17, 140 
17, 500 

19, 300 
19, 660 

Peet. ec. f eet. 

7. 40 20 740 
7.50 
7.60 
7. 70 
7. 0 

7:90 
. 00 

8.10 

8. 20 

21, 100 
21,460 
21, 20 
22,1 0 
22,540 
22,900 
23, 260 
23, 620 
23 9 0 
2<1 340 
2•1, 700 
2.5. 060 
25, 4:.0 
25, 7 0 
26. 14 

26, 500 

20,020 _j 
' 20, 0 

-
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Estimated monthly disol11wge of Green Hirer at Blake, Utah. 

[Drninngo nren, 3 ,200 aquar mil .] 

-------------------. 

Month. 

Discharge in se ond-feet. 

faxi
mrun. 

Mini
tnutn. ~fenu. 

Total in 
n re-f t. 

----- --------- ----- ------
1 95. 

J anuary ........ .. .... 1, 560 1,100 1, 272 7 . 212 
February ....... ..... 1,420 1, 100 1, 194 

' 
'"0 

March ............... ,500 1,420 4 09 251, 976 
April . . .. · ...... . ..... 17, 140 5,9 0 10 012 595, 755 
May ....... .......... 21 460 15,340 I 19 242 1,1 3 143 
June .... .. .... .. .. ... 19, 3oo I 12, 2o 15,760 
July . . .... ..... . ..... 16 420 7, 7 0 12 263 I 754, 023 
August . ... .. .. ... . ... 7, 7 0 2,750 5,203 319,920 

epteruber . ......... . 2, 750 1, 420 I 1, 995 n , 111 I 
October ...... ........ 3, 20 1, 700 - ,537 155 994 
November . . .... ...... 2, 100 610 164 9 063 
December ............ 1,420 670 1,237 76,060 

-----1 

Year .. ..... .... 21, 460 I 610 6, 372 
-----

1 96. 
January . .. .. ........ 1,560 1 100 1 290 79,31 I 
February .. ... .. ... .. 1,560 1, 100 1, 339 67,019 
March . . ...... .. .. ... 7, 420 1,420 3, 455 212,440 
April . . .. ............ 16, 060 4,540 7,64 455,0 7 1 
May . . . . . . . . . . . . . . . . . 24, 34() 11, 020 15 932 1, 009, 620 
June . ..... ........... 1 2,950 16: tl20 23, 539 1,404, 666 
July . .......... ...... 15, 700 9, 220 I 11, 264 692 596 
Au rrust . . .... . ........ 9, 940 3, 100 6, 050 I 372, 000 
September . .. ...... . . 14,260 2, 750 I 5, !64 325, 13o I 
October ........ . . .. .. 5,620 2, 750 3, 705 227,811 
November ............ 3, 820 1,900 2, 756 164,104 
December .. .......... 1,900 1 420 1,619 99,548 _____ , ___ 

----
Per ann.um ..... 28, 9so I 1, 100 7,005 , 5, 109,340 

SAN JUAN RIVER . 

Run-off. 

D lh in cond -fe 
inphes . p r S!)nnr e 

milo . 

0.03 0.03 
o. 03 I 0.03 
0. 13 0.11 
0.29 0.26 
0. - .50 
0.46 0. 41 
0.37 0.32 
0. 16 0.14 
0.05 0.05 
0.0 0. 7 
0.0-l 0.0-t 
0.03 0.03 

2.25 0.17 , __ 
0. 03 1 0.03 
0.04 0. 0~ 
0. 10 0.09 
0.22 0.20 
0.4 I 0.42 
0.69 0.62 
0.35 1 0. 30 
0. 18 0. 16 
0. 16 0.1~ 

0.12 0.10 
0.08 0.07 
O. Otl I 0.04 

2.49 I 0. 1 

This tream drain a very mountainous portion of southern olorado, 
its principal tributaries flowing southerly aero the Colorado line into 
northern New Mexico. It enters the Colorado River above farble 
Canyon, near Navajo Mountain, in southern tab. A more detailed 
descript ion of its course and tnbutaries may be found in Bulletin 140, 
page 195. 
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ARBOLES T A'r lO)I' 0 .' A.1 J A.N JUVER. 

This station i de cribed in Bulletin No. 140, page 195. lt is located 
a t a foot bridge about 1 000 feet below the Denv r and Rio Grande 
l~ailroad d pot at Arbol es, Oolomdo, a nd wa e tabli bed n June 19, 
1 o-. It 'i above the mouth of the Piedra River. The gage consists 

22• 000 rtlrt-t-t-H --t-t-ir-tT H + +-1H-+H+ +-j:++-l-++ W-1-W___j 
20. ooo H-+-+-t-4-++-H-++-J--+... 

F10 . 46 .-Di~ch nrge of Groen R1" r nt Blak . U tah , 1895-96. 

of a v rtical 2 by 6 io •11 plank fa t ned to the ril> pier in the middle 
of the ri v r and graduated to t uth of a foot . Tbi gag being liable 
to be wa bed ut dunng th pnng flood ou Octob t·ll, 1 95, a new 
on was bolted to th ro ky bank on t he right-band ide of the river. 
lt c nsi ts of two inclin cl4 by 4 in h timber ' with a 1 by 4 mch scale 
mark d to vertical tenth of a root> tlte pace betw en mark being 
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0.1 1 of a foot. T he I ft bank i low and Jiabl to ov rftow; the right 
high a11d rocky; th e curr·ent lugo·i h and th bed sandy and biftiog. 
Di ·charge measurement ar made duriuo· high water at the f; ot brid ()'e, 
and at low stage of the wat r n,bout 1,300 feet below t b gao· , wh r 
tbe bed of tb tream i · compo ed of mall tone and i le l iable t 
chaug and the urr nt i wift. Th ob erv r is Mr. 'I . F . Burk , 
e ·tion for man . The rP.cord of dally ga.ge b igbt for 1 !)G, fro m 

April L to ~ovember O, i given iu vVater- upp ly a.nd Irrigation 
Paper No. 11, page 71. 

List of dischargemeasm·e1nentsmade on an Juttn Rive1· at rboles, Colorado. 

r: I -" t r a~o 
Aroa of M ea n o;'""~1 Date. Rydrogrupher. 11Uil1 · heig 1L a ct io11 1('; .• loci ty 

(SCCO II • 
ber . (feel) . (squnro t p~r feet). f t). secoud). 

---- 1-

1 9- . 

1 June 21 
1-~~- .. (~: .\:· ~~~ : :::::: 5f ~.so 4-14 3.50 1,5-6 

2 .Aug. 30 14 6. 20 273 1. 42 3 7 

3 Oct. 11 .... . do .... .. .. .... 1<1 5. 0 251 0. 6 215 
4 Nov. 25 I_ .... clo --- --- ------ 14 5. 90 2 0 0.97 2-2 

1 96. 
5 May 16 F. 'oa well · ·- ---- 14 6.65 330 2.33 
6 June 21 . .... do ··- --- -- --·· 14 5. 90 0. 7 
7 July 'r .... . do 14 6. 0 111 2.H 2 ' - <> ------ ··----

ept. 26 ..... d o · ---· - ------ 14 6. 15 133 2. 42 322 
!) Oct. 24 .... . do ·- ·· ---- ---- 1-l, 6.20 22-1 1. 56 349 

Rati.ng lab/~ fo r an .Juan Rive1· ctt .d rboles , olorado, for 1896. 

Gage 
heigl1t. 

Feet. 

't . 0 

4. 85 
4.90 
4. 95 
5.00 
5.05 
5. 10 
5. 15 
5.20 
5.25 
5. 30 
5. 3:) 

5. 40 
5.45 

l5. 50 

~ 

Dischnrg~. 

ec. f eet. 

11 

21 

31 
41 
52 
62 
73 
3 

94 
10.1 
u-
125 
136 
146 
157 

Gage 
beig"ht. 

Feet. · 

5.60 
5.65 
5. 70 
~.75 

:.. 0 
5. 5 

5.' 90 
5.95 
6. 00 
6. 05 

6.10 
G. 15 
6.20 
6.25 

6.30 

167_11 

Discharge. 

-'1 
ec.jeet. 1 

177 

1 7 

198 
20!) 
220 
232 
244 

257 
270 

2 7 

304 
325 
346 
375 
404 

ag-e 
height. 

F eet. 

6.S5 
6. 40 
6.45 
6.50 
6.55 
6.60 
6.65 
6. 70 

6.75 
6. (J 

G. 5 

6.90 
6.95 
7.00 
7. 05 

Discharge. 

ec. j eet. 

44<1 

4 4 

53-1 
5 4 
636 
6 9 

744 
799 
56 

914 
973 

1, 032 
1, ()!)5 
1, 15 
1, 22 

Gage 
hei ' l.1t. 

Fett. 

7. 10 

7. 15 
7.20 
7. 25 
7.30 
7. 35 
7.4.0 
7.45 
7. 50 
7.55 
7.GO 
7.65 

7.70 
7. 75 
7. 0 

DiR~ IJarge. 

Sec.jut. 

1, 29 
1. 37~ 

1, 4--16 
1, 531 
1, 616 

1, 707 
1, 79 
1, 905 
2, 012 
2, 13 1 
2.250 
2, 371 
2, 492 

2, 615 
2, 73 

j 
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Esti.nwleclmonthly discharge of an Juan Ri!'CI' at .&1·bolts, Colo1·ado. 

------o[Drniunge area, 1,39~ sqnnre miles.] 

I Dis harge in second-feet . 

~routlt. 

I ~axi -
l mum. 

1896. 
Apr il 12 to 30 ..... .... 2,250 
'.\ Iny . ·- ---- ···-·· ---- 2,5H:J 
Jun . ·----· -----· -- · · 1, 29 
.July - ---· ·- --- - ------ <l-cl4· 

Augn. t .... .. ........ . 5 4 
~ eptemb I' • .••• · ...... 1,032 
Octo I er ............ . . 4 .j, 

l No,·ember .... ........ , 244 

cc 
3, 

. ft. 
000 

J '2~ ~EB0 M~R-';,1 ~.~"21rL "!.".':. 

2, 

2. 000 

:.on 

I, uoo 

500 
v~ I~L ·c o.f? .. p 

0 

~.no 

2, 000 I 

I. ~M 

'· 000 

500 

0 
1~0 1YE F-·7rilo 

)[ini-
mum. 

I 
19 
136 
177 
209 
157 

JY~~ 

~Jean. 

1, 123 
1,635 

H-l. 

256 
1 9 
30!l 
250 
210 

1~~6 

I 

Total in 
acre-feet. 

42,313 
100,532 
26,420 
15, 7-l l 
11, 62 1 
1 '3 7 
15, 372 
12, 496 

~u-~ ~~i6 

/ iB ~.) 

• 
18~ p~ 

.Jill.. I L 

Hun-ofr. 

1

---

Depth iu ,' cond-fe t . 
inches. per S!'Jllll r 

mil . I 

0. 57 0. l 

1. 35 1. 17 
0.36 0. :'l2 
0. 21 0. 1 
0. 16 0. 1-L 
0.2-t 
0.21 0. 1 
0.17 0. 15 I 

~o"·o N_o_v
0 OE_'i,· 

... 

J ill' p.'i' 
F IG. 47.-Discharge of an Juan River at Arboles, Colorado, 1895-96. 

ARJlOLE f''l'.ATIO 0 PIEDl't.A RLVER. 

Thi tation i. d crib ll in Bulletin o.140, pa.ge 197. It i locate<l at 
t h railroad hridg a ro ' the Pi Ira , Ri,·er about, one-balf mi le from 
tb I cnver a ud Hio Graudc ll:oti lroa.d d pot at rbole ,, Colorado, and 
wa . e tabli h d 11 .J un 10 1 95. Tl.te Pie<lra empties i11to tbe Sau 
J wm <t bort dista11 c below t hi poi nt . Th gag con i t of a v rtical 
2 lJy {i inch plank fa teu <l to a ·rib ju t below t !J e bridge uear t he 
left-l1nud ·id e or tll riv r, a11<l i oTaduat d to t entb of a foot. Thi 
gage lJ mo· Jiable to be wa lted out duriug bigh W~Lter iu the spriug, a 
n e'~' gage bas IJ en b lt d to tiJe stou abutment of t h railroad bridge 
on tl.I rigl.tt-ha.ud id f t he t ream. It cousi ts of a' erti nl4 by 4 
iu cb t imu r , with a 2 b () iuch seal , oTadun,ted to t enth of a foot. 
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Tbe 10-foot mark on the gao·e i 4. cut in the top of 
tbe abutmen in th southea t corner of brid ·e 402 'rb bank ar 
both high, t be current i swift, the bed i , compo ed of ma ll tou , and 
th eros ection do s not change mat rially. Dis harg mea ur m nt 
are made from the upr er ide of the r ai lroad bridg . The ob erv r i 
Mr. T. F. Burke. The re ord of daily gage h icrht for 1 96 from pril 
12 to :November 30, i given 'in Water· up1ly a.nd Irrigation PA,per 
No. 11 , page 71. 

Li t of disclta1·ge measm·ement made on Piedt·ns Ri-ver at At·bolBB, olorarlo. 

I 
Meter Aret\ of l l\[ nn Dlarharf I n~e 8 OtiOII velocity 

1\o. Dat. Hydrojtl'nph r. llUUl· h ig It ( COil< · 

I b r. (feet). I (sjlunr (f et pe•· fo t). t). 8 comcl). 

-I ----

I 
1 g-. 

og well .. ..... J 1 June 21 F. 5- 3. 0 17 3.40 60 

2 Aug. 30 .... . do ...... ······1 14 3. 20 121 1. 9-1 235 

3 Oct. .. .. . do ............ 1·~ 2.90 95 1. 47 140 
4 Xov. -- -- .do ---- ____ ---· 14 -· 0 7 1. 31 115 

1 96. 
5 F. ogswoll ... - ... I 11 3.00 1 :? 2.!.19 54-l 

6 June 20 ----.do _______ _ .. __ I 14 2.90 90 1. 21 109 
7 July 24 ..... do------ ____ .. 14 3. 05 107 1. 77 1 9 

ept. 27 .. __ . do---- ____ ---- ~ 14 3. 70 161 2.51 405 

L Oct. 25 . .. .. do ___ _ ------ __ 14 3.00 104 1. 72 179 
J 

Rctting table jo1· Piedras R·iver at A.1·boles, olorado, jo1· 1 96. 

Galte Discharge. i Galte Discharge. Ga~e Discharge. Gag I I heig t. heig t. heig t . heig1>t._ Di r.harge. 

;--- --- ---
F eet. ec. feet. Feet. Sec.feet. Feet. ec.jeet. Fe t. ec. f eet. 

2.40 23 3. 10 205 3. 0 468 4. 50 1,236 
2.45 33 3.15 220 3. - 501 4.55 1,315 
2.50 43 3.20 235 3.90 53•1 4.60 1,394 
2.55 54 3.25 250 3.95 580 4.65 1,4 0 
2.60 66 3.30 266 4.00 626 4.70 1,566 
2. 65 79 3.35 2 2 4.05 677 4.75 1,660 
2.70 92 3.40 29\1 4.10 72 4. 0 1 75-i 
2. 7:' 105 3.45 317 4.15 784 4. 5 1, -5 

2.80 119 3.50 335 4.20 840 4.90 1,956 
2. 5 133 3 . 5~ 354 4.25 901 4.95 2,066 
2. 90 147 3.60 373 4.30 962 5.00 2,176 
2.95 161 3. 65 394 4. 35 1,02 

J 3.00 176 3.70 416 4..40 1,094 
3.05 190 3.75 4-12 4. ·15 1, 165 
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Estima.ted. mo11thly discharge of Piedms River at Arboles, Colomdo. 

[ Drainag area, 650 square mil s .] 

Discharge in second.feet. 

:\font b. I Total in 
Maxi · ~lini . acre--feet. 
mum. mum. Mean. 

------ ---
1 96. 

April 12 t o 30 ... ...... 1, 660 I 35! 04 30,305 
]'.fay ... .. . .. ..••.. ... 2.066 416 1, 04 I 64 , 43 
Jttne ......... .... .... 677 79 229 13,627 
Jul y . ...... .......... 190 66 111 6, •r - 0 

Angn t .. ... . ........ 266 23 59 1 3.628 
eptemb r . .......... 3 000 66 3!7 20,64 

235 119 175 10, 760 1 

.._ ovember ............ 176 92 121 I 7,200 

Sec.-ft. 
1,000 

; :!_A_"!_· f_E
2
B_. M1AR_~H I APRI_L MA' ~~~~ 1~i6 t'ou2t:;; SEPt 

600 

0 

3, 000 

2,600 

2, 000 

1,600 

1, 000 

600 

0 

yo 19~ 
IV( -~ -lot.. Ia 

/~ 9~ 

"~ ,~,.~". ! ..... • 

R••g 
D ptb in Se<:?nd-feet 
inches. pet sa unrel 

I mt e. 

0. 7 1 
I 

1. 2~ 

] . 7 1. 52 
0.39 o.s-
0. 20 0. 17 

o.1o I 0.09 
0. 59 0.53 

o. 30 I 0. 27 
0.21 0.19 

OCTO !<OV. OE_C . 

! .. 1 11~ 

.... 

FIG. 48.-Disohargo of Piedras Riv r at .A.rbole , Colorado, I 95-96. 

D RA GO TA'I'IO 0' A IMA RIVER. 

Thi tation i i crib d in Bulletin .r o. 140 page 19 . It i located 
about 200 yard we t of the railroad tation at Durango, Colorado, at 
th wa.gon bridge ·ros ing nimas H.tver, 200£ et above tbe Rio Grande 

outheru Railroad bridge, in the Durango quadrangle. Tbe ob erver i 
eorge Rob rtson a miller at Durango. The gao-e i piked to the we t 

ide of the soutll end of the middle pier of the wao-on bridge. The 
15-foot mark on th o·agei . 2.24 feet below the bead of a bolt at the. east 
abutmentoftberailroad bridge. Tb bank arehio-h and rocky and the 
ection i excellent for obtaining accurate mea urement of discha.rge. 

Lightner Creek enters Animas River from the r ight about 100 feet 
b low the wagon bridge aud between it and thA railroad bridge. 
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There has been no material change in the cro section of the tr am 
since August 12, 1895 at which t ime a dam wa ' form <.l ju ·t below t h 
gage from tbe sand and gra el brought down b t u flood resultin •· 
from a cloudburst up Lightner Creek. This dam r du · d the lo ity 
ill the we t half of tbe rive.r and cau eel t h water to back up ou tb 
gage about 0.30 of a foot. The record of iaily gage l1 i.ght for 1 96, 
from April12 to December 30 is given in Water-Supply and Irrigation 
Paper o. 11, pag·e 72. 

List of dischm·ge measzu·entents made 1111 Awima. Rirer at Dm·(mgo, o/01·a.llo. 

I 
I 

.No. j 

2 
3 
4 

i 
Date. Hydrographer. 

1 95. I· I 

M ter 
num
b r . 

June 1 I F . ogsw 11. ...... 
1 

55 
Ang. 29 ..... do ...... ...... , H 
Oct. 10 .... . clo .... ...... -- I 1 <~ 
NoY. A 

1 
..... do............ 14 

1 96. I 
5 May 15 F. ogswelL ... .. ·j 14 
6 1 June 19 .. ... clo ....... .. ... 14 

, 7 July 23 .. . .. do ............ 
1 

14 
Sep t. 25 ..... do .. .. .. ...... 14 

9 Oct. 23 ..... do .. .... .... .. 14 

ag 
height 
(feet). 

6. 50 
5. 0 
5. 40 
5. 20 

6. 3-
5. 
5.50 
7. 40 
5.50 

"'' r n of 8ectton 
(SC(Utu'O 

f t). 

35 
415 
326 
2fl2 

520 
407 
Ji)-

75fi 
333 

M an Diochnrge 
,. loci ty (8 oud . 
(I t per r 
8 ond). '' l) . 

3 55 
l. 30 
1.00 
0. 9 

2. OJ 
1. 44 
2. 32 
3.39 
1.2.1-

1, 93 
543 
3~ 
260 

1,0 3 
-go 

iJ 
Rating table for Anintas Ri-ver lit Durango, olomdo, for 1896. 

h~i~iet. r::: b~i~1~t. Discharge. ,, h~i~ie~ Discharge. age Discbar e. heigbt. 

Feet. S.c. feet. 
4.20 1 
4. 25 I 27 
4.30 36 
4. 35 45 
4. 40 54 
4.45 64 
4.50 74 
4. 55 4 
4. 60 94 
4. 65 105 
4. 70 116 
4. 75 127 
4. 80 138 
4. 85 150 
4.90 162 
4.95 175 
5. 00 1 8 
5. 05 203 
5. 10 218 
5.15 235 

Feet. 
5. 20 
5.25 
5.30 
5.35 
5.40 
5.45 
5. 50 
5. 55 
5.60 
5. 65 
5. 70 
5. 75 
5 80 
5. 85 
!i.90 
5.95 
6.00 
6.05 
6.10 

, 'ec.feet. Put. 
252 6. 15 
272 6.20 
292 I 6.25 
3L3 6. 30 
334 6.35 
359 6.40 
38·~ 6. 45 
413 6. 50 
442 6.-5 
475 6.60 
508 6.65 
546 I 6. 70 
5 1 6. 75 
623 6.80 
662 6. 5 
701 6. 90 
740 6.95 
783 7. 00 

26 7. 05 

ec. feet. Feet . 
69 7.10 

912 7. 15 
956 7.20 

1,000 7.25 
1 047 7. 30 
1,094 
1, 146 

7. 35 
7 .40 

1, 19 I 7. 45 
1, 251 
1,30<1 
1,360 
1,416 
1, <!7 

7.50 
7.55 
7.60 
7.65 
7.70 

J, 540 7. 75 
1, 610 I 7. 80 
1,680 
1, 750 
1,820 
1,902 

7. 5 
7.90 
7. 95 
8. 00 

2, 1 0 
2, 2 0 
2,3 0 
2, 4 ~~ 

2, 58 
2, 700 
2, 12 
2,92:-
3,03 
3, 156 
3,-7<1 
3,397 
3,520 
3,648 
3, 776 
3, 909 
4,042 

•-----~----~~---------_L----~----~~--~-------1 
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E stiniated monthly disclt m·ge nj Animas Ril·m· at Dm·a?lf]O, Colot·ado. 

[Drai nage area , 812 square miles.) 

Dischar!!e in . econd- feet. I nn-olr. 

Mon th . Total in 
I I 

:Mnxi- ...\lm i- acr -fe t. D pth in rond-fe t 

mum . nlltlll. 
)lean. 

inclte. per sanare 
WI 6. 

----- ------ ---
1 95. 

Jnn o 20 to 30 ... .. .... 6 57~ 6-lti 14,091 0. 56 0. 0 
.July ................ . 574 3 23, ~')7 0. 55 0. ·1 
Angn t .... ..... L .... 990 I 310 31,359 0. 72 0.63 

op tom bor ........... 5t2 363 21,600 O.iil) 0. ·15 
I 

ttobor .. .......... . . 37!1 239 307 1 70 0.~4 0.3 
TO \" rubor ..... . . ..... 296 n~ 246 ~~- 63" 0.33 0.30 

1 ocooo ber ........... . 316 20, 23.1 13.433 0.:36 0.31 
I 96. 

April 12 to 30 .... .. ... 3.776 69 1, 63 t 6].;)79 l. -t2 2.00 

May ··-· ·- ------- .... 4-, 0~.2 9:J6 2.326 113,021 3. 32 2. 
I 

.Jnu ---- ------ --- ---- 1. !!02 33-1 75 .12, 066 1. 19 1. 07 

J n]~- ·--- -----· ------. 50 X 272 3-19 :!1,459 0.-19 0.43 
.\ngn~t-- ....... ... ... :!H2 199 12, 2as 0.2 0. 24 I 
f' pt n.he r --- · ·····- . 7. 00 2t 1, 00 1 :i!l. 742 1. 3 1. 2-l 

I toht•1· ... ........... 26 :3:{1 175 29,-06 0 . . );) 0. 

. 0\' Clll lJ !' ............ 33 l :!03 271 16,304 0.3 0.3l 

I 1 'Ct ' lll bcr .. . .. . ...... 2:>2 1 ' ''16 1:3.2 0 u. :H 0.27 
__j 

~t , fl. 1~A_N_ .r_C}Ic 1"'-~~c;,H ~:;R_I_L ~'-2";, ~~~~ ~ -L6 AU<;; SEPT. ~c·0 AOV0 DE~. 
0, 500 ~~~~~f2~~~~~~~~~~~~~~~-T~rl-~r4-T~~~~ I I 
6,000~-+-+~~~-+-1 ~~+-~-+-~~~~~~+-~~-~H-+4~~4-~-+~ 

5,~ 1~-+~-~~+-~~:~-+~~~+-~~-+~~-~~~-+~H-+-~-+~4-+-~ 

5,000 
, __ - :-r- 1-r-i- -r--

4, 500 1-1- -
4, 000 

3,500 

3,000 

2, 500 

2, 000 

1,500 

), 000 ,vc f'i';j ~c\Rb 
~ 500 

l!' lO . 4U.-Dischargo ol' L\nimn Rh, eo· nt Dnraugo, oloraclo, 1 95-96. 
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GILA RIVER. 

This stream enters the Colorado River just abov the town of uma, 
being· the lowe t and last tributary of that riv r. [t ha b u d ribed 
in tb~e Twelfth Annual Report of the uited tate G ological urvey, 
Part II, Irrigation, page 292 to 316. The d maud for in:fj rmation, 
both on the Gila River proper and it prin ·ipal tributary, Sal iv r, is 
very great, on account of the competition for the water to u in un
gation in the re pective valley but winO' to th great xp n e f w 
mea urements have be n mad pr viou to 1, 9G oth r thau tho e ~d v .n 
in Bulletin 140, page 206 and ~07 and ·iu the Twelfth unn.al port 
above mentioned. 

B TTE ST.A'J'IO 0 GILA RIVER. 

In the fall of 1 g- measurement of ila Hiver w r b g-un by the 
establishment of a tation at tb butte 16 mil abo Flor nee, 
Arizona, at the same point that ob ervations were carri d on during 
the years 1 . 9 and 1!;90 by the Irrigation Smvey. A temporary gag 
was first driveu into the river bed, from whi hob ervation w reb O'Un. 
The tream was mea~ured, from a car u p nd d from a a.bl tr tcb d 
aero the riv r, about a quart r of a mile up the 'vindings of the trearn 
above the point where tbe river pa s through the narrow gorg 
bet\veen the butte . On February 20, 1 96, in ol'der to make it more 
a.cces ible to the re idence of the ob erver the cable wa r mov d to 
the point where the ri ver emerge from the lower end of th gorge, and 
a permanent gage wa bolted to the solid rock on the right bank of the 
river. Mea urement were continued throughout the year by Mr. W. J. 
Bra b, daily reading of the gage b ing taken aud curren t meter 
mea urements made from one to three times a week. The data obtain d 
from this station are therefore of a high degree of accuracy for the 
period succeeding December 10, 1 95, at which date ob ervation began. 
Previous to that date, from the 1 t of Augu t, 1 95, gage l1eight and 
sounding were observed by Mr. W. Richins, and occa ional e timate · 
of velocity were made, and with this data and the mec ·Suremeot made 
subsequent to the middle of December the daily di charge for the 
mouth of August, September, October, "ovember, and the early part 
of December have been made. But the ere ult can be regarded only 
in the light of rough approximations and do JJot compare in value with 
those following December 10. Tbe record of daily gage heights for 
189G i given in Water-Supply and Irrigation Paper o. 11, page 72. 
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List of discha1·ge meas~trements made on Gila River at B~tttes, A1·i: ona. 

r 
Unt . Hydrographer. I Meter I G~g( 

number heJgut 
· (f et). 

---------
1895. 

Jan. 

Jan. 

Jan. 

Jan. 

F·b. 

F h. 

Feb. 

F eb. 1 

Feb. 

Feb. 

F b. 2 
Iar. 

Mar. 

..... do . . ........... . 

. Babb . • .. . .. ... 

A. P. Da,·i ... . ..... . 

C. . Babb ..... ..... , 

H. ;.. Hoi ler ....... . 

J. F. Appleby ...... . 

W. J. Brash ..... ... . 

. .... do ............ . 

. ... . do ............. . 

.... . do ... . ... .. . .. . . 

4 ... . . do ... ........ .. . 

. .... uo ........... .. . 
:l!nr. 1 ..... d ............. . 

~l:lr . 13 ..... do ............. . 

~l ar . li ..... do .... .. ...•... . 

~lnr. 21 ..... do ....... ...... . 

:li a r . :.o ..... do ............. . 

~lar . 2 .... . llo ............. . 

Mar. 31 ..... tlo ...•.. ... ..... 

Apr. 3 .. . . . do ............. . 

Ap1·. i .... . do .......... . .. . 1 

Apr. . .... <lo .........•.... 

Apr. H ..... tlo ......... . . .. . 

Apr. 17 ..... do . . ........... . 

Apr. 21 .... . do ... . ......•... 

Al11". 25 ~ - --- . du ....... .. .... . 

Apr. 2 ..... do .... ......... . 

i\lf1y 2 .... . do ........... .. . 

~ l n.y 5 .. . .. do ..... . ....... . 

May ..... do ............. . 

Mny L ..... do ....•......... 

May Hi ..... do ... .. ....... . . 

l
l\lay 19 ..... <lo .. ...•.. . ... . . 

;\ l ay 22 ..... do .. ........... . 

l\l n.y 27 1 
... .. 1lo ... .. ...... .. . 

• )1111 0 I , ..... do ............ . . 

6 .... . do ....... ... . .. . . Jnu c 

-~--1 

61 
61 

61 
61 

1 

61 
61 

61 

61 
61 

61 
61 
61 
61 
61 
61 
Gl 

10 

61 

61 

61 
61 
61 

61 
61 
Gl 
61 
61 

61 
61 
61 

61 
61 
61 
Gl 
61 
61 
til 

61 
61 

2.35 
2.23 

2. 03 
1. 79 

1.7 

1. 78 

1. 73 
). 70 

1. 73 
]. 74 

]. 75 

1.72 

1. 72 

1. 80 
1. 79 

]. 0 
1. 

1.91 

l. 1 

1.71 

]. 70 

1.67 
1. 62 

1. 60 
1. 53 

1. 51 
1.4 
1. ·1-i 

1. .Jo 
1. -

1. 30 

]. 2;) 

1. ~1 

1. 16 

1.11 

] . 06 

Aren.o f Menu Discharg 
ectiou 1 velocity ( co11<£· 

(square (feet p r feet). 
feet). econd ). 

130 
122 

94 
9-! 

11 

110 I 
106 

106 I 
111 

I. ....... . 
·-· ··· ·· I 
:::::::::1 
I 10 

I 
1 ··---~6- · 

115 

96 
76 

I 
--- --· ·· · 

105 

93 
7 

69 
61 
54 
tl9 

4-

3 

37 
29 
27 
22 

19 

a 
13 

3.70 
3.55 

3. 30 
_, 21 

2. 3 

2. 92 
2.69 
2.23 
2. 37 

2. -16 
2.29 
2. 09 
2.2 

2.00 

2.26 

2.00 

1. '2 

2. 13 
:..13 

1. 7 

1. 70 
1. 6 

1. 73 

1. 41 

1. 51 
1. 43 

1. 40 

1. 30 

1.36 
1. 31 
1. 14 

1. 01 

0. ' 7 

0.70 

- 5 

519 

436 
270 

214-

25 
184 
1 7 

137 
149 
137 

22-
225 

174 

133 
129 
100 

76 
7-! 

64 
53 
48 
40 
36 

25 I 
19 
12 

l .!..._--.---....1..---LlJ 
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List o.f cli.sohm·ge mea !11'6 111 6111 made 011 Oila Niver at Bnttt•s, .el rizoua-Conti nu d . 

I= I ~Ieier I (;Oj!' 
rt•o of ~ l , · nn 

Di6CitHI'f(' s c.tiun " loci ty llydrogrnph r. I n umb r. heigh t. (•qunre (f Ot pr<r (iH'l'OIH · 
(fl10t ). f . t). so<·ond) . 1 ft'Ct). 

1- -, 95 . 
I W.J.Brash . . . .. ... . j 61 .Juno 1 !) 0. I 2 0. 61 1 

. )nue 27 ..... do . . ..... . ...... 61 I. 3:! 26 l. 3.- s;:; 
Ju ly 3 ~ -- -- .clo ·-- -- - .... ---- 61 . 91 3 l. 01 3 
.Ju ly .. . .. do ·----· ---- --- - 61 1. 36 30 1. 39 ·1:! 
.July 13 ..... do --------- ----- 61 J. 24 21 1.20 !lr 

July 16 ... .. do ------- --- --·- 61 ·l. 25 444 5.60 2, j~ ;') 

.July 20 .... . do · ----· ----- - .. 61 ;tOO 2 1 3. 2 ] ~0 

.July :.1 
I :::::~~: ·----- -------- 1 5 . . 0 664 7. 11 I, 720 

July 29 ··---- ------ . . 61 2. J;) 170 :3. 36 57:! 

Aug. 5 
1 
..... do ·-- --- -----· -- 61 3.20 21 6.07 1, .J;):~ 

.All''. ..... do -------------- 61 3.:.5 1 6 H.2 1 596 
An". 11 .. ... do ---- -- . ... .. -- 61 1. 0 135 :..(l;) 

Aug. 15 ---- . do '· ----------· . . 6.1 1. 70 101 2. 6-> 269 
Aug. 1 .... . do ·---- · ------ .. 61 1. 3 lll :!.43 26 
Aug-. 21 ..... do 61 2.0 1:0 :2 .•. ) I 3 3 ·-- --- --------
-~ng . 25 ..... do -- ···--- ------ 61 2.H 210 3. 7 7!!3 
An g. 29 .... . tlo -- --- --- .. . ... 1 2.05 11 3 3.25 ~63 

An.-r. 30 .... . do -- ----- - ------ 61 3. 70 39 . 24 :!,114 
'ept. 1 .. .. . do .. -- ---· -----· 61 2. -o 157 l. 70 735 

- .... . do 61 2. -10 171 3. :) G5 .. ··--········ 
..... do ··· - - --· -----· 61 2. 70 1 5 1.23 7 :3 

10 __ __ .do .. -- ---· ------ 61 -1.10 -1-12 6.53 :2 
' 1-l ..... do . . · -- -···--·-· 1 2.95 21 7 -1. 1. 060 

pt. 1 .... . do ·· ········-·· · Gl 2.23 1~ 5 3. 77 5~-7 

ept. 22 .. . .. do .. · · ·-- · ...... 61 2. 0 21 -1. I I, 03~ 
pt. 'r .. -- .d 61 2.40 156 ·1. Ofl 637 -0 .. · ·---· ·-- ---

Sept. 30 __ _ . . do . . ---- -- ---- -- 61 2.05 131 3. -102 
Oct. 2 ..... do ··------ ---- -- 61 6.37 12 21-

Oct. ·1 ..... do -- ---- --- - . . .. 61 5. 20 534- I -1, 1 0 
Oct. 7 .... . do ---· ···-- · ---- 61 3. 75 3.-7 5. !J.j 2, 1:.1 
Oct. !J ____ .do --- - ------- --- 61 3.90 35H 6.36 2, 277 
Ort. 13 . ... . do ·---- -···--· .. 61 •1. 90 I 505 7. 47 3, 772 
Oct. 14 ..... tlo · ----- ---- -·- · 61 . 60 1, 2G!J 7.5:) I !:1,5 9 
Oct. 15 I ..... do 61 7.~0 

I 
1,116 . 91 !) !J-11 .. -----· ·-·-·· \ 

Od. 21 .... . do .. --- --· ---- -- 61 3. 5:3 30 1,693 
Oct. 23 .... . do - · -----· ·----- 61 6. 60 

1 -----~~--
. 60 7,231 

Oct. 2-~ ..... do ---- ---- __ __ __ I 61 G. •15 7. 51 4, 3•1 
Oct. 'r ..... do 61 5.55 G60 7.73 5, 100 _, --------.-·---- , 

LOot 29 .... . do ------ -- ...... , 61 ~-00 556 7.] 3, fJ96 
Oct. 31 .... . do :: ::::::::::::, 61 •k 10 427 G. 4- 2, 753 
No,-. .. ... do 61 3.30 270 5 . . 1!) 1,483 
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List of discllm·ge measurmn nts macle on Gila Rirer at B1tttes, ..!l·rizo11a-Continu d . 

Gn~re 
.A.rcn of Mean Dischm;r.e 

Date. Bydrograph r. ::Ueter height sec1 ion " elocity (s con . number. 
(f' c t). 

(square (feet per feeL) . feet). second ). 

- -- ---
1 g- . I 

Nov. 7 W. J . Brasb .... ..... 61 2. 95 229 5.23 

I 
1, 197 

N0\7 • 11 ____ .do .. ·----- ·- - --- 61 2. 70 202 4. 0 971 
Nov. 14 j' .... do .. ·--- -- ·----· 61 2. 60 1 4 4.54 37 
Tov·. 1 ____ .do -- ..... , -----· 61 2.50 170 4.13 701 

' ov. 23 ... _ .clo ---- ---------- 61 2.40 154 4.05 623 
:rov. 27 ---- .do -- --- ---- -- --· 61 2.53 174 4.:~0 747 

Dec. 1 ... .. do --- ----- --- -- - 61 2.40 144 4. 34 G25 

Dec. 5 ____ .do --- -.... . . ---- 61 2.31 155 3. 6 599 

Dec. ____ .do --- ·-- ----- --- 61 2. 30 1:'12 3.90 513 

Dec. 11 .. ... do ----·· -- - - ---- 61 2.2 131 3. 2 499 

Dec. 17 . .... do --- -- --------- 61 2.30 133 3.6 490 

Dec. 22 ___ _ .do --- --- ------ -- 61 2. 24 125 3.73 466 

Dec. 2 ---- .do --------- -- --- 61 2.23 127 3.5 455 

Rating tablejo1· Gi.la Rher at Buttes, .A1·izo11a . 
[Thio tnbl" is npplicnble on ly to Deoomb r 31, 1896. ] 

h~i~t. Discharge. Gn1e 
heig tt. Dis harg. j Gn~e I h ig t. 

Discharge. Gaffe 
heig ot. Discharge. 

Fut. to. j ut. Fut. eo. f eet . Feet. eo. f eet. Fut. Sec. f tet . 

0. 90 1 2.90 1, 150 5.10 4,355 7.30 8,205 

0.95 2 3. 00 1,27\J 5. 20 4,530 7.40 '380 
1.00 3 3. 10 1, 400 5.30 4, 705 7.50 8,555 

1. 05 5 3. _Q 1, 530 5.40 4, 0 7.60 '730 

1.10 10 3.30 1 650 5.50 5, 05-'l 7.70 , 905 

1. 20 20 3.40 1,760 5.60 5,230 7. 0 9,0 0 

1.30 30 3.50 1, 70 5.70 5,405 7. 90 9, 255 

1. 40 40 3. 60 2 000 5. 0 5, 580 .00 9,430 

1. 50 75 3.70 2,12- 5.90 5,755 8.10 9,605 

1.60 120 3. 0 2.275 6.00 5, 930 8.20 9,780 

1.70 175 3.90 2,425 6.10 6 105 8.30 9,955 

1. 0 250 4.00 2,500 6. 20 6, 280 .40 10 130 

1. 90 340 4.10 2, 700 6.30 6, 455 10,305 

2.00 420 4. 20 2, ~o 6.40 6,630 10, 480 

2.10 490 4.30 3 000 6.50 6, 05 8. 70 10,65-

2.20 -60 4.40 3, 150 6.60 6, 9 0 8.80 10, 30 

2.30 640 4. 50 3,300 6. 70 7,155 8.90 11,005 

2. 40 710 4.60 3,500 6. 80 7, 330 9.00 11 1 0 

2.50 00 4.70 3, 650 6.90 7, 505 9.10 11,355 

2. 60 0 4. 0 3, 
,. 7.00 7,6 0 9.20 11,530 

2.70 950 4.90 4, 000 7.10 7,855 9.30 11,705 

2. 0 1,030 5.00 4,180 7.20 8,030 9.40 11,880 

18 GEOL, PT 4--19 
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' 

Estimated monthly di.sohm·g6 of Gila Riv~r at B"tlu, Al'izona. 

[Drninnge nren , 13,750 squar miles.] 

Mon th . 

1 9. 
ep tember .... ... .... 

October .. .... ... ..... 210 llO 
' oveml>er .... ..... ... 250 156 

Decem be~ ·;~.-- ....... 

1 

90 124 

January ... ..... .. . . 2, 100 310 
February · --- -- -----· 1,51-1 .J.05 
March --- ---- --- ----- 710 300 
April ------ ·-- --- ---· 333 15 

May···· · · · ··· ·· ·· · ·· [ 150 35 

June ............. .. .. 35 27 
.Jn1y . . . .... .. . ... . ... 3, 11 2 1t 

August . .. ... ... ..... . , 6,330 1,115 

Total for year ..... ..... 

195. i= ---
August....... .. ... . .. 3, 910 536 
September . -- -- --- -- I) 0 300 -, 
October . .... . . ... . . . . 12,000 400 
November . .. . .... .... 7, 500 300 

Decewber .. ... . ··· ·· · I~~ 

Jannar/.~~~-- ... .. ... 560 I 250 
February ------ --- --- 340 175 
March .... .. . .... . .. .. 356 153 
April. . ........ ... .... 3-lO 68 
May --- · ----- ------ -- 68 12 
June ... .. ...... . . ... . 32 1 
July ... .. . .......... . 11, 70 1 
August ...... ..... .... 

1 3,150 175 
September . ... ....... 2,850 4.55 
October . ... . . ...... .. 11, 7&3 1, 030 
November . .. ......... 2,275 696 
Deccwl>er ..... ..... . . 710 576 

------
Per annum .. .. . 

1 

11, 793 1 

157 
I 212 

275 1 

6 0 
57 

I 

130 
3, 137 

~I 
812 1 

1 --7 , 'V I 

1, 103 1 
751 

=· 

396 
209 
242 
1 0 
32 
5 

1,4-U 
810 
980 

4,145 

1,037 
629 

---
842 

Totnl in 
n ·re-fe t. 

7 616 
9,655 

12,614 
16, 909 

41, 12 
3~,100 

23,795 
14-, 161 
5,350 
1,666 
7, 995 

192, 

366,561 

97,336 
48, 317 
96,966 
65, 633 
46, 177 

24,349 

61, 706 
38,670 

(i16, 206 

Rnn-otr. 

0.010 0.009 
0.013 O.Otl 
O.OL7 0.015 
0.023 0. 020 

o.o-s O.O.J.9 
0 O.J.3 
0.032 
0. 019 0. 017 
0.007 0.006 
0.002 0.002 
0. 010 0. 009 
0.263 0. 22 

-··· ---- ------ ---
--- ----

0.133 0.115 
0.065 0.059 
0.133 0. 115 
0.0 9 0.0 0 
0.056 0.055 

-

0.032 0.028 
0. 016 O.OL5 
0.021 0.01 
0.014 0.013 
0. 002 0.002 
0.0003 0. 0003 
0. 121 0.105 
0.068 0. 059 
O.Oi 9 0. 071 
0.3!7 0.301 
0.0 3 0.075 
0. 053 O.OJ6 

0. 839 
I 

0.062 
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1 ~ 

JA~ -· ;~ IMAR~HI A ~R_I_L ~"6 JUN5 1~~! .~u.c;,. •• "i; OC1
0 ~oo_:.. OE_t_: 

12,000 

11,000 

10,000 
JfJ. ~j 

9,000 

8,000 

7,000 

6,000 

5,000 

4,000 

3,000 

2,000 

1,000 -~ .. Jll.t;liiiiiiil 
0 

1~~-:o il'i£ :;or;~ .c 

12,000 

11,000 
1:'1~~6 

10,000 

9,000 

8.000 

7,000 

6,000 ' 

5,000 

4,000 

3,000 

2,000 II 
1,000 ~ ~· lw.... ~ - Ltta...Jiao! ..... 

0 

Flo. 50.-Dlaobarge of Gila River at Buttes, Arizona, 1895-96. 

B 1'TES RESERVOIR ON GILA RIVER. 

Are ervoir it wa urveyed and gregated by Mr. Arthur P. 
Davi in January, 1 96 in connection with an irrigation inve tigation 
forth ben fit of h Indian n tb Gila River Re ervatwn. Tllesite 

1 ted for tiJe dam i at th point where tb Gila River nters the 
narrow gorge between t' o butte , about 14 mile east of Florence, 
Arizona. At tbi point th river i flowing nearly north. The west 
abutment of th dam i n arly v rtical for 150 feet. The bottom width 
of tile canyon IS about 3GO feet. The eastern abutment rises abruptly 
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for about 100 feet and then slOJ es gently away from th tr am until a 
height of about 150 feet abov t h ri er b d i~ r a •h d wh n a li gltt 
d pres ion o urs. The contemplated h ight of dam i 170 fi et abov 
tb riY r bed, "·hich , allowing 10 fi ct for l pth of , pillway 1 a e a 
maximum flow Jiu e for the re rvoir 160 f t abov th ri v r b d. 
Soundiug with rod at tbi point indi <Lt a maximum d pth to b d 
rock of about Gi.:i ~ et; o that th dam coutempl. t d would be ab ut 
235 feet iu maximum hbight. Tbe urv y of th r rvoir, b w v r, 
wa contiuued 40 fe t above th ontemplnted flo~v jin . more om-
1 Jete de rription of tbi projc t may be fouud in nat Do umeot 
"o. 27, Fifty-fourth Conrrre s, oud s ' ion , pag ~5 . 

.dna and capacity of Buttes Reservoir Bi t . 

---
El ,-n- Capndty. 

~~~,- ~i· l "'"""~ tion of 

1 

Area. .L\rP.a. 
flow flow' 
line. cction. Total. line. ec tion . Total. 

Fut. I A cru . Acre-feet. Acre-f eet . Feet. Acrfl . ;lore-feet. il ere-feet . 

1G 20 100 100 120 2 0:29 1 , 990 97,0:20 
20 71 450 550 130 2,367 21,9 0 11~. 000 
30 229 1,500 2,050 140 2, 746 25,565 14--1 , - -

4.0 397 3,130 5, 1 0 1;"0 3,149 29 475 174 ,040 
50 533 4,650 9, 0 160 3 602 33,755 207, 795 
60 741 6,370 16, 200 liO .J, 11 '600 246,395 
70 92 345 24, 545 1 0 4, 609 43, 635 290 030 
0 1, 105 10, 165 34, 710 190 5, 133 4 ' 710 33 ' 7·10 

90 1, 329 12 170 46 0 200 5 651 53,920 392,660 
100 1, 566 14,475 61,355 

392,660 
110 1, 769 16, 675 7 , 030 

A portion of the re ervoir ite i on urveyed laud and a portion is 
unsurveyed. Following are the description of the urveyed land 
included within the segregated areas. The re t of the ite i un ur
veyed land. The total area segregated amounts to 1,640 acres : 

SE. i sec. 1; SE. ! SW. i. ec.l; E.~ E . i sec.ll; SE.! ec.ll; all 
of sec. 12; N. ~ NW. i sec. 13; SE.! .r W. i ec.13; NW. t E . i ec. 
13 ; W . ~ SW. i ec. 13; E . ~ ec. 14; all in T. 4 S. R. 11 E., Gila an d 
Salt River meridian. 

WHITLOW ST.A.TIO ON QUEEN REEK. 

Observations were begun in February, 1 96, at Whitlow's Ranch on 
Queen Creek, 2() miles north of Florence. Tbe gage rod was bolted to 
the solid rock on the right bank of the stream, graduated in feet aud 
tenths to a height of 4 feet, and was placed on the same datum as an 
old rod nailed to a cottonwood tree on the left bank, which had been 
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plac d there by private parties. ln July, 1896, a cable wa stretcbed 
acros the stream in the gorge above th gage rod, from ''ltich mea ure
m nt were made \\"ith a current meter. The e observation were car
ri ed on for t.be purpo e of determiniug the water upply for a propo ed 
rc ervoir to impound wat r at tlli point for supplying tbePima Indian 
on th Gila I iver Iudian He rvatiou . The fl.a by natur of this tream 
reuder any mea ur men t of it. di charge a matter of extreme diffi 
culty. Its di charge occur almo t entirely in viol nt fre bets, recurring 
u ually a great flood wave sub iding almost a rapidly a tlley ri e. 
By making from one to tbr e current meter mea urement of each of 
these fre h t wave and. keeping an ltourly record of tlte gage height, 
an attempt ha been made to approximate the total discharge of the 
creek. 

List of discharg measurentenls ntad6 on Qu.eett Creek at Whitlow's 1·anch, .Jri:ona. 

Date. llydrogm pher. 
Meter Gng 

ber. (fe t). 
num- heigl1t I 

1--------1---------------------------
1 96. 

Jan. 17 

July 27 

.July 30 

Aug. 1 

An g. 3 

Aug. 4 

Aug. 6 
Aug. 15 

Aug. 

Aug. 1 

An g. 22 

Aug. 25 

Aug. 25 

Aug. 29 

pt. 5 
pt. (l 

9 

9 

pt. 10 

pt. 12 

pt. 18 

A.P.DaYiS ·----· ..... ------ 0. 0 I 
W . Hicllins ..... ·----- --- -· - 0.19 

---· .dv .... ---· ........ ... _ ... 0.19 
____ .do ______ .......... ... ... 0. 19 

... . . do·---.................. 1. 70 

..... do·-·- -- -· ···--·-- ...... 2.00 

--·- . d --- · ---- -··- ---- · · ---- · o. 22 

---- .d -------- .. ------ --- --· 0. 31 
. .... do .... -··--·..... .. . ... 2. 90 

----.do ..... .... ....... ---·-· ....... . 
..... do .................... .' ........ . 

..... do - --- ·- .. .............. ........ . 

. .... do ............ ......... . ---· ... . 

..... do . . . . . .. . . . . . . . . . . .. . . 0. 23 

..... do . . . . . . . . . . . . . . . . . . . . . . 0. 22 

.... . do .... _. . . . . . . . . . . . . . . . . 3. 10 

..... do . . . . . . . . . . . . . . . . . . . . . . 2. 90 

..... do........... .. ........ . 1.00 

..... do .......... ------------ 0. 0 

.... . do............... . ...... 0.10 

..... do ................ 69 0.10 

. . ... do .. .. .... . _.. . . . . 69 0. 10 

a Taken ilL 5 p. no. 
b Tnken betwe ' u 5.30 nnd 0 p. m. 
o Tn.kt\n 2.45 p. m. 
ll Tak u 3.45 p.m. 

A rea of ?llenn Discharge section Yelocity 
(SQ uar<i <f ct per I (seeond-

feet). s ond). feet) . 

2.00 0.90 2.00 

1.00 0. 3 1.00 

1.00 I 0.61 0. 6 

1.00 0.-15 0.63 

39.00 6.6-l 25 .00 

90.00 6.77 610.00 

0. 0 1. 20 0.96 

0.80 1.20 0.96 

214.00 6.69 a1,~33.00 

3.00 6.15 b523. 00 

0. 0 1.0 0. 6 

60.00 0. 0 c4i7. 00 

22.00 4.96 (llO . 00 

0.9D 1.00 0.90 
o.,.. 1. 09 0.63 

390.00 0 e3,42 .00 

111.00 7.32 f 10.00 

29.00 5.55 gl61. 00 

21.00 __£) . 30 111. 00 

0.70 :t 00 0.70 

0.77 1.00 0.77 

0.9 0.45 0.452 

t Tn kon 1.30 p . m. 
f Takon 4.30 p.m. 
g Tnk&u 6.15 p.m. 
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List of disohm·ge111eawrements made on Queen Creek at TJlhitlow's1·anch, A1·i.::ona- out' d. 

Dnto. Uydrog.·npber. 

1 96. 
Sept. •r W. Richins .... ........ - D 

Oct. 3 .... . do ·----·----·---··1 
Oct. 10 I 

1 

. ... . do · ··· ······-- ----
Oct. 12 

1 

.. _ .. do ---------- ----- -
Oct. 12 ·---.do ---------- ------
Oct. 17 1 ..... do ·----- -- -- ·--- -· 
Oct. 22 -- -- .do --------- -·-----
Oct. 22 ·---.do · -- - -- ---------· 
Oct. 22 .... . do ---- ------ ·-----
0 t. 23 .. ... do -----· ----------
Oct. 23 . ... . do ---- .... --------
Oct. 23 . .... do ----------- --- --
Oct. 24 I . .. .. do -- ---- --------·-
Oct. 28 ---- . do ----------------
Oct. 29 ..... do ------ ------- --· 
Oct. 30 . ... . do ----- -----------
No,-. 7 

1 
.... . do ·····-- -- · ··- ··· J 

ov. 1-l , ----.do 
::::::::::~::::: I Nov. 21 ..... do 

Nov. 25 ..... do -----------· --- -
Nov. 26 ..... d .... ·------- -·--
Nov. 27 ..... do ·------ ---·-- ---
Dec. 5 . __ .. do ---- ·---- -------
Dec. 12 ----.do ---- ------------
Dec. 1 --·-.do ------------ --- · 
Dec. 26 ----.do ------------ ..... 

l£" ..... do . ... ..... ...... ----·· 
29 I ..... do · -·-- - ---· .......... 

a. Taken between 11.10 and 11.50 a.m. 
b Taken between 32.15 nnd 12.30 p.m. 
c Taken 9.15 to 9.45 a.m. 
d Taken JO.J5 to 10.40 a.m. 
e Tak en' to 4.30 p.m. 
1 Taken 5.40 to 6 a.m. 

:M tcr 
num· 
bor. 

69 
6 
69 
69 
69 
69 
9 

69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 

---- --
---- --
----·· 
------
-- ----

69 
69 

0. 10 
0. 10 0. 0 0 . 1 
0. 10 0. 0 0. 2 
1. 60 6- . 00 5.00 
1.00 25.00 

''·· 40 
0. 9 u.u 

1. 10 41 .00 2.90 
1. 0 105.00 5. 7 
2. 15 151. 00 7 . 
0.95 2·k 00 
1.00 23. 00 
1.65 72.00 
0.45 1.00 
1.20 36.00 
0.90 6.00 1. 75 

0.70 0. 3 
1.00 

0.60 0. 96 
0.60 1.00 
1.00 17.00 
0.60 1 0 00 1. 45 
0.30 0.96 1.00 
0.30 0. 0. 0 
0.30 0. 1. 32 
0. 30 0. 1.00 
0.30 0.96 1. 14 
1.15 59.00 3. 49 
0.65 12.00 1. 39 

g Tnk n 11 to 11.25 n. m. 
h Taken 6.J5 to 6.40 a.m. 
i Taken 4.30 to 4.45 p . m. 

Discltnr~e 
(seco ud 

feet). 

o. -o 
O.G-
0. 5--l 

a309. 00 
b 112.00 

0.66 
ol20. 00 
(l616. 00 

el ] .00 
j37.00 
9 40. 00 

31.00 
26.00 
0.96 
0. 64 
1. 00 
0. 
1. 00 

j 207.00 
k 17. 00 

j Taken between 7.05 and 7.30 a.. m. 
k Taken between 11.20 a . m. a nd 12m. 
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Estimated 1nontlily discha1·ge of Queen C1·eek at Trhitlo w's, .. cl!··i.=ona. 

Month. 

1 96. 
January ·- - --- .. .. .... 
February . ...... __ ... . 

March .... ..... __ . .. .. ... 

ApriL ......... .. .. .... 

lay ... . . .. . .. . . ..... . 
Jun e . ...... .. .... ____ 

July ................. 
Augu t ... ...... .. ____ 

eptember .. .. __ ... .. 
October .. .... .... ____ 

ovember ........ ... .. 

December ...... ...... 

ec .-ft. 
13, 00 0 

12,000 

11,000 

10,000 

9, 000 

8,000 

7,000 

6,000 

5, 000 

4, 000 

8, 000 

2,000 

1, 000 

0 

Per annum .. .. . 

.~';~· ior:ci MA RCH APRIL 
10 20 10 20 

[Dralllage area 143 squar miles ) 
' 

D iscbnrgo iu second-feet. I ·=g Total in . I 
Maxi· Mini- a re-feet. D pth in econd feet 
Dllllll. mu_m. :llean . I ;, •• · [ "'';1 "'~ m1 e. 

---

2 1 2.0 2.0 123 1 0.016 0.014 
2 2.0 2.0 115 1 0.015 0.014 
2 2.0 2.0 123 0.016 0. 014 
2 1. 0 1. 5 9 0.011 0. 010 
1 1.0 1.0 61 0. 00 0. 007 
1 1. 0 1. 0 60 0.00 0.007 

9,000 0.0 121.6 7, 477 0. 9 0. 50 
1,433 0.6 13.1 05 0. 106 0.092 
3 42 0.5 17.1 1 016 0.134 0. 120 
1, 1 0. 5 13. 3 1 0. 108 0.093 

0 0.6 1. 3 7i 0. 010 0.009 
207 0.6 2. 0 123 0.016 0. 014 

---
9, ooo I 0 1 15 10, 7 1. .J.28 0. 10-l 

1996 1897 
.. ... v JUNE JULY A UG . S EPT. OCT . NO V. DtC .. J AN . 
10 20 10 20 10 20 10 20 10 20 1020 10 20 10 20 10 20 

1.1 

I I • FIG. 51.-Dis barge of Queen Creek at Whitlow's ranch, Arizona, 1896-97. 

WlliTL W RE ERVOlR 0 QUEE OREEK . 

.An investigat ion of thi storage project wa made in the pring of 
1 96 by l\1r . .Arthur I . Davis in co nne tion with an irr igation inve tiga
tion for the benefit of the Indian on the Gila River Indian Reservation. 

etailed discn ions of the problems involved and the investigation pro
secut d wi 11 be found in Senate Document No. 27, Fifty-fourtll Oongre , 
econd ses ion, page 43. 
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Que n Creek rL e il er King min-
ing camp, an d fiowino· in a generally outhw t rn lir ·tion, lenve the 
mountain r 'gion a bort di tance b low Whitlow' ranch and ordin arily 
lose itself in the d ert north of tlte G ila I iv r Re rvati n. In tim 
of extrem ly lti gh and protmcted flood til wat r of this cr k rea h 
the Gila River below th range known a the acat n llill . At v ltit
low's ranch tbe creek pa e betw eu two butt(} forming a narrow 
rocky gorge advantageou,·ly conditioned for a dam it and a,bove lti 
point the vall y pread out in a broad vall y uitabl for torag . A 
plane-table survey of the ba ' in how a drainage area of 142.5 quare 
mile , of which 61 per cent i above au elovati n of 3,0 0 :£ et au<l 30 
per cent below that elevation. The urvey of the reservoir wa made 
in 10-foot contours to an levation 1-!0 feet above the b d of tb ere k 
at the dam site. About thi s elevation a natural I ill way occur , but it 
would never be advi ·able to build a dam to thi heigh t, as there i not 
sufficient water to :fill the reservoir it would form, ex pt in year of 
abuormal rainfall and run-off. The height of da m e timated i 115 feet 
above the bed of the creek. Sounding with rod along three ections 
of the dam site indicate a maximum del th to bed rock of about 32 f et. 
One , mall frame hou e and one abandoned adobe cabin are on the 
reservoir site, there being no other improvement . 

. th·ea a11d capacity of Quet:n Creek reservoir. 

I ~oro~ Ar a. Capacity. Contour. I .. , ... , I 
.Acres. Acre,;::: I .Acres. .;Lcrej eet. 

2,060 40 2,130 44 5 12,605 
2, 070 22 190 2, 14-0 53 17, 520 
2,080 52 560 2,150 630 23, 360 
2, 090 112 1,380 2,160 757 30,795 
2, 100 209 2,9- 2,170 9-1 39, .Q50 
2,110 279 5,425 2, 1 0 1, 019 4 ,615 
2, 120 356 ' 600 2, 190 1,191 59, 66-

Following is a li t of land segregated for the Whitlow re ervoir 
site. All are unsurveyed. The descriptions refer to the Gila and 
Salt River meridian : 

Acr s. 
SE. i sec. 36, T. 1 S., R. 10 E.. .. .. .. .. .. .. .. .. .. . . .. .. .. .. . .. . .. .. .. .. .. .. .. .. 160 
E. t E.;tsec. 36,T. 1 .,R.10E...................... ........................ 0 
SE. i E . t sec. 25, T . 1 ., R.10 E............................................ 40 
All of sec. 31, T . 1 S., R. 11 E....................... . ........................ 610 
SW. i ec. 32, T.l ., R. ll E................................................. 160 
W. t NW. tsec. 32,T. 1 '.,R. llE............. ..... ... ...................... . 0 
SE . tNW. 3;sec. 32, T . 1 .,R. llE .......... .... .... . .. .. ..... ....... .. ... .. . 40 
NE.;t sec. 32, T.1 ., R. ll E ...... .. .......... ......... ..... .. .... .......... .. 160 
NW. t E.tsec.32,T. 1S., R.UE............................................ 40 
W. t NW. t sec.33, T.1 S., R.ll E . ..... .. .. ... ...... ... .. .... .... ... ......... 0 
SE.tNW.tsec.33,T.1 ., R.llE. .. ......... . ............ .... .. ............ 40 
SW.t SW.t sec. 30, T. 1 S., R.ll E............ . ..... ...... .... .. ... ....... ... 40 
S. t SE. t sec. 29, T.1 S. , R. ll E.............................................. 80 
NW. t NW.t sec. 5, T. 2S., R.ll E ... ... . .. . . ... ... . . ..... .. . ................. 40 
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Acres. 
E. t NW.t sec. 6, T. 2 ., R.ll E .... ---- . . -- .... ___ ... -- -- ........ ------------ 0 

W. t 1\V. t s c. 6, T. 2 S., R. 11 E . .. ......... ___ __ . _____ ........ _ _ _ _ _ _ _ _ _ _ _ _ 40 
W . ! 1 E. t sec. 6, 'I'. 2 ' ., I . 11 E ...... ___ .. ___ __ .. ____ .. _____ .. _ .. __ __ ...... _ _ 80 
' E. t E. t sec. 6, T. 2 ., R.ll E ........ _____ - -- --- ____ ... ....... . . ...... ____ 40 

TotaL ... . . ................. . ....... _. __ _ ...... ______ . ______ __ ___ . _ .. _ 1, 920 

SALT AND VERDE RIVERS. 

The measurements mad by the Hudson Re ervoir and Canal Com
pany, de cribed in B ulletiu 140, page 205, were continued during a 
portion of 1 96, and have been kindly furn ished to this offi e by that 
company. A measurement made on the Salt River one-fourth of a 
mile above Verde, June 12,1 96, by Mr. yrus C. Babb, showed a gage 
height of 0.68 foot and a discharge of 220 ecoud-feet. A measure
ment made by Mr. Babb on the same date on the Verde River 1 mile 
above its mouth showed a gage height of 4.24 feet and a di charge of 
117 econd-feet. 

E stimated monthly discha1·ge of Verde River at mouth. 

I """ Maxi· 
mum. 

Mini
mum. Moo n. 

, __ n_"-.','_·o~ 
Totalin ==J 

aCl'O·f. t. Depth in ocond-fe t 
inch s. per 89 uare 

· mile. 

1--------------- ---!----

1 95. 
Janua.ry · ---- -- --· --· 4, 037 2.( 225 0. 77 0. 67 
F bruary ---- -- ·-· -· · 1 93 747 0. 29 0.2 
larch --- - --· . . ·- --·· 3, 120 I 2~ ,734 0.71 0 62 

April ---· -- - --- ·---- · 750 44,62 0.14. 0.13 

~Jay . ... .......... ... 25R 15, 6! 0.0-i 0.0! 

Juue. ---. · - - - ---.-- -- 153 9, 10! 0.03 0.03 

July ................. , 275 145 8,916 0.02 0.02 
August . .......... _ .. _ 1 426 359 22,074 0.07 0.06 

ept mber ...... ..... 348 141 176 10, 473 0.03 0. 03 

CLOb r ... -- . .... ---- 3,912 197 475 29,207 
ovem her ........ __ .. 1, 00 2H 463 27,550 

Decen1 ber ............ 1 34-5 391 2:J.,042 
---------

P r aunnm . ... . 33, 000 116 1, 051 762, 564 
1 96. 

Jan nary .. __ . . ...... . 314 324 19,923 0. 06 0.05 

F brnary ---- ...... .. 154. 8, 52 0. 03 0.03 

Mar h ---·----------- 276 16,971 0.06 0.05 
April ... . .... ____ ... . 220 13,090 0.04 0.04 

May ...... . ......... . 

June .... ............. 
1 July ................. 
1 

172 10, 576 0.03 0.03 

117 6 962 0.02 EJ 86! ss, 121 I 0. 16 4 
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Estintated monthly disoha!·ge of alt Rirer above 1nouth of Verde. 

[Drainng nr n, 6,260 squ11ro mil s .] 

Di oh nrgo in secoud.feet. 

Month. 

1 9!i. 

~Jnxi · 
mmn. 

January. . ............ 49,796 
Febrnary.. . . . . . . . . . . . 3, 92 
March...... . . . . . . . . . . 3, 340 
April. . . . . . . . . . . . . . . . . 2, 939 
May. . . ........ . ...... 990 
Jnnfl .... ............ . 

July . ............... . 

August . ....... .... .. . 

eptember ...... .... . . 

October . . . . .. .. . . . . . . 13, 205 
November........ . ... 9, 620 
December . . . . .. . . . . .. 2 055 

Per annum . .. .. 49,796 
1 96. 

J a.nnary ......... . .. .. 

February ........... :. 

:March .............. .. 

April. .. .... . .. . .. .. . . 

I Mayu -- -

613 
612 

3, 020 
1,660 

621 
332 

4, 377 

Mini· 
mum. ~renn . 

Total in 
ncr .f >et. 

1------1-----,--------

791 
914 

1,319 
1,044 

505 
203 
145 
226 
201 
390 
3 0 
513 

14-5 

400 
414 
457 
605 
335 
158 
151 

1, 4.09 1' 023, 13-! 

470 
476 

1, 185 

959 

446 
224 

639 39,292 

LOWER COLORADO RIVER. 

I Run ·~ 
D II . I :;::;:1 
. P 1111 persqunr I >n ·b s. mile. 

1. 06 
0.24 
0. 33 
0.33 
0. 13 
0.06 

0.03 
0.10 
0.06 

o. 30 I 
0.25 
0. 16 

3.05 

0.92 
0.23 
0.29 
0.30 
0.11 
o.o-

o.o-
0.26 
0.22 
0.14 

0.22 

0. 0 0. 07 

0. 09 0. 0 

0. 22 1 0.19 
0. 17 0.15 

OEJ 

YUMA STATION 0 COLORADO RIVER. 

Thi tation i de cribed in Bulletin o. 131, page 51. Record of 
river lteight from 1891 to December 31 189-, have been publi b din 
Bulletins No.131 and£ o. 1-:1:0. The gage at this point, reading from 10 
to ""2 feet, is nailed to the lower side of the fir. t pier on the south bank 
of the river; the portion reading from 22 feet to 40 feet i nailed to a 
large post on the north side, ea t of the bridge. The figure of gage 
height, plus 100, indicate the elevation above sea level according to 
the outh Pacific elevation. The channel of the river shift so rapidly, 
sco1.li'ing or fillin g with every change of river height, tltat it is not po · 
sible with the fun ds available to obtain a reliable record of di charge. 
One measurement, however, was made on 1VIay 20, 1896, when the gage 
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stood at 22 feet and 2 inch es. The river was at this time about at the 
maximum of its pring flood according to the record of the bridge 
watchman. Au effort was made to ound by lowerin « th e wei «bt from 
the 'down, tream side of th e bridge and guying it with a line to the 
up tream edge. It wa found, howe' er, that a point wa quickly 
rea bed below ·which th e guy line and the current would take up all 
of t he rod, and the oundin g line would become lack a if the lead bad 
reached the bottom. Only snrface velocities were taken , it being impo -
sible to get the meter to the bottom of t lle river. The mean velocity 
was a sum ed a 95 per ent of the urface velocity, which gave 7.7 feet, 
the total di charge being about 5 ,000 cubic feet per econd. The 
re ord of daily gage height for 1 96 i given in Water·Supply and 
Irrigation Paper No. 11, page 73. 

L is t of discharge measuremen ts m ade on Co lorado Rire~· at rmna, A l'i.zona. 

Meter Gn~e 
M nn D ischarge 

No. D ate. Hydrograp her. num - height Yelocity (second· 
ber . (ft:et ). (feet per feet). second) . 

--
I 1 76. 

a Mar . 20 .. .... .. . ... . .. . . . .. .... .. .. . . -·· · ·· .. ... ... .. ... .. a7, 659 

I 1 !)5. . 
24 19.66 3. 0 9, 737 l J an. 17 1 A.P. Davt · - -- --·- ---· 

I 
2 Apr . 1 J . B. Lippi ncott . . - .- - . 2.! 20.25 

I 
-.23 21,095 

3 Jn ly 10 - -·· .do· -- - -- · -- ------- 2.! 21. 20 5. 4.6 45,533 
1 6. I 

~~ fay 20 J . B.Lippi ocott ·-- - - -- · ----- 22.20 I 7.70 5 , 000 

a Twelfth A nnunl R port c oiled tu•e Goolog i nl un•oy, Part II, p. 292 . 

ThTTEl'UOR. B ~ IN ffiV D . 

Tbi ubdivi ion of tb Gr at Interior Ba in include the entire 
we tern portion of the ba iu drainin g into the variou sink in Nevada 
and northeastern California, the prin ipal of which are P yramid Lake 
and ar on ink. The principal river are Tru kee, Car ·on Walker, 
and Humboldt. Mea ur m nt in thi region ·have been under the 
up rvi ion of Mr. L. H. Taylor. 

HUMBOLDT RIVER. 

ELICO STATION 0 HUMDOLDT RIVER. 

Tbi tation wa e tablisbed l>y fr. L. II. Taylor on June 17, 1 95, 
at a point 1 mile outhwe t of th town of Elko. At that time the 
gage wa placed in the right bank of the river, about 100 feet above 
the county highway brid«e, but tb i gage wa carried away early in 
April, 1 96. On April 11, 1 9G, an inclined · gage, fastened to iron 
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bolts driven into the ·olid ro k, was p la ed on tl1e left bank imm di
ately b low the b ridge. :Mea ur ment · are made from tll bridg . Tlle 
bench mark i on the outhwe t corn r of t ll e cofJ rdam urronudiu o· a 
tone pier of t ll bridge, 0 feet north of t he o·ag , a ud i a,t ::w 1 va

tion of 7.5 feet abo,·e zero on th gag , whi h lat ter i 1.5 f t below 
the zero of t he origiual gage. Th chan n l i ' tra,igh t, b th a,bove and 
below this poiut; t he ri o·ltt bank i quite low, but the 1 ft i · llig h a ud 
ro ky. The bed of the tream i ~f gravel and and, hifti ng sligh ly. 
The ob ervatiou of river hei ·ht have b n ma,d daily t hrough ut 
the year, xceptiug during the mouth of March wb u tll y w re di · 
continued from lack of fund to pay the ob erv r, an l the fir t ten 
day of April, when the gage was not in plac , aud e · eptiug al o the 
mouth of November and De ember, during whi h tim they bavf\ been 
made from one to four time per week, and in termediat h igbt iu t r 
polated. The record of daily gage height for 1 96 i giv u in Water
~upply and Irrigation Paper No. 11, I a,o·e 73. 

List of clischarge ·measurements made 0 11 Humbolclt River, at Elko, .Yevada. 

Ga~o 
Area of Mean jn· Meter sec~ion v lo ity lijOhnr e 

No. Date. Hydrographer . number. heig 1t 
(8QUSLre (f et 11 r (secomf. .. (~ et ). feet) . second) . fo t). 

- -- ---

I 1895. 
1 June 17 L. H . Taylor ..... 100 1. 50 2.50 1 6 
2 July 13 .... . do . . .... .. .. 100 0. 0 :::::::::1 l.U 4 
3 Sept. 5 . . . . . do .. . ... . . .. 100 0.30 -- --- -·-- 0.25 4 
4 Dec. 14 ..... do ... .. ..... 100. 0.55 ---·-- -- - 0.62 19 

1896. 

5 Feb. 19 L. R. Taylor .... . 100 0.72 40 1. 30 a 52 
6 .April 11 ... . . do .. . .. ..... 100 3.45 146 2.06 b302 
7 June 7 .. . . . do .. . .. ... . . 100 7.60 677 2. 68 1 1 
8 June 24 . .... do ....... , .. 100 7.05 603 2.5 1,556 
9 July 10 .. . . . do ........ .. 100 4. 15 196 2. 7 545 

10 July 21 . . . .. do . . ... . __ . . 29 3.21) 136 1. ::!6 185 
11 Aug. 1 . .... do .......... 29 2.60 104 1.00 103 
12 Aug. 28 ... . . do . .. .. ..... . 100 2.05 68 0. 26 17 
13 ept. 30 .... . do .. ... . . ... 100 1. 90 46 0.20 9 

a At olcl gnge. 
bNew gage. On th is gage 1.50• corresponds to 0' on old . Location at bridge,lOO foot below old gage. 
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Eating table jo1· H111nboldt Rive1· at Eno, evada. 

Gnsr fnis barge. 
Gn(re Db I\ Gn"ge j ~ 

h ig bt. heig"l,t. lsc arge. height. Dl.schnrg e. ___ , ,,-- I 
Fttt. ec. f ttt. Feet. 'ec .fttt. Fu t. ec. j u t Feet. .,ec.fu t. 

1. 0 10 3.40 2 - 4. 90 6.40 1,372 
2.00 20 3.50 314 5.00 6. 50 1, 410 
2.10 30 3.60 344 5. 10 6.60 1,44 
2.20 41 3.70 376 5.20 921 6.70 1, 4 6 
2.30 53 3. 0 409 5.30 95 6. 0 1, 52-J 
2.40 67 3.90 443 5.40 995 6.90 1,562 
2. -o 3 4.00 478 5.50 1, 032 7. 00 1,600 
2. 60 101 4. 10 514 5.60 1, 069 7. 10 1, 63 
2.70 120 4.20 551 5. 70 1, 106 7.20 1,676 
2. 0 140 4.30 5 5. 0 1,144 7. 30 1,714 
2.90 161 4.40 625 5.90 1 182 7.40 1,752 

3.00 1 3 4.50 662 6.00 1 220 7.50 1, 790 

3.10 206 4.60 699 6.10 1, 25 7.60 1 29 
3. 2 2 l I 4.70 736 6. 20 1, 296 7. 70 1 
3.30 257 4. 0 773 6.30 1,334 

Ertimat d ntonlhly discharge of Hu111boldt Rirllr at Elko, evada. 

[ Drninag are.'>, 2, 0 •quare mile .] 

Disobarg in second·f t. R•mg . 
Total in 

Month. acre-feet . . Depth In Secon<\.foot Ma f. ~lini · 
xnum. mum. Mean. incbe . pe~:il~.are 

-
1 96. 

.Jonuary _ .......... .. 60 20 36 2 214 . 0.015 0.013 

Febru~try ............ 7 41 55 3 164 0.021 0.019 

March . .. ...... ...... 314 53 125 7 6 6 0.051 0.044 

April ................ 47 299 I 3 6 
22 969 0.152 0.136 

'lay ...... .. ... .. . ... 0 314 416 2" 579 0.169 0.146 

Jnn . --- ...... -- .... -- .. 1, 4 95 1 66" 99, 07·1 0.631 0.586 
' 

:Tuly ...... _. ....... _. .. 1, 032 101 4.13 25,39" 0.167 0. 145 

Au gn t . .......... ..... 101 20 4 2,951 0.019 0.017 

eptemb~r ............ 20 10 13 7i-1 0.0()5 0.005 

Ootou r ............ .. 36 15 27 1, 660 0.011 0.009 

Nov mb r ............ 67 20 50 2 975 0.020 0.018 

Dec mb r ............ 7 53 7<1 4,550 O.O::lO 0.026 

Per annum ..... , 1, 84 
---

10 276 19 ' 991 1.291 o:o97 
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BATTLE MOUNTAIN STATIO 0 H MBOLDT RIVER. 

Thi. station was establi b d by Mr. L. . Taylor on June 21, 1 06, 
at which time the river wa at the maximum flood tag forth ea u. 
It is located at tb county highway bridge three-fourth of a mile north
east of the town of Battle Mountain. . R . Taylor i ' the ob r r, 
and ob ervation a.re madE:\ daily in the afternoon. The gao- i v rti al 
and is piked to tb timber wing wall immediately abov the britlg , 
on the left bank. The b n ·h mark i on a pike in the ti b am at th 
east side of the bridge near the outh end, at an 1 vation of 10 ~ t 
above zero on the gage. Tb chann l i cur d at this point and the 
banks are low and liable to overflow n,t high ~rater. Ther 
several slough or side channel , oat extrem high wat r it i not p _ 
sible to obtain an accurate mea urement of th fiow of the tr am. 
However, since tbj is th point where the Humboldt I iv r ha it 
greatest :flow, an attempt ha been made tom a ure it. Th bed f the 
stream is of sand and gravel, and bift con id rably. ix: di barge 
measurements have been made, and a rat ing table con tru t t1 from 
them. The record of dail y gage h igbt for 1 06, from Jun 2 t 
December 31, is given in Wat r-Supply and Irrigation aper o. 11, 
page 74. 

List of clischarge 'llleasurenlet~ts macle on Humboldt Rirer at Battle .JfOl61ltai ll, Secada. 

Ga)le .A.r a of Mean D iRchRrgn 
Date. Hyd rographor. M ter section v locity 

number. b ight ( qnara ( ~ t per (second-
(feet). feet) . a ond). ft•et) . 

1 96. 
June 21 L. H. Taylor ..... __ ___ _ 100 8.40 . -... -.... - · ·-· ·· ·· 3,000.00 
J uly 13 -- --.do · -···· --- -···-- · 29 5.00 2 2. 61 742.00 
July 20 ----.do -- --· · ------ .... 29 3. 0 1 7. 2.76 515.00 
Aug. 14 ----.do ------·----· --- - 100 1.27 24.60 1. 78 43.77 
Sept. 14 - ---.do .. .. ------ .... . . 100 0.80 9. 1.54 13.81 
Dec. 31 .. ... do------ .... .. ____ 100 2.20 55. 2.70 147.00 

I 

Rating table jo1· Humboldt Rive1· at Battle Mo1mtain, .i\evada. 

Ga~e 
beig t. Discharge. Gnffe 

baig 1t. Discharge. Oa~e 
beig t. Discharge. Gage 

beigbt. Discharge. 

Feet. Sec. feet. Feet. ee. f eet. Feet. See . fut . Feet . ec. f eet. 
0. 70 9 1. 40 55 2.10 137 2. 0 251 
0.80 14 1. 50 65 2.20 151 2.90 270 
0.90 19 1. 60 75 2. 30 166 3.00 290 
1. 00 25 1:70 86 2. 40 182 3.10 310 
1.10 31 1. 80 98 2.50 198 3.20 331 
1. 20 3 1. 90 110 2.60 215 3.30 352 
1. 30 46 2.00 123 2. 70 233 3.40 374 
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Rating table fo!' Humboldt River at Battle Mountain, Nevada-Continued. 

Ga~o Discharge. Ga!f,e Discharge. Gn)!'e Discharge. Gnsre 
heJg 1t. haig t. height. height. Di charge. 

---
Feet. ec.feet. Feet. ec.feet. Feet. Sec. feet. Feet. ec.jut. 

3.50 397 4. 0 744 6.10 1, 249 7.40 2,064 
3.60 420 4.90 775 6. 20 1,299 7.50 2,144 
3.70 444 5.00 07 6.30 1, 351 7.60 2,227 
3. 0 469 5.10 40 6.40 1, 405 7.70 2, 313 
3.90 494 5.20 74 6.50 1,461 7.80 2,4.01 
4.00 520 5.30 909 6.60 1, 519 7.90 2,492 
4.10 546 5. 40 946 6.70 1,579 .00 2,586 
4.20 573 5.50 9 - 6. 0 1 641 .10 2,684 
4.30 600 5.60 1, 025 6.90 1, 705 . 20 2,786 
4.40 62 5.70 1,067 7.00 1,7il .30 2, 92 
4.50 656 5. 0 1, 110 7.10 1, 840 40 3,001 
4.60 - 5. 90 1, 155 7.20 1,912 .50 3,113 
4.70 714 6.00 1,201 7.30 1,9 7 

Eatimated monthly diacharg of Iluntboldt Rive1· at Battle Mountain Set·ada . 

[Drniuog area, 7, 00 quare mil .] 

Month. 

1 96. 1 
Ma.y .. ............. .. 

Jun ...... . ......... . 

July ............... . 

August . .... ........ .. 
eptemll r ......... .. 

0 tob r .... .. .... .. .. 
' ovcmber .. . .. ..... .. 

D oember ........... . 

~Iaxi · I Mini· 
J.UUlll. lllUID. 

Man. 

7J3 

Total iu 
aer feet. 

45, 6 
1 519 
59,705 
2, 951 

952 
1, 599 

R~g 
D pth in I oud-foo 
inc he . , per sauar .. 

n11 e. 

0. 109 0.095 
0. 349 0.342 
0.143 0.125 
0.007 0.006 
0.002 0. 002 
0.004 0.003 
0.012 0.011 

o. 01 1 0.016 

GOL 0 DA.. TA..TION 0 ' HUM:BOLDT RIVER. 

This station rle crib d in Bulletin No. 131, pao·e 52, and No. 140 
pag 217, was e tabli bed on ctober 24,1 94, by Mr. L. H . Taylor, and 
ba b n maintained ontinuou ly ioce that time. The ·tation is 1! 
mile northerly fr m the town of olconda. The ob rver i Ir. L. 
Dut rtre, a farmer and merchaut. Th observations have been taken 
ea •h day at ab ut 5 p.m. Tlt o·ag i vertical and i spiked to po ts 
driven into the left bank of the rh'er. There are two bench marks, one 
ou a 2 by 4 inch po t driven tlu ·h with the ground surface 20 feet from 
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the gage, and the other 
firmly set about 15 feet from the gag . 
10.55 feet and th cond 13.70 fe t above z ro n th 

table constructed which js b r given. nder on 
short distance above the tation and ha al o b n m 
of time . There ord of daily ga!Ye heights for 1 
Supply and Irrigation Paper No. 11, page 74. 

Li1t of discharge nteasnrements made on Httmboldt Rirer at Oolco Ti cla, ·erada. 

[\\hero two ts of figures o cur tl1e upper flgur represent .Aud rson 'e Ditch. ] 

I 
I Gng .Area of Men 

M ter s ct iou velo i No. Date. Hydrographer. number. height (square (f~et 1 (f ut). feet). ou 

n I 
t~- Disc_harg 

) C. r (S('tOlld-
d). feet) . 

- -
] 94. I 

] Oct. 24 L. R. Taylor ___ .. 100 1.30 ···· ··-·· 1.2 9 57 
2 D c. 4 .... . do .. .. . . ... . 100 2.00 . .... .. .... 1.3 4 114 

1 95. 
3 Mar 22 L. H. Taylor. .... 100 3. 2 ........... 2. 1 2 463 
4 June 21 ----.do ...... ____ 100 2.55 .. .. . . ... 1. 35 2'14 

5 July 12 ..... do . .. ... ____ 100 1.62 --- ------ 1.1 5 96 
6 Aug. 12 . .... do ···· · ····· 100 0.05 ...... -- -- 0.9 1 11 
7 Sept. 8 ..... do .......... 100 -0.30 .......... 1.2 0 1 

1 96. 

Jan. 26 L. H. Taylor .. ... 100 1.00 60 0.9 2 55 
9 Feb. 10 --- .. do .......... 100 1. 52 69 1.3 5 93 

10 Mar. 19 -- -- . do -_ .... ____ 100 { 1. 20 11 0.4 
0. 20 1 0. 

5 
9 17 

11 Apr. 15 ..... do---------- 100 { 2.20 25 0.7 
1. 45 71 1. 

4 19 
27 90 

12 May 18 . .... do---------- 100 { 2.50 34 ..... .. 
3.30 191 1.5 

21 
9 304 

13 June 6 ..... do ____ ... ... 100 { 3.10 48 ... . -
4.80 295 1.7' 

33 
3 509 

14 June 15 . .... do .......... 100 {·5:93" 4-8 -- -·-
3 2.4 

33 
0 930 

15 J une 25 .... _do _ ....... _. 100 {.-?:o5 .. 4 -----
474 2. 

33 
9 1, 370 

I 
16 July 14 ..... do .......... 29 { 3. 10 48 ---- -

!i.05 303 2.0 

17 July 25 ..... do .......... 29 { 2.00 26 ........ 

I 

3.50 206 1. 5 

1 .A.ng. 7 ..... do .. .... .. .. 29 { L 20 11 -----
2.20 117 1.1 

33 
5 620 

16 

11J 
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List of disahatrge measurements 1nade on Humbolclt River at Golconda, Nevada- ootinued. 

[W h r two ets of figure occur the upper figu.res represent .A_nder on 's Ditch.] 

-------

ter. 
her. Date. H ydrographer. I Me 

num No. 

1 96. 
19 Aug. 22 . .... do ... ....... 1 00 
20 ept. 26 . . .. . do .... ..... . 

Oct. 19 ..... do . ........ . 
1 

1 

1 Dec. 27 .. ... do ----- ---- ·1 
------------~-

00 
00 
00 

Gn~e 
heig 1t 
(feet) . 

I 

1. 05 
0. 15 
0.70 
2. 00 

.A rea of Mean Discba';f.e s ction velocity (8 con . (sq unr (feet r r feet). feet). se()(>nd) . 

54 1. 07 5 
20 0. 79 16 
40 0.91 36 
9 1. 38 123 

Rating table for Humboldt Rirer at GolC07lda, 11 evada const1·twted by L . H. Taylor, from 
discharge measnrements Nos . 8 to 22. 

[Where two sets of figures occur th upper figu res repre ent discharge of .Ancler on's Ditob.] 

Gn!j; D ischa rge. I Gasre Discharge. Ga~e Disc barge. G3~6 Discharge. h ig t. heigh t. heig1t. 

~~--I 
----

Feet. tc. feet. Feet. ec. ful . Feet . ec.fut. F, et. ~tc-.fut. 

0.00 13 

I{ 
13 • { 36 5.20 637 

1. 3.30 
0. 10 15 110 2 2 5. 30 664 

14 { 37 692 0.20 17 1.90 I{ 119 3.-1-0 2 6 5.-1-0 

0.30 2 15 { 39 5.50 722 

{ 1 2.00 { 12 3.50 311 5.60 754 
0. 40 23 

{ 17 { 41 5.70 7 
2. 10 3.60 OJO 27 137 326 5. 0 24 

0. 0 { 2 2. 20 { 1 

il 
3. 70 { 4-2 5.90 62 

31 14-7 . 341 

0.70 36 { { 4·1 
6.00 902 

:?.30 3. 0 3·7 6.10 
·{ 3 0. 0 4-1 { { 46 6. 20 

2. 4-0 3.90 
0. 90 46 

373 6.30 

{ 4- 2. 50 { 4.00 { 4 6.40 
1. 00 390 52 6. 50 

{ 5 2.60 { 24 4.10 { 49 
1.10 191 407 6. 60 

{ 2.70 { 26 4.20 { 51 6.70 
1. 20 203 425 6. 0 

{ 2. 0 { 27 4.30 443 6.90 
1. 0 215 4. 40 4-6 .. 7.00 

{ 2.90 { 29 4.50 1 
1.40 22 7.10 

{ 3l 
4.60 501 7.20 1,499 

1. 50 { 9 3.00 -41 4.70 522 
1, 556 6 4. 0 54-3 7.30 

{ 10 3.10 { 32 7. 40 1, 614 
1. 60 254 4.90 565 

94 7.50 1 674 

{ 34 5. 00 5 
1. 70 { 11 3.20 26 -.10 612 7.60 1, 735. 

102 

18 GEOL, PT 4-20 
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Estimated mo11thly discharge of H umboldt RiutJI" at Golco nda, Terada. 

Month. 

[Drai nage nren, 10,780 square mi iM.] 

To ta l in 
" r -feet. 

R u n-on·. 

I -
D ptb in cond-~ 
1. obea. p r s_qunr 
n milo. 

1---------
I 

Ja nuar/ . ~~ -- - . ..... .. J 

F ebruary .... .... ... . 

:March . ... . .. . .. . .. . . 

102 

110 

3 
April....... .. .... .. . . 191 

May . .. . .. .. .. .. . . ... 373 
June . .. . .. . .... . ..... 1 614 

Jnly .. .. . . . . . . . . . . . . . 1, 614 

Augu t . . .. .... . ... . . . 1 241 

September . ... .. .... . 1 36 
October....... . ...... 46 

14 

31 

17 

20 1 

197 
390 

241 
36 
17 
20 

42 
7 

2, ~ 2 

4,4 7 
1, 722 

12 7, 617 
303 I 1 631 

1 009 60, 040 

752 

1 

22 

33 
ovember . . . ...... . . 102 49 0 

46,239 

6, 6-H 

1,309 

2,029 
4,760 
7, 6 December ... ... . .. . .. ~ __ 9_4 _~~ 

Per annnm . .... ,1 614 14 226 163, 743 

1 o.oo-

1 0. 00 

I o. oo3 
0.013 
0. 2 
0. 104 

0. 0 

I 
u. 012 
0.002 
0.00-1 

1 o. 00 

I 
0. 013 

0. 2 0 

ORE AN T ATION ON HUMJ30LD'.r RIVER. 

0. 004 
0.007 
0.003 

.012 

0. 02 
0.094 
0.070 

0. 010 

0.002 

0.003 
0.007 

I 
0. 012-1 

0. 21 

Thi station was e tabli hed by Mr. L. H. Taylor on January 27 
1 96, at the old Oreana highway bridge, about 12 miles north a t of 
Lovelocks, and above all th e canals diverting water for irrigation in 
the vicinity of that town. The ob erv r t<O the end of July was iary 
Luiz, ucceeded by ir. Joe Rodger , a ection foreman on the eu tral 
Pacific Raih·oad. The gage i vertical, and i piked to a pile in t he 
bridge abutment at tbe right bank of the river. Tbe b ncb mark i on 
the abutment of the bridge 12 feet north of the gage, at an el vation 
of 11.70 feet above zero on the gage. Measuremeut are made from th e 
bridge. The river bank are high and not liable to overflow. 'Ib 
channel is nearly straight for about 250 feet both above and below 
the ta.tion. The bed of the , tream is andy and hitting. Ob er~a
tions of the river h ight have been made daily up to the end of ctober 
and since that date from one to three time, per week. Eleven meas
urements of discharge have been made, and a rating table con tructe<l . 
The record of daily gage heights for 1896, from J aouary 27 to Decemb t' 

31, is given in Water-Supply and Irrigation Paper No. 11, page 75. 

• 
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List of diRch.a1·ge meo.stH·ements made on Httmboldt Ri.ver at Oreana, Nevada. 

HD·~ Gage A.rea of Mean Disch&rf.e 
Hydro~rTapber. 

Meter h igbt section velocilf' (secom-number. (foot) . (•quar (feet per feet). feet) . second). 

---~ 
1 Jan. 27 L. H. Taylor . .... 100 2. 70 45 1. 0 + 49 
2 .Apr. 9 ---- .uo - -- - - -- -- - 100 2. 0-1, 18 0.84+ 15 
3 May 31 ..... do------ .... I 100 3. 95 105 2.13+ 22-l 
4 June 26 .. ... do · ··--· ---- 100 6.50 346 2.96 1,024 

5 July 5 . .. .. do ____ ---- -- 100 7.40 408 3.25- 1 327 

6 July 15 .... . do .......... 100 6. 80 339 3.07- 1, 043 

7 July 24 --- -.do .. ..... .. . 29 ,- , 60 292 2.15 627 

8 Aug. ..... do--- --- .. .. 29 4-. 15 152 1. 57 23 

9 Aug. 27 . .... do .... ------1 29 3.00 7 1.23 96 
10 Sept. 25 :::: ::: ::::::::::: 29 2.60 63 1.09 69 

11 Oct . 20 100 1.90 38 0. 9 3.1-

1 ating table j01· Humboldt Ril'61' at Oreana, .NPvada. 

on•tructed hy L. U. Taylor from dis bnrge measurem nt Nos. 1 to 11.] 

n ~e 
h ig It, 

•I Ca1 
Dis barge. I he,ig •t. 1)! charge. Gn~ 

heig lt. Dis barge. I Gn~e hei" t. Discharge. 

Fut. u.ju t. Feet. ec.jeet. I Fett . ~ec . jret. Feet. ec.feet. I 
1. 90 20 3.40 132 

tl 
4.90 42 6. -10 909 I 

2. 00 23 3.50 14- 5.00 45! 6.50 950 

I 2. 10 27 I 3.60 159 5.10 4 0 6.60 992 

2. 20 31 3.70 174- 5. 20 507 6. 70 1 035 

2.30 3(1 3. 0 190 5.30 535 6. 1, 079 

2. 40 4.2 3.90 207 5.40 564 6.90 1, 125 

2.50 4 
! 

4.00 225 5. -o 594 7.00 1, 172 

2.60 55 4. JO 2J4 5.60 625 7.10 1, 220 

2.70 62 I 4.2 264 5. 70 657 7.20 1, 269 

2. 0 69 

I 
4.30 2 5. 0 690 7.30 1,320 

2.90 77 4.40 307 5.90 724 7.40 1, 372 

3.00 6 I tj_ 50 330 6. 00 759 7. 50 1, 42:3 

3. 10 96 

I 
4. 60 354 6.10 795 7.60 1, 4 0 

3. 20 107 '1. 70 37 6.2 32 7.70 :J 3. 30 119 4.80 403 6.30 70 
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E stin1ated monthly discharge of H mnbo ldt River a/ Oreana, 'evada. 

[Drni uogo nroa. 13, 00 Rqtmro mii 8.] 

'Month . 

] 96. 
F ebruar y ·-- - ---- -- --
March ---- -- -------- -
April . ..... --- --- ----
M ay -----· --- ----- -- -
Juno . ... . .. . . . ....... 

July -- --· · · - - - · -- ----
Augn ·t .. : .. ..... .... . 

epterober .. .. .... .. .. 

October .. .. .. .. .. .. .. 

December .. ...... .. .. 

Discharg in seco ud- ~ - e t . 

Uax i
mum. 

73 
69 
42 

42 

1,50 
403 
107 
55 

107 

Uiui
U!!liU . 

63 
42 
24 

25 
119 

62 

M au. 

72 
54 
2 

110 
503 

1, 001 
19 
70 
32 
79 

BATTLE l\fO U TAIN STATIO 

Totn l in 
acr - ~ ot . 

4- 141 
3,3-0 
1 66 

6, 76-i 
29 931 
61 5-19 
12 52 
4, 165 
1,9 
4, -

_ ··~·' I 
D p th in coud -fc 1 
Inch 8 _ por sq nure 

mil . 

0. 00" 0.005 
0. 005 0. 00-1 
0. 002 o. 00~ 
0. 009 0. 0 
o.on 0.036 
0. 0 0. 073 

l 0. 016 0. 0 1~ 

I 0.006 l 
o. oo-

0.003 0.002 
0. 0 7 0. 

' RO K REEK. 

Thi tation wa e tabli bed by :fr. L. H. Taylor on F bruary 12 
1896, at a point about 22 miles northea t of Battl Mountain . Thi 
streami the la tcon iderabletributaryentering th HumbolutRiver on 
its cour e to the sink 150 mile_, below B attle Moun tain. Th gaging 
tation i located about 20 mile above th conflu n of th creek and 

:river at the head of a narrow rocky gorge, through which the tream 
flow , and which afford an excellent ite for a to rag -re ervoii dam th 
purpo e of the tation being th determination of th e quantity of wa ter 
available for impounding a t thi point. Th e ob erver wa h. John . 
Taylor, a laborer. The ob ervations were t aken at o clock a. m. and 
5 p.m. up to the end of July, when the tream reached it lowe t t age, 
and they were discontinued for the sea on. 

The gage is inclined, of timber, set in th right bank and fastened 
to po t driven in the earth and an iron pin et in the olid rock. The 
bench mark is on a shelf on the ide of the rock bluff, 10 feet outh of 
the .gage, at an elevation of 9.12 feet above zero on the gage. Mea -
urement are made from a cable and u pencled _car. Tbe chann el is 
lightly curved for 160 feet above the station, and almo t straight for 

over 2-o feet belo,v. The right bank is high and not liable to overflow · 
the left for 100 feet above the tatiou i a vertical rock bluff, 50 feet 
high, while below the gage it i · ear-th, low, aud liab!e to overflow at 
extreme high water. The bed of the stream is andy and shiftiug. 

ince July the flow of the stream was nearly uniform unti l about 
September 10, when it began to rise gradually, and by tbe middle of 
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"ovember the di charge wa. about doubl the minimum for the month 
of July. Five di charge mea uremeuts have been made and a rating 
table con tructed. The record of daily gage height for 1896, from May 
12 to A ugu t 1, is given in W at r-Supply and Irrigation Paper No. 11, 
1 age 75. 

. ft ~ ... -~ . 
3, 000 

2, 500 

2.000 
£.:L1 ro, 1£ .o.' 

1,500 

1,000 

500 

0 

3,000 
' 

2,500 

2. 000 

1,500 

1, 000 

500 

0 

2,500 

2,000 

1,500 

1,000 

500 

0 

3, 000 

2,500 

2, 000 

1,500 

1, 000 

500 

0 

l!' JO . b2.-DJ8 barge of Humboldt l~ivor ~<I. E lko, Bat1J Mountain. Gol onda, and Oreana, 'emda, 1 96. 

.. 
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I 

I 
List of d·ischm·g measll'rem 11 ts 11wde 0 1~ Rook reek at Battle Jlfounlain, Xewda. 

~ o. Dale. llydrogroph r. I l\:[eter I h tiht 
I number. (f L). 

Area of 
se t ion 
(squoro 

f t). 

llfean 
velocity Dlsoharl( 
(fn t por (sccontl. 
s on d). feot). 

1----1------- '---------·--- ----1 

1 96. 
1 Feb. 12 L. H. Taylor ..... 100 1. 90 .I 

12.00 7 13.00 
2 Apr. 26 ..... do .......... 100 2. 70 39 5 1.6 6G. 7 

I 3 Juno 2 ..... do .......... 100 5.70 271. 3.37 9 L'l. 00 

4 , .)nne 13 ..... do .......... 100 I 3. 10 59.00 2.37 14~ 5 Aug. 4 .... . do .......... 100 1. 0 I 1l. 0 I. I 1l.OC 

Garro 
height. 

Feet. 

1.80 
1. 90 
2.00 
2.10 
2.20 
2.30 
2. 40 
2.50 
2.60 
2.70 

~ 0 

Rat·ing table for Rook 1·eek at Rc~llle J[ounlain, Xevada. 

[Coustruoted by L . JI. Taylor from cU hnrge me!U!nrement. Nos. 1 to 5. ] 

29 
36 
44 

53 
63 
75 
88 

102 

Ga~te 
heigllt. 

Feet . 

3.00 
3. 10 
3.20 
3.30 
3. 40 
3.50 
3.60 
3. 70 
3. 
3.90 
4.00 

'ec . jeet. 

117 
134 
152 
172 
193 
214 
237 
262 
2 
315 
342 

Feet. ee.ju t Ftet . 

4. 10 370 5.20 
4.20 .S99 5.30 
4.30 429 5.40 
4.40 459 5. 50 
4.50 4 5.60 
4. 60 521 5. 70 
4.70 553 5. 0 
4. 0 5 5 5.90 
4.90 61 6. 00 
5.00 6-2 6.10 
5.10 687 6.20 

• ee.jut. 

7:24 

762 

924 
. 967 

1,011 
1,056 

- 1, 102 
1, 149 

Esti1nated monthly cliaoharge of Rook ruk near Battle Mo1mtain, Nevada. 

[Drajoage area , 750 quare mil es.) 

• 
Discharge in second· fe t. Ron-off. 

Month. Total in 
lseconcl.fecL 

~Ia.·d · Mini- aor -feet. Depth in 
mum. mum . Me"''· inches. pers~unre 

tm e. 

-------
1896. 

March ··-··· ·· ·· · ... . 724 9 142 8,731 0.219 0.19 
Apr il.. .... .......... 335 36 85 5,058 0.126 0. 113 
May .. ... . · -- ·· ·· - -·· 1, 102 75 500 30,744 0.744 0.666 
June ...... . .... ... ... 1, 011 81 276 16,423 0. 41 0. 367 
July ................. 78 11 39 2,398 0.06 0. 052 
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MA ON RA CH TATION 0 0 TH FORK OF HUMBOLDT RIVER. 

This station was e tabli bed by Mr. L. B. Taylor on Augu t 29 1896, 
at a point on the outh Fork of Humboldt Ri>er, about10 mile outh· 
w t of th town of Elko and about 6 mile above it~:! junction with 
the main tream. Like th Rock Creek station, its purpose i the 
d t rmination of the volume of wat r available for torage there being 
<t g od ite for a reservoir a short di tance ttbove the tation. The 
ob erver is ¥r.. l\Iartin Ma on, a farmer. The gage is inclined and is 
piked to po t driv n firmly into the right bank. 

Tber i one ben h mark on a 2 by 4 incll po t 2-3; feet Ion ()' driven 
flu b witll th ground 10 £ et north of the gage, and having an eleva
tion of 7.5 feet above zero on the gage. Mea uremeut ar made from 
a cable and u pended car at a point 1 mile above the ()'age, the latter 
being plared, for the convenience of the ob rver, near hi farm. At 
tb point of mea urement the bank are high and the channel is 
traight for over 600 feet. The bed of the stream i of rock and o-ravel 

and i quite table. nly two mea urement of di charg-e have been 
made, that i i ' not y t pra ·ticabl to Oil truct a ratiDg table. The 
r ·ord of daily gao· h ight ' for 1 96, from ugu t 30 to December 31, 
i:; cri n in ·water- upp1y an l Irrigati n Paper .r o. 11, 1 age 76. 

List of disol!m·ge mea urements mad on Oltlh Fo1·k of Humboldt Rive1· at Mason's Ra11oh, 
.i\'erada. 

No. 1 Date . llydrograph r . M ter 
numb r. 

Gn l! 
beigl1t 
( f e t) . 

..tl.r of 
d otiou 
(sq uar 

feet) . 

----:------- ---------

Mean Disobnrge 
' 'eloc•tr (second~ 
(feet per feet). 

e oud) . 

1 !l6. I 
1 An g. 29 L. H. Ta)·!or . .... 100 1. 00 41 0. 26 11 IT·pt. -9 ..... do .. ........ :.___1_oo_!,_,_o_._95 ____ s_s~_o_.2_4_. ___ s___, 

Ili.'"TERIOR B L."' IN r.All .1 ND ID.AJIO. 

Thi r gion include t ll at portion of th reatlnterior Ba in which is 
tributal'y t th Great a.lt Lak . general desc1·iption of t!Je condi
tion of \Tat r upply iu thi ba, in i given in Bnlletin 140, beginnino· 
on page 2""l. Work ba be n carri don duriDg 1 9G 011 ub tantially 
tb c.tm ba i · a· in 1 95

1 
under tb charg- of Prof . or Fortier. 

BEAR RIVER. 

Thi i the largest tream flowi!lo· into Great alt Lake, a~d is 
de cribed in Bulletin 140, pag 225. Two tations have beeu con_twued 
on this river. Be icl the regulflr tations, Profes or Fortier mad an 
exteDded in ve tigation duriu cr the. ummer of 1 96 of a number of tribu· 
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' tarie and ditche for the purpus of determining the epag or return 
waters 1 from irrigation in thi ba in. Mea or ment for this purpo e 
were made on Cub l~iver, Blacksmith Fork, Ea t anyon Oreek, and 
Sooth Fork of Li ttl Bear River. A sta,tion wa al o e tabli bed 011 

Logan l{iver, in addition to the two on Bear River. 

SODA SPRI S Sl'.A.TIO ON BE.A.R RlVER. 

This station wa e tabli bed iay 25, 1 96, by Mr. F. J. MiliA, Stat 
engineer of Idaho. It i located at th wagon bridg about 1 mile 
southwest of the town of oda priug , Idab . The ro ection i 
inferior, owing to its being ob tructed by four bridge pier . The rod 
is vertica.l and nailed to one of the pier . The drainage area at tbi 
point is 3,940 square mile', The record of daily gage height for 1 96, 
from May 25 to October 2, is given in Water- up ply and Irrigation 
Paper No. 11, page 76. 

List of di ollarge r.teas u1·ements made on Bear River at oda prings, Idaho. 

GaW: 
Area of :Mean Disoharfo 

Date. Hydrographer. Meter heiJZ t sec tion veloojty (8 COil( number. (square (foot p r (fe t) . feet). aeoond). ~ et). 

] 96. 

~ Mar. F . J.Mills .... ....... ---- ---· 5.0 244 1. •19 
June 11 L. B. Kendall ..... .. . , Floats. 8.30 942 6.30 

Bating tabU. for Bear River at oda pr·ings, Idaho. 

h~i~~~t. l Discharge. 
Galj,o .1 . Gau 

Di charge. , Ga!te Discharge. heig t . I D1scharge. heig'bt. heig t. 

---
Feet. Stc.ftet. Feet. te.jut. Put. ec. f eet. Feet. Sec. j ut. 
4.10 0 !5. 20 470 6.30 1,355 7.40 3,155 
4.20 35 5. 30 ii25 6.40 1, 475 7. 50 3, 3 -
4. 30 70 5.40 55 6.50 1, 605 7.60 3,630 
4.40 105 5.50 650 6.60 1, 740 7. 70 3, 90 
4.50 145 5.60 720 6.70 1, 85 7. 0 4,170 
4.60 185 5.70 795 6. 0 2,040 7.90 4,470 
4.70 22:- 5. 0 75 6.90 2,200 8.00 4,790 
4. 0 270 5.90 960 7.00 2,370 8. 10 5,140 
4.90 315 6.00 1,050 7.10 2,550 8.20 5,520 
5. 00 365 6.10 1, 145 7.20 2, 740 . 30 5, 930 
5.10 425 6.20 1,245 7.30 2,940 . 40 6,3 0 

•Seepage waters of northern Utah, by Samuel Fortier: Water.Supply and Irrigation Paper No. 7. 
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Esti-matecl monthly clisoharge of Bea1· Rti.ver at Soda prings, I claho. 

[Drainage area, 3,940 •quart> miles.] 

I I DischargG in second-feet. Rug 
Month. Total in 

Max i· Mini- acre- feet. Depth in Second-fee 
Mean. 

' 
mum. In 11ID , inc.bes. per s~u ro·e 

nll ~. 

------
1 96. 

May 25 to 31. . __ _ . _ ... 2,370 1, 605 1, 0 26, 100 0. 13 0. 48 

June. -- -- -- --- -.. --- . 6,3 0 3, 385 4,605 274,016 1. 31 ]. 17 

July . __ ... . -- .. -- - - - - 3, 155 75 1, 395 5,775 0. 40 0.35 
Auo-ust. -- - _____ __ - --· 960 525 675 41,495 0.20 0.17 

ept ember ...... . ___ _ 5 ~ 525 542 32,251 0.16 0.14 
' 

BATTLE CREEK STATIO ' 0 ' BEAR RIVER. 

This tation has been described in Bulletin 131, page 53, and Bulle
tin 140, page 225. It i located 5 miles northwest of Pre ton, Idaho. 
'l' h obi' rv r i Mr. John 1nrdock a farmer livin g about 1,000 feet from 
tb age. Tb tation i quipped with a cable an d car. 'rhe gage con-

f a v rti al board nail d to a pil . The bench mark is a nail in 
outb a t orner of the ho11 e of the ob ervel' about 1.5 feet from 

th g round and it i 10.95 f, t above the zero of the gage. The rela
tion of he gag to tlti ben h mark wa te ted in the fall of 1894, and 
again in 1 96, and it accuracy erified. 

The importance of u h measurem nts to the people of southern 
Idaho and north rn tab i apparent upon con ideration of the exi ting 
ondition . Th apacity of the we t branch of Bear River Canal ys

tem in Box ld r ounty tab, is 1,000 ubi feet per second, and the 
flow of Bear River tt it ro s the line from Idaho into Utah is fre
qu utly le s than would ben e a l'y to . upply t his one canaL Causes 
of di pute are thu ari iog over the water of thi stream between the 
irrigators of outh rn Idaho and tho e of Boxelder County, tab. 

ar ful mea urem nt will .on titnte the only reliable ba is upon 
which to ttl . uch rig·ht . The record of daily gage heights for 1896 
is given in Water-Supply and Irrigation Paper :No. 11, page 76. 
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.Li.st of dischm·ge ?,teas tlrementsmade on Bea1· River at Battle Cre k, 1rlaho . 

Hydrogra pher. 
Gage 

M tor beigl1t 
number . (feet). 

.A rea of 
s ·tiou 
(squnre 
~ eL). 

1----1-------1----------1---1---

1 CI-t. 

16 Oct. 29 A. P. Davis.. ... . 24 
17 r ov . 30 . . Fortier . .. . ... 106 

1895. 
18 Apr. 6 J. L. Hbead. .... 106 
19 Apr. 15 
20 J Apr. 29 
21 Oct. H 

1 96. . 

.... . do .... .. .. .. 103 

.. . . . do . ... .. ...... .. . .. . 

.... . do .......... , 103 

1. 90 
1. 0 

2.68 
3. 00 
2.93 
1. 40 

16-1 
<14 

620 
666 
650 
36'9 

2. 12 
2. 30 

3. 

3.57 
3.50 
1. 7 

9 0 
1 030 

22 \ May 24 
23 June 23 
24 July 25 
25 July 25 

I 
J. L. Rbead . . . . . 103 2. 90 671 3. 36 2, 25-! 
.... . do .. .. .. .. .. 103 4. 45 96:'i 4. 09 3, 93-! 
S. Fortier .. ..... 10 2. 06 477 2. 30 1 099 
J.L.Rbad ... .. 106 2.0-i 4 2. ,i7 1,199 
..... do .. .. .. .. .. 106 1. 6-! •103 2. 17 73 

..... do . . . . .. .. .. tO 1. 63 39-t 1 . 7 ~~: I 
L-2~----~··_·_--_d_o_._ .. _·_--_·_· _--LI_ I_o3 ___ 1_. _63~---3-9_4~-2-._o __ ~~ 

Hati ng table of Bear River at Battle Creek, Irlaho, jo1· 1896. 

""" In iJ G,,. , . I On~! Discharge. · Gaft Dlsobnrge. height. •scbarge. height. D1s barge. 

1 

heigb t. h ig t. 

i 
Feet. ec. f eet . Feet. I 

eo. feet. Feet. eo. f eet. Ftet. ec. f eet. 
0. 1 135 1.6 800 3. 1 2,335 I 4.6 4, 150 
0.2 145 I 1.7 75 3.2 2,445 I 4. 7 4, 275 
0.3 165 1.8 970 3. 3 2,560 4. 4, 400 
0.( 190 1.9 1, 065 3.4 2, 675 4. 9 4, 525 
0.5 220 

I 2.0 1, 165 
I 

3.5 2,785 5.0 4, 650 
1). 6 250 

I 

2.1 1,255 3.6 2,900 5.1 4,775 
0.7 285 2. 2 1, 365 I 3. 7 3, 025 5.2 4, 805 
0. 320 2.3 1,470 3.8 3,155 5. 3 4,930 
0.9 360 2.4 1,570 3.9 I 3, 2 0 5.4 

I 
5,055 ..._ 

1. 0 410 2.5 1, 675 4. 0 3,405 5.5 5, 1 0 
1.1 455 2. 6 1,7 0 4. 1 3, 530 5.6 5, 305 
1.2 520 2. 7 1, 5 

I 
4.2 3, 655 5. 7 5,430 

1.3 5 0 2.8 1, 990 4.3 3,780 5. 8 5, 555 

lE_ 650 2.9 2, 100 

I 
4.4 3,905 5.9 

I 
5,6 0 

725 3.0 2,220 4.5 4, 025 6.0 5,805 -
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Estimated mon thly di scha1·ge of Bea1· River at B attle C1·eek, I daho. 

[Drainage are~t, 4,500 squar mi les. ] 

Discbarg:e in second -~ e t . Ro.,g 
Mouth . Totnl in 

D pth in !Second-fee Maxi- Mini · acre-feet . 
mum. m um . Me~tn . Inches . per s~ uare 

1111 e. 

--- ---
1 96. I 

I 
Jan uary . . . . .. ........ 650 I 5 0 645 39,659 0. 16 0.14 
F brua.ry .. ~ .. . -. --. . 650 580 621 35, 719 0. 15 0. 14 
Mar h --- --· ---- . ... . 1, 470 1 

650 I 02 49, 312 0.21 0. 1 
ApriL ......... . . .... . 1, 990 I 1, 470 1, 836 109, 249 I 0.47 0 42 
May - --- · · ---- ·· · ·· · · 3, 530 1 1,885 2,~31 137, 179 0. 58 0. 50 
June . ... .. . ... . . ..... 5, 205 3, 025 1 4, 333 266,426 1. 07 0 96 
July .. ... ...... .... .. 2,900 1, 255 1,650 101, 454- 0. 4.3 0.37 
Augn~>t .. ... ... .. .... . 1,255 800 I 917 56, 

"' 
0. 23 0 20 

• eptember . . .... . . ... 800 00 800 47, so3 1 0. 20 0. 18 
Octob 1' ..... .... ..... 875 800 I 12 49, 927 1 0. 21 0. 18 
November ........ . .. . 1, 7 0 875 I 1, 096 65,216 0 28 0. 24 
l u eml.l 1' .. •••• •• ••• . 1, 7 0 970 1 1, 024 62 063 0.26 0.23 

I ------- I 
1, 021, 09t I~ p r >lllUUUl .• • .. 5 205 1 5 o I 1, 397 0.31 

l\11 ELL.A.NEO !lEA UitEME1 '1' 

r-= . a~ 
A.r· a. of Mea.n Discharge sec lion velocity tr am. h ig lt (squnr e ( ~ e t per ( eoond· 

(f eHl). feel) . second). f eet) . 

1 96. 
Jo n 19 on th Fork of L ittl 

Bea r .. . . . . . . ... . .. . . 1. 60 40.9 4. 04 165. 2-

Jul y 11 .... . do ·-- ------- -- .... 0. 50 23. 2.9 70. 9 
Aug . 6 .. ... do . .. .. . -- --- · -··· 0. 30 1 .4 2.32 42. 63 

Sep t . 15 .. .. . do ···-- · -- ---- ---- 0. 15 14.1 2.095 29.52 

June 1 East an you Creek a .. . -- ---- . . . . 29. 5 1. 90 56. 0 

Aug. 6 .. .. . do · -- --- ---- -· · --- ···-· · 15. 0 2. 34 35. 1 
ept. 15 .... . do . .. . ..... .. .. . . . ... .. . .... 10. 0 2. 25 22.5 

June .1 Black mi t b F ork b ... .. 1. 20 86.9 3.40 302.37 

.J une 29 .... . clo ... . ---- -· . . .. .. J. 00 79. 0 3.34 264. 00 

J ul 10 .. ... do . .. ... . . . ....... 0.93 75. 2 3. 072 230. 40 

Aug. 5 .... . do . .... ... . . .. -- -· o. 6 73.5 2.960 21 . 77 

ep t. 15 ... . . do --- · ---- . .. . .. . . 0. 4 65. 0 2. 757 181. 23 

a M easurem ut• of Ea•t Canyon Cre k wore made a short dis ta n e above tho hend gate f Pn-r lldi. o 
Cnon.l . 

b MoMu rom on ts of Jj lacksru ith F ork were m>Lde abo ut 1 111 ile below the month of Black F ork Cnnyou. 
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FIG. 53.-Discharge of Bear River at Battl Creek, Idaho, 1893- 1896. 

L OGAN '1'A.'l'ION 0 ' LOGAN RIVER. 

This station was established by Mr. Samuel Fortier on June 1, 1896. 
It is located in the river canyon about 2 mile east of the city of Logan, 
Utah. The gage is a vertical wooden post set .firmly into ti.Je ground 
and graduated to tenths of a foot. The equipment consists of a cable, 
car, and tag wire. The ob erver is Mr. J. S. Pehrson, hving about 
one-half mile from the gage. The bench mark is a stone 35 feet north
east of the end of the cable on the north side of the river. The eleva-
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tion i 14.01 feet above datum. The point of the rock and be letters 
B. M. are marked with red pain t. Ten measurements of dis barge 
have been made at thi tation and u ed in the con tructiou of a rating 
table. 

The measurements of .A.ugust 17, September 4, and eptember ?6, 
1 '96, in the following table were made on Logan River at the county 
road bridge about 6 mile due west of Logan City and near the mouth 
of Logan River. They how the relation between the flow of Logan 
Ri ver at the mouth of Logan Canyon dimini hed by th variou. irrio-a. 
tion canals and the surplus water of th~ everal tream in the outhern 
portion of Cache Valley increa ed by th seepage water from irrigated 
areas and from the adjacent hillside . The ob ervation on Logan River 
at the county bridge were maintained from Jun 1 to December 3~, 
1 96, with a few omis ions in June aud December. The table showing 
result i given in Water-Supply and Irri cration Pap r No.11, page 77. 

List of discha.1·ge. measlt?'entents made on Logan Rire1· at Logan, tah . 

Gnge .A.rea of Di barge Meter section Date. Hydrographer. number. b igbt (•quar ( econd-
(£ t). feet). ~ t ) . 

1 6. 
Jnn . Fortier ......... 103 4.65 192 .57 1, 646 
Jnn .. .. . do ............ 103 .UJ.t 1 7 .46 1, ."&I, 

.J11n ..... do ............ 103 4. 64 1 7 .27 1, 5-1.9 

Jun ..... do ............ 103 3.90 133 6.76 901 

Jnn ..... do ............ 103 ,go 133 6.46 61 
.July T. H. Humphr y· .. 106 3.75 116 6.27 

.July . Forti r .. . ...... 10 3. <17 99 4.93 

Aug. ..... do ...... .. .... 10 3. 14 3 4.01 

..... tlo ............ 106 2.00 230 1.2 

J.L.Rh nd ........ 106 2.96 7 4.51 

pt. 11 ..... do .... . ....... 106 2. -15 263 1. 57 
.. ... do ...... .. .... , 103 3.00 2 0 1. 0 a527 

T . H. Humphr y .. 103 2. 70 6 3.75 2<13 

a.A.t 



318 PROGRESS OF STRE AM MEA URBMENTS FOR 1 96. 

Rating table for Logan Ri.ver at Logan, Utah, fo r 1 96. 

Ga!i,e I Discharge. I Gn~ Discbar "'· 
Gag Dischn.rgo. 

Ga,re Di 
hotg t.. ~ 

heig ht. h elg1lt. 

1-

Feet. 

0.90 
1. 00 
1. 10 
1. 20 
1. 30 
1. 40 
1. ~o 

1.60 
1. 70 

~ 0 

Sec. feet. Feet. ,ec. fee t. Feet. ec. f eet. Feet . 

6 2.00 104 3.10 363 4.20 

12 2. 10 119 3. 20 400 UlO 

18 2. 20 135 3.30 442 4.4.0 
'Y - 0 2. 30 152 3.40 <t 4. 50 

32 2.40 172 3. -o -35 4. 60 

40 2.50 ' 19:~ 3.6 597 4.70 

47 2. 60 21 3.70 656 4. 0 

56 2.70 242 3. 0 7:20 4. 90 

68 I 2. 0 270 3.90 15 -. 00 

78 

I 
2. 90 296 

I 
4.00 935 

I I 90 3. 00 325 4. 10 1 024 

E8timated monthly di8chm·ge. of Logan Rit·?" at Logan , tah. 

[Drainni!'e area, 21 sq uare mil s.] 

--;-

"'""'•·- I 
ec. feet . 

1, 105 
1 200 
1,300 
1, 425 
1,-45 
1,660 
1,760 
1, 60 

:J 
Discharge in second-feet. Run ·oft'. 

Month . Total in 
acre.fe t . Second·fN' l U axi· Mini · Mean. D pth i n 

per s.~uare mum. mum. inches. mt e. 

1--- ------ ---

June . .. ~~~· .. ........ 11, 60 15 1,469 7, 411 7.78 6. 0 
July .. . . . ... .. . ...... 15 363 54 33,695 2.91 2. 52 

August . . .... .. ···-- - 363 - 96 321 19 737 1. 72 1. 49 
i"eptember ... ........ 270 242 ?--0 15, 352 1. 33- 1. 19 
October .... .. .... .. .. ' 242 218 uo 14, 757 1. 27 1.10 

November ........ .... i 2<12 218 219 13, 091 1.11 1. 00 
December ...... .. .... 218 193 204 12, 543 1. 0 0. 94 

MEASUREMENTS OF CUJ3 RIVER. 

Four measurements were made on tbi stream at a point near t.he 
foothiU above aU irrigation canal . 

Ga~e 
Area of Mello 

· Disch a rge I 
No. Dale . Hydrographer. :Meter 

hei~t Jt ection velocity (s cond-number. (feet). (square (f t per fe t). feet) . second) . 

- - -
1896. 

1 J uue 25 J.L.Rben d. ~--- - 103 1. 5 94. 7 3.95 373: 93 
2 J une 25 .. ... do . .. .. ... .. 103 1.5 97.0 4. 07 394.56 tt"IY 27 . .... do . . .... .. .. 106 0.35 40. 7 1. 48 

~ ept. 7 .. ... do .. .. .... .. 106 0.21 34. 6 1. 2L 0 
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COLLINSTON S'I.'ATIO ON BEAR RIVER. 

This tation is described in ~ulletin 131, page 55, and in Bulletin 
140, page 227. It is located in the canyon below Cache Valley, Utah, 
about 4 miles from the railroad station of Collinston or 2 miles east of 
the town of Fielding. The ob erver is J. H . Garn , who i the ditch 
rider of the Bear River Canal, and live at Fielding, tab. The gage 
consists of a vertical iron rod, graduated to tenths of a foot. The 
bench mark is a uail in an oak po t 20 feet west of the gage and 20 
feet north of the cable. It levation is 7.35 feet above the zero of the 
gage. The chief source of error at tbi station is the large rocks which 
are scattered over th bed. There i al o con iderable underflow, owing 
to the porous character of a portion of the river channel. The record 
of daily ga,ge heights for 1896 is given in Water-Supply and Irrigation 
Paper No. 11, page 77. 

List of di.8cha1·ge measurements 7nade on Bea1· River at Collinston, Utah. 

Gn~te 
Area. of Menu Dischnrfe :Met r a c tiou Yelocit y To. Date. Hydrogrnpbor. number. b ight (square (foot p (SCCOD ( • 

(feet). f et). coon d). feet). 

----- ---

20 . Forti r ........ 106 2.01 690 2.61 1, 00 

21 ..... . · --·- 103 2.10 730 2. 57 1, 75 

22 Apr. ulm r. ... . 106 3.16 1, 011 3. 01 3,041 
23 Apr. 15 .... . do ... ........ 106 3.T 3.44 3,853 

24 I pr. 2~ 106 3. 5 3.27 3, 453 
2- Apr. 29 . Fortier .. . . . . . . 106 3. 61 1 05 3.27 3, 460 
26 An g. 19 J. L. Rbead ....... 106 1.17 364 2.15 19 

27 pt. 23 . Forti r ...... .. 106 1. 62 495 2.14 

28 D 9 ..... do ..... . .... . 
1 

106 1. 95 633 2. 21 

1 6. 
29 Apr. 20 J . L.Rhead .. . .... 103 3.25 9 2. 92 

30 July 23 . Fo rtior . ..... .. 106 2.24 687 2.50 

31 Jnl y 23 .... . do .......... . 10 2. 24 690 2.19 

32 Aug. ... .. do .... .... ... 103 2.14 61 2.3 

33 Aug. ... . . do .. ... . . .... 10 2.H 61 2. 20 

3-b Aug. 2 .J.L.Rb nd ....... 103 1. 5- l 2. 45 

35 Au g. 2 ..... do .... .. ... .. 10 1.8 5H 2.17 1, 24.6 

3 ept. 25 . ... . do .... . ...... 103 1. 91 - 6 2.30 1 349 
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Rating table of Bem· Ri·ver at Colli11Bton, Utah, for 1896. 

h~fg'l~t. J Discharge. II b~;'i't~. Dischnrg . , h~~'l~t. Disobnrgo. Onge D! h ight. ijChnrgo. 

F.et. et.ftet. Feet. eo. f eet . Feet. 

41- 2.3 1,695 4.1 

460 2. 4 1, 05 4. 2 

500 2.5 1, 930 4.3 

0. 545 2. 6 2, 060 4. 4. 

0. 9 595 2. 7 2, ] 0 4. 5 

1. 0 645 2. 2 310 4. 6 

1. 1 695 2. 9 4. 7 

1. 2 750 3. 0 4. 

1. 3 15 3.1 4. 9 

1. 4 0 3. 2 5. 0 

1. 5 955 3. 3 5. 1 

1. 6 1, 025 3. 4 5. 2 

1. 7 1, 100 3. 5 -. 3 

1. 8 1, 185 3. 6 -. 4. 

tc. jeet. 

4,12"' 

4,260 

4,390 
4, 53-

4,670 

4, 05 

4,950 

5,090 

- 230 

1. 9 1, 275 3. 7 5. 5 6, 025 

Feet. 

5.9 

6.0 

6.1 
6.2 

6.3 

6.4 

6. 5 

6.6 

2.0 1,375 3. .6 6, 1-o 7.4 

ec.jeet. 

6, 54 0 
6 6 -
6,7 :-

6,915 

7, 040 

7, 16-

7,29:3 

7,415 

7 54.5 

7, 665 

7 790 

1 :·~ 1,480 3.9 3, 5.7 6,2 o 7. 5 

~~-1_, _59_o _____ 4_. _o~ __ 3_,_9_9o--~_5_. __ ~ __ 6_4_1_5 __ . ___ 7_. _6~------~ 

Estinwteclmonthly discha.1·gf. of Bea1· River at Coll ins ton., tah. 

[Drainage nr • 6,000 squnre mile .) 

Discharge io second·feet. 

Mouth. I I 
!---------------- ~~~: ~~~~ Mea.n. 

1896. 

To a! in 
n re·fe t . 

January . .. ...... .... 1 690 1, 10 1 11 324 1,409 0. 25 
1
1 

Febrnar y . . . . . . . . . . . . 1, 185 1, 100 63 733 0. 19 
0.22 

0.1 
March . . . . . . . . . . . . . . . 2, 570 1, 100 I 80, 549 0. 25 1 
April . . . . .. . . .. .. . . . . 3, 425 2, 570 177, 679 0. 54 0. 4 

May . . . . . . . . . . . . . .. . . 5, 6-o 3, 150 231, 650 o. 75 o. 65 

June... . .. . ..... . . . . . 7, 415 4, 539 6, 401 3 0, 6 1.19 1. 07 

July ... --............ 4, 260 1, 4 0 2, 233 132, 73 0.43 1 0. 37 

August .... .......... . 1, 695 1, 100 1, 361 0, 985 0. 26 0. 23 

'eptembcr . . . . . . . . .. . 1, 375 1, 185 1, 247 74,202 0. 23 0. 21 

October.. . ... . .. .. .. . 1, 375 1, 275 1, 30 80, 425 0. 2n 0. 22 

November . ........... 1,695 1,375 1,520 90,446 0.2 0. 25 

--- ---___ , _____ , __ _ ~-D--ec_e_m._b_e_r_._- _· ·_·_· _··_·_· _··~-1,_6_9_5~-~--3-7-5~-1-, _55_6-L __ 9_5_,6_7_4-L __ 0_. _30~~266 
1 

Per ann um . . . . . 7, 415 1, 100 2, 187 1, 570, 511 4. 92 
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O G D E N , W E B ER, AND PROVO RI V ERS . 

'I be e river rise in the Wa at<.;h lllountain an<l flow in a generally 
"e ' t rly com·, e. Tlle two former, uniting near the ci y of O o·den flow 
into be Great alt Lak . The Provo River farther outb flowR into 
Utah Lake, which in turn emptie::;, by way of Jordan River, into the 
Great Salt Lake. 

EDEN S'I'A1'I . OGDEN JUVEI . 

Tbi tation i de cribed in Bull tin 140, page 230, und er the title of 
Ogd 11 tation. It wa tabli ·lJed in .Tune, 1 D5, and i located about10 
mile ea t of tbe city of Ogden at the upper nd of th canyon, near tlte 
bon eof the ob erv r, ?-Ir. Jame Ririe. The station i equipped with a 
cable and car. The o-age i: inclined, and tlivided into tenth of a foot. 
The bench mark is a nail on the top of a ta,ke betw en tlte gny po t and 
au upright on the north ideoftbe river. It ' elevation i .51feeta.bove 
the zero of _the gage. Its po ition wa verifi d April 20 189G. A 
econd bench mark i on a rock at the eclo·e of tb road, 300 fi et north-

west of the gage. lt el vation i 18.5 fet't above the zero. rating 
abl wa wad flppl icaul for n-ng height up to 6 t; t, bn 110t eyon<l. 

Thi ttttion i, n w tem1 orarily abandoned on account of backwater 
au e l by a darn built by the E le tri J: ioue r Po'' r Company, of 
gden. The r ord of dail au height fir 1 96 i given in Water-
upply and Irri ation Pap r rTo. 11, page 7 '. 

Li t of discharrte measurem e11ls made on. gden Rirer at Ede ll, Utah. 

I Gngc A.r ~ of M u I Discbnrge 
Met r heigllt I section v. loc1ty (second-

numb r ., ( ~ t) (squnr (te t p r feet). 

--------!---~----~ second). ---
~- 19-

1 o. I 
l ! Jnue13 J.~.R~lea•l. . .. .... 103 1 2.02 105 1.-13 150 
2 pt. 13 . f ort1 r . . . . . . . . . lOG 1 J. 45 52 1, 09 57 

H ydrogrn} h r. Dnto. 

3 ct. 14- 1 ..... do . . . . . . . . . . . . 106 l. 53 6l 1. 20 73 

106 "I :Xo,-. 11 
1 96. 

5 Apr. 20 S. Forti r . . . . . . . . . 106 <J. 36 

6 Ju ly .... . tlo ...... .... .. · 10 1. 9 

.... . <lo .. ..•....... 1.55 56 1. 26 71 

251 2. 46 Gl 

4 I 1. 66 

7 An g. 19 . ... . do . . . . . . . . . . . . 10 1. 57 

Ang. 21 J.L.Rhcad ........ 103 1.6l 

1 9 pt. ·.Fort ior . . . . . . . . . JO 1. 63 

I ~~ I ~opt. 1 J . L. Rhead........ 106 1 60 

crec. ~ . Fortier ..... _._· -- --'---1-0---''--1-. _6::~_. 

62 1 25 7 

63 1. 59 101 

I 69 1. 29 9 

63 1. 42 _;j 66 1. 4.3 

1 'E L, P'l' 4---1 
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Rating lab/ of O!Jden Ri.!'er n ear E den , lah, fo•· 189G. 

Gag 
lleigll t,. Dis harg . Gage 

heigbt. Discharge. Gn ge Disobnr"e 
be•gbt. o 

Gage 
boigl•t. Dis barge. 

Feet. Sec. feet . Feet. eo.fut. Feet. eo. fttt. 

1.0 24 2.3 200 3.6 460 

1.1 30 2. 4 220 3.7 4 0 

1.2 38 2.5 240 3. "00 

1. 3 47 2.6 260 3.9 520 

1. 4 5 2.7 2 0 4.0 540 

1. 5 70 2. soo 4. 1 560 

1. 6 2 2.9 3:.0 4.2 50 

1.7 95 3.0 340 4. 3 600 

1. 8 110 3.1 360 4.4 6:20 

1. 9 125 3.2 0 4.5 640 
2.0 140 3.3 400 4.6 60 
2. 1 160 3.4 420 4. 7 6 0 
2. 2 1 0 3.5 440 ·1. 700 

Esiimated monthly dischm·!Je of O!Jd n Rive1· at Eden, 

[Ora ina e area, 360 squar milel!. ] 

Di charge in SACODd ·f t,. 

Month . 

58 

2 

95 
200 
110 

2 

82 
October. ... .......... 82 82 
November...... ...... 240 70 
Decem lJer ............ 

1 
260 82 

3 
87 

230 
47:-
141 
90 
84 
2 

95 
91 

Total in 
acre-f t. 

5,104 
5,003 

14, 142 
18, .3 

'679 
5,534 
4,99 
5,042 
5, 653 
5, "95 

Peet . 

4.9 
5. 0 
5. 1 
·.2 

5.3 
5. •l 

5.5 
5. 6 
-. 7 

5. 
".9 
6.0 

tah. 

0.26 
0.26 
0. 74 
0.9 
0.45 
0.29 
0.26 
0.26 
0.29 
0.29 

'tc. f ut. 

720 
740 
760 

900 
920 
94c0 

0.23 
0.24 
0. 64 
1. 32 
0. 39 
0.25 
0. 23 
0. 23 
0.26 
0. 25 
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INTA. S'l'A1'IO 0 WEBER RIVER. 

This . tation i de cribed in Bulletin 131, page 57, and in Bulletin 
140 page 231. It i lo ated near the watchman' house at the railroad 
bridge, 5 mHe ca t of inta, in the vicini ty of D vi1 Gate, on the 

uion Pacific Railroad in latit ude 41 o 9' and longitude 111 o 51'. 
Ob ervation have been continued through 1896 and a number of dis
charge m a ur ment made. The ob erv ·r is !organ Flaherty, a 
watchman living about 100 feet from the gage. Hi post-office address 
i iota, ta b. The gage i vertical, and i upported from above by 
a proje ting timber pia ed out of th reach of high water. The eleva
tion of a ~ taple in a telegraph pole near by is 17.44 feet above the zero. 
The quipment con i t of cable, car, and tag wire. The r ecord of 
dai ly age h ights for 1 96 i., given in Water- upply and Irrigation 
Paper o 11, page 7 . 

No.I 

10 I 

11 

12 
13 

List of di charge measu1·ernents made on Treber River at inta, Li!h.. 

.l)nl • Hydrogrophcr . 

I 

'1 ~1 r 
number. 

-~--. 

1 91. 

July 20 .F rti r .... . .... 106 
Aug. 15 ... . . do ...... ·· ·· ·· I 106 

1 -. I 
Jan . 2 J. L. Rheau ..... . . 106 
Jon 17 

1 
••••• do ... _. .. ------1 106 

JuJ y 2 A. P. 1 a v1. ........ ;)5 

Au 17 J . L. Rh cad ....... 106 

pt. 14 . Fol'tier ......... 106 

5 J. L . Rheall ... .. .. 

1 . 6. 
J . L.Rb ad ... .... 106 

.. ... du .. .. ........ , 103 

..... tlo ............ 106 

a 1.10 140 2. 

."0 1. 73 

bO. 1-?7 1. 31 
236 4.04 
115 1. 93 
71 1.40 

69 1. 37 

l.H 122 2.25 

3. -o 363 t1. 91 

1.29 1 2.04 

1. - 107 2. 

aOngo height nnrelial.>lo; gng hn.-lng l.>een moved by ic . 
b Ic In rh•er makes this of doubt ful Yalue. 

396 
141 

166 
955 
222 
100 
9! 

274 

1, 7 2 
220 
233 
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Gngo 
hoig1Jt. 

Feet. 

0. 1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

1. 1 
1.2 

1. 3 

1.4 

1.5 
1.6 
1.7 
1. 8 

1.9 
2.0 
2.1 
2.2 

2.3 
2.4 

Rating table of Weber River near ·inta, Ctah jo1· 1 96. 

Discharge. : h~i~lf~t.. , Dis ·barge. 

1- I 
,:\gO 

~lt. In;, "''~ II '"'~~~ n;"'"'"l 
, ec.feet . I Feet. ec.feet . 

23 2.5 1, 175 
2 2. 6 1, 275 

35 1 2. 7 1, 390 
45 2. 1 505 
57 
68 
0 

105 
125 
155 
1 5 

220 
270 
310 
360 
415 
480 
545 

615 
700 

785 

880 
975 

1, Oi5 

2.9 
3. 0 
3. 1 
3.2 

3.3 
3A 

3.5 
3.6 
3. 7 
3. 

3.9 
4.0 
4. 1 

4. 2 
4.3 

4.4 
4. 5 
4.6 
4. 7 
4. 8 

1, 6.15 
1, 725 
1, 35 
1, 945 
2,055 
2,165 
2, 275 
2,3 0 
2, 4 
2 590 
2, 700 
2, o-
2,910 
3,020 
3, 12-

!'1, 230 
3,340 
3, 445 

3,550 
3,655 

Feet. 

.l, 9 

5.0 
5. 1 
5.2 
5.3 
-. + 
5.5 
:-.G 
r.:: .7 

5. 

5. 9 
6.0 
6. 1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6. 

6.9 
7.0 
7.1 
7.2 

ec.fu t. J Feet . 

3, 76" 1 7. 3 
s i5 i. 4 

3, 9 0 7. il 
4 0 5 i. 6 

4,190 
4, 295 
4, ·~00 

4,5 5 
4,610 
4, 715 

4 20 
4,925 
,. 030 

. 5 135 
5,240 
5, 3-15 

5,450 
5, 5--

5, 660 
5,775 
5, 0 

a5 985 
6,095 
6, 205 

7. 7 

i. 

9.0 
9. 1 
9.2 
9.3 
9.4 
9.5 

a Only approximate from 7 feet up. 

7,-t15 
7,525 
7,635 

' 7 5 
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Estim ated monthly dischat·(Je of TFebet· Rir rat ri nla, u tah . 

[Drai nage area, ! ,GOO •quRre miles.] 

] Hschnrg~ i11 MC.('OHd · .C .. Rnn-off . 

M onth. Totnl in I,,;:.', ........ ,". ~! nXt· "M ini- acr·o- fc.ct. 
11\UIJI. llll11U . 

Jl l oan . iuches. per 89 unre 
nHie. 

----
] 96. 

.) ru1 na ry ........ . . . ... 4 0 47 29, 391 0.35 0.30 
F hr nary .... .. ..... . ·I 0 4 0 27, tHO 0.32 0.30 

' 
l a rch ·-- --- . ...... -- 2,055 I 9-!3 I 5 . 115 0.6 I 0. 59 

April ···- ------ ·----- 3,230 l. 671 9:1,431 l. .J.O l. 01 
) fnr ------· ·-·--· --·· 7,9 0 1,390 3,172 195,039 2. 2 1.9 
.J U IH' ..•.. .• ••••••.• • . 7.9 '0 7 5 3.3-L 199. 220 2.:3 I 2.09 
.lnly .. .. .. . --- -·-- -- 700 360 5 6 32, 957 0.39 

I 
0. 34 

Augu t .. . ........ ... . Gl5 155 292 17. 93 1 0.21 0. 1 
pt1•ml cr ---- -· ----· 310 :no 274 16. 304 0.19 0. 17 

ctober ..... . . . .... . . ·11 3 310 357 21. 951 0. 2- 0.22 
XoY IIIUl'l' ........... . iOO ~15 :'; 1 32,()(' 0.3' . 31 

ll I' mJ. r ..... ...... Jr<O 360 120 ? " 2.) 0. 30 0. 26 . o, 

l'cr :till! IIIII ..••. 7, !l 0 15.3 1,011 (; '-165 9.0 0.67 

!:it'r. 
4 tlOO 

.fl. :!. "-~ c_L _UO MAR_';; A P~IOL MA' J!:!~~ ~~~'!: A_ U_G_ ~~p o_c~ N_o;-0 .~£.,<:;.,. 

·3 ( 00 I 

0 

-
~-~~ 

00 

0 

2,UO 

], 0 

. 000 

18 9 i 
7, 000 

,tl 00 

5,00 0 

4,0 00 

)0 I 

2, 0 

l , 00 0 ........ I.. 

0 

Fto. 51. - l i8chnrgo ofW b~r Rh·er nt]) vii"• Ont" nho,-~ intn , \' In h. 1 95-06. 

PROYO '1'A.1'1 N l't OYO J lYEH. 

I 

Tbi ' tationi de ·rib dinBull 
. 140 pag- ~34. Jti loent din the any u,tbou 

of Prov , tah. l t i latitude 100 HI ' aud Jongitnd 

and iu Bull tin 
()mil from th ci ty 
1110 -10'. It mnyb 
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found on the al t Lake beet of the Topographic Th b l'\7er 
is Mr. H enry V. Smith, a farmer. The gage i in lin d and fn t ned 
to stakes set in the ground. Th bench mark i a ton firmly bcddetl 
in a bank near t he wagon road about 100 fe t onthw t of t b gag . 
It is marked "B. M." in black paint, and is 6.95 :f; t abo the z f 
the gage. The record of daily gage h igb t tor 1 96 i gi v n in 
Supply and Irrigation Paper o. 11, pnge 79. 

L ist of discharge m.easrweme11t8 1nacl on Provo Ri rer ·rr em· Pror•o tah . 

No. Date. Jiyd rogra.pber . 
G 

I 
rea of ~ltan D ' 

M eter ~I! sec t io n Yelo it y •schargo ,_ he1gh t ( eeood-. 
onm ver . ( ~ ·et) (S\IUBr (I et per 1. t ) 

e · f c t ). secolld). · 

--
___ , ---

l 94. 
H Dec. 2.! . Fortier ......... 103 4. 40 1:>4 2. 53 3 0 

1 5. 
15 June '15 J. L. Rbead . .. .... 106 4. 0 1 - 3.69 6 0 
16 July 20 55 4. 10 124 -.19 270 

1896. 
17 ept. 7 . Fortier ... ...... 10 4. 21 117 2.36 

~~ 1 Nov. 7 C. C. Bab b .. .. .. .. 63 4. 2- 122 2.20 269 

Rating table for Provo Ricer n ea1· Pro co1 C'tah, f or· 1896. 

Ga!{.o Discharge. Galf,o I Discharg . il b~~i~. Discba rg ·II Gal! D ischargd. heig t. heig t . h ig bt 

--- ----
Fu t. Sec. f eet . F<et. ec. j eet . I Feet . Sec . j .. t. Ft t t. 'ec.ftet. 

3.00 61 4.40 390 5. 0 1, 440 I 7.20 2,715 
3. 10 69 4.50 444 5.90 

I 
7. 30 2, 

I 
1, 51 

I 
15 

3.20 77 4.60 511 6.00 1,600 7. 40 2, 920 
3.30 8 4.70 5 1 6. 10 1, 686 

I 
7.50 3,02:-

3.40 99 4.80 652 6. 20 1,775 7.60 3, 130 
3.50 112 4.90 728 6.30 1,865 7. 70 3, 235 
3.60 128 5.00 801 6. 40 1, 955 I 7. 0 3, 345 
3. 70 145 5. 10 l 6. -o 2, 045 

I 
7. 90 3, 455 

3.80 168 5.20 970 6.fi0 2, 135 . 00 . 3, 565 
3.90 193 5.30 1,050 -6.70 2,230 I 8.10 3, 6 0 
4.00 221 5.40 1,130 6. 80 2,325 . 20 3, 00 
4. 10 256 5. 50 1, 206 6.90 2,420 8.30 3,920 
4. 20 292 5.60 1,283 7.00 2,515 8. ·10 4, 025 
4. 30 339 5. 70 1,360 7.10 2, 615 8.50 4, 150 

• 



~ 
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Estimateclmon th ly dischm·ge of PI'OI:O River at Provo, u tah . 

Month. 

] 96. 
Jan nary ··----- ----- -
February ----- -------
fa r eb ...... ---------

April ---- ----- -- -----
May ·--- ---·---- -----
Jwle.·---· -·-- - ------

July----------- - -----
A ugust .. _____ ------ --

Pt•r annum.----

[Draiungo nren , 640 squa re miles.] 

Discharge in secoud-f et. 

Maxi· 
mum. 

444, 

339 

1 51 

72 
444 

339 
33!) 

5ll 

390 

J, 15 

tiui 
mum. 

256 
292 

292 1 
390 
5 1 
444 

292 I 
292 
292 

1 1enn. 

: I 339 
421 

390 

5-!4 I 

UTAH LAKE. 

Total in 
acre-feet. 

19,79 
17, 141 
24.,471 

37,428 
71,694 

92,707 1 

23, 611 I 
19, 122 
1 3 7 

20,844 1 

_R_""g 
Depth in econtl-feet 
inch . per s.qua re ___ I n11le. 

0.5 
0.50 
0. 71 
1.09 
2.10 
2.72 
0.69 
0.56 
0. S.l 

0.61 
0.73 
0.70 

0. 50 
0.46 
0.62 

0.53 
0.66 
0.61 

On ovember G, J 96, a n-ao-e wa e tabli ·hed ou the .lake at eneva, 
3 miles south of Ameri au Fork. It i a verti al r d driven into the 



328 PROGRE, OF THEAM fE A UREI- !E T F R l !l . 

sand at tb outhern end of a batllllon :wcl nail d firmly t t h il or 
of the hou c. .A. a.ndstonc monument, t he l>on It mark of th Ia l;
commis iouer , wa fonnd, and it» 1 vation-14.G44 f ~t n.boYe ·om pro· 
mi e point-wa marked 011 t h pavilion 11 ar by. From h figur 
tlle compromise poin ou tbe gage rod was found, whi ch wa mal'k d 

F ro. 55.-Discbargo of Provo River in Pr01•o Canyon nenr Provo, Utah , 1893-1896. 

4.0 feet, and the rod then divided into feet and tenth . Mr. John Dal
li1t , po t-office Pleasant Grove, Utal t1 j the ob erver. Tbi station may 
be found on tiJe Salt Lake f>l teet of the Topographic .A.tla , in latitude 
400 21 ' and lon g itude 113o 10'. 
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Daily gage heigh/ of (J/ah Lake, nem· '.[Janish Fo1·k, Utah. 

Dn1 e. Gn"e Dat. Carr Date. Ga~re 'I Dat. I ··~· h cigl>t. b igllt. ~I heig .1t. 

---
1 90. 1 92. 

2.~ 6 Mar. 
13 1 

? 

Apr. 1 Apr. 9 ; 3 I 
Apr. 26 

29 1 
22 I 

May 12 15 1 

Juno 2 5 16 

Juo 15 25 4.21 11 4. 

July 7 29 27 3. 42 1 1ay 2 

Jnl y :20 14 3. 00 II Juu 1+ 

Jnl y 30 I 0.21 2.5 Juoe 26 

--0.13 

1~ I 
t. 2. 17 June 30 

- 0.-- 2.13 Oct. 25 2.oo I July 11 

3 Kov. 30 2. 25 Aug. 6 

2: I Dec. 30 2. 79 ct. 7 

1 93. 7 2. 

1 .Jan. 14 1 

ne.o. 10 0. 1 J 95. I 
1 c. 2.1 0. 17 I lllay 1 i\Jar . -1 

1 90. 
o. 50 I 

Ma.'· 16 Apr. •r - 0 

Jan. 12 .Jnn 1 May 

J au. 27 o. 75 I June 15 )Ja.y 31 

F b. 17 0.92 J till 2 12 

Mar. J3 1. 50 Jul y 15 2·b 3. J.6 

Apr. 3 1 1.. 5 .July 10 16 3.00 

Apr. l l. 67 ,Jul y 1 Aug. 1 2.33 

lay 3 2.0 ug. 15 Aug. 16 2.0 

lay 17 2.33 Aug. 5 l'jlt. 2 1. 63 

1\1 ay 25 2.7r. 'C]Jt, pt. 16 1. 50 

Juu (\ 1 3.0 To,· . ... pt . ] 9 . 

Jnn 7 3.33 De . j c t . 21 2. ti4 11 Mar. 13 2. 

. Jun 14. 3.5 1 92. j ' ov. 20 2. 67 Apr . 2- 3. 25 
I Jun 19 3.42 .Jno . 16 D c. 10 2. 3 May 1 3.54 

. July 1 3.29 Fo ·b . 2 2 . II ]) ... 2 3. 1 Jnuo 'B . ) nly 1- 3.0 F b. 12 1 9.i. July 10 3 . 

.AU>'· 1 2.75 l\1 a.r. 1 3. 3 ' II .Jan. 31 3.21 Aug. 10 2.54. 

Frow Mr. J a rne AitkUll ; 0.0 is ompromi e I w wat.or mark. 
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Da-ily gage height o.f [;tah Lake at Genel!a , tah, jo1· 1896. 

Day .~~~ Day. N_::_l De ·. Day. ~ _ n_ . _ n., ~ Dl 
1 1. 20 9 1. 10 1 1. 20 17 . • • • . . .. .. .. .. 25 1. 20 . ... ... . 

2 · --·-- -···- --- 10 . ..... , . . .. . ... 1 1.10 1.10 6 1. 30 
3 . .. __ . 1. 20 Ill . _ ... _ .. _. _. _ ., 19 1. 10 27 1. 20 
4 __________ .... 12 ...... 1. _o 20 1. 20 .. .. ... . 

1

2 al. 20 1. 30 

5 . .... ·. 1.20 13 1.10 1. ... .... , 21 ...... 1. 20 29 . . .. .. ···-· ··· 

6 1. 10 . . . . . . . . 14 . . . ... I 1. 20 2:2 ...... ... .. .. · I 30 1. 30 

7 ---- · - 1.20 J 1s

1 

.. ... . - --- .. .. 

1

,1 23 1.10 I 
1
t_._2: 

1

: 31 1. 35 
. _ . _ . _ .. . __ . .. 

11

16 1. 1 o I 1. 20 2-1. v 

a Lake frozou oYor. 

OL IBIA D 

The Columbia River receive the run-off of an ar a cov ring nearly 
60,000 quare mile . It drains the greater porti n of tb tate f 
Washington, Or goo, and Idaho, with mall part f om.ing, tah, 
and .r evada. It di charge an imm n e quantity of water the gr ater 
portion of which is from the arid region, but throughout much of its 
course the urface of the river i o much below tb irrigable land that 
it utilization for irrigation i expensive and diffi ult. 

SNAKE RIVER . 

This tream ri es iu the mountain' of we tern Wyomina and flows 
entirely aero s the southern part of Ill abo. It gen ral conr e i we t
erly, and it emptie into the Columbia River n ar Pa co Junction, in 
the State of Wa hingtou. 'l a urements on thi river and its tribu
taries have been during 18!)6 under th e supervi ion of Mr. Lyman B. 
Kendall. Valuable cooperation was extended by the tate engine r of 
Idaho, lVIr. F. J . Mill . 

DLA KFOOT RIVER. 

During the past year con tructive work has been in progress on a 
sy tern of canals, <'liverting water from the Snake River for the irriga
tion of the Fort Hall Indian Reservation. With the id a that ulti
mately a larger water snpply would be required than could be furnished 
from the Snake River, it was decided to make a survey of the reservoir 
site at the marshes of the Blackfoot River, about 40 miles southea t 
of Blackfoot, Idaho. The urvey was made by Mr. Cyrus C. Babb 
with the a sistance of the engineer corp of the Fort Hall Indian 
Re ervation. 

The reservoir site is excellent, with a 50-foot dam, covering 20,0GO 
acres. The dam site is located at the head of the Blackfoot River 
Canyon in sec. 12, T. 5 S., R. 40 E. The top length of a GO-foot dam, 
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the height for which tbe urvey was made, would be 470 fe t, and the 
bottom width about 300 feet. The geological form ation at thi 1 oint 
i volcanic. The following table give the capacity of the re ervoir for 
every 10 feet up to 50 feet : 

The river was gaged in the canyon at the clam site on September 30, 
giving a di charge of 252 second-feet. On October 3 the Little Black
foot wa gaged at it mouth near the head of the reservoir. The di -
charge wa 81 econd-fe t. On October 5 the mai n river was gaged 
again at the upper bridge n ar the head of the marshe , in sec. 31, T. 
6 ., R. 42 E . The discharge wa 104 second-feet. A number of mailer 
creek enter t he riv r between the mouth of Little Blackfoot and the 
dam ite. The abo\"e mea uremeuts were made during low water, and 
it i probably safe to a sume a the low-water run-off of the Blackfoot 
Riv r 250 second-feet. The drainage area at the dam it , a mea ured 
from the La nd Offi e map, is 666 square mile , or 426,240 acres. 

Blackfoot Ri rer 1·eservoir site. 

Capacity be- Total on tour. Area. tw~ n 8 npacit . U ns. 

Acru. A crt-fret. A crt-feet. 

0 0 0 0 

10 1 210 6 050 6 050 

20 10,915 

30 14 752 

40 17, 23 

50 0,060 

545,300 

List of lancl embrao din BlacAfoot Rirer reseno ir site. 

11 I ' E )JKRJDJAN. 
Acr . 

E.t E.i ec.36,T.4 .,R.40 E.,un tHY yd .......... ----- -- --- --·-····---- - 40 
E.i E.tsec.36,T.4 .,R.40E. , un nn- y t1- ------ -- -------- ----- --- ---- ··· --· 0 

\- . f E.ts .36,T.4 . R.40E---------------------------------------------- 40 
E.i W.t e .J,T.5 ., R.40E- ---- ------ --- --- -- --------------········--··--· 0 
E. -ts o.1,T.5 .,R.40 E .............................. . . . ..... ---------------- 320 

E.t V .t cc. 12,T.5 .,R. 40 E ........ .. .......... . ........................ 40 
. t TE. ta o.12,T. 5 ., R.40 E ....................... . ....................... 0 
W.ts c.31,T.4 .,R.41 E.,uusurv yd ................................. ... .. 160 
W.t E.tseo.31,T.4 .,R.41E.,tl\1 urvey d ................................. 40 

V .tee 5,'1'.5 . R.41 E .... . ............. . ................................ .. . 320 
All of sec. 6, T. 5 ., R. 41 E ...... .. ........ .. ...................... ---- -- .. - .. - 64.0 

.tse .7,1'.5 .,R.4.1 E ............. .... ............. ..... ................ . .. 320 
E.t sec. 7, 1'.5 ., R.'!1 E ........ ___ ............ ___ .. ____ .......... -- ... - .... - 160 
.t W. t sec. 7, T. 5 ., R. 41 E .... .... .. ................ __ ................. .. . 80 
E. t W.t sec. 7, T.5 ., R. 41 E . .... ................. .. ...................... 40 

W.taec. , T. 5 S., R. 41 E .................... .. ............................ --·· 320 
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A l'es. 

W. t 'E . t ec.8, T. 5 ., H. 4L £ ... .. ... . ......... ... .. ......... .......... .. .. . . 0 
W. t ·w. t sec. 16, '1'. 5 .. R. -II E .......................... ... ........... .... 40 

S\\. f ec. 16 T. 5 ., R. 41 E .... .. ............ .. .... ................. ......... . 160 
S\\. t SB. t ec. 16, T . 5 S., R. 41 B.. .. .......... .. .. .. .. .. . . .. .. .. .. .. .. .. .. .. . 40 
.All of ec.17, '1'. 5 ., R.4 t B .............................. ........... .......... 6 1 
NE. t N \\' . t ec. 1 , '1'. 5 ., H. 41 E.. .... .. .. ............ ..................... . .JO 
NE.t ec. l , '1'.5 . R. 41 E ......... .. .. .. ......... ............. .... ....... ... . 160 
"E . t E.;t. ·ec.1:l, T . 5 . R. 4l E ........................ ............ .... .... · .. 4 
". t N\Y.t sec. 20, '1'.5 ., R. 41 E . ...... .. .... ................ ...... ............ 0 
E.t NW. t ec. 20 1'. 5 ., H. H E : ... .. ...... ................ .. . ... ..... · .... ... 40 
' E . t sec. 20, T . 5 ., H. U E ..... . .............. ........................... .. .. 16 
"E. t E.tsec.20,1'.5 . H. .U B ..... .. ................................ ........ 4 

All of ec. 21, 1'. 5 . R. 41 }' .......................... ...... .. ................. C>IO 
S\\' . t \Y. t ec.22, T .5 ., R.U £ . ................. ........ : . .. .......... .... . 10 
'\Y.t ec. 22 '1' .5 ., R H E .... .. ...... ........ ......... ........... .. .. . ... .. . !GO 

W. t sec. 26, T. 5 ·., H. 41 E ... .. ... .. ......... .. . ...... . ..................... .. . 3:l 
W. t E. t sec. 26, T. 5 ., R. .J1 B... ....... ...... .............................. 40 

N\Y.t c. 2i , T. 5 ., R.4 1 E ...... .. .. . . ........ ............ .. .............. ... 16 
W . tNE . t sec.27, 1'.5 . . ,R. 41 E ........... .. .. .............. .... ........... ... 0 
E.tNE.t ec.27, T. 5 .,R.H B ................ ........ .................. .... 40 
. t ·cc. 27, T . 5 ., R. 41E . . .... . ..... ... ... . ... . . . . .. . . .. ... ...... . . ......... . . 320 

' E .t NW. t sec. 2 ,T.- .,R.41 E ...................... . ......... .... ...... ... 4 
NE.t . 2 , T .5 .,R.41 E . . .. . ... . .. .. . ........... .. . .. .. . ... .. .... . .. . . ..... 160 
NE . t E.tsec. 2, T .5 •. R..UE .. .......... .. .......... .. ...... .......... .. .. ·10 
E . t ec. 3-l, 1'. 5 . R. -ll E .. . . . ........ . ............. . ......... . ..... . .... .. ... :320 
E. t NW. t ec.3-l 1'. 5 . . R.41 E . .. .... .. .... .. ........ .. ...... .......... .. .... 0 
SW. t K W. t ·.S-l.T.5 . R.H £ .......... ................... .. ............ . 40 

\Y. t ec.3-l,T. 5 .,R. 41 E .... ............ ........ .. ......................... 160 
All of ec. 35, T.5 ., R.41E .. .. ...... .. .. .. ...... .. .. .. .... .................. . 6l0 
SW. t ' \V. ;} sec. 36, T . 5 ., R. 41 E.. . . ..... ..... . ........ ... .. ........... .. . ... -10 
\\. t ec. 36, 1'. 5 '., R. 41 E .................. .. .......... ...... ..... .. ........ 160 

W. t .:E. t s . 36, T ." ., R. 41 E .. .. .. . .. .. . .. .. . . .. .. . . .. . . . .. . . .. .. .. . .. . .. . 0 
All of sec. l , T . 6 ., R. 41 E .... ..... . .... ......... . .. .. .... . ..... ..... . ....... 610 
All o f ec. 2, '1'. 6 ., R. 41 E .. .. .. .. .. .. .. . . .. .. .. . . .. .. .. .. . .. . .. . . .. . . .. --: .... 640 
E . t of sec. 3, 1'. 6 ' ., R. 41 E . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320 
:\E. t ' W. t sec. 3, 1'. 6 ., R.41 E .... .. ........ .. .. .. .... . ..................... 40 
B. t of ec.10, T. 6 ., R.HE . ...... .......... .. .. .... . ... .... .. ...... .... ...... 3:l0 
All of scc.ll, 1'. 6 ., R. 41 E ..... ....... .. .' . ... ..... .... ...... ................ . 640 
All of ec.12, 1'. 6 ., R.4J E .... . .... ................................. . .. . . .. .. 6 10 
All of sec. 1!'l, 1'. 6 S., R. 41 E .. .. .. . . .. ... .. .. .. .......... . ... ... ............... 6 10 
All of ec.H, T.6 ., R.41 E ................ .. . .. . ............ . ..... .. ......... 6 10 
E. t KE . t sec.1:-, T. 6 ... , R. -11 E .. .. ...... ... . ...... .. ... ......... .. ........ .. . 
E. t SE. tsec.l 5, T . 6 ., R. 41 E .. .... ........... . .. ..... .... .... . ..... ........ 0 

W.t · E. t c. 15, 1'. 6 ., R. 41 E .... .... .. ..................... . ........... ... 40 
NE.;tsec.22, T .6 . . , R. 4J.E ... ..... . . .. .. .. ........ ........ .... . .... ... ........ 160 
r. t 'E. t sec . 22, 1'. 6 . . , H.. U E .. .... ...... .. .......... .. ... .. : ... .... ... ... ... 0 

All o f sec. 23, T . 6 , ., H.. 41 E .. .. . .. ..... . ... .. .... ....... . ................... . . 6-10 
All of s c.24, T .6 .' ., R.41 E .... ................. ... ....... . . ................ .. 6 l0 
All of sec. 25, T. 6 S. , R. 41 E .... .. .. ....... . .... .... .. .. ........ .. ............. 640 
r. t s c. 26, T. 6 S., R. 41 E .. ... . .... ...... .. ..... . .......... .. · .. .... .. .... .. .. . 320 
' . t 'E.t ec. 26, T. 6 S.,R. 41 E....... .. ... .. ...... .. ... .. ........... .... .. .... 0 
r. t \N.t sec. 26, 1'. 6 .· ., R. 41 E .. .... .... .... .. ............. . ... · ............. . 80 
E . t ·w. sec. 26, T. 6 S., R. 41 E .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . .. .. .. 40 

E . t 'E.ts c.35, T .6 S. , R.41E .. .. .. .................. .. ...... . .. ..... .... .... 0 
AJl ofse ·. 36, T. 6 S., R . 41 E .... . ... .... .. .. ...... . .. ...... .......... .. ...... . 640 
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Acr s. 
E .! E . i sec. 1, T . 7 ., R. 41 E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
\W. t E.t ec. 3, T.6 . R. J ~E . .. .. ... . . .. . ... . . .. . . . . .. . . . . ... .. . .... . .... . 40 
W. tsec.3 T . 6 .,R. ·12 E . .... . .. . . . . . .. .. . .. .... . .. . . . . . ...... . ..... .... . ... 160 
. ; W. tscc . .J,T. G ., R.42E . . . . . ... .. . .. ..... . .. . . . . .. . . ... . .. . .. .. . . . ... . . 0 
. t E. t sec. 4, T . 6 . R. 42 E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
. t se ·. 4, T. 6 ., R. 11-2 E .... .. .. .. .... .. .... ...... .... .. .. .... ............ .... . . 20 

All of sec. 5, T. 6 ., R 42 E ....... . .... .... .. .. .. ..... ...... .. .. . ............. 6-lO 
.t \ V. t s c.6 T.6 ., R.42 E......... .. ........ .. ......... .. .. .. .. ......... . 0 

E. i e ·. G, T. 6 ., R . 42 E . . .. ............... ... •. .. . ......... . _ ..... .. . . .. . ... . 320 
W. t e· .6, T. 6 ., R.4 2E .. . .. ......... .. .... .. .... .... . .. ................ .. . 160 

All of sec. 7, T . 6 ., R. 4.2 E .. .. ............ .... .... .. .... ..... . ... ...... . ...... 640 
All of ec. , T . 6 . R. 112 E .. .. .... .. .................... .... . .. ... .. .......... 6-1.0 
All of ec. 9, T. 6 ., R. 4.2 E .. .. .. ... . ........ .. .. .. .... ........... . ........... . 6+0 
N.t NW.t ec. l O, T 6 ., R.42 E .. ............................................. 0 

W. t NW. t sec. 10, T . 6 . , R. 42 E.... . .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . 40 
W .1 \\ . t sec . 10, T . 6 ., R. 42 E .. .. . .. . . .. . .. .. .. .. .. .. . .. . . .. . .. .. .. .. .. . .. . 0 

V. t ec. 16, T.6 ., R. 42 E ... .. .. ..... . .... .... .. ........................ .. . 160 
' W.t E. tsec. l 6, T. 6 ., R.42 E .. .. ......................................... 40 
r.tsec.17, T .6 ., R. -1.2 E ..... ... ...... .. .... .. .. .... .... .... .. ..... . ........ . 320 
W. t e . 17, T . 6 ., R. 42 E .. . .. . .. .. .. .. . .. .. .. . .. .. .. ....... .. ........ .. ... 160 

SE. t sec.l7, T . 6 ~ ., R. 42 E . .. ... .. ...... ... .. . . ............................... 160 
All of s o. l , T .6 ., R. -12E .................... .. .. .... ....... .. . ..... ...... .. 640 
All of sec.19, T 6 ., R. +2 E .... . .............................................. 6-lO 
w.~ s c.20 '1' . 6 ., 1 .42 E ....... . ........... . .. .. ......... .. .. .. ............. 320 
\\. t E.tser.20,T.6 .,R. 42E ............... .... ........................... 40 

.t e .29 '1'.6 ., R.42E ..... .. ... .. ...... .. ............ .. ................. ltlO 
W.t E.t s c.-, T.6 ., R.42 E .... .. .. .. .... .. . .. ........... .. .. .. ......... • 40 

\ .! W.tse·.29 T .6 ., H.42 E ........... . .. . .. ........... . ........... .. ... . 0 
All of s . 30, T . 6 ., H. 42 E .. .. ..... ........ .. .. .. ............... .. ....... .. .. 640 
All of c. 31, T. 6 , ., R 42 E .. .. ....... .. .... .... ........ . ...... . .... .. .. ...... 64.0 
W -1 W.ts .32 T .6 ., R.LE .... ... . .. .... .... .. ... ..... ........ ...... .... 0 

W.t .32 T. 6 ., R .42 E ........ .. ..... .. .. .... .. .. .. .. ...... .. .. . ..... .... 160 
W.t E. t e .32,T. .. R. ·12E .......................... .. .. .... ............ 40 

\V.!s . 4 T. 7 ., R. 42E . ................ ... .. ...... ....... .... . .. .. ......... 320 
N.t 1 .t .5, 1 7 R., H. 42 E............ .. .... .. .......... ..... ... .. .. ...... 0 

W. t NW.t c. 5 T. 7 ., R..42 E .. ...... .. ... .................. .. ..... .. ... .. . 40 
. t E . t sec . ~ T . 7 , R. 42 E .. .... .. .. . .. . .... .. .. .. . .. .... .... .... .. .... ... 0 
E .t E .t c.5, T . 7 ., R.4 2 E . .... . .... .. .. .. .... .. .. . ..... .. .. ... ..... .. .. . 40 

E. t E t c.n T. 7 ., R.42 E . .. . ........ ... .. ..... .. ..... ....... .. .... ... .... 0 
'. t se ·. 6, T . 7 ., R 42 E . . .... . . ... . . .. . . .... ...... .. .............. . ... . .. . . .. 320 
' E. t E . t s 6, T . 7 ., l . 42 E .. .. ... ............... .... .. . .... ............ .. 40 
W. fscc.6, T. 7 ., R.42 E . ..... .. . .. . .. . .. . ...... . .... .. ..... . .. .. ........ .. 160 
.f ec D, T 7 ., R. 42E ........... .. ...... .. .... .... ...... ...... ........ .. ... 320 

W-t W.ts c. l O, T . 7 ,' ., H.42 E .... ... ..... .. .... .. .. .... .. .. . ... ... ... ...... 0 

1 AMMO T A'fi 0 r POR T E F RIVER, ID H O. 

Thi s ta t10n wa d AI ril13, 1 96 by Mr. F . J . l\l ill , State 
eng111e •r. J t i · lo ·at d at th wag·on bl'idg , dire tly back of the gl'i t 
tmll. 'l'b rod 1 fa ten d to on of the wooden pier ot tlle bridge. 
The tiou i not good for low-water measurements, owing to tlle loca.
t ion of a dam a short eli t an e below the bn dge. Tbe tat ion wa di:s
continuecl on J uly 1 . A better locatio.n for a statwn on this nv~r 
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could be found near P ocatello. It would b nece ary, how ver, to 
erect a cable at t lli point. Tb r cord of daily gag h i<Yht for 1 D6, 
from April14 to July 1 , i gi en in Water- upply and Irrigation Paper 
"o. 11, page 79. 

List of dischat·ge meast~1·cments made on Portueuj .Rit'er at 1[ ammon, ld<llto. 

Meter I rOf!O 
.A.reaof N an 

Discbar~e stl<·tion v locity 
Date. Rydrogmpbur. uum - ~ h ight (squnre (fe tpor ( 00(-

ber. (~ t). feet). s ond). c t) . 

---
1 96. 

Apr. 13 F.J. I ills ...... ....... 3.42 312 0. ~ 266 ------
June 12 L. B. Kendall ........ . . 23 4.20 341 1. 0 612 

Rating ta.blejor Portneuf R i'l·er at Mo ammon , Idaho. 

Ga~ I D ' I 
Gn~e Di charge. Gage I Discharge. I Gn11e Discharge. l•eig t. ••charge. 1Jeig t. h ight. I height. 

---
Feet. ec.feet. Feet. «:.feet. Feet . eo. j u t. I Fut. ec. f t el. 

2.90 5 
I 3.40 255 3.90 475 I 4.30 685 

3.00 115 I 3.50 295 4.00 525 4.40 740 
3. 10 150 3.60 335 ! 4.10 575 4. . 50 00 

~ 
185 3. 70 3 0 I 4. 20 630 4.60 860 
220 3. 0 425 I 0 

I 

Estimated monthly rlisoharge of Portneuf .Riret· at MoCmmnon Idaho. 

[Drainage area, 500 square miles. ] 

I Discharg in second-feet. R~tn-~tl'. 

Month. Total in 
Second-feet Max1 - Mini- acre-feet. Depth in 

muru. mum. Mean. inches. per saullrO 
rn1 e. 

------
1896. 

Apr il13 t o30 . .. ... ... 335 295 309 11,032 0. 41 0.62 
May -... -- ---- .. -.. ... 800 295 417 25,640 0.95 0.83 
June ..... . ......... .. 00 185 541 32,191 1. 20 1. 08 
July 1 to 18 .. .. ...... 

1 

115 70 91 3,249 0.12 0.18 

MONTGOMERY STATION ON S AKE RIVER, IDAHO. 

This station i described in Bulletin No.140, page 241. Observations 
were continued from April to October, inclu ive. The river is at a low 
stage during the months of January, February, and March~ and the 
discharges for these months have been estimated. Taking tbe year 
from September, 1895, to August, 1896, inclusive, the total discharge 
of the ri ver was 6,408,785 acre-feet, or a yearly run-off of 5.28 inches. 
The average run-off in second-feet per square mile was 0.39. The 



DAVIS.] SNAKE RIVER. 335 

observer i Mr. George Montgomery. The record of daily gage height 
for 1896, from April 5 to October 24, is given in Water-Supply and 
Irrigation Paper No. 11 page 0. 

List of dischm·ge measm·ements made on nake Rive•· at Mvntgonlery Ferry, Idaho. 

Meter 
Date. H ydrographer . 

her. num- ~ 

1 95. 
Aug. 9 A. P. Davis .. . . . . . . . 55 
Oct. 23 G. F. IJ rmau . ... .. . 23 

1 9fi. 

Gage 
loeight 
(fe t). 

---

2. 0 

2.28 

A rea of 
section 
(square 

feet). 

3, -~00 
3,162 

Mean Discharge 
..-elocity (se ond-
(feet per 
second). fe t) · 

1. 59 
1.45 

5, 413 
4,592 

June 13 
Aug. 17 . Babb . ...... ... 23 2.- 3, 726 1. 5, 137 

L.B.Kudall . ..... . 23 11. 05 10 570 3.69~ 393 

L----~-------~1 _____ __ : ______ ~. 

Gag< 
hNgnt. 

Fut. 

2.00 
2.10 
2. 20 
2.30 
2 40 
2 . ~0 

2. 60 
2.70 
2. 0 

2. 90 
3.00 
3. 10 
3. 20 
3.30 
3.40 
3 0 
3.60 
3.70 
3. 0 
3.90 
4. 00 
4. 10 
4.20 
4.30 
4.40 
4.50 

Rating lablefor 

tC./ttt . 

4 340 
4,420 
4, 5 5 

4,595 

4 975 
5 075 
5,1 0 

5,2 5 
5,395 
5,520 
5 630 
5, 755 
5, 

6, 0-0 

6,160 
6,300 
6, 4{)0 

6,605 
6,765 
6, 935 
7,110 
7, 295 
7, 48~ 

Fu t. 

4.60 
4.70 
4. 0 
4. 90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5. 0 
~ 0 

6.00 
6.10 
6.20 
6.30 
6.40 
6. 50 
6.60 
6.70 
6. 0 

6.90 
7.00 
7.10 

7, 

7, 90 

9,040 
9,290 

10,645 
10 935 
11 230 
11, 530 
11,840 
12 155 
12 475 
12, 00 
13, 130 
13,4-65 
13, o-
14-, 150 
14,500 
14, 5 

Feet. 

7.20 
7.30 
7.40 
7.50 
7. 60 
7.70 
7. 0 

7.90 
.00 
.10 
.20 
.30 
.40 
. 50 
. 60 
. 70 
.80 
.90 

9.00 
9.10 
9. 20 
9.30 
9.40 
9.50 
9.60 
9.70 

eo. f ed . 

15 215 
15 - 0 
15, 950 
16,330 
16, 715 
17, 105 

I
. Fttt. 

9. 0 

9.90 

I 10.00 
i 10.10 
110.20 

10.30 

17,505 I 10.-10 
17 910 10.50 
1 , 320 I 10. 60 

1 ' 740 
l!l 170 
Ul 615 
20,075 
20 550 
21,040 
21,54.5 
22,060 
22,590 
23,140 
23, 710 
24,300 
24,910 
25,540 
26,1 0 
26,840 
27, ~20 

I 10.70 

10. 0 
10.90 
11.00 
11. 10 
11.20 
11.30 
11.40 
11.50 
11.60 
11. 70 
11.80 
ll. 90 
12.00 
12.10 
12.20 
12.30 

Disclutrge. 

29, 680 
30 4-1.0 

31,220 
32, 020 
32, 0 

33 0 

34,540 

35,420 
36,320 
37,240 

3 '1 0 
39, 140 
40, 130 
41 150 
42,200 
43, 2 0 
44,390 
45,530 
46,700 
47,900 
49, 140 
50,420 
51,740 
53, 100 
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E stimated lii OIIIhly discharge of 11ake Jlirer at Montgomery Fen·y, Idaho. 

[Drainnge ar~a. 22,600 squar miles .] 

I , ..... 
1 95. 

Augu t5 to 3L. .... . 

OYembflr ... .. ..... 

Dtl emb r ... .. .. ... 

1 96. 
.lauuary ..... .. .. . .. I 

ll l nxi
mum. 

5.2 5 

4, 

5, 

· -- - ----
F ebruary ... .... -- ·r--.. -.. 
March . ..... --- -- . . ---- -· .. 
A pri I. . . _ . . _ . _ .. _ .. ·l 6, 02 
:May- -. - . ..... . .. - .. 20. 075 

Jnne . . ... - · · -- · ·- ; · 53, 100 
J uly-. ·---·· . . . . .... 

1 

22,060 

.Angu t. - --· ... . .... 6, 450 
pteruber ... . ... . . -, 075 

I Octobtl r 1 to 24 . __ .. 
1 

4, 97:-

I 

I 

I 

~ ~ ini · 
mum. 

4, 50~ 
4 420 
4,595 
4 ~ 

' 
·1 59-

-- -- -- -· 
------ --
·----- .. 

I 

l\ l ea u. 

4, 773 
4 - 1 

·1, 61.) 
.J., 07 
.J , 7 2 

a -1, "00 

a4., 00 

a5 000 

I Total in 
ncr -fc l. 

2 

I 
294,03! 

29-, 141 
276 100 
307 43 

I 

1 un-on--.-l 

D pt h in . e ~nd- ft•e~ 
iu •b "'· p I HQUHrt 

· mil . 

0.20 0. 21 
0.22 0. 20 
0.2 0. 20 
0 ·J• 0.21 
0.2-1. 0.21 

0. - ·l 0.21 
0.23 0.21 

0. -5 0.22 

I 4, 75 5, _()_J., 313,230 0.26 0.23 
6, 300 9, 357 575, 340 0 . . J t 

23,710 39,551 2, 3.'53, 4.1 7 1. 75 

6, 605 13, 3.11 0. 0.59 
5. 075 5,4-o 0.2 0.24 
4, 75 4. 972 2 5, 0.2- i _::_;::_] 
4.975 4, 975 236, 25 _ o_. 1~ o. 22 

a F · timat cl. 

OA.:\f.A.S 'l'ATIO ON LITTLE 'A.M.A. R EEK. 

Thi tation was e tabli'l..ted in 1arch 1 96 by :lr. F . J. Mill tate 
engineer of Idaho. lt i in the upper port ion of Little Oama Prairie, 
at Little Camas store, in th , amas Prairie quadrangle, in lat itude 
43° 19', lon gitude 1150 23' . 'Ihe entir drain age ba in i mapped upon 
the Oama Prairie atlas sheet, and ha an area of 55 quar mile . 
The tl·eam here i in three channel ; n. gage wa placed in ach 
channel and separate readings record d for each. This tation wa. 
disco11tinne<.l at the end of the irrigating sea ·on. A measurement of 
the tream on June 15, 189G, by Mr. L. B . Kendall, showed a gaO'e 
beigb t of 1.20 feet; area, 35 square fe t; mean velocity, 1.37, and di -
ch arge, 48 econd-fcet. The record of daily gage height for 1896 from 
March 29 to Augn t Hi, i given in Water· upply and Irrigation P aper 

o. 11, pag 80. 

'l'OPONIS S'l'ATION ON MALAD A D LITTLE WOOD RIVERS, IDAHO . 

Gage. were e tab li bed on June 2,1896, by 1\fr. F. J . Mill , State 
engineer of I d aho, on Malad and I.J ittle Wood rivers, at the wagon 
bridge n ear the railroad station of Toponi , I daho. 'rbe heigh ts were 
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read on temporary gages until Augu t 18, when wi::-e gage were placed . 
11 th e Malad River the rod is fa tened to th e tringer of the brid ge, 

upper ide. 'Ibe' 5.fo t m ~trk is oppo ite ti.Je ceuter vertical. The di . 
tan e fr m the end of the weight to the index marker i · 13.6 feet. The 

ut ide dge of t lle 1 ulley wheel is 1 foot from the zero of the rod. 
Til bed of th e river i.· of grav 1, and not liable to ·hange. Du.rin g 
low tage · th water i coufined under tiJe north 1 an, but in flood· it 
i under the two pan. . Th bank are not ubject to OYerflow. TIJ 
bridge over the 1\ial:1d i ' one-lla lf mile north of railroad statiou. The 
drainage area, includ in g lava plain i 2,190 quare mile , fro m about 
15 per cent of which all wat r ither evaporate or seep down through 
tlle lava. The record of daily gage heirrl1t for 1 "96, from June 2 to 
Septemb r 2!..1 i giv. n in Water- upply and Irrigation Paper -o. 11, 
pag "1. 

Ou the I.1 ittle Wood River the 
'lb 

both gag'· three time a w ek. 
a i 1 ....~70 quar mile a, larg par of whi ·h i lava 
eping through and Yaporating in tb many mall 

L·ist of clischarg meas urem ent~ 111aclc on "1fctlncl and L it tle Wood t·irers at Topo11i s, lela/to. 

hl...\ L AD Rl\RR. 

No. I nat ... 

] 96. 

n .nlrogr·ap!Jer. ll iiHl 

Ul' r . 

1 Jun H L . H.];: ndall . . .. . 23 

2 Aug. 1 . Bnl>b.... ... . :?3 2.04 

IXJ'TL I<: \Y OOD RIYER. 

1 GEOL, P'l' 4.--22 

23 
(a ) 

a l"lntlloute. 

G. -10 

1.1 

689 I 5. 6-1-
132 1. 39 

365 
16 

1. 56 
0.1 5 

3, 6 
1 ' I 

56 
2. 4 
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Rating table for Malad Ri rm· at J'oponis, Idaho. 

Ga~:o 
height. 

Feet. 

1.60 
1. 70 
1. 0 
1. 90 
2.00 
2.10 
2.20 
2.30 
2. 40 
2. 50 
2.60 
2.70 
2. 80 
2.90 
~-00 
3.10 
3.20 
3.30 
3.40 
3.50 

Discharge. ! h~i~lf~t. J Di~ch n rgo. l l h~i~lf~t. Discharge. 

Sec. j u t. 

101 
119 

137 
155 
17-l 
193 
213 
233 
253 
274 
294 
315 
336 
35 

0 

403 

4-26 
4-50 
475 
501 

Feet. 

3.60 
3.70 
3. 0 
3.90 
4.00 
4. 10 
4.20 
4.30 
4- . tJQ 

4-.50 
4.60 
4-.70 
4. 80 
4-. 90 
5.00 
5.10 
5.20 
-.so 
5.40 
5. 50 

Stc.jeet. 

52 
5_7 

5 7 
619 
652 

(j 

721 
75 
797 
37 
79 

922 
966 

1, 012 
1,059 
1 107 
1, 156 

1, -06 
1, 257 
1, 309 

Fut. 

5. 60 
5.70 
5. 0 

5.9() 
6.00 
6. 10 
6.20 
6. 30 
6. 40 
6.50 
6. 60 
6. 70 
6. 0 
6. !)0 
7. 00 

7. 10 
7.20 
7. 30 
7. 40 
7. 50 

eo. j u t 

1,362 
1, 416 
1, 471 
1 527 
1, 5 4 

1, ti-12 

1 701 ,, 
1, 761 . 

11 23 I 

1 7 
1, 9-3 

2,021 
2, 091 
2. 163 
2,237 
2 3ltl 

2,39-! 
2,477 
2,5 3 
2, 663 

Ill( 
lu· ight. 

Pu t . 

7. 0 
7.70 
7. 0 

9.00 

9.10 
9.20 
9.30 
9. 4.0 
9. :-o 

"' ""···I 
t o. jut. 

2, 762 
2, 67 
2, 977 
3, 0!)2 
3 212 

3 337 
3, 467 
3, -o2 
3, .1 2 

3, 7 7 

3,, 937 
4 097 
4, 2 7 

4' 4-17 
4-, 42 
4, -2 

5,062 
5 302 
5 562 
5, 2 

.EsHma.ted m.onthly dischm·ge of Mctlad River at 1'oponis, Idaho . 

[Drainage ac a, 2,190 square miles.] 

Discharge in second-feet. R un-otT. l 
~1ou th . 

~ taxi · :M.Ini- :Meau . mum. mum . I 
Total rn -I 

a r -feet D pt h in eoon<l -fetJ t 
inches. po~~~n ~.nr(' 

--- - ----- ---
1 96. 

June ....... .. .... ____ 5, 942 2, 477 3, 7 7 225, 342 1. 93 1. 73 
July ~ .. .... . ... .. .. __ 2, 394 273 1, 162 71, 548 0. 61 0. 53 
August ............... 233 137 17 

eptem ber ..... . ..... 155 101 131 I 
10, 9411 0. 08 0.07 
7,795 0.07 0. 06 



DAVIS.) 

Feet . 

1.00 
1. 10 
1. 20 
1. 30 
1. 40 
1. 50 
1. 60 
1. 70 
1. 0 

1.90 

2.00 
2.1 0 
2.20 
- . 30 
2. ·10 

2.50 

BH. NEAU RIVER. 

Rati119 tab le jo1· Little TJlood River at TO]Joni s, I dah o. 

Discb~trge. j h~i;.~, t. I Discharge. II h~~~t 

1

----

ec. f eel. Feet . Sec. f eet . Feet. 

1 2 60 72 •i . 20 
3 2. 70 7 4. 30 
7 2. 0 4. 40 

1l 2. 90 91 4. 50 
15 3. 00 9 4. 60 

19 
23 
27 
31 
35 
40 
45 
50 
55 

0 

3. 10 
3.20 
3.30 
3. 4.0 
3. 50 
3. 60 
3. 70 
3. 0 

3. 90 
4. 00 
4.1 0 

105 

112 
119 

127 
135 
H3 
152 
161 
171 

1 1 

192 II 

4.70 
4. 0 
4.90 
5. 0 
5. 10 
5.20 
5. 30 
5.40 
5.50 

5.60 

Discharge. 

ec.feet. 

203 
215 
227 
239 
251 
264 

277 
291 
305 
319 
33-! 
3-!9 
365 
3 t 
39 

Feet. 

5.70 
5. 0 

5.90 
6.00 
6.10 
6.20 
6.30 
6. 40 
6. 50 
6.60 
6.70 
6. 0 

6.90 
7.00 
7. 10 

339 

Discharge. 

ee.feet. 

415 
433 

4-71 

493 
516 
5-1.0 

563 
593 
622 
s-2 
68-l 
715 

7'"" 1 

791 

/,;Htimalerl !110111/tly disch arge of Little Trood Riur at Toponis, ldaho. 

J un . 

July . 

I 
Month. 

1 96. 

....... . ..... .. . , 
~ . . --................. 

l Augu 

1t ro 

t . .. . ....... .... , 

uor ..... . .... . 

-- -

[Drainag nreJI , 1,2- o square miles. ] 

D iscbnrg iu second-feet. Run-oJl". 

Total in 
r uxi· M iui- ncr fc t. Depth in Seoond-f"eet 

mum. mur.n. Mean. i oohc . p(lr s~unre 
nu e. 

--- - - - ---

791 192 55-! 32,965 0. 49 0.44 
215 7 13-! 23 0. 12 0.10 

7 1 5 307 0. 00 0.00 

91 15 51 3 031 0.0-! 0. 0.1 

Gl~ D lEW TATIO 0 BR NEAU RIVER. 

This tation i ' de cribed in Bulletin 140, page 239 and 240. The 
point of mea urement i 10 mile ea t of Grand View below the bead of 
tb Bruneau ditch. Ob ervatiou of gage height arer gularly k pt, and 

tiruate of di l.Iarge are ma<.l from them by Mr. Andrew J. Wiley, 
chief ugin er of the Owyh Land and Irrigation Company. The 
r cord of daily gag hci n-hts forth iir t ix mouth of 1 DG is given in 
Wa-ter-Supply and Irrigatiou Paper o. 11, page 1. The following 
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table of di clutrge ha been prepar d from the valu of daily di •bar T 

e timate l by 1e. Wiley: 

List of ilischa·rge nteasuremenls made 01~ Bnmeau Rirer ncar G1·and riew, / (1aho. 

1 

2 

3 
4 
5 

:fay 24 
June 14 

ept. 23 

IJ ytl rO"ra ploer. 

<\ ren of 
Meter I Gag~ 80 ·liou 
uum- lwight (:iquuro 
bcr. (fcot). I_ feet) . 

r5 1. 3 

. J. ·wiley ........ 7 

1H 

150 

A.J.Wil y .... .... fl 2.90 267 

.... . do .... ........ 5 4.60 4'53 

1 
..... do · ·- · ----- 7 1:...1 

I ---

1 
){ "·" I D isclonrg" 

Vt~IOCll,Y (S('COUtf-
( fOOL )Wf fct•t). 

ecoud) . 

0. 1-1 50 
0. 5 127 

2.67 712 

-1. 4t 2,000 
0."'2 64 

Esti.mated monthly (lisohMge of Bruneau Rirer at i ts motLth. 

[Drainogo a r n, 1, 00 ij(]UOr mi le~.] 

\ Discbarg in second-feet. I 
~----

1 

Maxi· :llini· Menu . I 
mum. mum . 

Total iu 
acrc-f t. 

---------- ------------
L96. 

J anuary .............. 130 9.! 115 
F ebruary ............. 130 91 ll9 
?.Inrch ................ 1,200 130 321 
April.. ........... .... 1,420 330 620 

Jay ·----- -- -- -----· - 3,070 470 9.!3 
Jnue ...... ....... .... 3,630 90 

July . . .... . ---· . . - .. . 850 100 
Augut~t. · .... ........ .. 110 45 3, 74 
September ·-----. ··-· 70 40 2,856 
October .............. 80 50 3, 12 
TovemlJer ....... _ .... 360 60 137 , 152 

December .. . ..... __ .. 

1 

200 75 130 7, 736 
P er annum ... .. 3,630 40 405 292, •1U 

Ru:l·Off.;] 
D 1 . . ond·f~et 

\pt I lU ]l · t'S(\\IUr 
lnobes. lUi e. 

0.07 0.06 
0.07 0.07 
0.21 0. 1 
0.39 0.35 -
0.60 0.52 
1. 23 1. 01 
0. 21 0. 18 
o.w 0. 04 
0.03 0.03 
0.04 0. 03 
0.0 0.0 
0.0 0.07 
3.05 0.47 

BOISE TAT ION ON 1301 'E 1UVER, IDAHO. 

Th is station is de cribed iu Bulletin No. 131, page 66, an(l in Bulletin 
:ro. 140, page 236. It is -located about 8 miles above Boi e, at the 

month of the canyon, in the Boise quadrangle, in latitude 43° 33', 
longitude 116° 6'. The area drained is 2,450 square mile , and is 
mapped in contours on the Boise, Idaho Basin, Garden Va.lley, Bear 
Valley, Rocky Bar, Red Fish Lake, Uamas Prairie, and Mountain Rome , 
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a tlas sheet . Tho ob erver i l\fr . E d. Marn ell. The gage consists of 
an inclined rod fa teueu to tak es et in t he ground . The bench mark 
i a brid ge spike d riv n in to a cottonn-ood t ree 20 feet from the gage. 
I t elevation i 11.40 feet. '.. secondary gage for determining the lope 
of t he water ' ur face is plac d 425 feet b low the upper one, and i 
referred to the same datum . 'l'he able at t h i. point wa arri d out 
by the high n-ater in J une but wa replac d in A ugust. A mea ur -

oo.-ft. 
3,000 

2, 000 

1,500 

1,000 

500 

0 

3, 500 

3,000 

2, 500 

2, 000 

I, SOO 

1,000 

500 

0 

:!.:' ... N.. ~ '".':. " ... 'i{ ~!:~I ... L ~ ... -~ "~ ~Q "Y:C~ .~u ... Q_ ~~~ :-'{? · N_O_v
0 ~E2c_. 

r.s l9p 

~ 
j / 19·P< 

1 
J 

L& 

Fro. 56.-Disoharge of Bnmoau lUY r uoar Grand View, Idaho, 1 95-96. 
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.List of discl!at·yc measu 1·e>•1e1118 made on Boise Ril'cr aboro Boise, Idaho. 

J lydrographcr. num- l1eigl1t 
bcr . (feet). 

Aren of 
o tion 

(squnre 
f et) . 

~rcn n 
'" locity 
(f et por 
sc ·ond). 

Dis hnrg• l 
(s coud·· 

foot ). 

Uoter l Gngo 

t----1---------------1---
1 95. 

Apr. 20 V. C. Tompkins--- - · - 26 
l\lay 11 __ . __ do . _____ . ___ __ . _ _ 26 
June 24 __ __ . do ___ .. _ . _ _ _ _ _ _ _ _ 23 

July 1 G. F. berman . . -·-··· 23 

July 26 A. P.Davi ---- - ·----· 55 
ep t . 7 G. F. herma.u .... ---- 23 

1 96. 
Apr. 25 L. B. Kenda lL ____ ---· 

Apr. 29 .. ... do-- - -------- -- --

Jun e 6 ____ .do.---·----·----· 

Aug. U .Ba.bb ...... ------

ept. 4. - -- · . do ___ __ ---------· 

23 

23 

23 

23 

63 

5. 00 

5. 30 
11. 0 

2. 0 
2.40 

1.75 

5.40 

6. 50 

. 70 

2.25 

1. 90 

1,3 4 

1, 4 0 

1 515 

64 

705 

567 

3.42 

3.76 

2. 71 

4, 7i0 

5, 562 

6, 075 

G, 301 

·----·--- --··---- a24,500 

1,600 

1, 65 3. 0 

1.7 1 1, sn 
1,011 

Rati?t[J table for Boi.~e l?irer at foot of Boise anyon, Idaho, for 1895 and 1896. 

Gage n· b Gag• n· b Gago u· b Gngo 11 . I I beigbt •sc nrg . height. 1sc arge I beigbt. 18 11rge. hcigbt. ••c 1nrge. 

---;::- •M 1 ---;::-'--,c-.j-u-t.-, -~-ee-t.-l--ec-.j-ee-t.- --~-.. -~.---.• -•. -/tt l. 

1. oo 520 3. 3o 2,190 5. 60 6 J30 14, 6-s 

1. 10 570 3. 40 2 310 5. 70 6, 360 15, 32.3 

1. 20 620 3. 50 2, 430 5. 0 6 600 16, 040 

1. 30 670 3. 60 2, 5 0 5. 90 6 16. 792 

1. 40 720 3. 70 2, 690 6. 00 _17, 592 

1. 50 770 3. 0 2, 30 6. 10 1 4-)2 . 

1. 60 30 3. 90 2, 970 6. 20 7, f-30 19, 3<12 

1. 70 90 11. 00 3, 120 6. 30 7, 95 20, 292 

1. 80 950 4. . 10 3, 270 6. 40 8, 175 21, 292 

1. 90 1, 010 4. 20 3, 430 6. 50 8
1

465 I 0 22
1 
352 

2. 00 1, 070 4. 30 :s, 590 6. 60 8, 765 23, 472 

2. ] 0 1, 14.0 4. 40 3, 760 6. 70 9, 075 0. 00 2-l, 652 

2. 20 1, 210 4. 50 3, 930 6. 0 9, 4 5 9. 10 25, 92 

2. 30 1, 2 0 4. 60 4., 105 6. 90 9, 735 9. 20 27, 202 

2. 40 1, 350 4. 70 4., 2 5 7. 00 10, 110 9. 30 2 ) 572 

2. 50 1, 430 4. 80 4, 470 7. 10 10, 510 9. 4.0 30, 012 

2. 60 1, 510 4. 90 4., 660 7. 20 10,935 9. 50 31,522 

2. 70 1, 590 5. 00 4, 55 7. 30 11,375 9. 60 33, 102 

2. 80 1, 680 5.10 5, 055 7. 40 11, 845 9. 70 34, 752 

2. 90 1, 770 5. 20 5, 260 7. 50 12, 345 9. 80 36,472 

3. 00 1, 870 5. 30 5, 470 7. 60 12, 75 9. 90 38, 262 

1, 970 5. 4.0 5, 6R5 7. 70 13,435 10. 00 40, 132 
0 2, 080 5.£50 5, 905 7. 80 14,025 

·----::.-~______:________] 
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Estimated monthly disoila1·ge of Boife Rirer abo-r;e Boise, Idaho. 

l D1·aiuag area, 2,450 squnre mile . ] 

Month . 

I. __ _ 
I 

M axi· 
Ill II Ill . 

1 g.-. 

January .......... . 

February . ... . .. . . 

) [ ar h .. ...... . .. . . 

Apri l ..... ........ . 

May- ---- -- . ...... . 

1, 470 

l,HO 

• , -130 

G, 45 

7,09:> 

June ... ... . --- - --'· 4, 470 
J nly . . . . . . . . . . . . . . . 3 590 

1, 2 0 

1, 070 
950 

J'ioy Ill •r ... . ..... . 1,010 
D Ill b r . . . . . . . • . . l 010 

P r nnnunL .. 7 095 

1 96. 
Jannnry . ......... . 1, 70 

F bruary ....... .. . 

;\Jar ·h ..... .. .... . . 

April . .. . . . .. . .. .. . 

l\ lny ....... . _. __ _ . . 

.J Ull .• - - - - • --.. • • • • 4 0, 130 
I 

July .--- - -· ...... .. 10 110 

Augu t .. . .. . .... .. -,190 

opt IU IPr . . . . . . . . . 1, 210 
ctober .... .. ... .. . 1, 010 
ovem ber ... ... ... . 

M ini· 
mum 

950 

620 
950 

1 070 

'175 
1, 70 

950 
90 
30 

Moon. 

1,-71 
1, 231 
1, 662 
3, 9-J 1 

6, 026 

5. 5g,_~ 

1, 322 

95 1 
75 

a900 

c :.: ,~.:::,. ;,: ;;; ,;, 
aEstimnted. 

Total in 
aero· feet.. 

7 , 151 
68,36ii 

102, 192 
234,505 
370, 525 
'?2-l-, 211 

151, 136 
63, 0 6 
57, 540 
56,507 
5J.,506 
49,005 

RoooW. I 
------
Depl h iu e()(lud-feet 
lU ·hcs.

1

per sc\um· • 
nu o. 

I 
0.5 

0.5-l- 1 
0. 70 

1. 9 

2. 5 
1. 72 
1. 15 
0. 46 

0. 45 
0. 4.3 
0.41 
0.38 

0. 50 
0.50 
0.61 
1. 69 
2.4(l 
1. 5-! 

l. 0 
0. 40 

0.39 
0.37 
0.37 
0.33 

1, 509, 729 11. -6 0. 

72, 
64, 3 

152,304 
- 2, 703 
497,310 

1, 311,349 
3400 

53,55-t 

0.55 
0. 50 
1. 16 
2.16 
3. 1 

11.10 

2. 62 
0.60 
0. 44 
0.41 

0. 41 

0.40 

24 . 16 

0.46 
1. oi 
1. 94 

3. 30 
9.06 
2.26 
0.52 
0.39 

0. 36 
O. R7 
0. 35 

1. 78 
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ec 
8. 

6, 

4, 

2, 

42, 

40, 

38, 

36, 

34, 

32, 

30, 

28. 

26, 

24 , 

22, 

20, 

1 ' 

16, 

.-ft . 
000 

000 

000 

000 

0 

000 

000 

000 

000 

000 

000 

'\N 

"' 

000 

000 

000 

14 ,000 

12. 000 

10 ,000 

8 , 000 

6 ,000 

,000 

2 ,000 

0 

~A-~ 

u. 

...... 

.,'?o I"'.~H.<;; · ~!:"z'oL __ :Q'k ~~"'~ 1~~~ ,~u-~ l~~ J:!. NAo_:r~ .~~'i, 

~~ ~5 ,_,_ 
t--

liB !n 
t-t-- t--

I 
I 

I 

IL 

•a.~.. 

Fro. 57.-Discharge of Boi•o Riv r nbo,·c Boise, l<lnbo, 18Q5-96. 

CALDWELL STA'l'IO 0 BOISE RIVER, ID.A.RO. 

This station is de cribed in Bulletin -o. 140, page 237. It is at the 
highway bridge, 1 mile north of Caldwell, in the Nampa quadrang:le, 
latitude 43° 42', longitude 1160 42'. The area drained is 3,360 quare 
miles, and is mapped on the Nampa, Boise, Idaho Basin, Garden Valley, 
Bear Valley, Rocky Bar, Red Fish Lake, Camas Prairie, Mountain Home, 
and Bisuka atlas sheets. The gage consi ts of an incliued rod divided 
into vertical tenths of a foot, the distance along the rod between the 
marks being 0.22 of a foot. The gage is sptked and bolted to two 
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pile and to a stake driven into the ri,-er. Tile ben~h mark i a nail 
iu tile top of the pile at t he upper end of tbe gage. It elevation i 13 
feet. Owing to the cha nge in tbe section of t be river dLuing t he high 
water of June, 1 9G, t!J rating· table i not applicable for 1 96. Tile 
report of daily ga,O'e lt eight for 1 96, from 'l arch 4 to eptember 30, i 
given in Water- upply a nd Irri gation Paper :No. 11 page ~. 

~is! nf dischm·ge measm·emeiiiR, made 011 Boise RirN· <tt Calc/well, Idaho . 

r:f,., -- -- -

1 2 
2 17 

3 J6 

J 96. 
4- Ap r . 29 

I ~ Juu 6 L ~ng. 6 

I 
I 

:\J e ter 
Hyd r·og-rn 11her. lllllll· 

~I 

A. P.Davis .... ... 55 
.F. berm nn .... 23 

..... do ------- -- --1 13 

L . B. Kendall .. -- I 23 
..... do .. ........ . .... .. 

. Ro bh . .... .. , 63 

Gn~e 
lr o i ~.1t 
(feel) . 

3. 0 
3. 15 
3.35 

6.50 
!UJO 

-L -0 

Ar4-1H of M ean D i charg s t:Liou ,-d ocity 
(S~IIRI'O (feet per (second-

feet). s cond). fe t). 

--------

1 9 4-.00 756 
8l 2.7 226 

103 3.05 3l5 

1 1,63 4. 12 I 6. -150 

1 

.. .. . __ .... .... .. a 22. 000 

1. 095 1. 45 I 1. :- 5 

a omputod from measurement at . tar uridgo ce Borso Station . 

Ra.ling table for lower Boise Rit·e1· at aldt!'ell, Idaho for 1 95 a11d 1 96. 

D.-1--, ----:;- -D·~-~- ~;:-~ n · I "8 Gage Di chnrg• l 
IS rnrg ' I hoigllt IS rarge. heiglrt -=~ h i~llt. 

u . f eet. .Fut. • tC. frtt . Ftt t . d<.j .. t. Fett. 

ro 3 50 430 4. 0 1, or 4. 50 
3.00 175 3.6 ~20 4. 10 l, 200 4. 60 
3 10 205 3. 70 630 11 ..:0 1,3-5 ,J. 70 

3.-0 245 3. 0 75- 4.30 1, -1-

II 
4. '0 

~' 2~5 3 0 95 1_1,.4 I , " 4 90 

. <10 355 II II --------- -----------
E8tima led 1110nlhly di scharge of Boise Hivt:r at Ca,/dw II Idaho. 

[Dminngo aren, 3,360 aqun ro mil s .} 

I 
·--

D isobnrg in s ond -fuet. Ru u-

llfonth . Totnl rn I 
aere-fe t 

ec j u t. 

J ' 75 
2 5 

2,320 
2, - 0 
2, 70 

~ 
~j 

I Mu xi- Mini -
UlUIU. munt. 

Depth in Menn . iu ·Ilea. p r s9unre 
mile. 

1895. I 
August 18 to 31 .. ..... 20- 150 

e1Jtem be1· ....... __ .. H5 150 
October .............. 755 270 I 

895 
I 

November 1 to ~0 .... . 6::1) I ---

174 •1, •l 5 
<127 25,508 
450 27, 669 
772 I 30, 6~4 

---

0. 03 
0. 14 
0 15 

I 0. 17 
I 

I 

o. 05 
0. 13 
0.13 
0 23 
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NY SA 'l'.A.TION 0 OWYHEE RIVER, ORE ,o . 

This station wa de ribed in Bull tin o. 1' 1 pa e G6, and in Bul . 
letin o. HO, page 2-!2. The ga o·e i inclin d f 5 by 5 inch tim b , r, 
marked 1 foot to 13 feet. The di ·tance b tw n foot mark ou th I wcr· 
half is 2.77 fc t. The b n h ma rk con i t fa p i! driven in a la1·g·e 
stump about 20 feet from t lw l ft bank of th riv rand 300 £ t lJ low 
tbe gage. It i the arne bench m.trk former ly u ed <Wd i 4.35 f •t 
above the 11-foot mark. The chaunel i andy a.nd hiftino·. Th 
observation at thi point during 1 9G ar not on id r d wholly r li· 
able. A large cti t h tak e water out above the tation, that he 
river mea urem ut do not gi e t.he t tal di cllarge of the river during 
the irrigation ea on . The record of daily gage h i ht for 1 9G, from 
January 1 to February 29 and from April2G to tob r 3, is given iu 
Water- upply aud Irrigation I aper No. 11 I ag 

L ist of di scharge measurements made 011 Owyhee R irer at Nyssa, Oregon. 

h n.w hl l r Gnfh AI'(',. Of 
Di• ·hnrf(l 

llyd rograpber. uum- b l!( t se ti on (S COO(· (squar JJ<. r . (f~ l ). fuut ) . ft'<> l ). 

-----
1 95. 

1 May 25 V. . Tompkins ... . 26 2.40 690 1. 12 773 
2 Juoe 30 . ... . do ...... . .... . 23 1. 30 267 0. 0 213 
3 July 20 G. F. berman . .... 23 1. 0 11 9 0.54 64 

1 96 . 
4 Jao. 25 G. F. h rmao . .... 23 1.6 3U 1. 30 408 
5 June 19 L. B. Kendall ... . . . · ----- 3.20 7 2.09 1,749 
6 Au"". . C. Babb ..... . . . . 63 1.00 2 9 0. 59 -I 169 

Rating table for 01cyhee Rire1· at Xyssu Oregon , jo1· 1895. 

Ga tY& Ga~ Ga,a.:e ' Gn~o 
beigi.t. Dis hnrge. bcig 1t. Discharge. height. Discbnrg . hcig- lt. Dischnrg . 

--- --- ---
Feet. Sec. j eet. Feet. 'ec. j eet. Feet. • 'ec.j eet. Feet. ec.jeet. 

0.90 3~ 2. 10 62l 3.20 1,567 I 4..30 3, 45 
1.00 70 I 2.20 685 3.30 1, I 4.4.0 3,712 
1.10 110 ' 2.30 i I 752 3.4.0 1, 817 4. 50 3,9 4 
1. 20 1-2 I 

2. '10 823 3.50 1,954 4.60 4, 275 
1. 30 196 I 2. -o 9 3. 60 2,100 4. 70 4,5 6 
1.40 242 I 2.60 977 3.70 2,256 4. 0 4, 91 I 

1. 50 290 I 2. 70 1,061 3. 0 2,423 4.90 5, 272 
1. 60 340 2. 0 1,ro 

I 

3.90 2, 602 5.00 5, 64.9 
I 

1. 70 392 2.90 1, 245 4. 00 2, 791 5. 10 6,051 
1. 80 446 3.00 1,346 •1. 10 3,000 5. 20 6, <1 0 

~ 
502 3. 10 1, 453 4. 20 3,221 I 5. 30 7,038 

0 560 I It -



DAVIS. ) OWYHEE RIVE R. 347 

Rating table fo1· Owyhe.e River at "N_~ssa , Oregon, fo r 1896. 

Gn~o 
bei!S 1t. Discharge. , Gn~e 

h ig ll. D. I II Ga~ ts ·wrgo. 1 beig Jt. Dis barge. Gn~ 
hei ''"'t. Discha rge. 

Feet. ec.jeet. Feet. ec.feet. Peet. ec.feet. Feet. ec.feet. 

0.90 125 2. 20 726 3.50 2,297 4. 0 6, 7<2 
1.00 161 -.30 795 3.60 2, 4-84 4. 0 7,248 
1. 10 19 2. 40 70 3.70 2,679 5.00 7,717 
1. 20 236 2.50 52 3. 0 2, 82 5.10 ' 149 
1. 30 275 2.60 1, 0.12 3.90 3, 193 5.20 '629 
1.4-0 31- 2.70 1,141 4. 00 3, 512 5.30 !l, 105 
1. 50 357 2. 0 1,2-0 4.10 3, 3 5.40 !1, 600 
1.60 401 2. 90 l , 369 4.20 4 171 5. 50 10,005 
1. 70 447 3.00 1, 4fl9 4.30 4, 510 5.60 10, 610 
1. 0 496 3. 10 1, 639 4. 40 4, i)-~ 5.70 11,120 
1.90 54 3.20 1, 7 !l 4. 50 5,405 5. 0 11,640 
2.00 603 3.30 1, 9~9 4.60 5, 60 ".90 12, 170 
2.10 662 3. 'JO 2,11 4.70 6,319 

[____ 

li$tima.ted monthly disvltarge of Owyll o Ricer at "'"Y a, Oregon . 

Ru;l ofl·. I 
Ionth. 

Total in 

Mn i· :lfini- acr ~ et D pth in 011d-feet 
mnm . mum. )lean. in hea. per ~auaro 

llll . 

] !Y. 

J nnunry · ·· ·-- · . . ... . 1, 510 340 0.(1 0.07 
February --- --- ·---- - 2, 4:23 446 0.09 0. 08 
Inrch ·· · ···· ···- ··-- 2, 602 44 O.O!l 0.08 

ApriL ..... . . . ........ 6,4 0 1 061 0.45 0.40 
1\t:a.y -·--- -· ...... ---· 6, 760 -go 0.37 0.32 
June . . .......... . .... 560 152 0.03 0. 03 
Jnly ...... .... .. --- - 152 32 O.Ot 0. 01 
Au g n t --···· .. .. --- - 110 32 4,120 0.01 0.01 

ept mb r . ...... . ... 152 70 5,593 0. Ot 0.01 

0 tober ..... . . . .. : . . . 152 110 '423 0. 01 O.O L 
196 152 9,402 0.02 0.02 
242 196 12,669 0. 02 0.02 

------
rer annum . .. .. 6, 760 32 66 623 659 1.19 0.09 

--- = --- ---
1 96. 

Jaunary -- ----- ···-·· 12, 075 275 1,024 62, 90<L 0.15 0.13 

F bxuary · ·- -·· ..... . 4.01 275 333 19,155 0.03 0.03 

April 26 to 30 ... .... .. 2, 679 2, 11 2, 451 24, 307 0.07 0.25 

May ... ... ... . .. .. . . . 14-,905 2,484 6, 94 423, 96 0. t 0. 70 

June ....... .... .. .... 13, 280 7!15 3, 444 20-i,932 0.39 0.35 

Jnl y ........... ..•. . . 726 161 343 21,090 0.03 0.03 

Angnst . ........... ... 315 12() 1 6 11,438 0.02 0.02 

eptemb r .. . ...... .. 275 125 172 10, 235 0.02 I 0. 02 
---
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VALE 'l'.A.~ 'lO ON M LHE R RIVER OREGO • 

This station has been d cribed in Bulletin No. 131, pag 6 , and in 
Bulletin No. 140, pa,ge 2±2. The ob erver i Mr. E . R. {urm.r po t 
ma, ter, Vale, Oregon . Tb s tation is di taDt from the ob rver' lt on c 
about one-fourth of a mile. Tlt e gage is inclined atJd i in two pa rts. 
The lower part is graduat d from 1.6 to 9.1 feet, th di tan ce betw u 
the footmarks being 1.95 feet. 'Ihe upperpairti bTaduated from 0.1 to 
11.7 feet, the distauce between the footmark being 3 fe t . Tb han 
nel i ompo ed of earth aud and and i. hiftiug. 'Th bench mark is 
on a flat rock, nearly buried, above t.b ri o·b.t bank of tb nver, 50 D t 
outbea t of south abutment of new bridge, and i 1.32 fe t above the 

11-foot mark on the gage. 1ea urem nt are made from tb iron highway 
bridge. The one on August 8, 1 96, was made by wadin o- a hort dis
tan ce above the bridge, at a bett r seetion . The record of dail gage 
lleight for 1 96, from January 1 to F ebruary 29, and from .April -..6 to 
September 30, is given in ater- upply and Irrigation Paper :ro. 11, 
page 83. 

Li I of di cliargtJ tnta "ul-~11'<'"18 flladt1 o•• Jlallll'trr Rii' rat ralr, Or !JOII. 

~ 
)J e te r ' Ga~o Aren of )! ~nn 

1£0. Date. Hydrographer. ectiou r elnl'ity Dis~har,o:;e 

1 
l num hei /.(ht (squar ( ~ e t p r (S oond · 

l>er. (feet). feet) . s ond). fe t). 
I 

1 95. 
1 Apr. 26 v. . Tompkins. ··I 26 3.00 705 0. 74 52 l 

2 lay 24 ... .. do ... . ........ 26 2. 10 374 0.70 
3 June 29 . .. . . do ...... ...... 23 0. 0 43 O.fl3 
4 Jnly 21 G. F . herman . . . .. 23 0.5 9 1. 00 -

l896. 
5 Jan. 25 G. F. herman .. . .. 23 I 3.20 545 1. 56 
6 June 20 L . B. Kendall . .... . .. ... I 3.40 <156 2. 21 1, 01 
7 J uly 19 -~---~~OB:~~:: ::::::I 23 I 1. 62 2ll 0. 7!) 16 

Aug. 63 0.72 26 1. 31 33 
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Rating tablefo•· Malhell'r Ri•·er at Vale, Oregon, for 1895 and 1896. 

[Con tructed uy Lyman B. K udall , from discharge measur monts ' os. 1 to 8.] 

~re 
Discharge. ,! h~~1~~- Discharge . Gag I D' b I Ga$!e I Dischargo. J hoigln. height. 1sc a rg . heigllt. 

I Put. cc.feet. Feet. ec.feet . P e<·t . Sec. j u t. Feet . Sec. feel. 

I 
0.40 0 1. 60 156 2. 0 513 3.90 1, 969 
0. 50 4 I 1. 70 175 2. 90 573 't. 00 2, 171 
0.60 12 I 1. 0 I 195 I 3.00 6,12 4. 10 2,375 
0.70 22 1. 90 216 3. 10 722 4.20 2,5 0 
0. 0 33 I 2. 00 

I 
23 3.20 15 4. 30 2,785 

0.90 45 2.1 0 261 I 3.30 9:24 4.40 2, 990 
58 I 2.20 I 

I 
1.00 2 6 I 3. 40 1, o-3 4. 50 3, 195 
1. 10 72 2.30 313 3. 50 1,203 I 4. 60 3,400 
1. 20 7 2. 40 343 3.60 1,375 4.70 3,610 

I 1.3 103 2.50 377 3.70 1,571 4. 0 3, 20 

I 
]. 40 120 2. 60 416 

. 
3. 0 1, 769 4. 90 4,035 

I 1. 50 138 2. 70 461 .I 

:\orB.- r •s s ti n ,·c ry chnugenul nnd table unreUnblo. Th snmo i• prepar c\ Itt this time, 
l>t•li ,;111! tbnt th futn obsen •ntion at thi s or ss se tiou w·ill not imJH"O \"C mao tors. 

Estinlaled mo11thly dischm·g of Jfalheu•· Rircr at J"alP, O•·egon. 

1 95. 
J anuary .... . 

F bruary ...... .. .... 
l\Iarcb ................ 

Apr .il.. .... ... .... .. .. 

1\fay .. .. . . ............ 

June .... . ............ 

J uly ... .. ............. 

Ang ust .... ... .. ...... 

ovembor ... . ....... . 

December , .... ...... .. 

P er rwunm ..... 

[Drninngo ar n, 9,000 sc, un ro mill's.] 

M axi
mum. 

313 
924 

2, 99 
1, 375 

573 
26 1 
45 
12 

156 
13 
216 
216 

---
2 990 

:Mini . 
mum. 

216 
la 

261 
573 
2!6 
33 

4 

12 

12 
120 
13 
156 

---

::IJoo n. 

2i7 
3.17 
650 
51 

361 
139 
19 
12 
9 

129 
161 
175 

26 

T olltl in 
acre- foci . 

·1----

17,032 
19, 959 
39,967 

Run-g 
, _D_ J_lt_h -in-:. -ocond-f,•c t 

I 
incbe . p r ~9-unro 

mile. 

0.03 ' 0. 03 
0.04 0. ().! 

0.0 0. 07 
0. 10 0. 09 
0. Ob 0.().! 

0. 01 0. OL 
0.00 0. 00 
0.00 0. 00 
0.01 0.01 
0.01 0.01 
0.02 0. 02 

0. 02 0. 02 

0. 36 0. 03 
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E sti1uated mon thly dischm·ge of Mal hem· Ri·l'er at Pale, Oregou- ontinue<l . 

[D rai nage a ren. 9,900 squnr miles .) 

I ;llont

-11.---..,..-------
n ischnrgo in s c nd-f t . 

------
:Uaxi Min i· 
mum . m um . 

)J an . 

1896. 

J a.nu ary 1 to 16, 25 to 31 l5 175 suo 
F ebr nar y .. . . . . · · · ·- · 60 250 331 

April 26 to 30. -- -- - --- 642 &12 ().12 

MaY ------ ·- - - -· · ----· 4,030 6~ 2 1, 00 

June- ---- - -- .-- - - -- .. 3, 19:3 377 1, 602 

July- --- --- · . · - -- ---- 313 5 1 ;-

August ____ - ---- .. .. .. 2 12 33 
September __ - -- .. __ __ 156 72 3 

T otul in 
ncr -fee t . 

1 
' 

6 

19,039 

6, 67 

!) ,3 0 

95,3:.6 

11, 37fi 

2, 029 

4,939 

0. 1 

0. 1 

0.02 

0.00 

0.01 

l'A.Y E 'l "J:E f:l '.rA.TlO U 1'A.Y..t;;'l "l 'B JU ,81{1 lDA.H -
~ 

0. 03 

0.03 

0. 06 

0.1 6 

0. 16 

0.02 

0. 00 

~ 

This tation ha beeu de cribed in Bulletin No. 131, page 66, and in 
Bulletin No. 140, page 237. It i in theW i , r qua lrangl in latitude 
440 02', long:tude 1160 5 ' . The area dra ined i 3,56- quare mile , aud 
is partly mapped on the Wei er, "ampa, Boi e, quaw re k, Garden 
\alley, Idaho Ba in, and B ar Valley n.tla he t . Tbe ob,;;erver i 
J. . Ballinger, t Le town mar hal at Pay tte. The ta t ion i di ' taut 
from the ob er v r bon e about on -half mile. The gage i vertical of 
pine plank, piked to a woo len pier, graduated from 0 to 12.5 feet. It 
is easily read from t he bridge. The character of the cl1 annel is e:andy 
and shifting. The point 12.5 on the gage i level with the top of the 
pier, on which is the mark "B. f. ' M a urements of di charge are 
made from the arne bridge. The r cord of daily gage Leights for 1 96, 
from May 12 to September 30, i · given in Water- upply and Irrigation 
P aper No. 11, page 83. · 
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List of disclwr·ge measunnnents made on Payette Rirer at Payette, Idaho. 

l:foter ·rflf! 

number. ! he ight 
(feet). 

Ar n of 
R tion 
(squnre 
feet) . 

r:r ""_' _· _I Hydrogroo> c. 

i ---------
1 94 . 

1 Doc. 7 , A.P.lavis ..... . 

1 95. 

24 1.30 

2 

3 

4 

5 

6 

7 

Jun 2 Y. C. Tompkins.. 23 3. 50 
July 22 G.F. , berman ___ , 23 1. 53 

D . 1 t 
1 

..... do . . . . . . . . . . 23 0. 36 

1 96. I 
Jnue 22 L. B. Kendall .... Float . 0 
An"'. 7 C .. Babb. .. .... 63 1. 45 

ept. 6 _____ do ..... . ... -I 63 1. 30 

627 

5-17 

M enn . 
Yelocity DJschnr!!e 
(feet per (secoml
seeoud) . feet). 

2. 56 1, 603 

2. 35 3, 72 

2. 29 1, 2 

2.21 1,003 

. 00 1 25, 710 
2, 0~ 

2. !l-1 1, 603 

Rating table for Payette Ri.vcr at Payette, Idaho. 

0.40 

0. 0 

0.60 

0. 70 

0. 0 

0.90 

1. 00 

1.10 

1. 20 

1. 30 

1.40 

1. 50 

1.60 

1.70 

] . 0 

1.90 

2. 00 

2.10 

2. 20 

2.30 

2.40 

. I Oil!! 
D•scbnrgo. , belgl•t. 

<c. jut. ' Feet . 

!)30 

!l70 

1,020 

1, 65 

1 110 

1, 170 

1, 230 

l , 2!l5 

1, 370 

1, 455 

1,550 

1,660 

1 7 5 
1 !)25 

2, 80 

2,250 

2, 435 

2,635 

2 45 

3,060 

3,2 0 
3,500 
3,720 

2.50 

2.60 

2.70 

2. 0 

2.90 

3.00 

3.10 

3.20 

3.30 

3. 40 

3.50 

3.60 

3. 70 

3. 0 
3.90 

4. 00 

4. 10 

4.20 

4.30 

4.40 

4.50 

4.60 
t! , 70 

Discharge. I 11°1~~Jt. Dl c!Jo.rgo. ll h~i~IJ:t. Dis hnrgo. 

<c. f t tl . 

3, 9.JO 

4 160 

4 3 5 

4 610 

6,535 

6, 7!)5 

7 060 

7,330 

7 605 

7, 5 

'170 
, 'IGO 

8, 75-

9, o-5 

9 360 

9, 670 

Fttt. ec.jut. 

·J.O g-

4. 90 10,350 

5. 00 10, 630 

5. 10 10,965 

11 305 

11,655 

12 010 
12,370 

12,735 

13,105 

13, 4 0 

5. 90 13, 60 

6. 00 14, 2-tO 

6.10 14, 625 

6. 20 15,015 

6. 30 15,410 
6. 40 1-, 10 

6. 50 16,210 

6. 60 16,615 

6. 70 17 020 

6. 0 17,430 

6. 90 17, 40 
7. 00 . 18, 255 

Put. 

7.10 

7.20 

7.30 

7.40 

7.50 

7. 60 

7.70 

7. 0 

9.00 

9.10 

9. 20 

9.30 

ec. j u t. 

1 670 

20,350 

20,775 

21 200 

21,630 

22,060 

22 495 

22,930 

23,370 

23, 10 

2t!, 250 

2-!, 690 

25,130 

25,570 

26,010 

26,460 

26,910 

27,370 

27, 10 

28,260 
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Estimated monthly dischm·ge of Payette .Rive1· at .Payctt11, Tdailo. 

[Drainago nr n, 3.505 quare wiles.] 

I · Disoharg in •~cou<l - foct. 
---· 

I Jlrnxi - :ll ini · 
mum . mum. 

!\Iouth . 
f ra n. 

1 95. 
J anuary . . . . . . . . . . . . . 4, 610 1, 550 1, 7 

:E ebruary . . . . . . . . . . . . 3, 060 1, 660 2 012 

March . . . . . . . . . . . . . . . 3, 720 1, 6 0 2, 102 1 
April1 to 13 . ... .. .... 5,·7 5

1 
2, -151 4,262 

May2- to 31. ........ . 1-, 015 1 10,9 - 1 13, 137 

June . . ....... .... ... . \ 10, 630 5, 7- 7 004 

Jnly ...... . .... . . .... 6,0SO 1 550 3, 179 

Augu t....... . . . . . . . . 1, 550 I 975 

ptember ........ .. . 

Octob r .............. 1 

rovemb r .. . ... ...... , 

December ... . .. . .... . 

1 96. 

1,295 

1, 020 

1, o2o 1 

1, 110 

975 

975 

975 
1,020 

!) 

9 
1.04-1. 

--~ I 
Run-ofl'. 

'l''o tnlin -
nct·o-ftwf . Dn "'th iu . t\rowl -f t 

. l·ho I por ~(\111 l1' 
l il t: li. llli 0 

1 3, 72!) 0. <17 

111, 744 O. ii6 

1"'9 2-16 O.ii!l 

10 ,!l49 1. 20 

1 2, 39 . 70 

4Hl, 7 7 - -23 2.00 
19-,4 69 0. ~)3 0. 1 

69,35 I 0.36 

63,907 0.33 

o r 1 0.31 

5 ~9 I 0. 31 
6 1

1

192 0.32 

May 12 t o 31 . ... ..... 

1

21, 200 5, 7 5 10,907 I 430,046 2. 10 3. 0H 

June ............... . . 2 , 260 Hl, 0 2 1,4 2 1,4::>6,7 0 7. 69 6.90 

July .... ... .. ..... .. . 20,350 3, .)00 10, 6.32 65 1, 6-5 3.46 3. 00 

Augu t ........ ... . .. . 3, 2 0 1,423 2,220 1 13 ,503 0. I 0.60 
eptember . ...... . . .. 

1 

2,6 :- I 1 120 1 1, iit 9 I 90, 3 7 0. 4 I 0. 43 

WEI ER ''l'A.1'10 ON WEI. 'ER RIVER, IDA. ITO. -

This tation is described in ~ull ti n No.1 1, page 66, and in Bulle
tin No. 140, pa.o-e 238. The tation is about 10 mile above tue town of 
Weiser, in tlle Wei er quadrangle, latitu le 440 1~', longitude 1160 47'. 
The area drained i 1,670 quare miles, and i partly mapp d on the 
Weiser and Squaw reek atla beet . The gage i firmly fa t ned to 
posts driven into the ground. Tbe G-foot mark i 13.4G feet below a. 
bench mark on a. large bowlder 30 fe t outh of the gage. Tbe observ r 
is J. W . Lane, who e bouse i about one-fourth of a mile from the gage. 
The record of daily gage height for 1896, from January 1 to 0 tober 
17, is given in Water-Supply and Irrigation Paper .r o. 11, page 84. 
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List of dischm·ge 71u.tt8U!"elnent.s made on Weiser River above 1Veise1·, Idah o . 
. --,...--

I 
Meter Gage 

Hydrographer. mom- height 
J ber. (feet) . 

_A ___ p ___ D_a_v-is-.-.. - .---. . -.1--:-~ 1894. 
1 Dec. 6 

1 95. 
2 Apr. 24 V.C.Tompkins .... 26 4.60 
3 May 28 . .... do . . . . . . . . . . . . 26 4. 95 
4 June 26 .... . do . . . . . . . . . . . . . . . . . . 2. 30 
5 July 23 G. F. berman..... 23 1. 70 
6 .July 29 A. P. Dav i . . . . . . . . 55 l.-

7 Dec. 10 G. F. "herman . .. . . 1 23 1. 65 
1 96. 

Area of 
section 
(square 
(feet). 

245 

727 
843 
313 
222 
197 
241 

Mean D" veto i ty 1 charge 
(feet per ( s~ond· 
second). feet). 

1. 10 277 

2. 90 
2.55 

2,110 
2, 149 

400 
121 
141 

171 

8 1 J a il. 27 G. F. h erman . . . . . 23 4. 00 627 2. 1, 06 
9 June 21 L. B. Ken dall . . . . . . 23 6. 40 1, 625 3. 90 6, 347 

l~ A:;; ': c~_!_a_·~-~-~ -~ ~_:_: ._· :_: ..li_~_: __!__1_1 :_~-~ .....!... __ ~_~:_:...__~._: -~~_!...__~:_9-l 
Rating tab/ for Weiser Ri~:er· at Weis r, Idaho, fo l· 1895 and 1896. 

Gage D ' I agt 
lo elgllt. 1 hargo. , hclgbt. 

Feet. 

1. 30 
1. 40 
1. 50 
1. 0 
1. 70 
1. 0 

1. 90 
2. 00 
2. 10 
2. 20 
2. 30 
2. 4.0 
2. 50 
2. 60 
2.70 
2. 0 
2.90 
3.00 
3.10 
3.20 
3.30 

ec.fect. 

4.0 
70 

100 
13 
165 
200 

235 
275 
315 
355 
400 

450 
505 
()70 
640 
710 
7 0 
855 
930 

1, 010 

1,090 

Fret. 

3.40 
s.-o 
3.60 
3.70 
3.80 
3.90 
4.00 
4.10 
4.20 
4.. 30 
4.40 
4.50 
4-. 60 
4.70 
4. 80 
4.90 
5. 00 
5.10 

5.20 
5.30 
5.4.0 

18 GEOL, P 'l' 4--23 

Di harge. ~ ~~~~~~ Discharge. 

ec. Jut. Feet. ec.fut. 

1,175 5.50 4,0 " 
1, 260 5. 60 4, 305 
1, 350 5. 70 4, 535 
1, 445 
1,545 
1,650 
1, 760 
1, 75 
1. 995 

2,120 
2,250 
2, 3 -
2,525 
2 670 
2, 20 

2, 975 

3,135 
3,305 
3,485 
3,675 
3, 75 

5. 0 
5.90 
6.00 
6.10 
6.20 
6. 30 
6. 40 
6. 50 
6.60 
6.70 
6. 0 
6.90 
7.00 

7.10 

7 .• 0 
7. 30 
7. 40 
7. 50 

I 

4, 775 
5, 025 
5,285 
5,555 

6,735 
7,055 
7,385 
7,720 

9,095 
9, 1145 

9, 00 
10, 155 

Ga"e I . I heig'bt. D1scharge. 

-------
Feet. ec. f eet. 

7. 60 10 510 
7.70 10, 70 
7. 80 11,230 
7. 90 

9. 00 
9.10 
9. 20 
9.30 
9.40 
9.50 

11,590 
11,950 
12,315 
12,6 0 
13,045 
13 415 
13,7 5 
14,155 
14,525 
H , 95 

15,265 
15,64-0 
16 015 

16,395 
17, 175 
17,555 
17,940 
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Estintated monthly di oha1·ge of Weiser River at Weise1·, Idaho. 

[Drainage area, 1,670 square miles. ) 

I Discharge ins oond·feot. Run-off. 

Month. Total in . I 
~Jaxi- Mini- aore-fe t. Depth in iSeeouU-feet 
UllllU. mum. Man. !nohes per anuare · m e. 

---· ---
1 95. 

J anuary ···· ···------ 1,545 165 499 30,683 0.35 0.30 
February .. .... ...... 1,350 130 320 17, 772 0.19 1 0.19 
March ............... 6,125 315 1, 7 7 109, 78 1.23 1. 07 
April ·----- --- --- ---- 3, 675 1, 090 2,25 134,361 1. 51 ' L 3-
~fay ..... ... .. ....... 4,085 1,875 2,679 164, 726 1. 84 1 1.60 
June . ..... . ..... ..... 1,545 355 38 47, 64 0.56 0.50 
July ...... . .......... 315 130 259 15,926 0.17 0.15 
August ............... 100 40 64 3,935 0.04 0.04 
September ........... 235 70 120 7,141 0.08 0. 07 
October .............. 130 130 130 7, 993 0.09 0.0 
Novem~ r ............ 165 130 140 '331 0.09 0. 
December ........ .... 640 130 291 17, 92 0.20 0.17 

--- ---
P er annum ..... 6,125 40 782 566,502 6.35 0.47 

---· 
1896. --- ---

January .. ... ......... 13 045 400 2,642 162,450 1.83 1. 59 
February ·----· ----- · 1, 995 505 863 49,640 0.55 0. 50 
March ----------- --- - 6,735 780 2, 211 135,949 1. 52 1. 32 
April . --- -. -.-- ---- .. 3,485 1,445 2,079 123, 709 1.38 1. 24-
M.ay .... .......... .. . 17,940 2,525 5,845 359, 39;: 4.04 3. 50 
June .. .. ............. 15,265 2,970 6,830 406,413 4.56 4.0!:! 
July ................. 2,975 275 996 61,242 0.68 0.59 
August ............... 275 200 222 13,649 0. 16 0. 14 
September . .......... 275 200 231 13,745 0. 16 0. 14 
October ............. . 200 165 200 12,298 0.14 0.12 
November ............ -------- ... .. ..... a150 8, 926 0.10 0. 09 
December -------- ··- · --- ----- -------- a250 15, 372 0.17 

~ - ------
Per annum ..... 17, 940 165 1, 877 1, 362, 788 15.29 3 

.:.Estimated. 
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YAKIMA RIVER. 

N ORTH YAKIM..A S1'ATION ON NACHES RIVER, WA HlllGTON. 

Thi tation is described in Bulletins Nos. 131 and 140, on pages 73 
and 244, respectively. It was established August 14, 1893. The ver
tical rod was n ailed to t he crib bulwark on the right-hand ide of the 
river just above the r ailroad bridge. W hen the tation was vi ited in 
July, 1 96, it wa found that tbe channel under the railroad bridge, 
from which previous gaging had been made, had ueen greatly changed 
by the depositiOn of several ca.rloads of rock by t he railroad company 
an d by the building of a short wing dam placed just above the gage rod. 
On July 28 the rod wa removed and fa tened to the bulwark jn t above 
tbe highway bridge, and about 100 yards above its old position . The 
gage height in its old po ition when removed was 3.8, in its uew posi
tion when placed 2.4. When the station was visited October 21, it 
was found that the water had fallen below the end of the rod, and it 
wa therefore removed and fastened again to th e bulwark just below 
the highway bridge and lowered in elevation 1 foot. Before changin g, 
the gao-e height wa -0.24 foot; after the change it was 0.76 foot. 'rhe 
gag -height r cord for 1 96 are referred to thi gage. The ob erver is 
Mr. J . T. avi , living in the bou ·e neare t to the outb end of t be 
bri<lge. rainage area, 1,000 quare mile . The record of daily gage 
beigltt for 1 96, from January 1 to F bruary 29 and fi·om July 2 to 
D rob r 31, is given in Water- npply .and Irrigation P aper No. 11, 
pa 4. 

List of discharge measul"ement made on Sachcs Rircr above ~ Ol"lh Yakima, TJTaalli.ngton. 

Rydrogrnph r. 

1 93. 

Meter 
LUlU· 
bor. 

e 
bt 
t). 

1 Aug. 14 F. H. New 11 ....... 24 1. 0 0 
1 D4. 

2 o,-. 21 A. P. Davi 24 2.5 0 

1 95. 

3 Aug. 16 A. P. Da,·i 55 1.6 2 

4 Deo. 2 ton·ow . ... . . ... 55 . .. 

1 96. 
5 F b. lS ton·ow ......... 5- 1. 

6 Jnly 25 63 s.o 0 

~ug 24 . . ... do ...... ....... . 6 1. 5 
ot. 21 . ... . do ....... ... . . .... 63 0.7 

5 
6 

Area of Mean 
section velocity 
(square (feet per 

feet). second) . 

---

322 3.70 

490 2.44 

2 9 1. 61 
243 1. 44 

34.J, 1. 93 
484 4.24 
227 2.22 
1 7 1. 79 

aMensurement mnde at Nelson's bridge, 4 miles a boY month of river. 

Discbnrcf.e 
(secon · 

feet). 

I, 193 

a 1, 196 

466 
349 

664 
:,,049 

-o4 
33-



' 
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Rati11g table for aches R·iver at So1·th Yakima, Waslli~tgtO!I. 

(Constru ·ted by ' . C. Babb from disohnrgo moasu.romeuts roa. 6 to 8.] 
- ----, 

u.ar I Discharge. 1 'a1 t Discharge. GafLe Disobarg . I Gn~ Dischaq:o. I 
ho1g n. h ig t. I 11 ig 1t. I ___ , ~I 
Feel. , 'ec. jeet. Feel. I ec . .feet. Feet. ec.jeet. Feet . ec. feet. 

0.50 300 1. 0 630 3.10 1,525 11,30 2, 4·25 

0. 60 310 1. 90 690 3.20 1,6 0 4. 1!0 2, ~oo 

0.70 320 2. 00 750 3.30 1,675 4.50 2,575 

0. 0 335 2. 10 10 3.40 1,750 4. 60 2,650 

0.90 350 2.20 870 3.50 1, 25 

I 
-!.70 2,725 

1. 00 365 2. 30 930 3. 60 1. 900 4. 0 2, 00 

1.10 3 0 2. 40 1,000 3. 70 1, 975 4.90 2, 75 

1. 20 400 2.50 1,075 3. 0 2, 050 II 5.00 2, 950 

1. 30 425 2.60 1, 150 3.90 2, 1-5 5.10 3 02-

1. 40 450 2.70 1,225 4.00 2, 200 II 5.20 3,100 

1. 50 490 2.80 1, 300 4. 10 2,2T 5. 30 3,175 

~ 
530 2.90 1,375 ' 4.20 2,350 5.40 

32W I 
50 3.00 1,4-o 

I 0 

Estimated monthly dischm·ge of Saches Rire1· at Xo,·th Yakima, Washingt<n! 

[Drainage area, 1,000 qnare miles. ] 

Discharge in second feet. 

Month. TotAl in 
acre-feet. Maxi- Uini - Mean. mum. mum. 

1 96. 
August . .............. 1 6.!0 490 849 52, 203 

ep tem her . ... _ .. . ... 490 350 417 24, 14 
October .... ...... . .. . 450 310 347 21,336 
November ...... .. .... 5,200 365 1, 707 104, 91 5 
December .... ...... .. 2, 95o I 1, 450 1, 940 117,071 

HUll· 

Depth In ~ ~' 
inches. 

~ ooond-feet 
er s9 uare 
mil. 

0.9 
0.47 
0.40 

I 
1. 91 1 

2.24 

0.85 

0.42 
0.35 

~ 
YAKIMA STATION ON YAIUMA RIVER , W ASHI NGTOr . 

Thi station is described on page .A5, Bulletin No. 140. The gage 
rod is inclined, following· the slope of the bank the dist ance between 
t he vertical footmarks being 1.!:15 feet. lt is attached to a willow stump 
an d to posts set into the ground, and loaded with rock. Tbe bench 
mark i a stone, marked "B. M.," 39 feet west of the gage and 8.- feet 
oo t of t he railroad t rack. It is 18.85 feet abo ve the 11-foot mark. 
TJJ e gaging cable i about 50 yards above the rod, or 500 yards below 
the hig lnvay bridge. 

The channel of the river i straight for several hnudred feet, both 
above and below the cable. During flood a portion of th e water 
passes through a depression in the left bank, and this must be measured 
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from the bridge. The right bank is high and will not overflow. Gao-e. 
height readings were taken through January and February, and were 
then di continued until August 1. After that readings were ontinuon 
until the end of the year. The rating table for this year is applicable 
from A ugu ' t 1 to November 14. The next day the river wa in flood 
and ou November 16 reached a gage b ight of 15 feet, breaking and 
carrying away the cable. The rating table i not applicable after this 
date, owing to the probable modification of the channel. The observer 
is :Mr. Ed. Farmer, section foreman . His post-office addre is North 
Ya.kima. The drainage area at thi point is 3,300 quare miles. The 
record of daily gage height for 1 96, from January 1 to February 29 
anu from Augu t 1 to December 31, is given in Water-Supply and Irri
gation Paper No, 11, page 85. 

LiHI o.f discharge ·measu'l'ements 1nade on r akin<a Rit·er at Yakima, Trashington. 

Ko. J Date. Hydro~rrapher. 

1 93. 
1 F. H. W (' ll . ••••• 

2 torrow . .. 

3 

4 

5 torrow . .. 

1 96. 
6 Jan . torrow . .. 

7 July . Babb .. .... .. 

I Aug. 24 .... . do ..... . ...... , 

9 ct. 21 .... . do .. .. .. .. .... 

Meter ,age 
num. height 
ber. (feet). 

Area of 
ction 

(square 
feet). 

---------

24 0.90 960 
27 . 25 453 

24 75 

55 4.10 949 

........ 4.66 ----- ... . 

55 5.60 1, 379 
63 6. 00 t, 429 
63 .1, 90 1 146 
63 4.41 1, 015 

Mean D' l " I Yelooitv 1 0 lar.oo 
(feet per (second· 

econd). feet). 

3. 09 2, 963 
2. 62 1, 1 6 

5.74 5,026 

1. 13 1,070 
1. 3 1, 9 

2.83 3, 9 
2.11 3, 015 
1. 09 1,243 
0. 858 

Rat.illg table ]or Yaki1na Rirer at Yctki1na, Trashington. 

[Constructed by C. . Br.bb from eli chnrg measurements No,. 7 to 9.] 

e Dis barge. Gn!f,e . II GR "O Discharge. o.a~e I Di cha!'go . .l 
heig t . DJScharge. I heig1,t. be1g 1t . · 

--- . ---
Feet. SM. feet. Feet. Seo.feet. Feet. SM . feet. Feet. Seo. jeet, 

•1. 00 600 4. 0 1, 170 5.60 2, 200 6.40 3. 00 

'~. 10 660 4.90 1,260 5.70 2,400 6.50 4, 000 

4.20 720 5.00 1, s-o 5. 0 2, 600 6.60 4,200 

4.30 7 0 5.10 1, .(50 5.90 2, 00 6.70 4,400 

.uo 840 5.20 1, -so 6.00 3 000 6. 0 4, 600 

4.50 910 5.30 1, 650 6.10 3200 6.90 4,800 

·k eo 990 1'.40 1,840 6. 20 3, 400 7.00 5,000 

4.70 1,0 0 5.50 2,000 6.30 3, 600 
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Est.i·mated ntonthly disoha1·ge of Yamma .River at al.:ima, Washington. 

[Drainage at'6ll>, a,soo square miles. ] 

Discharge in second-feet . Ruu-o(l'. 

:llontlt. . 

1 96. 
August ..... . ........ 

eptember .. .... . . ... 

lE:" mber 1 to 14 . .... 

Maxi
mom . 

2 600 
1. 170 

910 
2, 600 

Mini
mum. 

1, 170 
910 

0 
910 

Mean . 

1,650 
1.071 

1, 30 

Total in 
acr .f t. 

54,600 
50, 06 

KIONA STATION ON YAKIMA RIVER , W ASF:INGT O • 

0. 50 
0. 35 
0. 27 
0.56 

This station, as mentioned in Bulletin No. 140 page 248, wa estab
lished on August 20, 1805. Measurements are made from t he bridge. 
The original gage consi ted of two section , the upper one vertical aud 
the lower inclined at an angle of about 300. On August 28, 1 96, a 
wire gage was placed on the lower ide of the bridge. The distance from 
the end of the weight to the index marker i 27.21 teet. From the end 
of the rod to the outside edge of the pulley wheel it is 2 feet . Tb~ 
new and old gagss were made to read t he arne on this date-that i , 
4.7. On the old or inclined gage 1 foot elevation equal 2.06 fe t along 
its length. The gage readings previous to thi date have all b en 
recomputed and referred to the new gage. The rating t able i appli
cable from August 1 to November 14, and only approximately out ide 
of those dates. The ob erver is W. A. Kel o, postmaster at Kioua. 
The record of daily gage heights for 1896, for a part of January and 
from August 2 to December 31, is given in Water-Supply and Irriga
tion Paper No. 11 , page 83. 

List uf discharge metUm·ements made on. Y akima .River at Kiona, Washington. 

Meter Gn~ 
Area of Mean Disoltar!,e I 

No. Date. Hydrographer. num~ lt t>ig t section velocity (secon . 
ber . (l'eet). (square (feet p r feet) . feet). second) . 

' 
--~ 

1895. 
1 Aug. 20 A. P. D avis ........ 55 3. 30 753 1.27 954 

1896. 
2 July 30 C. C. Babb ........ 63 6. 40 1, 240 2. 63 3, 265 

I 
3 Aug. 28 .. .. . do ... .. ....... 63 4.70 4.9 1. 18 987 
4 Oct. 20 .... . do .... .. . : .... , 63 3. 93 732 1. 09 796 
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Rating table jo1· Yaki11~a Ri~er (tt Eiona, Washington . 

[Con tructed by C. C. Babb from discharge m asuremonta Nos. 2 to 4. Th.is table is a.pplicnble only 
from .A.ugu t 1, 1896, to November 14, 1896.] 

Ga!te 
beig t. Discharge. Gn!f,e 

beig t. Discharge. I Gn~ 1 bcig tt. Discharge. Ga!te 
beig t. Discharge. , 

---
Feet . Sec. feet . Feet. Sec. feet. Feet. Sec. f eet. 

I 
Feet . ec. feet. 

3.50 705 4.40 90 5.30 1,350 6.20 ? 0 -, 
3.60 720 4.50 920 5. 40 1,450 

I 
6.30 3,080 

3. 70 740 4. 60 950 5.50 1. 550 6.40 3,2 0 
3. 0 760 4. 70 990 5. 60 1, 700 6. 50 3, 480 
3. 90 780 4.80 1, 030 5 70 1, 0 6.60 3,680 
4. ()() 00 4.90 1, 0 0 5. 0 2,080 6. 70 3,880 
4. 10 820 5. 00 1,130 5.90 I 2, 280 6. 0 4,080 
4.20 840 5.10 1, 190 6.00 2,480 6.90 4,2 0 
4.30 860 5.20 1, 270 6.10 2, 680 7.00 4,480 

Estimated 1lW1lthly disohm·ge of Yaki.1na Ri~:tn· at Eiona, Washington . 

[Dra.innge area, 5,230 square miles.] 

I 
1--

Discharge in second-feet. Run-ot.r. 

..\Iouth . 

I 
To1.nl !u 

lliaxi - Mini - a.ore-feot. Depth ia cond-feet 
mum. mum. Moan. inches. per ~~unre 

llll6. 

------ ---
1 96. 

Aogn t ...... .. ... ... . 990 1, 5n I 0.33 0.29 
30 917 1 0.20 0. 1 

i 0 799 0. 17 0.15 I 

850 1, 254 I 59,209 0.12 ~ 
SPOKANE AND UMATILLA RIVERS. 

SPOKANE 1'A.TION ON SPOKANE RIVER. 

An xamination of the Spokane River near Spokane, Wa hinaton 
was made in the latter part of Augu t for the locativn of a gaging ta
tion. ine bridge oro the river in this vicinity. The lower one , or 
tlJ se in tbe heart of the town, cro s the fall, dire tly. Proceeding 
up tream above tb fall the .fi.rst bridge is that at Division street, the 
water under which i ponded and i 25 feet or more in depth. The old 
railroad briclge,ju t above, has also a poor section. Olive treet bridge 
ba a poor tion, and oro ses the river diagonally. The Oregon Rail 
way and .1: a igation Company' bridge bas a o·ood section, and the ta
tion wa located here later. The bannel is traight above and below 
for some di tance, a11 d the bottom i ·of gravel. The banks are high on 
either side, and are oul overflowed during extraordinary flood . Tl.Je 
velocity i quite wift, even dmin o- low water. 'l'be bridge bas three 
spans. The piers are wooden crib with vertical ide . 



360 PROGRE OF STREAM IEA UREME TS FOR 1 96. 

A gaging from thi bridO'e wa made nO'n t 27 givin o· a mean 
velocity of 3.6 feet per second, area. 799 squar feet, and di charo·e 
2,9 7 second-feet. t this time the water was 16 fe t 9.5 inch s b low 
top and south end triangular casting at foot of til fifth v rtical from 
the we tend of the bridge, upper sid . Th gage heigh t for thi m a -
uremeut as d termined, after the rod wa placed was ... 0. On 0 to
ber 17 a wire ga.ge wa placed on th Or gon Railway and Navigation 

ompany's bridg·e. The l ngth of the wire cable from tb eud of 
the weight to t lte wire index i 22 -£ et. 'Ihe distan e from th end 
of the rod to the out ide dge of the pulley 1 1. 0 feet. Th1 gage was 
co11uected with a bench mark of the ity engineering department, and 
referred to sea level. t the t ime of the placing of the rod the eleva
tion of tlte water surface wa 1, 81.46, and the gage wa made to read 
1.46. The result of the gaging on October 17 wa : age height, 1.46; 
mean velocity, 2.92; area, 590; di charge, 1,7..,2 second-£ t. The 
ob erver i Z. Taylor, telegraph operator, re iding witltin one-fourth 
mile of the station. 

A record of the height of water in the pokane River ha b en kept 
at the dam of the ashington W ater Pow r ompany from March, 
1891, to the pre ent date, and through the courte y of the engineer of 
that company, 1r. J oltu B. Fiskin, it i · giv u iu Water-Supply aud 
Irrigation Paper No. 11, pages 85-88. The rod i attached near the 
bead gates of the pipe line in the outh abutment. The zero of the r d 
i at the level of the dam. There are two wa te gates in the north 
abutment, which are opened durin g high stage , and con iderabl water 
pa es through them. In time of low water a row of fl.a bboard 3 feet 
high is placed on the dam. They ar a llowed to be carried out by the 
water during floods. Notes of the opening and clo ing of the wa te 
gates are made in the record. They are only changed once or twice a 
year. As there i 11 way of determining the eli charge eit]!er through 
the company's pipe line or through the wa te gates, the gag height 
records show only approximately the amount of water in tlte river. 
The gage of the Wa hington Water Power Company is about 1.5 mile 
below the United States Geological Survey gage. The drainage area 
at this point i 4,005 quare miles. 

List of discha1·ge 1neasm·ements made lln pokane River at Spokane, W<fBhington. 

Ga~ 
Area of Mean DlscbarJe 

Date. Hydrographer. :Meter holg t section velocity (secon · number. (feet). (square (feet per feet) . feet) . second). 

---
1 96. 

An". 27 C. C. Babb · - ---- ____ 63 2.00 799 3.68 2,937 
ct. 17 _. -. _do . _ . __ .. _ .. __ .. 63 1.46 590 2.92 1, 722 . 
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GIBBO ST.A.T!Or ON MATILL.A. RIVER . 

This tation wa established on July 22. It i iu th .1. W. t of W. 
! of , ec. 31, T. 3 N., R. 3G E., illamette meridian, and about 0.- mile 
west of the railroad station. For a description of the drainage ba in 
ee Bulletin No. 131, page 69. The rod on ist:-- of two vertical sec· 

tion of 2 by 4 inch scantling. One section read from 0 to - .5 feet. It 
is driven into the bed of the stream, and spiked and braced to an old 
tree in the ceuter of the river, which is firmly buried in the gravel of 
the river bed. The se ond ection for flood mea urements, and read
ing from 5.5 feet to 10.0 feet, i fa tened to an alder tree, 10 inches in 
diameter, on the edge of the bank. It is about -o yard outh of the 
other rod. Bench mark 1 i a hub on the root of a cottonwood tree, 18 
iuche diameter, facing river and 14.5 feet ea t of upper rod. It reads 
6.38 on rod. Bench mark 2 i nail in trunk of t ree oppo ite 4.48 feet. 

l\Iea urement of di charge are mad from a car suspended from a 
one-half-ineh teel cable tretched acrose the river 50 yard above the 
river rod . The channel is straight for a short di tance above and 
b lo"- the, tation. The current is wift above and medium below. 'fhe 
bed of th riv r i gravelly and not liable to hau ge. Mr. W . Swart, 
telegraph op rator at ibbon i th ob erver. Three mea urem nt 
of di charg hav b n made at this point the pa t ea on, but are not 
ufficieotly ompr h n ive for a ratinn- tabl . The record of daily gage 

lJ in-ht for 1 96 fr m July22 to ecemb r30 i given in Water- upply 
and Irrigation Pap r No. 11 page 

List o.f dischm·ge measru·en~ents made on Cmatilla Rire1· at Gibbon, Oregon. 

r: r l)ato. 
l\letor Gafio 

.Are~tof Menn Dis barJ:e 8 tion '""elocity Hy<lroj!TRphor. nnm · hoig 1t I (quare (feet per (secon . 
~~ (feAt). feetJ . second). feet). 

1 I 

1 July 63 0. 0 77 1.34 103 

2 Au '· 63 0.90 3 1. 00 4 

:1 Oct. 63 o. 2 7 0.93 1 

I 0 B Y DRAINAGE. 

SACRAMENTO RIVER. 

On the upper portions of this tream observations of river height 
hav been made at Tehama, Red bluff and J lly Ferry. The record at 
Tel1ama ha b eu kept continuously ince 1877 by the outhern Pacific 
Railway Company. "o ga.ging have been made at tbi point by tbi 

urvey, a the channel is hifting and the current during the greater 
portion of the year is lnggi ·h. 
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REDBLUFF STATION ON SACRAME 1'0 RIVER. 

Thi sta.tiou, e tablished aud maintained by the W ather Bureau, is 
de cribecl in Bulletin No. 131, page 76, and in Bulletiu .r o. 140, page 250. 
It i at a wagon bridge in the town, aucl only a few block from the 
hotel or depot. The regular Weath r Bureau obs rv r, Mr. Maurice 
Connell, is also the observer on the river. Th time of daily ob. ervation 
and record is at 3 p. m. In time of high water the ob ervations are 
taken with greater frequency (as often as once an hour), and when the 
river reaches such stage as would indi ate from past experience tltat 
dangerou overflow will follow below information is sent by telegraph 
to the lower point on the riv~r. While the e ob ervations are regular 
and precise, no attempt i made by the Weather Bureau to make an 
estimate of eli ' charge. 

The Redbluff gage is a vertical rod 30 £ et long, nailed to a large 
sycamore tree on the left bank of the river about 25 feet above the 
bridge. The space between the mark on the rod i on -tenth of a foot. 
The rod i rather old, and it i not referred to any bench mark, but the 
datum is about lowe t watermark. 

Iu the measurement mad at this point by th nit d tate G -
logical Survey the initial point of the ounding ha been at the extreme 
western iron po t of the foot walk of the bridge. The channel of the 
river is the objectionable feature of this station. It is not only broken 
by piers in three places, but the tream does not flow at right angles 
to the bridge, deflecting from the normal about 30o. The water i very 
swift in the high tages of the river, and the triking of the pier at 
an oblique a.ngle produce wirls. The right bank, on which the town 
is situated, is high and not liable to overflow. 

When the water reaches an elevation of about 15 feet on the gage at 
the bridge it begins to run through slough or back channel on the 
left bank. One of these is called the" Big Slough," and ha an area of 
900 square feet and a discharge of about 2,150 second-feet when the 
gage at the bridge stands at 19 feet . . As the river continues to rise 
other of these channels begin to discharge. With the rod at 20.8 feet 
it is estimated that the sloughs are flowing approximately 10,500 
second-feet. The bed of the stream at the bridge is of gravel and not 
subject to great change. 

From the 17th to the 29th of J anuary, 1896, the Sacramento was in 
high flood, doing a great deal of damage to the lower valleys. Travel 
was completely cut off for a number of days on both sides of the river 
from the city of Sacramento north. On January 21 the river was 
gaged at Redbluff, and again on the 22d. On the 21st it was al o vis
ited at Jellys Ferry with a .view of making a measurement. The rod 
at this point read 25.9, and the river was full of waves with white caps, 
which made it impossible to handle tbe boat that was fastened to tb_e 
ferry cable in the river. This cable was tied up in the trees with ropes 
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that were not very secure. Trees that had been uprooted, with limbs 
extending from 10 to 15 feet above the water, were occasionally floating 
pa t, with a velocity of about 12 feet per econd, and striking the cable. 
A portion of the water was also going through a slough that could not 
be mea ured very well. For these reason it was determined to make 
the gaging below, at the Redbluff bridge. The gaging at the bridge 
was found very difficult. The Ha kell meter was tried fir t, aud it was 
found impo~sibl e to count the revolution , they were so rapid, and the 
meter could Hot be controlled in the water with any steadiness. V\ ith 
all of the ba,ttery that could be de ired, and u ing the Price meter, 
which ha a slower revolution, the recorder wa unable to move with 
suffici nt swiftness to make the eount. By marking every tenth beat 
and not coun ting beyond t en the revolution of the Price met r were 
determilled as rugh as 4.1 revolut ions per second by using the sounder 
and counting by ear. Thi repre ented a maximum velocity of 12.25 
feet per econd. With 44 pound of lead on a 30-foot line the meter 
could not be sunk in the ordinary waJ. lt would run through the 
water in much the same way a a trout on a line. The results of tlle 
velocity mea urement on the 21 t for thi rea on were not con idered 
reliable a,nd were di carded in favor of tho ·e made on the following 
day. Th roo t po ut I m ut in · t adying the m ter was an increase 
in he 1 ngtb of the tail in the wei o-bt . A board 4 inche wide aud 3 
feet 1 ng wa driven in to tlle lot of tb lead w ight to act a a rudder. 
This ntr lled it in po ·ition and it was found that by hanging the 
weigll t to tb m t r by means of 3 feet of baling wire, instead of 
fa tening them directly to the meter tandard, the meter could be sunk 
to d pth of 15 fi et and held teadily in the swifte t current. A bot
tom velocitie could not be tak.en and the mid-depths were uncertain, 
the surfa e velocitie only were used and t lle mean velocity a umed 
a 95 p r c nt. With the rod at 20. the di charge was found to be 
109 000 cond-feet, the loughs being included. The record of daily 
g~t e heigllt for 1 96 i given in Water-Supply and Irrigation Paper 
No. 11, page 9. 

'.rh rainfall at Red bluff during the year 1 96 was as follows: 

In b . 
January ....... ...... . ........... 7. 30 
F bruary . . . . . . . . . . . . . . . . . . . . . . . . 0. 27 
March . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 06 
April ... .. ..... ............ ...... 3.67 
May . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 42 
Jun..... ............. ....... ... .. T. 
July.. ......... ............. ..... 0. 00 
August .. ...... .. .. . ............. O.M 

Inohes. 
eptomber . . .. . .. .. .. .. . .. .. . .. .. 0. 63 

October . .. . .. .. .. .. .. .. .. . .. . .. .. 0. 66 
ov mb r ............. ... ........ 3.41 

Dec m ber... . . .. . .. .. .. .. .. .. .. .. 6. 20 

Year ....... .... _ ...... . .... 2 . 16 
Mean aun ual. ._.. .. .. .. .. .. 23. 79 
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List of eli chMg meas1tre n~ents 111acle on the acramento Rirer at Redbl1~Q', .alifonl ict. 

I hl tor Gage 
No. Dnto. Hydrog rt~.phcr. n um- bight 

.A.rotl. of 
s c tion 
(squ are 

M nn 
velocitJl 
(fee t per 
second). 

Dis hnrge I 
(so on<l· 

ber. (feet ) . f t). f ·! ). 

1 95. 
1 Mar. 19 J. B. Lippincott. 24. 2, 6 5. 36 a15, 461 
2 Apr. ~i ..... do .... ... .. . 24 4 676 7. 74. I 36, 1 1 

1

196. ~ 
an. 21 J. B. Lippincott. 63 20. 13, 0~2 7. 60 I' b109

1

, ~532 au. 2~ ..... do .. ........ 65 17. 7 10, 775 7. --

----------------------------------~-------

Rating table for ac1·an~nto .River at .Redbltt.D~ alifornia. 

I Discharge. 
II 

-

I Dis ·barge. I Gaij,e GaiLe Disobarge. Oa~ Di charge. Gar. 
beig t . beig t. be1g t. hei~: t . 

-----
\~ 

-
Fe<t. ec.jut. 'ec. j u t. Feet . ec. feet . I F eet. ec.Jeet. 

0.5 5 750 7.0 26 100 13.5 62, 00 

I 
19.5 9 '000 

1.0 6, 150 ' 7.5 ') '9:"0 14...0 65 600 20.0 102,200 
1.5 6, 825 . 0 I 31,800 14. 5 68,400 20.5 106,100 
2.0 7,500 . 5 34,400 15.0 71, 200 

I 
21.0 110 000 

2. 5 8600 9.0 37, 000 15.5 74,050 21. 5 114,500 
3.0 9,700 9.5 I 39 900 16.0 76,900 22. 0 119 000 
3. 5 11, 100 10.0 42, 00 

I 
16.5 79, 50 22.5 124, 000 

4. 0 12,500 10.5 45,700 

I 
17.0 82,800 23.0 129, 000 

4. 5 14,200 11.0 48,600 17. 5 86,000 23.5 ].3-~ , 000 
5.0 15,900 11.5 51,500 18.0 89, 200 24.0 139, 000 
5.5 18,250 12.0 5-l, 400 I 1 .5 92,400 I 24.5 144,000 

I 

6.0 20,600 12. 5 57, 200 19.0 95, 600 

I 
25.0 149,000 

I 6.5 23,350 13.0 60,000 
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E Btimated cliBchm·ge of Sacramento .River at Redbl1tjf, California. ' 

[Drainng a rea. 9,356 square miles.] 

Dischnrg Ill second.feet. 

Maximum. hl.inimun1 Mean. 

Total in acre
feet. 

Run.oft'. 

inches. quare 
1 mile. 

I e-:ond· 
Depth in fe< t per I 

---1---- ----1-----: _ _ ___ _ 

1 96. 
J anuary ..... . 
February ... . 

March ...... . 
April . . . . ... . 
May ....... . . 

June . . ... . . . . 
July ........ . 

Augu t ...... . 
eptember . .. 

Oct ober ..... . 

ovember . .. . 

140,000 
46, 860 
74 050 
72,910 
81,030 
21,150 
8,380 
5,910 
5,830 

D c mber .... 106, 

P rannum . 140,000 

6,150 
9,040 
9 700 

16,370 
19, 660 

' 600 
5, 990 

5 660 

51, 702 1 3.179, 032 
15, 231 1 76, 120 
25,533 
30,70 I 

35,019 
13,599 1 

1,5 9,981 
1, 27,271 
2, 153,252 

809,215 
'424,694 

6. 41 I 
1. 76 1 
3.15 
3.61 
4.3.'5 
1. 62 
0. 5 

0. 70 
0. 68 
0. 70 

5.53 
1. 63 
2.73 
3.2 
3. 74 
1.45 
0.74 
0. 61 
0.61 
0. 61 

1. 34 1. 20 
4. 09 3. r,6 

29. 26 3. 56 

1 Rod ob n ·ations by tho nitod tatos Weather Bureau . Ratiu' and computation by the United 
tntos Geological ttf\' y. 

Thi tation has not been vi ited since January 21, 1 96, and l1a 
been abandoned becan e of ob truction in the channel. The measure
ments are continued at Jelly Ferry. 

JE.LLYS FERRY STA1.' ION ON SAORA~fENTO RIVER. 

This station is des ribed in Bulletin No. ).31, page 76, and in Bulletin 
No. 140, page 251. It is about 12lniles above the town of Redbluff, at a 
cro ing of a county road ver Jellys Ferry. It i above the" Iron 

anyon,' wlJere a number of measurements have been made by the 
California State authorities. This station wa established by 1r. J. B. 
Lippincott, April 30, 1895. The observer, Mr. Fred Lemstrom, is the 
ferryman. A daily ob ervation i taken at 8 a.m. and 4 p. m. The 
ferry able 1 used iu the mea urement, a mall boat being· swung from 
it with a rope and the gagings taken from the boat. A car has been 
made and hung to the ferry cable, to be used in case of high water. 
'rhe gage con ists of a vertical rod marked to ~"ntbs of a foot. It is 
made in three ections and nailed firmly to trees. The first section 
reads from 4 to 8 feet, and is located on the north bank, 30 feet above 
tiJ cable; the second ectiou read from 8 to 20 feet, and is placed 20 
feet b low the cable; tbe tllird s ction reads from 20 to 40 feet, and is 

, 
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attached to a large sycamore tree at tbe north end of tbe cable. Be ides 
the gage rod at this point, another rod is located 1,206 feet up tr am 
from the gage, and another 350 feet downstream, in order to d termine 
the slope of the water surface. There are two bench marks. Bench 
mark No. 1 is ou an oak tree on the left bank, 1,206 feet upstream from 

Ioo,ooort~~Ti-ri-rf-r+-r+-r~~~+-~-+4-+-~~+-~~+-r+~ 

00• 000 rt~f-rti-rt-r~-t,_r1~~~4-~~4-~-+4-~~~~~ 

60,000 

50, 000 

40,000 

30, 000 

20,000 

10, 000 

0 

Fw. 58.-Discbarge of Sacramento River a.t Red bluff, Ca.l.ifornia., 1895-96. 

the ferry and 65 feet north of the upper rod. Bench mark No. 2 is on 
an oak tree on the left bank of the river 300 feet below the caule. 
As uming t he zero of the river gage at the ferry cable as the dattlm 
plane, bench mark o. 1 is at an elevation of 22.724: feet, and bench 
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mark No. 2 is at an elevation of 22.429 feet. The zero of the upstream 
gage, 1,206 feet above the cable, is at a height of 5.106 feet, and the 
zero of the lowest rod, 350 feet below the cable, is at a height of 3.846 
feet. 

The channel for 1,000 feet above and below the station is nearly 
traight, and the water during the summer bas a mean velocity of 

about 2.5 feet per econd. The right bank is high, but the left bank is 
liable to be overflowed when the water rises above the 25-foot mark. 
The bed of the stream consi ts of gravel and changes slightly. There 
ha been very litt le change in the channel of the river for the last year 
aud a half. The record of daily gage heights for 1896 is given in 
Water-Supply and Irrigation Paper No. 11, page 89. 

JOO 1!00 100 0 

FIG. 59.- ros s ti()nl! of · orrun uto River at.Jellys :F'erry, UaliforuJa. 

List of di8chargtJ measru·enl nu mad on aoranwmto Biver at J elLys Fe·rry, Califwnia. 

Met r Ga~ 
Area of Mean Dl char? sootion velocity No. Date. llyclr grnpher. uum- helg t 
(s~nare (feet per ( econ . 

ber . (feet). eet). second). feet). 

1--- ------ -------
1 95. 

1 Apr. 30 J . B. Lippincott. H.24 12.00 4 573 5.96 27,255 

2 Ju n 30 .... . do .... .... .. H.24 6.75 2,552 3.31 
' 
456 

3 Aug. 25 A.P. Dn.vi andJ. 
B. Lippincott.. H. 2-1 5.5 2,262 2. 41 5,452 

4 t. 5 J. B. Lippincott. H.21! 5.55 2,270 2.66 6,04-6 

1 6. 
5 Jan. 21 J. B. Lippi,ncott. Price. 25. 90 ............. .. .. .............. a105,000 

6 Jan. 22 ..... do .. ........ Pri ·e. 22.70 . ............ .. .. ...... a 2, 000 

7 July 7 . Ba.bb ...... P. 63 6.60 2 316 2.99 6,92-1 
1ov. 1 R. Gernon . ...... P. 12 5. 90 2,214 8.06 I 6. 773 

a Measured at RedbluJl' ond estimatud for ferry. 
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Rating tab I.e for acramtmlo Biver at J ellyB Ferry, 

---
1~fj:t. l Dis bargo. 

8 2 

2 7 

2 6 

5 

4 

2 

2 

2 

23 

2 

2 I 

20 

9 

7 

6 

5 

4. 

3 

1 2 

1 

0 

9 

8 

7 

6 

Feet. 

4.0 
4. 5 
5.0 
5.5 
6. 0 
6.5 
7.0 
7. 5 
8. 0 

. 5 
9.0 
9. 5 

10. 0 
10.5 

I 
f> 

5 \cf 
4 

Sec.fu t. 

4,300 
4, 73 
5,300 
G,OOO 
6,900 
,000 

9,200 
1o,6-o 
12,300 
14,050 
15,900 
17, 600 
19,300 
21,325 

v 
v 

v 
v 

Ga~ 
beig t . 

Feet. ec.j'ut. Feet. .feel. 

11. 0 23 350 17.5 53,950 
11. 5 25, •100 1 .0 56,700 
12. 0 27,450 1 .5 59, 500 
12. 5 29, 575 19. 0 62 300 
13. 0 31, 700 19.5 
13.5 34,000 20.0 
14.0 36,300 20.5 
14. 5 38 650 21. 0 
15.0 4.1, 000 21. 5 
15.5 43,500 22.0 
16.0 46, 000 22.5 
16.5 4 600 23.0 
17.0 51,200 23.5 

/ 
I / 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

F OR 1 96. 

a lijom ia. 

.F'ut. eo.fett. 

24.0 93,000 
24. 5 96, 250 
2- . o 9 50 
25. 5 102, 750 
26.0 106, 
26.5 109,2-o 
27. 0 11:. 500 

II 
27. 5 115, 750 
2 .0 119, 000 

II 2 .5 122, :.50 
29. 0 125,:-oo 

,j 
29. 5 1 ' 750 
30. 0 132 

v 
7 

./ 

v 

-

0 gg§ggggg § g § § g § g § g§§§gg §§§§§g§ 
~ ~~ ~ gifgg~~~~g · g i ~~ t gi~~~l~~ ~~ 

FIG. 60.- Rating curve for s tation a.t J ellys F erry, Califomia. 
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Estim.ated eli cl!m·ge of acrmnenlo Rirer at J ellys Ferry, Califonlia . 

~~""" 
[Urninnge area, 9,13.1 sq unr miles.] 

-,,.-------

- ... :·~ ~ Dischnrg in seconJ .fcet. 

I linximtun. Mmimum }Jean. 
I 

1-
96 . 

. January ........ .... 130,050 
F l>run ry .......... 34,460 

~[arch ........ . .... . 62. 70 

6, 360 46. 152 
10,070 
ll. 310 

April. ............ .. :59, 500 ' 16,920 

1~ , 46 

24,099 

25. 793 

30,941 

14. 217 I 
~rn .............. .. 
Ju11 ... .... ....... . 
.July .............. . 

Augu . t .' ........... . 

. ept mh r ........ . 

ctober .... .. ..... . 

75, 1:.0 

20,515 

' 960 
6 720 

6,360 

.000 

19,3 0 
9.200 

6, 7:W I 
6. 1 0 
6,000 
6.000 

7 .. )91 

6, 3~) I 

6. :W-1 
6,163 

TOY 111 her .. .. .. .. .. 43, 000 6. 360 11 , 965 
Dect' 111 ber . . . . . . . . . . 93, 000 

Total in 
acre. feet. 

13 

1,4 1,..,01 

J. 534, l!l 

I. !)02, 5-13 
46, Ole 

·166, 7 !) 

393, 201 
369. 163 

37 ,960 
712.014 

1,372,304 

DPpt h i 11 ~econd fe t 
inches. p~t· s9.nnro 

mile. 

:5 . c6 
1. 2 
3.05 

8.14 

3.!!1 
J. 71 

0.95 
0. 1 
0. 7.-, 

0. 17 

J. 46 

2. 2 

:5.05 
1. 69 

2.6-l 

2. 2 

3.39 
1. 56 

0. 3 
0. 70 
0.6 

0.67 

l. 31 

2.4! 
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SA N MAT EO CREEK. 

UPPER CRYSTAL SPRI rG D PILARCI1'0 - A. .ANDREA, RE ER· 

VOIR F SPRI A.LLEY W.A'l'ER MP 

The following table are there ult fob r vati n mRd 
Vall y Water Company on two of their r ervoir in San 
California. The e reservoir ar in th penin ' nla betw u 
ci co Bay and the Pacifi 0 ean. 'Ibe at 11m nt ba in 
Coat Rang. 

Estimated discharge at 11pe1· rysta l prings Re el·t·o·il·, an .Mateo 01mty, aliforn ia. 

[lJraiunge area, 14 square miles.] 

eason . Mean dis
cb.arrre. Total. 

Run-on·. ------- -==l 
Rainfall. Run -oil'. 

Depth. rer square 
mil . 

Secondrfeet. Acrefetl. Inch es. I Second-feet . 

1878-79.... . 5. 32 3, 52 5. 16 0. 0 

1879-80.-- .-
1880-SL ... _ 
1 1-82 ____ _ 

1882-83 .. --. 
1883-84.-- --

7. 2 5 271 7. 06 0. 520 
13.44 9, 730 13.04 0.960 

0. 22 156 0. 21 0. 016 

0.11 7 0.11 0.00 

10.92 7, 906 10.59 0.7 0 

btchu. 

43.12 

4 . 09 
3 .7 

25.02 

23.06 

40.32 

P er cent . 

12.0 

15. 0 
35.0 

0. 

0.4 

27.0 

1884-85 .. -- . 3. 36 2, 433 3. 26 0. 240 25. 67 13. 0 

1 1~6..... 9.24 6, 690 8.95 0. 660 35. j±j6.0 

L ean--- 6. 24 4, 515 6. 05 0. 445 34. 95 16. 2 

---~----~------~---~-----~-----

Estimated clischarge of PUarcitos and an .dndreas Besen;oi·r 

[Drainage area, 12.5 square mileR. ] 

I=M Ru.n -otr. .,,,. j Mean dis· Total. Rai nfall. charge. Per ag n.are Depth . mile. 

' Secondrf eet . A cre-feet. lnch<1. Second-feet . Inchu . Percent. 

1878-79 ..... 15.00 10,860 16.27 1. 20 56. 10 27 
1879-80. - - . . 20. 50 14,842 22.26 1.64 56.14 37 
1880-81. .... 21.25 15,382 23.06 1. 70 53.81 39 
1881-82 ..... 9.25 6,696 10.04 0.74 34. 23 27 
1882-83 ..... 7.00 5,067 7.59 0. 56 33. 9 21 

1883-84 . ···- 16. 75 12,125 18.17 1. 34 54.99 30 
1884-85 ..... 10.50 7,600 11. 39 0. 84 3 .25 27 
1885-86 ..... 20.75 15, 020 22. 51 1.66 57.98 36 

I Mean ... 15.12 10,945 16.41 1. 21 47. 41 :lO 
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SAN JOAQUIN RIVER. 

OAKDALE S'l'.A.TION ON STANISLAU RIVER. 

Thi station i de cribed in Bull tin "o. 140, page 305. It i located 
one-ualfmil northofthetown ,ouaroad to Knight Ferry. The tation 
i on the tockton -OakdaJe-1\1 reed branch of the Southern Pacific Rail
road . The Oakdale tation was e tabli bed on fay 3, 1895, by J . B . Lip- . 
pincott. The ob er ver i Mr. Frank Templin, employed t o make daily 
ob ervatious of river height and to make onndin gs of the depth a t the 
gagin o· tation, which i at tbe wa gon bridge, 1 071 feet above the rail
road bridge. Ob ervations are taken as nearly a po ible at the time 
of daily mean heigh t of the river. At lea t one ob ervation is t aken 
ev ry day and in time of hio-h water more tuan one. One rod of the 

nited tate Geological urvey i et between the outh or left-band 
piers of the wa,o-on bridg on tbe id toward the water, an d can be 
read from t he bridg . The dat um i ' 27.92 feet below tbe top of the 
sou thea t iron pier of th wa,gon bridge and 5.92 feet below the top of 
the cap on the pile of the outh crib pier of the Southern Pa ific RaiL 
road bridge, in ' ide of whi h pi r tll latter rod i piked . The rod tor 
the low t r a ~in g, of th river 12- feet below h wagon bridge on the 
1 ft bank whi h wa .pik d to a willow and which wa de troyed in 
1 95, ha l>e u r new d. 

Th r are a numb r of di ·turbinrr 1 m nt in th di charge of the 
outh fi rk of the riv r an d above traw-
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Ou October 20 and :n, 1 96, th foll wing ob rva,tion of di ·harg 
were made in the ba in of th tani slau : 

S c. f•c t. 

Middle Fork, Enr ka all ey . ... ... .. .. ... .. ........... .... .. .......... .. .... 15 . 0 
J'\iagara reck, on om and Mono road l'l'OSSill" ... . . ..... ... ..... ... . ... ... .. 1. 5 
l\lill rc k, on ora n nd Mono road cro ing . .. ..... .. .. .. .. . .. .. . .. .. .. .. .. .. 1. 5 

ow Creok, onora nnd ~[ono r oad cro in~. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
a i'ade Creek , onora aml Mono road eros ing...... .. ........ .. . .. . .... .. . . Dry. 
outb Fork trawl> IT.\'............. .. .... ...... ...... .... .... .... .... . .. ... 3. 0 

Tl!e most :den h· diver ion from tb ta,nLlau Hi,· r o cur a,t 
Knight Ferry by th taui Ia us aml an Joaquin \alley Wat r 
pauy. Tbi cana l was gaged in th tlnm at f night F erry ou 
tember 19G,anditwa flowingGG.3ii end-£ t·againa,t h 
point, on October 30, 1 96 it wa di ehnr o· tng 37.G s •eo rHl -£ t. 
water company discontinued tlt iuf nnation that \\'ll b. ing fnrni ·bed 
concerning thi canal but the av rage fl ow during th irrigati u ea
. on, from May 1 t 0 ·tober 1 wa probably not fa,r fr rn 50 ond - ~ et 
and for the r mainino- portion of th y nr on -ha,lf f that amount. 
'This water i u ed in th n io·hborbood of akdal and b twe n 
Knights Ferry and tockton. 

It ha be n placed n th am dntum with the otlrer ro<l R. 'rlr . P 

rod are olid a,nd in good condition. Tlr initial 11 int of tb , oundiug 
i 100 £ t ·outh of the cent r of the iron pi t' on he l ft ba,uk of h 
riYer. The channel of tbe river i uniform and trai g·ht above and 
below the waO'on bridO'e and both bank ar bi o-l1 enough to pr vent 
overflow in all xc p s:tr m ondition · of flood . 'rh 1> d of tlre 
tream at thi point is of and an l gravel. o mal rial lutno- ha 

occurred iu it during the pa t en n. The tream d po it. ilt during 
the ammer or at low-water tag . , which i flu. 1.1 d out by th lJio-lJ. 
water tage of the spring. The v~ riation in elevation of tll b d of 
tl1e stream between flood amlloiY-water tage i b tween r aud "' ~ t. 
This flu hi no· of the tr am occur · with such y t m that th eli barge 
with reference to t he rating curve ha little vaeiation . Tb nil1e m a . 
nremeut tba,t have been made at th is . tation daring the pa t ighteen 
mouths practically all lie ou the one ratin · cnev . Th record of daily 
gage heights for 1 96 is g i veu in Water-Supply aud J rrigation Parer 
No. ll, page no. 

During tbe pa t sea on that portion of tb drainage ba in of the 
Stani lau River which i adjacent to the Milton- nora- ugarpine 
road wa v i ited aocl al ·o the ba ins of the onth fork aod of the 
middle fork of the r·iver. With the 1,000-foot contour a red-clay oil 
begins, and a's the elevation increa es it covering of the granite 
becomes les , until at approximately the G,OOO-foot contour the gran
ite i nearly bare. The ummit: of the mountain · at an elevation of 
10,000 feet have little oil on the rock, a nd tllere is not much v geta
tion. Ma,ny of the peaks are o entirely baee that they have the 
appearance of being . now clad. At appeoximately 1,000 feet a geowth 
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of crubby p ine begius. A t about 2,000 feet t he timber i dense and 
i la rg ly t l.t yellow pine of comm rce. T bi has been cut t o a ·on-

iclernble extent for u e in t he min es. W llere th e la rger trees have 
be n removed a den e growth of yo11n o- pines Las taken t heir place, 
formin g a retentive mat fo r t ll e ltolding of moi ture. Tbe yellow pine 
i uppl mented by the ugar p ine and fir at an elevat ion of about 
4-,000 feet, and t he. e are followed by juniper aud tamara ks at eleva
tiou or 7 000 and 8,000 feet, respectiY ly, t.he latter growing in alti
tudes a lti gh a . 10,000 feet. 

Rainfall for til e year 1 96 at onora , ' Tuolunme ou nt y, alifo,·nia. 

January ..... . ..... ... . . ... ..... . 
}' bruary ...... ...... ...... ..... . 

10. 0 'j c ptember .. . . .. .. .. .. . .. .. .. . .. . 0. 25 
0.49 October ... .. .. ........ .... ....... 2.-

1\ lnrcb .... .. .... .. .. ... ........ .. 5. 00 ' on •utber ... ............ ... .. .... 6. 7-! 
April ....... .... · .. ..... ........ . . 
l ay .. . . ... ..... .. ... . .. ...... ... . 

Jun .. .... ...... .... .... ........ . 
1
: ~~ 

1 

Decem lJ r ......... .. ....... .. .. .. 3. 97 

0. 00 Yenr ........ .... ...... .. .. . ~0. 90 
Jnl y ............. . ... ....... . ... . 0 . 40 Kine y en rs' llt C:ln >ll.IUnal . . . . .... .. 37.13 
Au ern t .... .. ... . . .. ....... .. .... . 0. 61 

1 This ~a IS nt nn rh_\,·nt i n of 1,000 fl .. <'t 1n tlH' hnsin of 1he Tuolttm lh.'. 

l . t x / of' cltll!'ltar!Jt' rnta.;uremell/8 1 •na!l u11 ,'ilttlllnltllt d Ni t'tt'1 at OaAtlalt-, ul((u >·nitt. 

:\ f). Dot 

1 5. 

Uyclrog rophor. )I l~r 

number . 

1 l\!ay 3 .J . H. Lippin(' tt . ll. 2-1 

2 July 2 .. .. . uo .. ........ H. :?·l 

3 I u~. ~ .. . .. dn .......... IT . :? I 

0 t. 10 .. ... do ....... : .. H .24 

5 Jov. 29 ..... do .... 

] 96. 

6 April 17 J. A. \ ' ogl on .. 

7 .Jnl y 5 

ept . 7 l 'OW ..... 

9 l ct. 2!l , .J. H. L ippinl'oit. 

Flont . 

1'. 6R 

I . 63 
P . J2 

1'. ()7 

I 
I 

(~0,1! 

ht'i~hl 
(f' Ct ) . 

. iO 
G. 1~ 

-· 40 

2. 11 

~ . 1 3 

5. ~ 

4. 0 
2. -o 
2. ~ 0 

A r n of 
~Prtion 
(scponre 
(t eet). 

l. 970 

1, 2·12 

200 

170 

1-1 9 

1,14 

917 

437 

225 

~~ ea n Dischnrj:e 
\'(•10 ity ( eCOII(l· 
(fe t p~r f~c t). 
s cond). 

3.92 
3.02 
1. 39 
]. 13 

0. 99 

2.44 

2. 25 

0. 69 

0. 93 

3 7! 4 

279 

192 

147 

2, 01 
2,061 

304 

209 
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Rating table for Stanislaus Ri.ver , Oakdale, ralijontia, jo1· 1895-96. 

\G·ng_o 
h eigllt. 

Feet. 

1.5 
1.6 
1.7 
1. 
1.9 
2.0 
2. 1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2. 

2.9 
3.0 
3.1 
.3. 2 

3.3 

3.4 

. 'I Gn~:e D•soh:trgo. h ig1•t. 

ec.jeet. ,~ 
75 3.5 
90 3. 6 

105 3.7 
3. 

3. 9 
4.0 
4.1 
,~,. 2 

252 4. 3 

2 6 4.4 
320 4. 5 
370 4. 6 
420 4. 7 
470 4. 

520 4.9 
570 5. 0 
632 5.1 
694 5. 2 
756 5. 3 

5.4 

Dis hnrge. , h ei~1.1, 
Sec. feet. 

0 

962 
1, (}.!4 

1, 126 I 
1,20 
1 290 

2,074 
2, 1 2 

2,290 
2,412 
2,53-1 
2,656 
2, 77 

I 
I 

I 

I 
I 

F eet. 

5.5 
5.6 
5.7 
5. 

5.9 
6.0 
6. 1 
6.2 
6.3 
6.4 
6.~" 

6.6 

6.7 
6.8 
6. 9 
7. 

7.1 
7.2 
7. 3 
7.4 

Dis hnrgo. 

I 
<J.,092 II 
4, 230 
4, 37:. 

II 

Gn;!O 
b ighL. Di RI'hnrge. 

Feet. ec. j ee t. 

7. 5 5, 0 

7. 6 5 3 

7. 7 5, 996 
6,154 
6, 312 
6, ·170 
6,632 
G 794 
6,956 
711 
7,2 0 
7, 444 
7, 60 
7,772 
7,936 

'100 
10.0 10,000 
11.0 12,000 

Estin1ated discharge of lanislaus Riter at Oakdale, California. 

[Drainag area, 1.05laquar miles .] 

Discharge in s cond-fe t. 

I R""::J 
Month. I Total1n 1 

Deptl~ iD ·c ... ond.f t nor . f·e t . 
Maximum. l1inirnllm. Mean. incbe . pe~~~~t :u·e 

I ---- --
1896. 

January ... .. 6,956 150 1, 806 111,05 1.9 1. 72 
February .. .. 1, 208 632 7 2 45,03 0. 0 0. 75 
March-.... • . . 12,000 694 2,464 151,505 2. 70 2.35 
April ........ 9,050 1,966 3,274 194, 70 3.4.8 3.11 
May ......... 13,050 2,290 4,717 290,092 5.17 4.57 
June ......... 11,000 2,656 6,541 3 9, 247 6.97 6.22 
July . ........ 3,156 470 1,293 79,503 1. 42 1. 23 
August ....... 2,412 218 385 23,703 0.42 0.37 

eptember ... 962 252 332 19, 7Hl 0.35 0.32 
October .. . . .. 370 . 21 239 14,695 0.26 0.22 
November .... 4,514 252 705 41,96 0.75 0.67 
December ... . 1, 750 470 681 41,904 0.75 ~ 

---1-
Per annum. 13, 050 150 1,935 1,403,344 25.05 ] . 5 

The amoun ts diverted by the various canals above this gaging stntion are not included in this table. 
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List of discha1·ge 1nea3111'e1nents on the tribtttaries of th e tanis latta R·irer . 

[Made by J . B. Lippincot t. ] 

Dat. 

1 96. 

ept . 

tream. 

ta.ni la us. 

Loca li ty . 

Knights Ferry, 

al. 

1 .Area of Mean . 
[oter sect ion Yeloci ty D> charge 
~nm- (square (feeL per (s~cond-

er. feeL). second). eet). 

---- 1---1 

12 5. 60 11. 85 66. 35 

ugar P in e, al.. 12 5 4 11. 0! 60. 4 

93.40 ]. 69 

a0. 50 

a 1. 50 

a 1. 50 

Dry . 
. trawb rry a!. . __ ____ .... ... 

1 
....... a3. 00 

I Oct. 30--'------a- n_ d_,_K_ nights F rr y, __ __ __ 5. 01 7.50 37.60 L_ al. 

----
a Est imal d. 

THE A.LT PRI G VALLE R E E H OlR E AR MILTON, A.L.A.VER.A.S 

"CNTY .A.LIF H. l A. 

The al t rvoir i . loca ten about 37 mile a t of 
a t of l\lilton, on th • l\lil ton- onora Road. The 

r : rvotr wa built for t b c mbin d pnrp f mining and irrio-ation. 
Tb dam i ~ 050 £ t lon o· rlu. iv of th wa te gate , ' hi hare 28 
inuurnb r , a lJ b iu o- 4 ~ twide in th cl ear. The, wa tc gat rest 
on b d ro k a t t he uth nd of tbe darn. TIJe bottom of tlle waste 
gat i 5 fe t b low t lle top of th darn. Tbe darn i · built of a red 
clay soil, th inn r face b iu o· pa.v d wi h broken ro k which wa laid 
up dry by ha.nd. dry-la.id r ta.iniug- wall, from to 20 feet Ligh, is 
built at tll high r portion of ll dam on tll low r lope edd ntly to 

a,v material. Th dam ll a been ht servi e ince 1S59. It wa rai ed 
in the 70 an l a rrain to it pr nt beirrht in 1 7. T he discharge 
ditcll i 15 feet abov tb bed ro k of the creek, and the bottom of the 
wa te g. te 30 f et above tiJ ditch, the top of the dam beino- 50 feet 
above tb b d rock of t h ere k. Tllere i a pond of a.bout 60 acres 
that ca,n not be drawn off by t he <.li ·charge ditcL. In March, 1893, 
th dam wa ' threaten d by a flood o it wa cut at tbe outh nd where 
it i located on t h bed rock. Tile dam wa · aved by this, but badly 
carred. 'Ihi cut wa refilled in the fall of 1896 a,nd the approach to 

the wa te g-ate en large L 
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The water i m asur cl"~t follows: Fir t, the amount of wat ·r drawn 
off through tb di 'ch:nge <litch 1 m a'ured in t h udnit and a 
yn brouou r onl kept or t l1 wat r li eight in tll 

e tabli hin g tlt apaeity of t h r .r,· ir for variou depth . From 
there ul ting table the nmouut of water held v rat tlt ud of the 
rainy ea 0 11 is e ti111at •cl and ae ·onnt<'d for in dl't rminino- th totnl 
for the pa t and following ' <1 on . ·oud, duriug th ea ' Oll 1 D-DO 

Seo.·ft. ,-!.A..~: r_E _a~ ' M1~R-C:.H ~~~ t_L ~A. ~;INE ~_!J _CY AU 0 5EP6 oc: N_o: ~r...C:.· 
9,000 

8, 000 

7, 000 
/~9. 

6, 000 

J 5,000 

4.000 

3,000 

2,000 

1, 000 
I N O '£1,v IR 

... 
0 

12,000 

11,000 
/~. ~< 

10,000 

9, 000 

• 000 

7,000 

6,000 

5, 000 

4, 000 

3,000 H 

2,000 1- J 
1,000 1- 1-

j 

L lA J 
o l.. -

FIG. 62.-Diacbarge of tanielaua River at Oakdale, California, 1895-96. 

a record was kept of t b depth of water pa ·sin g t he wa te gate , and 
from tbis tlle di charge wa co mputed ac · rding to the rul giv n by 
Trantwine for weirs without perfect contraction . . For other sea ons 
when there bas been waste water passing the flood gate the quantity 
ba been approximated from 1 s · fre.queut observations and from the 
rainfall. 
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The following i an e t imate of tile division of the water from a full 
re ervoir during the dry ea on, the re ervoir b iug full J\Iay 1: 

Cubic feet. 
Evaporation from re ervoiT.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150, 000, 000 
Ev:tpor::ttion and eepage from ditch . . ... ...... .. . . ......... . ... . . . . . . . 30,000, 000 
Amo un t ttvailable at orth Hill .. . ...... _ .....•. ____ _ ... _____ . ___ ___ .. -1:2 , 000, 000 

Total in r esen •oi r l\Jay L . ....... . . _ .... ___ ... ........ .... __ . ___ _ 60 , 000, 000 

The I of 1 0,000,000 cubic feet, or 4,13_, acre-feet, due to se pnge 
and evaporati on bould ue added to the table given below to determine 
the total run-off from the drainao-e ba in. The d ptb of e\·aporation at 
tb r e ervoir during the dry ea on is e t imat d a 50 inches. 1\lr. J. H . 

outhwick,. nr eriutend ut of the alt Sprino- \ all ey H servoir, has 
kindly furni sl1 ecl the information given herewith a to t he clam, vapo
ra t ion, and run -off. 

The dam i lo ·ated at an elevation of 1,100 feet abo•e the le\- 1 of 
th sea in thew tern foo thill of the Sierra "evnda . Tb ,oil of the 
ba in i largely of a r cl clay which scantily cov r a bed roek of 0 Tanite 
and slate. The topoo-raphy of the b a in is undulating rath er tllan 
mountainous, about _Q per cent f the total drainage area of 25 quare 
mil R b in g vall ey lnnd. Ther i li ttle agri ul ur and much grazing 
in t h ba:in. ' l' hf'r i. 11 bru h or imb r in th Yn.ll y and only a 

att r •d growth of oak and crubby pine on the hill . 'Ih rai nfa ll 
gi v n for N rtlt Hill 6 mil northw·es t f t b dam i at l a t 10 per 
e nt J .:' than th mean f tb ba. in. Th naturnl drainao· of th i 

k a branch of Li tl John k which flow 
' an Joaquin Hiv r. 

1\ li !lla lul 8 asonal discharge into all ~Jring rallr.11 Reserwi1· near Jfilton. altu·eras 
Conuly , ( 'alifornia. (a ) 

[llrn inug :1n·n, 25 ••1unro mil a.] 

-

I Run-on: 

for - liainfnJI. Hnu-otr. 

D uplh. Per "n''"re 
I mt t'· 

Yonr. :\1 <•nn cl is- T olnl 
0h n 1·go. yen 1 

-- --
eel. J ncll c.~. ... econd:fN'L b1cll es . P ert·Pn t. 

6 19. !-'Iii 1..1/ 30.:3 65 
I Se<Jo11d·.fret.

1 
.Aar• f 

9-90. -- - - 36. 7 26 ()0 
6. 3 ,,, 5 91 3.39 0. 2:'5 13. 06 26 

4. 9 3, 5 60 2.7t 0.-0 16.98 16 

so. 22,3 11 16.69 1. 23 26. ·16 63 

22.5 16 3 23 12. 21 0.90 25.87 4 

6 1 19.27 1.42 32.31 59 

21 4.61 0 . 3~ 23. 98 19 

I 
- ---- --

9~ I 11.-6 I 0. 3 
I 

24.0 -12 

35.4 I 23,6 
.5 6,2 

M l\11. - - 20.7 I 13.0 

---
a ]i:,·npor,,l ion not oons i<lorod in this t»bl . 



378 PROGRE S OF TH EAM i\lEA R.B lENT FOR 1 96. 

L.A. ,-RANGE "r Tro r 'l'l"OL MNE RI ER. 

Tlli station d ·crib u in Bulletin ~o. HO. page 301, wa e tabli. h d 
because of t ho fact that the Iode to ·ta ion on tbi ri er wn inHu
enced to a <>Teat xtent by th lt igb t of the an Joaquin lUv r a few 
mile below and by :ltifting sand bars. Tb intention wa to g t a 
rating for the dn.m abov th town, wh r tlte ctiou would be p una. 
nent, but b can of t h numb r f gat , th r being v n in tb dam 
and orne of tb b iug at time, only in part op n and al o b au 
of tbe difficulty in finding a reliable ob erv r th r the att 111pt t 
e t~Lbh h a ratin O' for t he dam \~a abandoned. The ob 
th bridrre in t h town wer maintain d and tlti tation i 
the mo ·t reliable on th river. 

FIG. 68.-Lagrange Dam . 

Lagra11ge i rea{lhed from Mode to by team, the distance being 32 
mil . . The tation at the bridge wa originally e tabli bed by :Ir. 
A. P. Davis, August 29,1895. The fir t observ .r wa . H. Pritchard. 
The observations, di continued 1arch 1, 1 96, were re ·umed pril15, 
1896, Mr. H . S. Crowe, engineer tor the Mode to Irrigation di tdct, 
reading the rod. Mr. Crowe continued observing until July 1, when 
be left Lagrange, and Mr. W. H. Nel on took hi place, and later Miss 
Ella mith. Two ob ervations are tal<en daily, one at 8 a. m. and tbe 
other at 5 p . m. Tbe record of mean daily beigl.tt is giv n in Water
Sa pply and Irrigation Paper N o. ll, page 90. Tbe gage rod is fastened 
between the two iron piers on the right bank of the river on the side of 
the timbers that face the stream. It i a vertical 2 by 4-inch timber, 
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graduated to t nth , i solid, and . well pain ted. The bench mark is 
a nail driven into the bottom of the we t po t of the fifth bent outh 
of the outh iron cylinder. The bench i 15.31 feet above the zero 
of th e rod. The channel both above and below t l.le bridge is straight 
for ~ veral hun lred f1 et an d tb velocity of the stream is quite uni
form . The water i rather lug ish on the left half of the channel 
in tag of low water. Both lnwk s are bi gl1 and not subject to 
overflow. The bed is grav 1, aud i to a con iderabl extent affected 
by the" lickens' from the river mining between the bridge and the 
dam. The bi o·h water of tl.le ·pring of 1 96 flu b d out the bed of 
the stream _ about 2 feet , as wa indicated by the April and May 

FlO. 64.-LngrRngo bridg , looking 1lownstream . 

unding ompared with thos of 0 tober and Nov mber, 1895. 
The J uu flootl ·1 an d the tream b d out mu l1 more, and ju lg
in g from the s ti n took it down to the b d rock ; but the Sep
t mb r and Octob r mea urement how a ection almo t identical 
with that of April and :May. 11 point in both of the year plot 
clo ely on on rating ·urY . o ob ervation we;:e taken from :March 1 
to Aprill4, in lu ive, and the di s barge figure dmiug that time are 
tak n from the Modesto station. 

The portion of th ba~in of the Tuolumne between Sonora and the 
osemite Vall y was visited during the ummer of 1896. Above the 
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1,000-foot ou tour thi portion of tho ba in i 0 Ta uitie, wi th a b11>llow 
covering of r d da which eli appear at abo ut t il 7,000-foot contour. 
Above tbi the granite is practically bar . Bru ' h and · rubby timb r 
grow in abundance hf' tween the l 000 and 3 000-f'oot ont ur . boy 
tlJ is the trees are hbrge wber ver t her i s uffi ·i n oil to upport 
t hem, aud there i li ttl bru h but mu ·h mo and. mall pla11 o-rowth . 
The adjoiui11g ba in of t h taui lau and Tuolumu ar in . triking 
contra t, that of the b.wi ·lnu bein o- cl nud cd b low th 5 000-t'oot 
contour by both man and bea t. Titer ar num .ron Jarg a,wmil l 
r moYiug the big timber. aud large band of be 1 ar ran cring in th 
big·ber mouutaiu , trampling tile oil Lard au d eatin g v ry g t· n 

<:1 
~ 
~--------~----------~----------~----------~ 

FrG. 65.-Cross section of Tuolumne River at Lagrange bridg , California. 

th ing tltat t hey can reach, stripping the hi ll ide of all the oTa , mos , 
and . mall shruh , and givincr them a very bare appearance. The 
Yo emite National Park il1 clucle the greater portion of the b <t- in f 
the Tuolumne. Thi park is patroled by a troop of cavalry and all 
stock ex luded except that on pri vate land that are fenced. The 
ground in the park is covered wi th a beautiful green growth of 
o-ras e , ferns, and moss. The fern in th e lower valleys are veu 
dense, in many in tances growing a bicrh a 6 fe t . 

A mining canal is taken out on til e left ide of the Tuolumne River, 
about 5 miles ahove tiJe dam, tiJe water being u ed iu slui cing the 
auri ferou gravels in the 11 eighborhood of Lagrange. A portion of 
the waters returns to the river above the gaging tation, a part of them 
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below it. On A pril15, 1 96, thi s canal wn gaged above the dam and 
was flo wing- 32.1 econ<l -feet. The flo w, which remain qui te con ·tant 
win ter and urnm er i not cou iderecl in the tables o·iven b elow. 

Hai1tjall jot· th e yeM 1 96 at second gm·otte, errtwia post-offi ce, Tuolumne ou uty , Oali.
J~rnta. 

c---
----------

)Jontb . 

1 Januar y .. . . .. ------------------------
1 F!'brn~r - __ ____ ____ ...... ________ -- .. 

~I arch ...... ... -- .. . . .. -- - - . --. - ---- . 
April ______ ________________________ __ 

~.l ay ---- ------ ------ ---- -------------

.) UD .... .. -- -- .. .. ---- ---- ---- -------

July ... . . ... ... ..... --. - --- --- - -- ----

pt 111 uer ---- -- ---- - -- - . - -- . ---- - ---
October ... . __ ___ ... ...... . . ...... _ .. . 

Nonmtber .... . . . ........ - ----- --- - ---
' nthor ___ ..... . .. - - - .... -- ---. -- - . 

Y ar - - ------- - ------ -- ---- -- - --
Th irt. n y ar · 111 a n n.nnn :tl .. .. 

• cconrl 
ga rotto.a 

1.2.00 
0.00 
5. -o 
i .25 
0. 25 

0. 00 
0. 0 

2.50 
0. (J 

3. CO 
6.00 

'~ 50 

·II. 00 

. cquoin 
po t ·otl1ce.b 

--- - -- -· --
---- --- ---
· -- - · --- --
· -·-·· -- --
---- -- ----
. . .. ---- --
·- - · ---- --

3. 10 

0. 1~ 
2.30 

9. 1 

5. •11 
-----
.... --- ---
---· ---- --

aThiaraln l! ll l! isolnn 1 ,-otionof2.900fee lan<linthoba•i n ofth Tno1nmneRi,·or. 
b cquoin po8t .ofti ;8 at nn nJ•,•alion of 4 ~ .;3 fe t. ncn r Ow cliYt cl e between th Tno1umu a nd the . 

'llier •cl ri' '"' . 

]Jig / of di clta1·rl 111 ~ctstwew culs wade 0 11 Tuolumne Rirer at Lagra11ge bridge, Cal(!'ornitt. 

I " o. 1lnt t•. 

-~~-
1 95. 

-~Me t e r 

I 
1lll lll · 
bcr. 

llydrograph r. 

24 Au g. 2 J. B. LipJ iucot 

I ____ . do -- -- - - ... - - · 
1 

I 2 " pL. 1 1 2.J. 

___ .. do -- ---- -- ---- 24 

I : 
Nov. 2 

1 !)6. 

63 Apr. 15 .).A.Vocrl . ott ..... 

I 
5 ],Jay ~ 11 . . l !'O W ------- ~ ~~ 

J u n 11 ____ .uo -- ----------

lii:;~· ,: ~ ~'~;~~;;;;~; I ;: 

Gall'" 
h i •ht 
( fc t). 

~.40 

5. 0 

4.20 

6.93 
7.00 
!).30 

4. 90 
4.45 

Area of 
sc · t hn1 
( qunro 
feet). 

::\Jean I OJ: hnrg 
Y.e l octt ~~ (secot' (L 
(tee t 1 er I feet). se one! ). 

----:, - - - - - 1 

93 
7"7 

191 

1, .17<1 

1, 4 9 

3.013 
749 
630 

3.20 
2.41 

0. 6 

2. 7 

2.69 

2.75 
0. 0 

0.[i7 

a299 
1. 2-1 

129 

4. 236 
4,004 

. 274 

67 1 
361 

a aged 1,500 fo t bclow t h bri<igo. 
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l ating table for Tuolumne Rire1· Larp·ange bridge, LagrallfJC, alijornia . 

h eigh t. h ight. 
Di ohnrg . 

1--1---
<• HI!'' I J)is harg~~l Gal! 

I ___ _ 
h~i~'l~t . I I ••rha rg . , 

J:'e:-:- 1- tc.jut 
1 

Feet. ec.feel. Feet . S<•c. fett. Feet. 'ec jut 

3. 5 25 5. ~ ] . HlO 7. 3 ·1 I 570 9. 2 

3.6 3o -.5 1,3oo II 7. ·~ ·1, 7130 
3.7 40 -.6 . 1 4GO 7."' ·I 9.30 9. 4 

3. -5 5. 7 1,620 7.6 5, 1•10 9.5 

3. 9 7u 5. 1, 7 0 

1

1r 7. 7 5, 330 9. 6 

4. 0 100 5. 9 1940 7 :),5:20 9.7 ,130 

.~. 1 1ii2 6. o 2. 100 II 5, 710 !.l. 9, 320 
4 .. 2 174 'I 6.1 ~,2 o 5 9oo !1 .9 9,5 to 

4. 3 227 II 6. 2 2, 4 0 I 6, 090 10. 0 9, 700 
4. 4 2 Q 6. 3 21 670 6 :2 0 10. 1 9, 900 I 

4. 5 350 I 6.4 2, 60 I 6.470 10.2 10, 100 

4. 6 430 6. 5 3, o-o 6, 660 10. 3 10, 300 

4. 7 510 6. 6 3, 2-10 6, 50 10.4 10, 500 

•1. 590 6. 7 3, 430 7, 0.10 10.5 10, 70 

4. 9 670 6. 3, 620 7, :.30 10. 6 10, 00 
5.0 6.fl :l, 10 7 , 12 10. 7 11, 100 

-. 1 7. 0 •J. 000 7. 61 10. 11,300 

L_5_. _2----~--~·_1 ___ 4_, 1_0~~-9-· -o~--7-, _o_o_~_J0_._9~--11,500 
1 

-. 3 1, 7. 2 4 3 0 9.1 7,990 

iO v P" 

....-
/ 

/ 9 

/ 
/ -

/ 
/ 

8 

/ 
/ 

/ 'V 

./ 

7 

. 6 ./ 
v 

~ 

5 

/" 
/ 

4 r7 
0 8 8 8 8 8 0 0 0 

0 
0 8 0 0 0 8 0 

"' 0 "' 0 
...; c4 ..; ..; . .; ~ ,..: cO cO ~ 
FJO. 66.-Rn.ti ng oun· for sta tion at Lngr:mge briclg on Tuolumuo Rivor. 
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Estimated discharge of Tuolumne Rit· rat Lag1·ange bridg , La.q1·ange, Califonlia. (a ) 

";,Iouth. 

fill. 

[Drninag arcu, 1,501 square mil s.] 

DiRcharge in se <md-fert. 

~fnxi 
mum. 

Miui j mum. :hi un. 

-r-
Total iu 
ncru-fc · t. 

----

Run-off. 

Depth in ~· e,.o:l<l-feet 

I 
inches. per . 9uar 

mtle. 

J au ua ry . .... . ...... . 7, 610 

1 7 o I 
11 : 798 

350 
1, 0 0 

1,006 
2,670 
2.670 
5, 140 

2,312 

1, 164 
2, 725 1 

3 522 

4. 429 

1-12, 159 I 1.7 

F ebruary ........... . 

:l\Iarcb h ..... . •... . . .. 

April . .. . .... .... .... 7, 990 

May ............. . . . 10.100 
Jnnc ................ . 

Ju ly ........... ..... . 

August .............. . 

eptember . ......... . 

0 ·tob r .......... _ .. ·I 
To,·emuer ........... . 

Dec IJl h r ....... _ . _ .. 1 

9,3:20 
5.330 

3,050 

1,6-0 
35 

5,710 

3, 620 1 

Ulllllllll .••• . l'et· 1 1 1, ~~o ' 1 

960 
227 

132 
75 

2'27 

670 

7,692 

3, 003 
4 

432 

19 1 
l 135 

~ .• 0 3 

66,95-1 

167.57 
209,57-1 

272 371 
457,705 
1 -1,677 

29, 2 
25,742 

7,366 
67,543 

66,603 

T I 2, 342 1,6 ,100 

0 . . ]. 

2.10 
2.60 
3.40 
5.74 

2. 31 I 
0.37 

0. 32 1 

0. 09 
0. 3 
0. 3 

21. 2l 

a The diRohar;ro of th mimng canal nt Lngrnngc• is !lOt consider d ill this tab!~. 

1. 2 
2.34 

2.95 
5. 13 
2. 00 
0.3:2 
0. 29 

0. 0 

0.15 
0. 7:2 

1. 56 

b From ~lar h l to April lJ, iudush·~, no obsrn·n.tions were taken at the Lal(rang bridge. The 
Modesto tation is on th snmo riYcr, a;; miles brln,~ . and a no int rm diat di..-er ion ocours and but a 
•mall amount of wnt r eut rs the rh cr bel ween th e pomts, the YOlumcs m asured at Modesto are 
sub•tituted for Lagrang beLw en th<•se dut . 

c.-ft. r--;&;:;-r<F'D,....=~;;-r-;....-;;-TOT;N7T~,...,...~TSTi;;"TOCT.TNc5TTOECl 

2. ooo ~'4+.!.lL'i44-~f.-.!!!.E.+.!¥-!~-!¥-¥L+..!l~~.!f-'T-f-Trr+'n"+-T-'7'i--'fn 

2, 000 

1, 000 

0 

FrG. 67.-Diaoharge of Tuolumne River at Lagrange bridg , Cullfornin, 1895-96. 
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MODES'l'O ,' 'l'J\'1'10 0 '1.' OL1 fN E H.LV1':1'{ . 

Tbi tation , de cribecl in tho T welft ll \.unua ll\.epor t of t b ' ni t d 
tate Geo logi cal Survey, I art II, page 33:2 al so in Bulletin No. 131, p ag 

83, and in Bu~l t in 1\o. 140, pag 2 9, JS sitna t d on ·ha lf mil e south of 
th e depot an 1 at t be \ntgon ·road bridge. lt w, or igi nally c tab lisb cl 
by the Southern Pacifi Rai lroad i n 1 79, a11cl con ti nuon · ob rvation 
have been kept on t h ri,·er ince t lt eo . 'l'hc ol> n r, ~fr. J. T. He d, 
is t he S uthern Pa •ific b ri dg wntchnuw . 1.> en ·atio 11 .. a r take11 da il y 
at 6 a. m. and at 3 p. m. ; tb e m a n of t lt two ob: rva t ion n,r n e(l in 
the table of daily rod reading- . Tlt e'e observati011 hav been mad e at 
thi station without interruption tlunn g 1 DG, :md arc o·i,·en iu \~ at r· 
Supply and Irrigation P ap r So. 11 pag 91. 'l'br gagin g ar mad 
from be wagon brid<Y , 100 f et west of t he railroad bridg . T it gage 
i a. vertica l rod 2 by 6 i11ch ' painted whit , r adin o· down to 3 fc t 
only. 'Ihe rod is fast n fl on tlle out h i l of the entral railroad 
pier. T be top of t he rai l at the central pier i 46.0.3 feet abov the 
datum of the gage. 'Ihe ini t ial pomt for ounding i at tb pier on tlt 
ri ght bank. T lJ clt.tnnel aboYe aud below t b , tation i . trairrht, bnt 
in th summer bge:>. of th tr ,am th rurr n i very luggi h. 'l' h 
right bank show iouicntion of ov rtl ow. Tbe b d of tlt e t r a111 at 
J\Jode to mnint:lin n. ction f on "id erabl pcrman nee bnt tb " lo ·· 
itie ar , -aried l>y the heigh t of t he water in the au Joaquin River, 

· into wltich it fio"·s at a point 12 mil ·below. While a rating urv can 
be p lotted for thi ectio n, two of +be leven mea, urement . how 011 · 
iderable eli' ergence. The Mod to and Turlo k irrigation di tricb.; 

have not yet completed their Jar <Ye canal wbi 'h ar intended to div rt 
the waters of the nver 1 mil above Lagrange at tlt ·dam. Tb capac· 
ity of t he e canals will be in exce of the m idsummer and autumu ftow 
of the h·eam . 

List of <li cha1·ge measu1·emeuts made on Ttwlunw e Ri.re1· at JJodesto , CaUjo1·nia. 

::\o. '. Date. 

1 95. 

Hydrographer. 1 :l[eier 
number. 

1 .)au. A. P. DaYi · . ... ... . .... . . 

2 1 Mar. 21 J. J3 . Lippincott. 24 
3 M ay 1 .. . .. do . . . . . . . . . . 24 
4 Ma y 2 

1 
..... do . .... . .... 24 

5 , .J nne 2~ . .. .. do ...... ... . 

6 An g. 21 . ... . do .... .. ... . 

'i ~ov. 30 . .. .. uo .. ... ..... Floats. 

24 

Gage 
heig11t 
(feet ) . 

7.70 
6. 90 

10. 2: 
12.90 
13.00 
4. 00 
3.42 

1 96. I 
8 Ap r. 14 J. A. \'ogl caoll. .. 63 7. 90 

. • I 

9 July ·~ C. C. Haub . .. . .. 63 I 9. 60 
t. i> j ll . Crowe. .... 12 1 4. 50 
. 31 1 J. B. L1ppincott. 67 3. 92 

3, 00il 
1,37 I 1. 76 2, 429 

2,::\95 I 2.G5 1 6, 07 
3, 148 4.37 a13,546 
3,09 ::\.01 9 30 

719 0.41 - 9·1 

497 0.39 213 

1, 719 2.1 3,745 
2,091 

531 0. 68 362 
642 0. 5 375 

17 ]U 
---- --------·-- _____ .:..__,__ _ _,_ __ 

a Loca l showers. 
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Rating table for 11uolntnnr. River at Modesto, alifornia. 

Gage 'I D- . - b-----,--G-n-ge------G-ag-e -- -- - -------, 

heigl l t . ' c arge. beigbt. Discharge. heigllt. 

Feet. 

3.0 

3.5 
4.0 

4.5 

5.0 
5.5 

6. 0 

6.5 

L7.0 
7.5 

_J 

ee. f eet. 

1 0 

220 

390 

600 
950 

1,230 

1 610 
2.060 
2.5-o 

3. 010 I 

Feet. 

. 0 

. 5 

9.0 

9.5 
10.0 

10.5 
11.0 

11. 5 

12.0 

• ec. f eet. 

3, 560 
4,0 0 

4,600 
5200 

5, 00 

6,395 
6,990 
7,570 
• 1-o 

Feet. 

12.5 

13.0 
13. 5 

1·1. 0 

14. 5 
15.0 

15. 5 
16. 0 
1 . 5 

ee. f eet . 

' 735 
9 320 
9,910 

10, 500 
11, 090 
11, 0 
12, 270 
12, 60 
13, 4 -o 

17. 0 

17. 5 
1 .0 

1 . 5 
19. 0 

19. 5 
20. 0 
20.5 
21. 0 

Estimated discharge of Tu olumne Rker at .1/odesto, alif01·uia . 

lt1, 635 
15,230 

15, 25 
16 420 

17, 020 
17 62() 

1 '220 

1 ' 20 

(Drainage nren, 1,501 sq nar mil s. ] 

Moot h. 
~l nXI · :Mini-
mum. mum . 

1% . 

. Jaunary ·--- -·-- - --· 13. 
Fobnaa1·y ·- .... ·---- 1, 

M IH'C' h -·-- ...... _._, 

priL . ___ .. ,_ ... _ ... 

) lay - --- -· .·- .... __ .. 

Jun ------- ..... __ .. 

,July·---- .. .... _ .. .. 

August .. __ ....... __ . 

R ptc111h r .. ----· .. _. 
toll ,. ____ -· __ .. __ .. 

1 1'\o\' nabe r_ __ .. ____ .. 7. O:l 

[

cemb r ---- -· -·---· 3,560 

I' I' :11111~-~·~, 75•1 1 

' 990 
1, 306 

300 

2- 0 
1< 0 

27:~ 

516 

1 ~ I 

--,- R.uu·ofr . 

~t an . 

Total in 1-
ncre.foet. J ' eoomJ .f~ t Depth iu 

I inch s. per ~un r 

---~-- nn . I 

3,0 0 1 9,370 2. 37 2. 5 

~ ~2~ I . 007 

3, 577 I 

5, 1 0 

11, &l 

4, 121 

575 
574 

224 
1. 2 10 

]. 02 

J3, 797 I 

72. 012 I 
63,2H 

2, 9~ 7 2, ] 21, -13-t 

3. 17 

0. 44 1 
0.43 
o. 11 I 
0.90 
o. 79 I 

~. 74 1 

0. 79 
l. 2 

2. 

3. J5 
7. 09 

0. 3 

0. 3 
0.15 
0. 1 
0.69 

1. 90 

R E R DO ''l'A'.l.'IO 0 T 'AN .) A q l I ' RIVER. 

tatio11 de cribed in th tntc GeologicHl Surveys 
nnn al ReiJort, Part ll ~ I also in Bulletin o_ 131, 

page nnd itt Bu lletin N . 140, pag·e 2 aud 311, i at th wagon 
bridg ' , lJalf a mile 11 rth of H ernd on nnd L mil north of Fresno, on 
the outlt ern Pacific Hnilroacl. 'Jl.Je station wa e taulisl.ted by the 

18 GEOL, P'l' 4--~5 
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on a nail iu 

4, noolf-+.all-l-+-+--Ji-1--1-W ..,H-..J 

2, 

FIG. 6 .-Discharge of Tuolumne Riv r nt 1ode to, CnUforn ln, 1895-96. 

"B. M.' cut in the po, t. The eJeyation abov rod datum i 24.12 feet. 
A gag on tlle ·arne datum i al o painted on the outbwe ·t cylin<l r. 
The initial point of the oundino· is on the I ft bank at the outh yl
inder. 'I he channel for 900 feet above and 3,000 feet bel w the brid•Te 
i traigbt and the water ha a uniform and moderate velocity. There 
are no pier in the bed of tbe stream to di tmb tb current and the 
section i a ati factory one. The right bank i high, rocky, and t ep. 

The b d of the . tr am 1 io part. andy and in part of mall o-raYel. 
With the river t:tuding at 9.5 feet 011 the gage rod , the bed is wa hed 
out from 3 to 7 feet a compared to it · levation when the nver stands 



DAVIS. SAN JOAQUI T RIVER. 3 7 

at 2. r.: feet. The intermediate stages of the river during the past year 
have . o ntlju ted the bed of the stream that di scharge mea uremeuts 
inuicate a uniform ~ating curve similar to the one of tlJ e previou year. 

ince April 19, 1 96, Mr. Nel on bas made weekly soundings at the 
gaging tation. Th e r ecord of daily gage heights for 1 96 is given in 
Water- upply and Irrigation Paper o. 11, page 91. 

bnnges in the b <l. 

List of disch.a1·gemeasuremenls macl on an Joaqu.in Rive1· al lieruclou, alifomia. 

Dal. Hydrogrnpber. 

1 5. 

1 J (tn. 9 

1 

A. P.Davis . . .... 

2 ;\lnr. 22 ,J. B. Lippincott. 

3 )fay 5 1 ..... do .......... 

.J ll 11<' :.3 ..... do .......... 

Ang. 31 ..... (10 ·--- ·----· 
i. 11 ..... do .......... 

25 .... . tlo ....... . .. 

J. A. \'o.rl sou ... 

11 J. 13. Lippincott . 

2 .. ... do .......... 

'hl tor 
number. 

24 

Z.l 
24 

24 

N 

24 

F loats . 

63 

63 

67 

Gage 
height 
(~ t). 

4.00 

3. 5 

6.65 

. 00 

3.00 

2. GO 

2.55 

'J.10 
9.33 

2.T 

1, 19 1. 67 

1. 273 1. 52 

2.262 

2, 769 

1 oor 
730 

703 

1,350 

3, 39 4.15 

722 0.59 

Di cbnrge 
( e onn· 

feet). 

1, 995 

1,937 

7,4 19 

Jl, 225 

677 

332 

270 

2 406 

15, 942 

424 
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Fl(l . 70 .-Rating curvo for Herndon s tnt.ion on 1n J oaqui n Ri ver , nli foroi n. 

RaUng In hlP fqr Sn11 .Tonq ui 11 R;,w· nl TTo,.udou, C'nlifot·ll in. 

----

D;ooh.,go. l -~~~-. ~ D;,o>o.go. G n~ Gn~e n· I Gn~ D is ha rge. l heig >t. heig t. I 18 targ . heig . t . 

I 
Feet . ec. f eet . 1 Feet . ec.feet . I Feet . eo. feet. Feet . ec . f eet. 

2.3 80 4. 5 2, 900 6. 7 7. 5-10 .9 14, 0 0 
2.4 165 I 4. 3, 0 0 6. I 7, 10 9.0 14, 400 
2. 5 250 4.7 3, 260 6. 9 ' 0 0 9. 1 14, 760 
2.6 340 I 4.8 3, 440 7.0 8,350 9.2 15, 120 
2. 7 430 I 4.9 3, 620 7. 1 ' 620 9.3 15, 4 0 I 

2. 520 I 5.0 3, 00 7. 2 9(, 9.4 15,840 
2.9 610 I 5.1 4, 000 7.3 9, 160 9. 5 16,200 
3.0 700 I 5.2 4,200 7.4 9, 430 I 9.6 16 560 
3. 1 820 

I 
5.3 4, 400 7.5 9700 

I 
9. 7 16,920 

3.2 940 5.4 4, 600 7.6 10,00 9. 17,2 0 
3.3 1, 060 5. 5 4, 00 I 7. 7 10 316 I 9.9 17, G40 
3. 4 1,180 5.6 5, 012 7. 10, 624 I 10. 0 
3. 5 1, 300 5. 7 5,224 7.9 10, 93~ 10.1 
3.6 1,450 5.8 5,436 . 0 11 , 240 10.~ 1 ' 00 
3.7 1,600 5. 9 . 1 11,552 10.3 19, :.!00 
3.8 1, 750 6. 0 . 2 11, 64 10. 4 19, 600 
~.9 1,900 6. 1 8.3 12,176 10. 5 20, 000 
4. 0 2,050 6.2 8. 4 12, 488 10.6 20 400 
4. 1 2, 220 6.3 6,5a 8.5 l2, 800 10. 7 20, 800 
4. ~ 2, 390 6. 4 6, 772 .6 13, 120 10. 8 21, 200 
4. 3 2,560 6.5 7, 000 .7 13,440 10. 9 

21. 600 I t1. 4 2, 730 6. 6 7,270 8. 8 13,760 11.0 22, 000 
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Fto. 11-Gnging station on nn .JoaiJnin Rh·ernt Herndon. California . 

Discharge of an Joaquin llitl'l' at H erndon California. 

[Drninng nren. 1,037 sqnnro mile,s.] 

I 
1-

-----.----- J 
Dis hnrg in •econ•l-f et. Run -oft'. 

:\fonth. 
"i\1nxi
mum 

I 
rnnm. .._ can. 
~l i ni -

1 

M 

Total in 
ncr -feet. Depth in ecoml-f et 

inchc . P rn~~~~re 

1<9 ), 

January ..... ... .... . . 12, 00 I 2"0 I 2, 119 130, 335 1.49 1. 29 

F b ru ar_y . .... . . ..... . 

l\ l arch .............. . 

Apri l ... . . ........... . 

May .... . .......... . . 

.Tun ................ . 

Jniy ............... .. 

Auo-nsL ...• • ..• .• ..... 

eptembcr .. . ....... . 

1, 750 1 

12, 176 

5,64 I 
1 ' 00 

16,920 I 
• 0 0 

1, 3oo I 
1. 1 0 

ctob r ..... .. .. .. .. 7 0 

ov rober.. .......... 2, 390 

Dec m b r . . .. .. .. . . .. 1 750 

1 P r an onm .. .. . 1 , 00 

L__ ---· 

g-o t , 111 67. 6!l6 0. 77 0. 72 

1, 1 0 2, 612 160, 6-l!l 1. .l 1. GO 

1, 920 2, 675 159 192 

2. 560 5, 39-t I 331, 100 

1. 3 1. 6-1, 

3. 81 3. 30 

6, 544- 11. 799 702, 106 

l. 600 _4. l77 1 - 36. ' 65 

700 I l ,O.J. 6-1-, 463 

. 00 I 7. 21 
3. 04 2.55 

0. 7-1 0. 6-l 

0 53-l 31, 17 0. 37 0. 33 

0 167 10. 275 0.12 0. 10 

•130 697 .[1, •192 0 . .j_ Q, 43 I 

130 666 I 40, 957 0. 47 0. 41 

o ,, , -~I'';,, i;J 7 22.961 1. " 
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RED MO NTAIN STA1'IO Kl ' GS RIVER. 

Thi station, de oribed in Bull tin o.140, page2 7, i located 15 miles 
east of Sanger, and may be r aolled by road on either id of the 
river. Tho ob erver, . IJ.r. 0. W. talder, i a 'herder' on the lumber 

6,000 H+-lt--Ht-+-H-t-fl-t-

4,000 H+-1--t-lH:+-t-+--1-:-

2,000 

20,000 H--+--t-H-t-t-+-t--t-H-t--t-t-+-t--t-H-+-+-+-iH-l--1-H-l--1-H--l--l--1 

1 , ooort-r,_ri,_+i-t,_r1-+~~-+~~-+-+-+,~++-~++-~-+-+4 

FIG. 72.-Discharge of an Joaquin River at Hernd on, California, 1895-96. 

flume, and observes twic a week, or oft ner in t ll time of high water. 
The gag is made of two 4-inoh by -inoh timb rs 14 aud 20 feet lon g, 
respectively, laid on t.he ground under a rook and bolted to a tree. 
The division of the rod 1 for vertical in terval of one-tenth of a foot. 
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The station is ou what i called' Lower ection of No. fl 'of tbe lumber 
flume and i soutbwc t of Heel Mountain an!l 3 mile b low Jarrelits 
place. The ben •lt ma-rk is a + culi in the top of a granite bowlder 11 
fe t north we t of a blazed. sycamore tree at top of rod and 1 ' .0±5 above 
tl1e zero of th rod. . Tl.le initial point of mea urement is on the left 
bank the' cl adman being at statwn + 50. 

The chann l for · 00 feet aboYe and for an equal di tance below is 
quite traight. The ,·elocity of the water in bi n·ll tages is wil't. In 
low stage. of the river the current near th rigbt bank is sluggish, and 
tl.le high >:>t vel city i ' found on the left bank. 'I'he nght bauk i ' high 

FrG. 73.- Katlrona nn<t w&j!'on bndges aero"• 1 ne ~a n Joaq nm Htver nt the l:t ~rn<ton l!Rgtn g • tat ion . 

and ro k , the left, in ubj ct to overflow but 
the riv r ha not 1 ft it pr s nt ·han n I at tbi point for the Ia t three 

ar . The b d of t he tream i of large· gravel anrl bowlder . On 
tl1e 1 ft bank i a rocky led o· with a face 5 fe th igh toward the center 
of the chann J. Th I do·e i at an aoo·le of approximately 15° from 
th' direction of t he tlow of tl1e trea m. Tli face of t.li ledge i 
betw n ~;tation 170 and 175. 'I'll ouudiug bow tlH\ til i gaging 
tation llH pr erv dits ectionw II luringthepa tyear. Tiler cord 

of daily gag· hei (l'ht for 1 96 i O'iveu m Water· upply and Irrio·ation 
Paper • o. 11, pag fl~. 
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List of disohal'[/6 nteaBurements made 011 Kings R-iver at Red Mountain, CaUjoruia. 

f::u .. Meter Gng 
llydrogrnpher. nnm- hei~rht 

bor. (fc t). 

.Ar~n of 
section 
(8qunr 

fc t). 

U enn I . , I velociiy D•scluu;r. 
(fcot per ( 0 on · 
~ooond) f t). 

-- -- --- -- --

-- -1 
--- --

1805. 
1 ept. 3 J. B. Lippincott . .. 

2 Nov. 2•1 .... . do ... .... . .... 

1 96. 
3 Apr. 12 J . A. Voglosou -- -· 
4 June 12 J. B. Lippin cott ... 

5 ov . 1 ..... do . .. ... ..... . 

aMen ur d at usp nsion bridge. b. 

.... .. 4.32 

2. ~ 

I 3.80 

63 6.35 
63 10. -
67 4.20 

.... .. ... 
351 

<10 
2,409 

<l73 

---

1 
a 524 

0. 71 24 

1, 745 
bl5, 9.ll 

4.01 

ction partly e timnted f'rom pr ,-ion ~ound i ngs. 

Rating tablejo1· Kings River at Red .Jlountain 'alifornia. 

-1 

Gn~e Oi cbnrg II Ga{!e Dischnrg 

.I 
beig t. . h lght. 

------
Feet. Sec. feet. rc.fu t. I .Feet • ec j u t . 

3. 5 220 4 10. 1 12,3 0 
3.6 250 4,600 10. 2 12, 60 
3. 7 2 0 5.9 1, 42 . 1 -1, 0 10.3 13, .(3;~0 
3. 310 6. 0 1,500 .2 5, 160 10.4 13, 20 
3.9 350 6. 1 1, ~ 6 .3 5,440 10.5 14,300 
4.0 390 6.2 1, 672 .4 5, 720 10.6 1<1, 00 
4. 1 430 6.3 I, i5 .5 6 000 10. 7 15, 300 
4.2 470 6. 4 1, ·.4 8.6 6 340 10.8 15, 00 
4.3 510 G.5 1,930 6 6 0 10. 9 

~ 
16,300 

4.4 550 6.6 2,064 7, 020 11.0 16, 00 
4-.5 590 6.7 2, 19 7 360 11. 1 17.330 
-L6 636 6. 2 332 9.0 7, 700 11.2 1.7, 60 
4.7 6.9 2 .J.66 I 9. 1 8,100 ll. 3 1 , 390 
4. 7. 0 2,600 9. 2 , 500 11.4 1 ,920 
4.9 7.1 2, 76 9.3 8,900 ll. 5 19,450 
5.0 7.2 .2, 936 9. ·1 9,300 11. 6 19,9 0 
~. l 7.3 3,104 i 9.5 9, 700 11. 7 20,510 
5. 2 7. 4 3,272 9.6 10, 140 11. 21,040 
5.3 l , 012 7. 5 3 440 9.7 10,5 0 11.9 21,570 
5.4 1, 076 7.6 3,672 9. 11,020 12.0 22,100 
5.5 1,140 7.7 3,904 9. 9 11,460 
5.6 1, 212 7. 4, 136 10.0 11,900 
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Estimated discha?·ge of K ings River at R ed Mountai.n, California. 

[Drni nag_o area, 1. ,742 sq uat· miles.] 

~-- Dischargo io socoud-feet. 

Tota l iu 
" · 'l I ncre-feet. !.u :lXI · .. t i ui-

l---------- _::_ -=~ ~en n. •----

[out h. 

] 96. I 'I 
J annary ... . . . ... . ... 

1

11,020 390 

February . . . . . . .. . . . . 1 H O I 72 
Mar ch ..... . ..... ... . . 7 , o~o 20 
A pril. .... .... . . ...... , 4,600 820 
May ..... . ...... .. .... 

1 
22, 100 I , 140 

J nuo . . . . . . . . . . . . . . . . . 1 , 920 5, 160 
Jnly ....... .... ...... 6, 6 0 1,212 
Augu. t . . ... .. . .. .. . .. 1. 212 590 I 

ep temh r .... .... ... 390 
otober .... .. ........ 

590 I 
510 310 

NoY mber . . . . ... ..... ) ' 076 1 390 
Decem her .... . ....... 550 4.70 

---
I r llJlnum ..... 

1 
22,100 I 310 

&•,..-ft 
26,000 

24,000 

22,000 

20,000 

18,000 

16,000 

14,000 

12,000 

10,000 

,000 

6,000 

4,000 

2, 000 

0 

• J'-,7,· fE 

.... 

~~ ~O 1m• ~MI Ac~ ... ~ ~",o JUNE 

w 

1, li74 1 
25 

1, 710 
1,93 115,34D 
5,91 I 363,890 

12, 737 757,922 
3, 7.J.2 230, 110 

795 4 ,93 

491 I 2D,234 

350 21,520 

53 32, 0-13 
4.66 2 '659 

-,5H2 1. 71,005 

IJUi:Y .~u,~ y~~ 

, I 

II 

I 

R n n-off. 

Depth in · ond-feet 
inches . per s~l uan: 

j nu c. 

0.9 I 0. ii 

0. 51 0. 47 
1. 13 I 0. 9 
1. 24 1.11 

s . 9o I 3. 40 
.]5 7. 31 

2 . .J. 2. 15 
0. 52 I 0. 45 

o. s1 I 0. 2 
0. 23 0. 20 
0 35 0.31 

o. s1 1 0. 27 
---

20.11 I l . .J. 

OOCJO \0~0 
D-EC. 

FIG. 74 .-Discharg of Kings River nt Rerl Monntnin , Cn liforuin. I 96. 

Kl G. D RG 'l'A'l' lON )N ICINGS RIYER. 

Tlti statiou,described inBnlletin o.ll , pao-e O,andinBulletin~o. 
140, pages2 4nud 310 a l o in t be Twelfth.Annual.Reportoftli c nitecl 

tate ' Geological S nrv y, Part If, pnge 320, is a.t tlte wagon bridge, 200 
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feet below the Southern I acifi Railway urido·e and ~tpproximat ly 1 
mile outll of Kin g burg. It wa. e · tabl i~h ed a early a 1 7U by th 

outhern Pa ·ific Rai lway Company, whiclt.lta mainta in ed da ily obser
Yation . of river beigllt ever sin . :Hr. If. Tbomp n i tlt ob rv r, 
au<l mnkes two ob:servatiou daily one a.t 0 a.m. and oue at 3 p . m. 

ince .April l , 1 ' !J6, he Ita been mploy •tl to mak w ekly oundings 
of river depth . The gagin O' are made front the low r id of the 
wagon bridg , a boat beitw om tim · u d . Th locity i o slow 
at this tatiou that tlte m ter fir t u ed 1 not adapt d to the work, 
and there alt are t ll r fo r · not a a cur< t a de ir d. 'I'll ga i 
t he property of the Southem Pacifi · Railwtty 'ompany. It i ' nail d 
to tbe outh central railroad p ier, i a vertical timber paced to in l1 
and tbe zero of the rod i 31.66 fe t below th top of tl1e rail of be 
uridge. The initial point of sounding i on t lt right bank. The sta
tion ' are en t in the lower foot rail of the bridge. 

T he channel of the stream at tbi tation i bad ly broken by the pier 
of both brid ge . The railroad bri dge ha two pi r , and the highway 
cro ' ing i a pile bridge. Tb llirection f th flow i obliqu t both, 
and the channel contain lliftiug and bar . Tit right bank i not 
ubject to 0 \7 erfiow ex ept in very hi(l'h water, but tb 1 ft bank i low. 

Th souudings show tl.Je b ' d lJf' tlte tr a Ill 1 IJtf in g. 'l'lt ·apacity of 
the canal above thi poin,.t i far in cxc of then rmal umm r flo'" 
uut tl1e lowe t di charO'e m a ur d wa 3GG · ond -feet. in pril 
1 , 1 96: weekly ounlling of t lti ction ha ve been made b y t lt 
observer, and from the note _th area of acb ection ba been orn
puted. From t lt e gao·ing note the areas are pl tt l a orc1iJ1at aml 
the corre ponding di,cbaro-ea ab i <' from which a eli barge curve 
ba b en formed in term of area and volume. The onndirw bow 

. tbc area. on e a we k aucl are referr d to the gage rod. Da.ily r acl
iug are tak n, and from th rn a table of daily area, will be determin d. 
Tbi method Ita been u ·ed with ucc by the Kern ounty Lancl 
Company at tbe "fir t poiut of mea urem nt" on tte Kern Hiver. 
Tbe record of Llaily ga(l'e heio-ht. for 1896 i given in Water- upply and 
Irrigation Paper l' o. 11, ])age !J2. 

List of di scharge JIIM BIH'em ents made on Rings Rirer ett Ii'ingsb urg, California. 

Do. Datu. 

1 95. 

1 .}au. 10 

2 Mar. 23 

3 Dec . 2 

1896. 

~ Ap1~-ll 

llydrogrnpher. .llet.er 
xnunher. 

A. P . Davi · ..... _ 2.1, 

J. B. Lippincott . 24 

.. ... do .......... Floats. , 

J . A .. Vogleson ..1 63 

Gng 
h ij!hL 
(feet). 

6.00 

4-.10 

3.25 

5. 70 

l. 9 5 
1, 273 

529 

2,047 

0. 92 1, 830 

0. 39 500 

0.69 356 I 

~2--1~~ 
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oundi.ngs of Kin gs River at K-ingsbttt·g, Califot'llia. 

Date. Ga"e Total A.r~a vf I Dnte. Gap:e Tot.~ I •~•r 1 heig1,t. widt~~~ height. width. xcction. 
--- ---

1 96. Ft. l n. Feet. I Sq.JI. { 96. Ft. ln . Peet. Sq.JI. 

Apr. 1 3 0 335 1,064 An". 29 3 10 343 1, 273 
Ap r. 25 4 9 350 I pt. 5 3 342 1, 17 
l\I:l y 2 4 3 

343 1 
opt. 12 3 9 334 1 295 

~1ay 9 4 6 349 pt. 19 ., 
6 I 340 1,219 " 

May 16 6 5 H 3 opt. 26 3 6 s-o 1, 159 
~ray 23 6 1 40 2, oo t I Oct. 3 t1 6 361 1,574-
May 30 10 1 511 3,959 Oct. 10 4 6 365 1, 611 
Jun 6 9 6 462 3, 79! Oct. 17 4 4 356 1, 512 
June 13 10 6 465 4,094 Oct . 2! 3 1 317 1, 0 6 
June 20 8 8 447 3,323 Oct. 31 4 5 358 1, 539 
J une 27 6 4.42 2, 513 Nov. 7 3 9 344 1, 311 
July 4 6 434 2,002 1\ov. 14 4 3 s-7 1,490 
July 11 6 4<12 2,412 Nov. 21 3 363 1, 179 
July 1 5 7 41 1, 9·15 Nov. 2 4 7 357 1,666 
July 25 5 7 398 i 1, 92- Dec. 5 4 6 35 1, 643 
An g. 1 3 6 341 D c. 12 4 5 360 1,567 
Aug. 3 2 33 D c. 19 4 0 3!3 1, 359 
Aug. r 3 10 34.3 D c. 26 310 346 1 366 
An g. 22 3 10 3·13 

T\ERN RIVER. 

Thi river i d ribe l in the Tw lfth ~nuual Heport of the Gnited 
State h logi a l ur> y,lartii,Irri o·atiou,page 19, andPlateX111; 
in ull tiu No. 13 1, page 79 and in Bull tin o.140 pages 267 nnd 311. 
Tb gao-ing tation i 7 mil . 11 ortbea t of ti.Je town of Bakersti ld and 
ab nt 1~ mil s b lo'' tb mouth of ti.Je cauyon at a place call d the 
"fir t 1 oint of m a ' tH ment.. It wn ori ll)a]ly e t<tb li bed in 1 93 
bytb Kern , ouut) Land ompany,v\alt rJame beitwcbi fengineer 
~wd A. l . Warren bydroo-rapber. Tl1 e ol.> rvation are maintained 
by the laud compan y and tlle re ul t are fnrnisll d to this urveJ . 
During tlle pa. t year tlli ' statwu ba b en watch d with e\·en great r 
car than duriu g the pr ceclinO' ear. 11 automatic ..,.age de igned by 
r.lr. A . K . Warr n ba be n tablt bed, and the height record d by it 
are correetl.'<l from da.ily ob ervatiou takeu from fh e gage rod on the 
two ide and iu tbe middl e of t b tream. Ti.Jer i at t itne3 a much 

igbt of tl1e . urface of the water on 
tb (lifl' ren t gage . 

Th mea urcment of di charge is from a foot walk cro ing the 
tr am, a de cnberl iu Rn ll tin No. 140 ou page 2G9. F rom numerou 

measurem nt tb relation of velo ·ity to hydraulic mean-radiu i 
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determin rd. A t he t renm i approximately 32- feet '-v id nncl but a 
few feet deep t ll e hydraulic r adiu a nd d p th are pea ·tically th e Ra me. 
From the gage heights the daily hydra uli c m a n radii a r btain d, a nd 
from the ratin g cu rve or tab les th e velo ·i t i are d t rrni11 ed. Ar a 
are determined as previou ly describ d , :mel from k11 ow n area a ncl 
velocities quantities a re fou1Hl. Tl1 e right bank of the str ami. nb 
ject to infrequ n t over flow, but t h left bank i · 11 0t. 'l'h b d of t b 
stream i sandy and bifti ng a nd i t i a l o 'l'adually rising. 

Durin a the pa p year tbe power a nd dev lop men t company ha 
COliStructetl 2 mile of flume in t he can ou of the l ern ltiv ' r. Their 
diver ion i:· ..-mile abov th mouth of th ·an ·on . The flume ba a 
capacity of 240 second -feet :tncl reach th e mouth of he canyon ... 00 
feet above h high -wut r mark. 'I he water i t h n dropped throu 11 a 
62- inch ste 1 pipe and d li ver cl through nozzl to a battery of Git·ard 
wheel . By continui ng the pipe a quarter of a mil farther down the 
tream an additiona.l l1eacl of 7i) f, t may be obta,in d. Til wnt r 

wbe Is are directly on pled t o gen ral ele ·tri · triphase dyu a n10 ·. 'l'h 
current is tepped up to a pr ure of 10 000 volts d liver d 13 mil . 
di,tantin Baker fi ld wh r iti tepp d down to 00 volt. Jti pro . 
posed to u e bi power in Bak rsfield fi r eneral ·omm r ·i a l purpose 

Rainfall in 1896 at Daunt and liernrille, (a) Kern County, Calif01'11ia. 

~ 
~lonth. Kerm· ill e. Daunt. 

J au uary __ . __ _______ ________________ __ 3.52 11.91 
February __ __________________________ _ 0.00 0. 3 
March _______________________________ _ ]_ 5-l 5. 13 

~ 

ApriL ... __ __ ___________________ ---- - · 0. 6 lL 01 

)[ay .... -- -- -- ---· ------------------ -- 0.00 !. 30 
June --- - ____ -- - - ____ ----------------- 0.20 2. 71} 
July ____________ ----------- __ ____ --·- 2.25 0.65 
A ngnst ______________________________ _ o. o.- 0.50 

ep telll b r __ __ __ __ __ _ __ ____________ __ 0 00 0.00 
October ___ ________ ______ ______ ______ _ 0. 60 
'ovembcr ____ ____ ____________ ____ __ __ 0.40 

December ____ . _______ ___ ___ _________ _ 
I 

Year_---- - ---- - __ ________ . ____ _ 10. 

aKernviUu is located at an elc,·ation of 2,600 feet al;o,- sean ar thejunetiou or the twc main forks 
oftbc Kern River. The rain gage at Dam1t is at the ~J onntain !Tome aawutill , near the cltvirle b~t w n 
the K ern ml<l the Kawea rivers, ,nt an el ,-a lion or 6,600 feet. Another rain gage is located on Mo=t 
Breckenridge, in the basin of the Kern . 



DAVIS. ) SA. ' EMIDIO CREEK. 397 
Estimated di ch,trge of Ken1 RiU'1" at first ]JOint of measurem ent. 

[Drainage area , 2,345 squar mtles . Authority , K 1"0 Couuty Land auu \l"nter Olllpan y.J 

I Dtschnrge in second-foot. 

'
-----~-

Maxi Mini-
mum . ~unm. :lt nn . 

ll rontb . Tota l in 
acre-feet. 

---------i----

1 95. 
J anuary -··· ... .. .... 1,616 473 1 
F bruary ------ -- -- -· 4, 762 675 
l\Ia rch ·---- - --- ------ 3, 004 9 7 
April --- - --- - .... -- -· 3, 97 1, 911 
May ------- ·-- ··· ... . 5,384 3, 100 
June ........... . ... .. 3 721 2, 17-i 
Jul y .. ........... .... 2, 063 '67 
August ....... .... . ... 1 073 354 

p tem ber ...... ..... . 676 290 
612 

ovember ... . . ....... 436 1 
December .... .. . ... .. 447 

P r annum . .... 

1 

5, -I~ 

1 9 . 

Ja,nuary . . . . . . . . . . . . . S, 101 

F[:~r~n ~-~_ :: :::::: ::: : 21 799 ! 
1 262 
3.370 

Jun . ...... ... .. ... .. 3,611 

Jul y .. .......... . .... 2,210 1 
Au ust ..... . ......... 

1 
741 

809 
1, 252 
1, 374 
2,724 
·l , 369 
2, 906 
1, 4 2 

629 
34-1 
327 
346 
403 

1, 413 

747 1 

:~~ I 
972 

1 401 
2,456 
J, 346 

4 6 

49 762 
69, 536 
4,4.37 

162, 076 
2 '60 
172,919 
91, 113 
3 ,665 
20,4.69 
20, 106 

0.40 

o. 55 I 
0. 67 
1.29 
2. 14 
1. 37 
0.73 
0. 31 
0.17 
0.16 
0.17 
0.20 

.16 

0. 37 

1.1 

0.66 
0. 24 

0. 3·~ 

0. 53 
0. 59 
1.16 
1. 6 
1. 24-
0.63 
0.27 
0.15 
0.14 
0.15 
0. 17 

0.60 

0.32 
0. 26 
0.41 
0.42 
0.60 
1. 06 
0. 57 
0.21 

UALL LO 'I' REEK I:N 0 TIT ' R :r AT ... IFORNlA. 

SA EMIDl R A. .H H l~ SE 'I' 'I'to 0 E :3HDIO CREEK. 

Thi o-aging tation i r B rred to io eolog ical Survey 
Bullet.in o. l4;0, pnge 25 . The m a 11r ment are made at the <"tO 

En1idio ranch hous wl1i lt i ' approx imately 30 mile outhwest from 
Baker field. ltJ ~ nt t lt northea, tfootofth M·Gilli\Ionnt::t.iJI,wbose 

l vation i 9,214 feet. Tlte tation i Yi ited from Bakersfield. It was 
establi h cl S >pt mb r 1,1 94, by tlae Kem County Land Company, 
Mr. alt r Jnme' chief eogiue r a nd lr. \.. K. Wnrreu bydro o-rapl.J er. 
Tbe , tream i of the mall aod pa wodic cla s. The normal flow is but 
a few econd-feet, but flood a rrying b wlders a.nd mud may occur at · 
any ]Jeriod of th e year. Th e fact that t here 1 uclt a rn.uge iu volume 
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and that o mn h ilt and ed in1 en t a re 
m nt diffi ult. A r ctangular flume, 23 f, ct long, 011 
wa plncell iu the b d of th ere k and this wn rated. 
of th e , tream wa to Jill tl.Ji flnme with ilt. Til' grad 
wa then t1etermi11ed au<l th' ftum wa. r pla d on t l1 ·tr a,m grad , 
and in tl.Ji comlition it ha :-courell 1t If. \.. v rtical rod in th flam 
erve as a gage. 
The drainnr.- ba · in ri e from an 1 v~Ltion at th ran ·h ftou ' f 

approximately 1,000 feet to 9,214 at the ummit of th McGill pt>ak.. 
Tbe mean elevation of the ba in i ' probably b tw n 3 500 and .,J 000 
feet a1Hl it area i ·· ~ 4 f)nare m1l a tndicat cl by th map of J,i ut. 
George l\1. \\'" b ler, 'orp of nit d tate' EngineerH. lt li ou the 
north we t aid of the oa t l{ang , but probably, lik th Tejon 

F10. 75.- Discharg of Kern River, California, nt " firsL point of measurement " of K ern County Land 
Company, t 94- 05. 

receives many of it rain torms from tbe northwe t. The torm from 
the soutl.l\ve:-;t howev r, would ha ,·e to ])a s over the ere t of the range 
before rea..,hing tbi ba in . The tream i locally considered a having 
proportionally a high rate of run-off. an Emidio ran b hott e (Ro e 

tatiou), and the T ejou ranch bon e are approximately at t lt e arne 
elevation and location. 

The rainfall at the Tejon ranch lion i 11.5 inch , at Ro e Sta· 
tion approximately JO iucbe , and at tbe an Emidio ra11 ch bouse wi ll 
probably average 11 inches. Fort Tejou li es but 8 miles ea t of the 
enter of the an hmi<.lio Basw, lt as an elevation of 3,245 feet, and ba 

much the ame topographi c locatwn . With t he Fort Tt.>jou rec rd in 
view, the mean rai nfall of tlle an Emidio Basin is estimated at 20 
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inche The rainfall at Fort Tejon since February, 1895, has been a 
follows : 

1 95. In che . 1 96. Inc hes 

February . . . . ... .... ...... ... . .. .. 3. 0 January . . . . . . .. .... ....... . . . ..... 3. 07 
Mar h ...... . .. .... ..... . . .. .. . .. . 2.14 February ... . .. . ... ... ........ . . . . 0.40 
.April . ...... ..... . .. .. .. . ......... 1.44 l\Jarch . . ............ . ........ . ... . 4. 01 
May ..... ....... ...... . .. ...... ... 1. 31 .April ... ... ..... .... _ . . ........ __ .. 3. 33 
Ju ne .. ..... ........... . .. ... . ..... 0.00 l\lay .......... ... . ... ... ... ....... 2. 05 
July .............. • .... . .......... 0. 00 Jnne ...... . ..... ... . . .. .. . .. .. . ... 0.22 
.August . . .. ...... . .. ......... . ..... 0. 00 July . .. ........... ... ... ... ....... 0.26 
Septemu r .... ....... . .. . ... ...... 0.00 August ... .... . ... . ... ... .. . . . ..... 0. 30 
October .... .. .... .... ...... .. ..... 1. 42 ept mber .. . .... . .. .. . ........... 0.53 
rovember. ...... . .. .... ... . . .... .. 1. 42 Octouer ... . .. .. .. . .... . ....... . ... 1. 63 

December ... . .... .. . .. . .... ....... 1.25 rovember .......... ... ........... . 1.74 
December . . . . . . . . . . . . . . . . . . . . . . . . . 1. 14 

Estimated disoliat·ge of an Emidio Creek at an Emidio t•atlch llo~tse, California. 

Month. 

1 4. 

Dec m b r . .......... . 

1 9". 

January . . ......... . 
F brnn ry ...... ... . . . 

l\1arcl1 ........... .. . . 

.Ap ri l ..... . ..... . .. . . 

!ny .. . . .. . ..... ... . . 

June . ...... .. ....... . 
.July . . . . . . .. .. ... . .. . 
Ang nst ...... . ... . . .. . , 

, ptemuer . ... .. .... . 

October ............. ' 

Novemb r. .......... . 

Decem Ler ...... . .... . 
I 

~ettr . . • .... ...•• . , 

(Draina!( nrea, 64 equnre mile .] 

Discharge in second-f et . 

:llnxi
mum. 

:llint· I :If mum. ·nn. I Total in 
acr~· fc t. 

Run-on·. 

-----------____ , ___ ---

2.0 

2.3 
1.5 
.2 

97.0 
60.0 
20.3 
60. 0 
3.7 
3.6 
2.€ 

2.6 
2. 2 

9.7 
7.0 
4.7 

1. 6 
1. 5 
1. 5 
] . 5 

2. 0 
2. 0 
2. 2 

2. 

1. 

1.7 
1. 5 
4.7 

.4 
4.6 
3. 7 

3.9 
2 4 

2.4 
2. 2 

~.2 

2.1 
2.3 
3.0 
3. 3 

107 
10" 

9 
2 9 

516 
255 

141 
179 
.03 

-- ----· --- ----1 
97.0 1. 3.4 2,440 

0. 035 0.033 
0.036 0. 031 
0.031 0.02 
0.100 0.0 7 

0. 170 0. 155 
0.090 0.0 -

0. 0 0 0.010 
0.080 0.072 
0.050 0.0-14 

0.050 0. 044 

0.040 0. ().11 

0.040 0.0-11 

0. 040 0.039 
0.0-W 0.042 

O.OGO 0.055 
0.070 §j 0.810 3 
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1'E.JON RA ' H HOU ~E 'J'A'L' I O 0 1'EJ n t ~E CHEEK. 

Thi creek and gaO' in g tation ar de crib d iu o-
logical 'urve.r Bull etin No. J.!O pao·e 260. 'J'h e ,·tation 
outbea t fr m Baker fie ld aliforni a aud can b' b t r a h d from 

that town . lt was e ·tablish d Ja.nm1ry 1 1 Oi3 by fr . • l. B. Lippin cott. 
Jr. R . )!. P g on, Yoluntary ob erv r at thi tation i · t h a g nt for 

th e Beal e · tate aml re id · nt th ran ·It hou 'C . Ob ervati n are 
taken at lea t once a week a nd upon .a h radi cal chan · of volum of 
the creek. There ·ult , of r ad in g. for til year 1 9G ar on tile up to 
t he month of June. :Th lr. Pog ou tat that dnrinrr t he moo h of ct -
her November, and December t h creek maintain >d a on stant flow, 
that it ha not be u in flood and tlta t h reco rd for tltat p riod wi ll 
110t materially differ from the di , cl targ of I c rob r 19, 1 96, wb u t b 

t ream wa Ia t vi it d . 
.A the bed of t lt e reek ri e aud fall with 

lowing low-water tag in tead of pla i11 g a p rmau nt rorl in the 
creek a hand rod i u ' d, and th d pth of th wa.t r i m a ure<.l a tb 
5-foot mark on tl.te bridg , tlte record read in 'From bri lg to b d 
and 'From bridge to water urface. D urin g 1 !)6 th m ll. nrem n t. 
h aYe becu made with Pri ·e a ou ti met r Xo. L_ While th channel 
of t hi ' trea m i not ubje t to viol o t ·hang , y t the fact tha tlt 
ar a of t he ~ tr am e tion i . mall make th e hange iu;::; t ion 
relatively large and <1 ::;troys th accuracy of tit ra in g curY . The 
ob ervation during tlte pa t year are tbus dit<tnrb d, rm d tlte rating 
·tuve which appli e from NO\ •m ber 11 1 95, to July ] , 1 96, do not 
apply to December, 1 96. 'rhedi ·charge O' iven for Octob r ovemb r, 
and D e; mber 1896, i · timat d fr m the mea, urem nt of]) ·ember 
10, 1806, and the tatement of Mr. Porr on that tln r iug that p ri od the 
stream has maintaiued a ·on taut flow . 

Tl.te rainfall at tb Tejon ranch bou . e (elevation 1 350 feet) from 
eptember 1, 1 95, to January 1, 1 97 is a , follow :a 

1 95. Inches. 1 96. Tn h s. 
'eptember .. ------- --- .. ·----- __ __ 0.00 

1 
.May ____ ·--- -- ______ --- ---- - ------ 0. '1 

ctob c· r.- . . ----.-- - . ___ -. __ _ . ____ _ 2. 13 June _____ . ___ . ___ .. _. _. ____ ... ___ . 0. 00 
'K ovem her. _ . _ .. __ _ . . __ __ .. ___ . _ _ _ _ 1 . -1-1 J u I y ____ __ . _________ ____ . ________ . 0. 00 
Decem uer.--- . . --- __ _ . ___ __ ______ . 1. 06 Angu t ___ . ______ ________ ____ _____ . 0. 00 

1 96 . cpt mber ___ : __ · --- -- -----------· 0.00 
.J au ua ry .. - - . . -- - --- -- . ______ ____ . 1. 90 Octo he1· __ __ ._ ____ . _ _ _ _ _ _ _ _ _ _ __ _ _ __ 1. 34 

February·--- -- ------------------· 0.37
1 

NoYem ber.--·---- ---··------------ 2. 12 
March - ----- ----- - ---- -- _ _ __ _ _ _ _ __ 4. 22 December _ .. ______ _ . . ____ __ . ______ 2. 32 
A pri I . . - --- - -- - . -- . - -- - .... _ .. ____ . 1. 62 

Tbe pa t ea ou' ' rainfall at For t Tejon i , g- ive n under t he de crip
tion of t he an E midio , tation . 
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L ist of discha1·ge measunnnents ·made on the Tejon House reek, California. 

Ga«o .Area of l\[ea n o;~··~ :No. Date. Hydrog rapher. I Mete r h ight sect ion velocity 
(seoon · nu mber. (feet). (SQURI'O (feet pe r 

feeL) . . feet). second). 
--

1 

2 

3 
4 
5 
6 I 

- --
1 95. 

I OV. 19 J. B. Lippiu ott . H.24 0.45 1. 6 1. 6 
1 96. 

Feb. 1 J. B. L ippincott. H.24 0.70 3. 75 2. 09 
F~>b . 2 ..... do .... .. .... H.24 1.10 7.10 2. 57 
Jnne 4 ..... do .......... 12 0. 50 2.90 2. 11 
Juue 5 ..... do ...... __ __ 12 0. 60 3.62 2.29 
D c. 19 .. .. . do ... .. . .... 12 0. 5-! 2. 08 1. 2 

a6p.m. b 5 a. m . 

Rating table fo r 1'ejon House 01·eek at ranch house, alijin·nia. 

[To apply from ovember 1. I 95. to July 1, l 96.] 

3.46 

7. 2 
1 . 30 

a G. Of! 

b . 31 

2.70 

Gn~e I Di charge. 
I Ca«e I Discharge. I Gnfi,e Discharge. 

1
1 11~{~i0L I Dis barge. beig Jt.. I hoig'bt. beig t. 

---
Feet. u .j u t. Feet. I o.jeet. Feet. ec. jeet. Feet. ec.jeet. 

0. 0 0.0 0. 6 6.9 1.1 1 . 3 1.6 33.0 

0. 1 0. '1 0.7 1.2 21. 0 1.7 36.6 
0.2 1.2 0. 10.9 1.3 24.0 1. 39. 9 

0.3 2.3 0.9 13. 1 1.4- 27.0 1.9 43.5 

lE_ 3.5 1.0 15.6 1.5 30.0 2.0 _:j 5.0 " 

I 

Estimated di scharge of 'l.'ejon Hou e C1·eek at Tejon ranoh house, Ket·n Oownty, Oa.l·ifo·rnia. 

[Drainage area, 17 square t!1i163. ] 

I 
cond -f 

I 
Run-oR'. Discharge in t. 

Month. Total iu I . ~ - cond-feet ncr fe t . 

j 
Maxi- Mini- :Menu. Depth Ill per s~ unre 
mum . ll'IUU\. 1nches. mi e. 

- --------

1 5. 
January .. . ... ______ _ , 93.0 5. 0 13.6 835 0. 77 0.80 

F brnar,v ... . . . ·-- --- 4<1. 0 7.0 26.1 1, 4-53· 1. 33 1. 53 

March .. __ .. .. .. ...... 33.0 11.0 19. 0 1, 169 1. 07 1.11 

April.. __ .. ... __ .. .. .. 4-9. 0 16.3 24-. 7 1, 473 1. 35 1. 4-5 

MIL.V ·---- - . ·----- ---- 34. 0 9.0 18.3 1, 127 1. 04 1. 08 

J une- ----- .---- - ----- . 0 3. 1 5.2 312 0.29 0.30 

Jul y .. .... . ------ .... 3.0 1. 2 2.0 126 0.11 0.12 

A.ngu t. -------- -- "" 1. 5 1. 2 1.3 77 0.07 0. 0 

eptember . .. __ . ... .. 1.6 1.6 1.6 95 0.09 0.09 

18 GEOL PT 4--26 
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EBtimated diBoh arge of Tejon Hou.l!e C1·eek at 1'ejon1·an h house, Kel'n ounty, ali
jol'nia- ontiu ued . 

[Drainage area, 17 sq uar miles.] 

Dis hnr"o in s cond-feet. 

Maxi 
mum. 

H'. I 
.w.lllt Mean .' 
mum. 

Totn l in 
ncr -f t. 

___ R_u_n-~ 
~I 

D pth In per square 
inr,heil. mile. 

1-
1--- --------- 1-----,----,----

1 95. 
October ........ .... .. 4.0 

ovcrobcr ...... .. . _.. 5. 0 

December .. .. .. .. .. .. 6. 9 

2.0 

3.5 

5.0 

2.7 

3.9 

5.5 

163 0.15 0. 16 

- 32 0. 26 0.23 

3 0.37 0.32 
--------- ____ , 

Per mmum . .. .. 93.0 1. 2 10.3 7,4.00 6. 0 0.61 

1896. 
January ... ___ .... .... 13. 1 5.0 5.6 344 0. 37 0. 32 

February. _ ....... .. .. 12. 0 3.5 6.4 36 0. 40 0. 3 

March .. ........ ...... 13. 1 6. 0 10. 664 0. T 0. 65 

ApriL..... .. .. .. .. .. . 1 . 3 6. 0 11. 3 672 0. 73 0. 66 

May ... .... .. ...... .. , 15.6 7.0 11.9 732 0.79 0.69 
J une .. _.. .... .. .. . ... 6. 5. 0 5. 4 321 0. 0. 32 

I . 
J uly ......... ... ... .... .... .. .. ................ .. .............. ---- -- ---

A::~:~~~-:~ : ~~:: ~ ::: :::: ~ ~ :: ::: : ~ ~ : : ::: ::::: :: : : :: :: :: :::: ::::I:: :: : : :::I 
~otober ...... ...... .. :·7 2.7 1 2. 7 166 I 0.1 0.16 

~::::::; ~:: -_:: -_::: ~ t .. ~-- ~- -1- --~ ~ ~ .. , .. -~~ ~ .. .. -- -~~~ .. .. ~: ~ --. -- -~: ~~ .. 
Rod obs r..-ations by Mr. R. M. Pogson weremnde about once a week or when a large clumge o curred 

iu the volume of water. The disr,bargo for intermediate elates is estimated. Th re is no record from 
July 1 t o ptember 30,1 96. Change in cbann I p revents application of old rntin curve to Decem. 
ber, 1896. 

PALMDALE STATION ON L I TTLE RO OK CR E EIC 

This station is located about 8 miles outbeast of W est Palmdale, a 
railway station on the Southern P acific, at the bead works of the outh 
Antelope Valley Uanal, at an elevation of approxim ately 3,000 fe t. It 
wa established by Mr. J. B. Lippincott, April 20, 1896. The observer, 
Mr:. Burt Cole, the engineer for th e canal company lives at P almdale, 
but. iR at the head works frequently, and take ob ervation when there. 
From June 1 to November 1 the creek varie but little, and oc asional 
observations give all the information that is e ential during that 
period. During the flood stages of the creek a zanjero will take daily 
ob ervation . The creek is diverted through a tunn l into a flume at 
th e bea.d works, and this flume at the normal stage of the , tream will 
carry all of the water. A gage bas been placed in this flume, and it 
bas been rated as nearly a the conditions of a dry year will permit. 
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At high flood !:!tage a second gaging will be made from the brido·e 
where the flume eros e t!Je creek, one-half mile below the bead works, 
and a ga.g rod will be placed here for that tation . The datum of the 
canal i8 u ed as a reference for the rods. 

Tl.Je channel of the ·tream is crooked and the bed is full of bowlders. 
Tile f"l ume i straight. The banks of the , tream are high, and it will not 
l~aYe its present channel at the bridge. The drainage basin contains 
78 Sfluare mile , a indicated by the Wheeler map . This point i well 
up in the mountain , and ther are no diversions above it. The purpose 
of the canal i to divert the winter storm-waters into a dry lake bed 
where they will be held for the followin <r summer. The spring and 
summer water ' are now all appropriated and u e l. 

It will be of intere t to ornpare the record of this stream . with that 
of the San Gabriel, which i directly on the opposite ide of t.he Sierra 
Madre range of mountains. The rainfall and run-off is markedly less, 
po sibly not more t!Jan one-half of the mean for the San Gabriel Ba in, 
while the catchment area of both streams have approximately the · 
same altitude. 

On Augu t 16, 1 96, there wa a cloud bur t at Harold Station, in 
the basm of the Santa Clara, which is th next we t of th e Little Rock 
Basin, in which 5 in bes of rain fell in 2 hour ; and on August 17, at 
the am plac , it i tated tha.t 7 inche fell in 1~ l.lours. The figures 
for January, F bruary and March are estimated from per onalob erva
tion a nd from note kept by Mr. Cole. When observations have not 
be n tak n during other month , Mr. ol ha e timated the discharge, 
tl.Je re k being low. 

A hort di tance below th gaging tation the tream bed, during 
the ummer, i ent1r ly dry. Tbi wa the condition June 2, 1 96, 
when th followin mea urem nt were made, notwithstanding the 
fact that he ntelope all anal wa returning all water to 
th original cbann l to ati fy appropriation below. This dry condi
tion i maintain d until t he cbannel rea he a bed of clay about 5 
mil down th tream . Tbi lay, which is found where an earthquake 
fault ro e t b cr ek, i , blue and of tough, tenacious nature. The 
fault extends n arly 100 mil , from the Tejon toward the CaJon Pas , 
and the ame lay i r peatedly iu evidence along th line of it, which 
i ver straight and a companied u ually by peculiar prings and 
ci n gas. The clay bank cro e the canyon almost a.t right angle . 
The mall hannel in which the water of the creek flow cro ses the 
canyon above and almost parallel with tbe clay bank. 

On the l ft bank there is a projectmg rocky point; on the right bank 
tbere i a red clay and gravel formation. In the channel, at depths 
below tbe surface ranging from 4 feet at the left bank to 8 feet at the. 
right bank, the blue clay is found. Over this clay is a depo it of 
coar e and, gravel, and bowlder , uch as are found ~n mountain 
canyon in thi region. flume that i 2 feet by 2 feet i la.Jd on the top 
of this clay bed. Every iu b , on the upstream face and on th top a 
longitudinal opening i left 2 inches in width. 'rhe bottom and down
stream sides are tight. The bottom of the bo • i at a depth of 6 feet 
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below the urface of the graveL t apoiut J mil , abov , on June 2, 
1 96 there was flowing l.O.J: ' co nd-feet. I< or n ea rly a ll or th iute
ven in g di · tnnce tb str am b d wa dry. On hundr •d ya,rcl ' abo 
the clay b~Lnk th e wat r begau tori ' e. The wat r urfacc in it. cban
neluear the bank ·i sornew!Jat b low th g neral ·nrfa of tb grnvel 
over the box flume, o that, all t hing· b inO' c nsid red the bott m of 
the box i tak u a -!.5 f t b I w th phtn of aturati 11. Th I •ngtl':t 
of the box is 360 feet, and th e expo.' d fa e is taken a 1 6 0 q nar ' fc t. 
Tbe su rface flow i diverted and on tbi dat mea nr cl 1.0- cond 
feet; below the bo- tlte ·tr <tru b d wa dry and remain tl o. Tl..r 
flume box was mea~ured all(l founl to b flowing 0.9.- oncl-foot. Tht N 
is tb e amount of developed water. It will b not l that t!J plane of 
saturation i above th top of the box fl.um , or that ther' i. a head 
over the box. v\Tith tb area of 1:600 quar C' t anrl a eli charO'e of 
0.95 econd-foot a velocity of p r olation of 0.0006 f< ot p r oncl or 
of 3.- mile per ear is fou nd. 

List of disolrm·ge measu!·t>nu11ts made on Little Rock 1·eek nea1· Palmdale, Cal~fornia. 

IIydrog rapher. 

1 96. 

M l(·r 
number. 

a~e I 
height 
(fre t). 

Arnn. of 
ect1 on 

( quar 
fe t ). 

• M ean n;;l' Y~loc it y ' hnrgo 
(f ~ t per (se ond· 
second ). feet) . 

April20 J J. A. '\ ogelson _. _____ 63 I 0.40 2. 3 1 1.0 a.-.61 
.A]H'il 20 ----.do . ---- - - . -.. _-. 63 I 10.33 11. 2 0. 639 b7. 16 
Jnn 2 ~ · B. Lippincott. --- -1 12 I 0.17 1.1 0. 7 al. 03 
Jnue 2 ·-- .. do···-·-----___ _ 12 10. 10 1.1 0 7 b l. ~~ I 
July 7 Burt 'ole _·----· ____ I Floats ________ __ --- _--_-_-_-_·-_-_-_- --- -'-~ 

a [n flum . bIn creek nbo,-e head ,.,. ork s. 

Rating table jo1· Vittle Rock Oreek flu me nea1· West Palmdale, alijorni(L. 

Ga~ 
h ig lt. Disoh»rge. Ga!f,e 

hei :r t . Ui charge. Gn1!; 
h ig t. Discharge. Gogo 

height. Diacbarg 

Feet. . 'ec. f eet. Feet. • t c.feet. Feet. Sec. f eet. Feet. ec. f eet. 
0.0 0. 0 I 1.3 40.1 I 2.6 10R.9 3.9 1 7. 
0. 1 0. 5 1.4 44.5 2.7 114. 4.0 193. 
0.2 1.9 1. 5 •W.O 2. 120.7 4. 1 200.0 
0.3 3.9 1.6 54.2 2.9 126.7 4.2 206. 2 
0. •1 6.1 1.7 59.4 3.0 132.7 4.3 212.3 
0. - 8. 1.8 6-l. 6 3. 1 13 . 4. ·1 21 .5 
0.6 12. 1 1.9 69.8 3. 2 144.9 4.5 223.6 
0.7 15.3 2.0 74.9 3.3 151.0 4.6 230. 2 
0. 18.6 2. 1 80.5 3.4 157.2 4. 7 236. 8 
0. 9 22.8 2.2 86.1 3.5 163. 4 4.8 2•13. 3 
1.0 26.7 2. 3 81.7 3.6 169.5 4.9 2<t9. 9 

L_:_:_ 
31.2 2.4 87.3 3.7 175.6 5.0 '"·'J 35.6 2. 5 103.0 3.8 181.7 2 

I 
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Estimatecl discha1·ge of Little Rock 1·eek nea1· West Palmdale, ()aUfornia. 

Month. 
:\inxi· I A[iui- I 
mum. mum. :\fean. 

Totnl in 
acre-feet. 

--------- ---------1----
] 96. 

January ............................. . ] .6 l,H-! 
February .... _ ..... __ .... _ . ... .... _ . . . 1c. 6 1,070 
~I arch .......... .. .................. .. 5.J. .2 3,332 
April. ...................... .. . ....... j 7.9 <liO 
~Jay . - .......... . ....... - .... . .. ..... . 1. 110 
June ............... .. 1. 0 0.2 5.4- 321 
Jul y ............... .. 0.3 0.2 0.2 12 
Augu t ....... . ... . .. . 0.2 0 2 0.2 12 
eptemb r .......... . 0.5 0.5 0. 5 30 

10.4. 0.3 1 0 61 
' ovember .. ... .... . .. 3.9 0.5 1.5 9 

Run-off. 

0.274 0.23 
0. 257 0. 23 
0. 10 0.700 

! 0. 11 3 0. 101 
0.026 0.023 
0.077 0.069 
0.002 0.002 
0.002 0.002 
0.00 0 007 
0.015 0. 013 
0.022 o.o_o 

405 

11.5 1. 9 

0.2 

3. o.oM _o.on 

1 

1. 660 0. 1:!:! 

I o.,. ...... .... ... .. 
Per nnnnm . .. .. 

---
I'll P D !'I 0 T \ V 'rER ' liED. 

AZ TATIOr ON A.J.'< GABRIEL RIVER. 

Thi tation i de crib di u Unit d State Geoloo-ical urvey Bulletin 
o. 140, page 317. wi nrr t the Jttunerou clivi iou of the water and 

_th ·nniou ' d elopment ' ' in the t rearu bed it i ~ di ffic ul t to obtain a 
compl t r ortl of the a n abriel Riv r. ufortLwately for the 
h drog-raph r thi c ndi ti on i rr neral wi th the tream of southern 
Oalifomia. H can of the scarcity of water supply as compared with 
irriga bl la 11d area , and the on eqnent value of the water great care 
ha b n xerci ' ed to prevent lo in it deli' ery. 

'J be Azu ,L nnd Duart irri gators, in order to prev ut lo by perc.:o
lation antl vaporation in the and aud bowlder of th e canyon, have 
con trueted a eri of tunn Is and pipe lin s from the mouth of the 
main canyon, wlti h 1 2 mile ft·om Azu a, to a point 3 miles up the 
tream. Th head of the la t tunnel is on bedrock about 30 feet b low 

t h bed of the str am. The wat r of the . tream i dropped through a 
haft into thi tunn I a.nd th nee carri ed throuo-h variou ouduits to 

a divUon box consi tmg of w irs, where it i di 'tribnt d. Seven
tenth of the water g R to zn a and the remainino· tbree-tentus to 
Duarte. The Azu a w:Her i ani d from thi plac i_n a liued canal a 
di tan e of approximately 3 mile to a ecoud division box, known as 
t.be "Ic ou W eir. ' 

The V llllaod inio·ation di trict claims the right to develop water 
in tbe mouth of tb San Gabri I Oanyon. Iu the pro cntiou of tbis 
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work they have run approximately 4,000 ~ t f tunn 1 roo tly in the 
sand and bowlder wa b of the canyon, on pur of th tunn 1 xt nding 
within 175 feet of the riv r. The h ading of tb in land tunn l i 
about 2 miles below th e Leading- of the upp r tunn l of th A zn a
Duarte people, and the portal of the in land tun n I i near tb ftr t 
divi sion box above referred to. Wh n the . zn ·a-Duarte p opl turn 
their wa.t r down th , haft in to the head f t heir upp r tunu 1 tb 
Vinland " develop d water at on begin · to dnumisb. 'Ihu on July 
15, 1896, water wa tnrned into the upper tunn l. n t hi da t tb 
Vinland " developmaut tunn el wa ' di charging 1.15 , n 
.A.ugu t 7, 1 96, the inland tunnel was eutirely dry a11l r main d o 
during the a on . On October 27, 1 9G, a torm and a mall fi d 
th at carried con iderable ilt occurred. Thi ilt wa i 11 pa,rt depoRited 
in the chaunel of the river. \Vater no long r b in~ ca,ec , t il Azu:a
Duarte people turned t he wat r back into i t old chau11 el but in Jan
uary, 1 97, it bad not b gun to develop" in the \""inland t nunel. 
Pending the final adjudication of th conflicting claim to th wnt r of 
tbi river, the court ordered zu a-Duarte to deliv r to inland from 
the fir t division box above referr d to an amount f' at r qual to the 
normal flow of the • developmen ' tnnn 1. Thi wa done by makm o- a 
new gate iu the divi ion box. A aeci ion wa, r nder d in favor of the 
.Azu a-Duarte people about Augu t 15, 1 97, and t he Y inlan l people no 
longer use the tunnel nor rec ive water fmm the Azu , a Duarte 1 eople. 

The numerou weirs th at have been placed in thi ·tream have be n 
subject to o many abnormal ondition that a compari on of amount 
of flow at variou point on the tream i 110t fea ible. 'rbe ' Ice Rou e 
Weir," approximately 1 mile nortbea t of the town of Azu a, wa he 
one chosen upon which to keep the re ord for the nited tates 
Geological urvey. Mr. H. F . Parkin on, the ob erver has be u 
appointed by tho e intere ted in the divi ion of tbi water to allot 
it in accordance with contra t aud the order of the co urt. While tbs 
mea urements have been made at the ' Ice Hou e Weir," all other 
waters preYiously diverted into other canal ha\~e been con idered by 
him, and the total amount diverted giv n m the ta,ble of canal dis
charge. It i known th~Lt the' ' Ice Hou e W eir" i not perD ct. The 
head on the weir rn.nge from 0.5 foot to 1.5 feet while tbe iron knife 
edge is set in the center of the top of a quare concrete wall:w l projects 
above the wall only 3 inches. The ide contraction ' are also lll COID· 

plete. This weir was elected because it was the roo t fea ible and 
accurate point of mea urement. Mr. Parkin on's connection with the 
division of the water is di continued at the opening of tLe rainy season. 
From the. e weir measurements the flume above the divi ion box bas 
been rated, and. during the remainder of tbe year rod ob ervations have 
been made on this flume by Mr. R. M. Follows, who pa ses up and down 
the canyon two or three time a week on his work. 

Durmg the greater portion of the year all the water of the San GabrieL 
River is diverted into canals, but there are times during the winter sea-
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son when there i water flowing pa t the diver ion points. Tom asure 
t!Ji water a gage rod ba been placed in th bed of t!J river at a point 
near the fir t clivi . iou box. A few hundred feet abov i a car cable 
an l tag wir for m a urin g flood . Ir. R. 1\'I. Follow ob erve al o on 
this rod. The bench mark to which both rod are referenced is an X in 
the wood n ill nt the bead of the lowe t zu a tunnel. It i 7. 97 feet 
above the zero of the new rod. The new datum of tlJe river rod i 0.1 
foot above it old datum. In consequence two rating curves are given for 
the river during th year 1 96. The zero of the rod in the first division 
box i on the bottom of the flume. Both gagP- are vertical tick , 
painted white, with clivi ion of one-tenth of a foot. 'I he channel of the 
river for 200 feet above a.nd below the cable is traigbt. Tlle bank are 
not liabl to overflow. The bed of the tream is ftlll of bowlders that 
are embedd din and . Duriu o- the pa t year there ba not been any 
radical bange iu tlle bed f tbe tream. On October 10 189G, the gage 
rod, which bad been set in the left bank of the stream wa moved to 
the right bank to avoid a and bar that bad formed in the front of it. 
The. bed of the str am iu the flume is omewbat hifting, a and is 
depoRited and flu bed out. 

The drainage ba in of th i tream ha-s been described in Bulletin o. 
140. It is 222 quar mi les ill area and vari iu elevation from ' 00 £ et 
at the m nth of t h canyon to 9,931 feet at the summit of San Antonio 
and 6 ~3~ f t on the au abri 1 p ak. The basin is rough aud w 11 

d with bru h and timber. rain gage wa e tabli b d at Fol
amp at an I vation of 1 0 fe t and"" mile ea t of the junction 
t\YO fork f the riv r. 
re ord at thi point and at Lo Ano·ele i bown in the following 

table and al o the mean monthly precipitation at Lo Angeles from 
July, 1 77, to Mar ll , 1 '9 : 

Monthly rainfall at Follows Ca.mp and at Los Llngelt:$. 

Follows 
Rlllp 

tl 96). a 

Los Angel ~-

:lllonth . 

. January . . 0 . ........... 0 ............ .. ...... I 2. 77 

February ...... 0 ... ........ ...... 0 ••••• • • • • T1·ace. 

March .. .............. o• 0 ••••• 0 ••• • 0 0 • o O • •• • 6. 55 

April .............. 0 0 , •••• o ••••• 0 .0 •••• 0 ••• 0. 70 

~lay ...... 0 • 0.. . • • • • . • • • • • • • • . . . • • • • • • . • . . • 0. 36 

Jnn .. ........ . .... ..... ................... 0.00 

July............................. . ......... 0.00 

Angnst.o ............. .. ....... o............ 1.10 

S ptember. .... ...... ...... ...... ..... . .... Trace. 

1 96. 

3.23 

Trace. 

2.97 
0.19 

0.30 

Trace. 

0.02 

0.01 

Trace. 

Octob r .. . ......... ... ............. . .. .... , 2.95 1.30 

November .. .. , . ............................ 1.03 1.66 I D oom b ' .......... .. --- . . -- .. -- . · · ..... ·-- 1. 6l 2." 

Y ettr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16. 77 11. 0 

a. 'l:ho prec ipitation nt Follows ump for December, l 95, wasl.02 inches. 

Monthly I 
mean . 

2. 

3.27 

2. 9 
1. 42 

0.45 

O.ll 

0.02 

0.05 

0.06 

0. 76 

1. 40 

4.15 

17.56 
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List of di cflm·ge 111 QB !/.1"&111 nls made on an Gab1·i l River, nem· .<l zusa, Cal'ifonl,.ia. 

. a~e 
.Ax a of Jl[c :HJ Diso harfe ret r s ction velocit y 

'o. Date. liydrograpbor. nu mber. lt ig Jt (sq unr (feet per (so on . 
(f e t). fe () . seconrl). foot.). 

---
1895. 

1 ov. 5 J. B. Lippincott. H.24 1. 50 ···· ··· · - 10.65 

1896. 
2 Feb. 19 J . B. Lippincott. H. 24 1. 35 4. 60 1. 06 4. '6 

3 Feb. 19 . .... do --------- - H. 2! 0.65 ---· -· ··· 0.00 

4 Mar. 22 .. ... do --- --- --- - 63 2.27 -9. 2 2. 3-l 69.91 

5 Jan. 10 ..... do --- - . .... . -- -- .... 0. 5 ----· ---- 0.10 

6 Jan. 10 . .. . . do -- ----- -- - 1. 28 ---- -----
I '50 I 7 I Oct . 27 ..... do ---- ·- ---- 2. 0 41. •l 

. , Rating table jo1· an Gab1·iel R i rm·, Califomia . 

[N ovemb r 5, 1 95, to October 10, 1 96 ] 

Gn/f,e 
heig t . Discharge. Gn~e 

heig tt. Discharge. I Gag 
height. Dischnrge. Gn.~ 

beig t . 

- - -
Frot. 

0.7 
0. 
0. 9 

I 
1.0 
1.1 

~ 
1 0.7 

Ul
8 
9 

0 

1 

~ 
he 

a !he ig t. 

eet. 

1. 5 . 
1.6 
1.7 

L 
1.8 

I 
- -- I ---I 

'rc . fc~t. Feet . Seo.feet . 

I 
l!'e~t . Stc.fett . J:'e t. 

0.0 1.2 2.3 1.7 16.0 2.2 
0.1 1.3 4. 0 ' 1. 21.2 2.3 
0.3 1.4 6.0 1.9 27.5 2.4 
0.5 1. 5 8.8 2. 0 36.0 2. 5 
J. 3 1.6 12.0 2. 1 46.0 2.6 

[October 10, 1 96, to January 1, 1 97.] 

0. 0 1.2 
I 

4.0 1.8 27.5 I 2.4 

I -
0. 1 1.3 6. 0 

I 
1.9 36.0 2.5 

0.3 1.4 8.8 2.0 46.0 2. 6 
0.5 1.5 12.0 2. 1 59.0 2.7 
1.3 1.6 16.0 2.2 75. 0 2. 8 
2.3 1.7 21.2 2. 3 94.0 

Rating table for flume above division box , San Gab1·iel Rive1·. 

[To apply subsequent to Vineland openi ng in box.] 

Discharge. Gac:e 
heig'Ut. Discharge. Gnli,e 

beig t. Discharge. Ga~e 
beig t. 

---
Sec. j,£.t . Feet. Sec. f eet . Feet. Sec.jeet . Feet. 

1. 9 1. 9 13. 3 2.3 27.0 ·2.7 
4.6 2.0 16.5 2.4 30.6 2. 8 
7.4 

I 
2. 1 20.0 2. 34.3 2.9 

10.3 2.2 23.5 2.6 38. 1 3.0 
I. 

Dis barge. 

·ec. f eet . 

59.0 
75.0 
94.0 

109.0 
134. 0 

104.0 
126.0 
142. 0 

I 159.0 

177.. I 

I 
Discharge. ' 

'ec.jeet . 

42.0 
46.0 

50.0 
54. 0 

I 
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EBlimated daily di Bclla?·ge of the San Gab1·iel .Rive1·, near AzuBa, California, for 1896, ·in 
Becond-feet. 

n.,.! ''"·I Fob. I ,...,.. "'· ""· '""'· '"''· A•g. s "· o... ~"· ""'I 
-;i~ 26.2-;; 46.0 ,~~~~~~~~ 

2 1 9. 8 21. 5 2. 3 35.8 I . o . o . o . o . o . o ,1_ o . 5 

3 9. S 26.0 36. 0 I 27.5 1 . 0 . 0 . 0 . 0 . 0 . 0 2. 6 . 2 

4 . 24. 4 109. 0 21. 5 . 0 . 0 . 0 . 0 . 0 . 0 1. 3 . 2 

5 2. 3122. ' 1 94. 0 24. 5 . o . o . o . o . o . o 2. o . 1 

6 1.5 21.2 1' 59.0 27. 5 . 0 .0 .0 .o .0 .0 1. 3 . £ 

7 . 8

1

2o. o 61. 7 e3. 2 . o . o . o . o . o . o 1. 7 . s 

. 0 1 . 6 64. 4 19. 0 . 0 . 0 . 0 . 0 . 0 . 0 2. 0 . 4 

9 . o I 17. o : 67. o . 16. o . o . o . o . o . o . o . 5 . 4 

10 . 0 15. 5 1134. 0 16. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 3 . s 
u . o I 14. o 1v . o 14. o . o . o . o . o . o . o . 8 . 2 

12 . 0 11. 0 120. 8 10. 4 . 0 . 0 . 0 . 0 . 0 . 0 . s . 0 

13 . 0 12. 7 1118. 4 9. 6 • 0 . 0 . 0 . 0 . 0 . 0 . 8 1. 6 

14. . 0 11. 4 106. [> 8. 8 . 0 . 0 . 0 . 0 . 0 . 0 . 3 3. 8 

15 I . o 1o. 2 99. 7 I . 8 . o . o . o . o . o . o . s 5. o 
] 6 . 0 8. 9 92. 81 . 0 . 0 . 0 . 0 . 0 . 0 . 3 6. 6 
n I 12. o 7. 6 6. o . o . o . o . o . o . o . 8 4. 5 

1 6. s 6. 0 6. 0 . 0 . 0 . 0 0 . 0 . 0 . s 2. 3 

19 15. 0 5. 0 82. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . s 2. 8 

20 21. 2 3. 1 78. 0 0 . 0 . 0 . 0 . 0 . 0 . 0 . 3 2. 3 

21 21. 2 8. 1 74.0 .o .0 . 0 .0 . 0 .0 .o . 8 . 5 

22 £1. !2 9. 1 70. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . s . 5 

23 21. 2 9.1 68. 5 .0 .o .0 .o .0 .o .o I . 8 . 5 

24 21. 2 9.1 67.0 .o .o .o .o . 0 .0 .0 16.0 . 5 
I 

25 18. 6 9. 1 59. 4 . 0 . 0 . 0 . 0 . 0 . 0 . 0 10. 0 . 5 

26 16. 0 9.1 51. 7 . 0 .0 .u .o .o .o 177.0 8. 7 .5 

27 18. 6 9. 1 44. 0 . 0 . 0 . 0 . 0 . 0 . 0 142. 0 7. 5 . 5 

2 21. 2 9. 1 59. 5 . 0 . 0 . 0 . 0 . 0 . 0 3 L. 7 6. 2 . 5 

29 !Jw. 4 3. 1 75. 0 , 0 , 0 , 0 , 0 , 0 • 0 14. 0 5. 0 • 5 

30 29. 7 ...... 67.0 .0 .0 .0 . 0 .0 . 0 7.5 l 4.0 .5 

31 25. 0 .. .. .. 56. 0 . 0 . 0 . 0 . 0 . 0 .. .. .. 8. 8 ...... 12. 0 

Figu res in itnli es nre estimated by J'. B. Lippincott and H. F. Parldnsou from other observations 
and from personal knowledge of the rainfa ll and of t he stream. 

Note table of disoha.rge of San Gabriel canals, which quantities are not inoludeu in thia tnblo. 
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Estimated dischm·ge of an Gab1·iel Ca.na ls 11ea1· Azusa, Cetlifonl'ia , for 1896, i?t seco1ld-f eet. 

--------------------
Day. Jan. F eb. Mar. .A.pr. :May. J un o. July. .A. ug. I pt. I 0 t . Doo. 

1 

2 

3 

4 

5 

6 

7 

9 

10 

11 

12 

13 

14. 

15 

16 

17 

!86 

26 

!26 

26 

26 

26 

26 

26 

26 

!16 

26 

26 

26 

136 

136 

26 

26 

26 

26 

26 

26 

26 

r16 

26 

26 

26 

26 

26 

26 

27 

27 

28 

29 

90 

- - I - - - -
35 45 40. 0 26. 0 13.0 10.5 , 13. 11.5 H. 21.5 
35 45 40.0 26. 0 12. 0 9. 5 13.0 11.0 15.0 21.0 

95 45 40.0 26. 0 13.3 I 9. 5 1~. 11. 0 15.0 21.0 

351 45 39. 2 · 26. 5 14. 5 9. 5 1 12. 7 11. 2 16.5 21. o 
95 45 3 .0 26.0 15.0 10.5 11. 7 , 11. 2 15.1 _1.0 

35 45 . 0 26 0 1 15.0 11.0 1 . 5 10. 2 16. 5 20. 0 
35 45 2-.0 14.2 10.7 15. 10.0 15. 0 20.0 

45 42. o 23. 5 14. o 9. 5 u."" I 10. o 15. 1 20. o 85 

95 

35 

35 

95 

35 

95 

95 

95 

95 

45 41.2 22 . ~ 14.0 . - 13.0 10. 0 15. 0 20. 0 

44 40. 0 21. 7 , 11. 6 9. 3 1 13. 2 10. 0 15. 1 16. 5 
44 20. 11.0 9.5 13.0 10.0 15. 0 17.5 

44 19. 0 11.0 9. 5 12. 10.0 15. 0 20. 0 

44 1 . 0 10. 0 9. 9 12. 7 10. 0 15. 0 18. 6 
I 

44 10.0 9. 7 12.0 10.0 15.0 21.3 

43 . 0 9. 0 9. 4 11. 5 11. 0 15. 0 22. 5 

49 17. 0 12. 0 13. 11. 0 11. 0 15. 0 20. 0 

43 37.0 16.0 12.0 36.0 11.0 11. 0 15. 0 20. 0 
1 £6 31 35 43 37. 0 16. 0 11 .5 26. 1 12.0 1 . 0 15. 0 1 . 0 

19 £f; 33 95 43 37. 0 16. 0 11. 2 22. 2 13.2 10. 0 15. 0 1 . 6 

20 !86 93 95 42 36. 0 16. 0 11. 0 19. 13. 2 10. 0 15. 0 22. 0 

21 !86 39 95 42 36. 0 15. 0 12. 2 19. 0 13. 5 10. 0 17. 0 20. 0 

22 26 99 35 42 36. 0 15. 0 13. 6 17. 0 1 13. 3 10. 0 19. 0 20. 0 
23 26 39 95 42 36. 0 15. 0 I 12. '7 16. 5 13. 5 10. 0 19. 0 20. 0 

24 26 93 96 42 33. 7 16. 0 I 12. 0 16. 7 1 13. 5 10. 0 fU , 0 20. 0 
25 £6 93 97 41 32. o 16. o 1 12. s 14. 6 12. 2 11. o 20. o 20. o 

26 26 39 98 41 ' 29. 5 14.. 5 11. 5 14. 3 11. 7 11. 0 [ 19. 0 20. 0 
27 !86 93 99 41 2 . 5 14.0 11 .0 13.2 11.2 16.5 19. 0 1 .3 

28 26 34 40 41 29.5 13.5 11.0 12. 7 11.3 15. 2 1 . 0 20. 0 

29 !86 94 41 41 29. 0 13. 5 11. 3 12. 6 11. 5 15. 1 1 . 0 23. 5 

1 ~o 1 !86 42 40 30. 3 13. o 10. o 13. 2

1

11. 7 15. 1 .!.8. o 23. 5 

~ e-6~--~--4-3~--~-29_._o~--~-1-o._1~-13_._o~··_·_· _··.~1--.-1 ____ ~_2_5_. 2~ 
F igures in italics ~re estimated, from personal ob or\'ation of the canals aucl knowledge of their 

flow, by H . F. Parkinson, water sup rin tendent. 

The Arrowhead Irrigation Company has been compiling information 
in reference to tbe rainfall, temperature, and rnn·off nea,r the ere t of tlle 
Si rra Madre Mountains, between the Cajon Pa saud the B ar Valley 
Re ervoir, north of Sau Bernardino, California. Observations are being 
ma{}e in the following basins: Dry Creek, Crab Creek (approximate 
area, 5 square miles), Deep Creek (approximate area, 15.3 square 
miles), Honston Flat, Holcomb Valley (approximate area, 30 Rf!na.re 
mil e ), Grass Valley (approximate area, 2.7 quar·e miles), Little Bear 
Valley (approximate area, 7 sq uare miles). 
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Tbi d ata will probably be available at some future elate. 'rile 
ob ervation have now been maintained for five year and will be of 
conRiderable hydrographic value wbeu they arc publi bed. The 
ob erved rainfall bas variecl from 15 to 73 inche in depth, and the 
run -of!', changing with the rainfall and general character of the basin, 
from 11 to 40.6 inch s in depth . The run-off bas been general ly meas
ured in weir's which are locate<l at elevation ranging from 4,900 feet 
to 5,300 fe t, whil the rain gages have been located at points from 
5,000 to 7,000 f t above the ·ea .. 

WARM SPRINGS TATION 0 SANTA ANA RIVER. 

The mountainous portion of the · uta Aua Rh·er and it run-off is 
referred to in the nited tate G ological urvey Bull tin o. UO 
pag 318. The el cted gaging station is approximately 3 mile above 
the mouth of the auta Ana l{iver, lightly above th junction of the 
Warm Spring Canyon with Santa Ana Canyou, and approxim <Lt ly 
three-fourth of a mile below the head work of the ~ anta Ana Oanal and 
oppo ite the Warm pring , which i · on the ·outb ide of the Santa 
Ana aoyon . The tation wa originally e tablisbed in June, 1 OG, by 
Mr. J . B. Lippincott. The observer i Ir. A. Laird, ditch watchman 
and water divider on the Bear Valley stem. He lives at the mOLlth 
of the Wa.rru Spring Canyon, about 300 yards outh of the gao·e rod. 
Tb ,ga e i au in lin d timber the l w r end of whi h ha be n set 
und r tb proj tirw dg of a large b wller and fa tened to upright 
po t · at it npp rend. It i intended to chancre the pr sent gradua
tion , wbi b t hough uniform do not g ive verti a l intervals of one-tentll 
of a foot that tlley will llav thi dP. ir d interval. The record for 
th Ia t ix moutll f 1 96 i given in Water- upply and Irrigation 
Pap rNo.11, rage9. 

R ord of tb ·at hm eut of water in the Bear alley Re ervoir have 
b u kept in e 1 · ,but the compan , in view of p nclin o- litigation, 
cl 110t d -ir to publi -h tb recor<l . At orne future time this 
information will probably be available. The channel above and b low 
tb tation for 100 fe t i pra tically traigbt. The initial point of 
onnding i on the left ba11k. Tb right bank is not ubjectto overflow, 

but tb left bank ov rtlow at p riod of very unu ~ual flood . The bed 
of th riv r i quite broken with granite bowlder which di turb t!Je 
uniformity of flow. It wa iwpo sible to a oid thi in the canyon. The 
bed of the stream at thi gao-ing station is quite con tant in it ection. 
It i propo ed to stretcll a cable aero the river at thi point. 

From Be ley's official map of San B-ernardino County publi bed in 
1 92, the following area of the anta Ana drainao·e ba in are obtained: 

Sq. miles. 

autnAun,tLbovemouthofBear Cr ok ......... ... .... ·······-----·----------- 6 
Tributary to reservoir ..... ........... . . . . . ..... . .............. . .. . -----------· 56 
Tri bn tary to Bea.r Lake . ...... ... . .... . . . . .. .... .. .. .. ..... . .. - -- - . - - --- --- .. - 16 
Bear reek, between d~Lru noel :mta Ana ............ --- .. ----- . .. -- · ·· ··· · .... 14 
Santa Ana, b tween month of B ·1r reek ancl mottth of canyo n . ----.---·- -···- 2 

Total .................... .. ........... . ......... .. ...... --- .. ---- - --- · · · 200 
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During the rainy sea on the re, m·voir iinpound · t h run-off from 
the 56 quare mile trilmtary to i t, and dnrin o· t b irri o·atiou ea'o n 
this water i r elea:;ed into B a r Or ek a nd t lteuc tiows in to t b San ta, 
Ana. The 16 mile tributary to B a r Lake 110w drain.' into the de rt 
to the ea, t, but can be made tributa ry to th r e · rvoir oy dn.mmin o· it 
eastern outlet. Th mon thlyfiowoftb e antaAna i largely lnflu n d 
by tlti re er voir, though the total fl0w for th ea on will be norm a l, 
provided t here is no nrpln s water held over fro m one year to t h next. 
With the present heig bt of dam t lli holdover will be mall. 'l' he pre ent 
dam i 6± feet above the base. on tour 60 fe t abov will inclo e au 
area of 2,2 -o acre ; at 50 feet the a r a i 1 691 a re , a nd at 40 feet, 
1,060 acres. If the mean water area for the ea on i tak >n a 1,500 
a ·res, and i t is a umed that during the time tbe water i b ld tb Jo by 
evaporation is 3 feet, this would r epre ent a los of6.3 . cond·fi t that 
wouldpa ' the poiutof'tnea urementifi t were notretaiu d. 'l'hewater 
upply in the reservoir was drawn on durin o- t ll e ummer of 1 96 un til 

October ,.7, when the fir t heavy ra in of th ea. on occurr •d . On tbis 
date the gate were closed a11d the re::;ervoir i sa id to ll av been prac
tically empty at t hat t ime. 

The following mea, uremeut have b en made by the United tates 
Geological urvey duriu g the pa t year on the Santa Ana. I a.t in g 
tables have not yet b en con tructed. 

List of discharge 7lLeast<rements ma£le on anta Ana River 1md its tri./)llta1·ies, alijontia. 

i=fn.ro I Gaf}; 
.A rea of Mean 

Discha'f l 'Meter section I velocity H ytlrogrnpb r. numb r. heig t (square (feet per (secon j 
(i nches). feet). 

I 

1896 . 

1 .April 27 J. A. Vo"leson .. . 63 32.80 
2 June 20 J. B. Lippincott. 12 15. 3 47. 70 
3 I June 20 ..... do . . .. .. . ... 12 9.00 
4 July 25 J. H. Quinton. __ . 12 15. 5 --··· ----
5 Jttly 2 ..... do ---- -- -- -· 12 15.5 41. 36 

' 6 July 2 ... _. do --- ----- -- 12 4.50 
7 July 27 .. .. . do ------ -- -· 12 ! ... ... .. -- -- -----

July 27 - - .-.do . .. __ . __ . _ 12 -- ----- - · , ........ 
9 July 29 .. ... do ---- ·----- 12 ---- . ... . .... ----

10 July 29 ..... do ---- -· ---- 12 --- ----- .... . --- -

8t 21 J. B. Lippincott - 67 
I 

11.75 33.30 
ov. 21 .... . do ·- --- ----- W eir. -- -------~ ---- ----

a Two hundred .yards above tbe hoadwork• of the San ta Ana Canal. 
bAt \Varm prmgs .Ca~yon and not including ·anta A na 'anal. 

second). 

- --

1. 56 
1.29 

2. 02 

--- - --- -
1. •14 

3.33 

-- -- .... 
.... -- --

---- ----
--------

0.95 

---- .... 

c A leaa_a ndr·o water ~n Santa. Ana Caunl not inr.:Jud ecl in ri v·er water. 
d One-JO!trtb of a mlle above th~ hear! of t he anta Ana <.:anal nnd includi ng all water . 
e Twenty foet below '\Varm prmgs gage rod, Sa nta A ua Canal not included. 
fIn San ta Ana Canal. 
(! On .Bear Cr ek, one-fourth of a mile above the mouth 

feet). 

I 
a51.1 

b61. 

c l .3 

d75.5 

e59. 7 

/15.0 
g70. 6 

h14. 2 

i 14. 2 

.f40. 6 

.~ 0 

~~ :S~ n tn Ana Ri ver, 300 feet above junction with Bear Creek. 
~ M:11l Creek Canal, at crossing of the Santa Ana Canal , a nd car ryi ng all the water of the stream. 
J In Redlands CaoaJ. 
k At ,Warm Spri ~gs gage, not including Santa Ana Canal. 
lIn Santa .Ana Canaf, 1.5 second-feet returned to ri,·er. 
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LOS ANGELES RIVER. 

Lo. A ugele R iver ri ses in th e mountain ' nrroundiu g an Bernando 
V all ey, and it varion. tribntarie flow ncros or unrl r th i Ya ll y to 
the main tream, unitin g with it 10 to 15 mil e north of t he ity of Lo 
A11 g- J e ~ . The ci ty und rtook in _the summer of '1. 96 to mea lll'e the fl ow 
of tb e stream aft r it l "aYes th e San Fernando Valley, t hi s work being 
placed in charge of fr. A . Q. ampbell. A number of mea uring weir 
were constru t ed , five of them being upon the river a ud the others either 
UI on th e ftow of developed water or upon diversion from b river. 
The smaller weirs are r18por t d to lt ave caused li ttle tronbl , but tho e 
constructed in the riY r r eq uir ·on ·iderable attention toke p t llem iu 
working order, owing chiefly to the filling of the bays witll sand. The 
read in g of th e e w ir were at ti r , t taken upon grad uated scales but 
on September 2± £tu tomatic record in o· hook gage were put i o opera
tion . 

Thew ir upon t he river wer numbered 11, 1, 4, 5 and . The con
dition of tbe bay of os. 11 a nd 1 wa con t inually tl1e a rn e, a the 
water bad no silt, <tnd the only irregulariti e · oc urring w re tbo, e 
caus d by the light t tlemeut of th weir and the in a · uracie of 
m a. uriu o- t h lt ad . B tw u \Yoir 
wl1at i known a the omeroy and · ooker dev lopmeot aud th Bio
Tahuuo-a wa il ·arrying ab ut 3.2 ecoud-feet. vVeir :No. 4 t be n xt 
b 1 w . 1, wa aft t d bj tbe varyin o· amount of wat r taken out at 
tb div r ion gate of t he city main supply ditch a ud t h water · of 
th ' v'V t L ngel \ at r ompany, which were wn ted into the 

V . 5 "'bi ·h i th n ·t below o. 4, wa 
aff cted o tb ci y za nj r turning in wat r at irreo·ul:-tr period from 
th maio upply tli t 11 b low \Yei r No.4, ::tnd al o by the W e t Lo 

Wat r 'ompauy turning iu 'ra t r from their pipe lin e. Below 
ir o. 3 and abov ~ eir :No. , wllieh i · t il e n xt in order, tb Lo 

Ang le Wat r 'ompany di,·er t its , upply from tb · river. 
I•ew flood pa~ from tile ruountaiu canyon, to th narrow . The 

San F rnaudo \ alle fill d with and and bowld r , acts a a regula. 
t or to t he flow of tb is riv r, til tr am remainiug constant and the 
water plan , or plan of aturation, risin g and falling a the mountain 
ra10 s are large or dnall. Tbe fol lowing tables of eli charg are com
pi! d from tl1e detail d report .·ubmitted by Mr. A . C-l. 'ampbell, the 
engineer in !Jarge: 
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Disolt m·ge of Los .Angeles Rire1· at Weir ?.'o. 11, 9.88 miles abot"e th e city limits of tos 
Angeles, Califo1·uia. 

ll lonth. 

1896. 
August . . ..... .. .... . .... .... ...... .. .. . 

September ... .. . .. ......... -- . . - --- - - -- I 
October .. ... ....... . ..... .. ............ 1 

N o,·e1n ber. _ .. ... ..... ... .............. . 

December ................. . ... ... ------1 

Discharge iu su onrl .fc t . 

?l i n xi · 
IJIUW . 

16 
16 
22 
1 

19 

Mini 
mum . 

13 
14 

H 

15 
15 

14 
1~ 

16 
16 
1G 

Total in 
n Tu--ft• t. 

61 
93 

!) 4 

952 
9 4 

lJiscl!m·ge of Los Angeles Bir61' at TVei1· No.1 , 9.79 mil~s above city limits of Los .t111geles, 
Califorui.a. 

Discharge in s cond-feet . 

'I'otnl in 

Maxi- l\'liui· llOrn-f e t . 

IUUilt, UlUUI. 
M nn. 

Month. 

--- --- ---1 

1 96. I 

Augu t ... .... ........ .. .............. .. 21 19 20 1,230 
eptember ..... .... .... ...... .. ...... .. 21 19 20 1, 190 

October ..... .... . . ... __ . ....... _ ..... __ 26 19 20 1, 230 
24 19 21 1 2~0 

23 19 20 1, 230 lE::=•••••••• •••••••••••••• I 
Discl!m·ge of Los .Angeles B'ivm· at ·weir No. 4, 7.27 miles above city limits of Los .Angeles, 

Californi<t. 

Dis barg in secoud-f et. 

1-iouth. Tota l in 
acr -fooL Maxi· I Mini · , 1 · ' .enu. 

1------------------------------------~~~-------l--------
] 96. 

August ... .. . .. _ . ... . . .. ....... ... . .. _ .. 4-6 41 44- 2 705 
September ··· - -- ···--· ·· -- -- ---- ----- -- 4-4 41 43 2,559 
October ---- -- --·--·- - --- -- -- -- --- ----- 56 4.1 4.4 2,705 
rovember. ... .. . ... ------- ------------- 52 43 46 2,737 

December ---·-----· ---------- ---- ------ 55 43 47 2,828 
1 97. 

Januar y .. .... .... .. .. .... .... .. .. ...... 47 44 46 2,828 
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Discha1·ge of Los Ang les Ri.ver at Wei1· No. 5, 4 .87 miles abo~e city limits of Los Angeles, 
California. 

Discharge in second-fe t. 

Month. 

I 
Totnl in 

Maxi Mini- acre-fooL. 
mum. m nm. lllean. 

------
1 96. 

August _____ ____ __ ____ · - -- __________ ___ _ 77 67 71 4-, 366 
eptem ber _______________ _____________ _ 

76 63 71 4, 225 
October------ ___ ___ _____ _____ -----· __ _ _ 2 65 69 4,243 
November ___ __ __ __ ... ________ _______ __ _ 76 6 70 4,165 
December ____ ---~-~;.- __ ____ ___ ___ ______ 

1 January __ _____ __ __ ___ ___ ___ __ ____ . __ __ . 

96 67 72 4, 427 

96 67 73 4, 4 9 
February _____ __ ·----- ___ _ -------------- 96 71 77 4,276 

Discha1·ge of Lo8 Angeles Rive?- at 1u ;,- No . 8, 8.65 m.iles above oity limits of Los .dngeles, 
Califonlia. 

~--=fh. Total in 
norc-~ t. 

---- ------ -------1 

1 96. 

ovem ber . __ __ ______ __ ___ ___ . . ___ . __ .. _ 
D ember ______ ____________ . ___ ____ ___ _ 

73 67 
73 65 
3 65 

7-J. 

93 
67 
68 

70 4 304 
69 4,106 
69 4 243 
71 4,22-
73 4., 4 9 

I Jaomy ........ 197 .......... 79 --71~--7-3---~ 
SWEETWATER RIVER. 

WEltTW ATER DAM SWEE'l'W A TEl~ RIVER. 

Sw twater dam is 12 mil s outheast of tlle city of San Diego. It 
may be reached from San D1ego directly by railroad. fr. II. N. Sav
age, clli f engineer of the an Diego Land aud Town ompany, is 
maintaining t hi gaging station, and i rendering a valuable service to 
the engin eers of we 'tern America by the thoroughne of his inv stiga
tion wllicb have been freely furui bed to thi Survey. At the pres nt 
time 1\Ir. Savage 1 having surveys made to determine the amount of 
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silt tllat has been d po ited in the reservoir during the pa. t 11in years. 
The rainfall in this basin duri ng- t l1e pa t year has b follows: 

:hl ontb . 
Sw twa tor Des anso Julian I Cuy nmnca 

dam 3 500 r t (250 feet). ( • ) . (·1,500 fe t) 
1 

(4, 00 r t ) . 

January ·---- - - - ---··- - --··-----· 1.70 2. 93 4.-- 2 . ..13 

February · - ·-- ·· -- - - -·----··--··- 0.00 0.10 O. ·LO G. o.; 
March .. ___ . ___ . ____ . _ . ___ .. -__ . . 2. 52 . 04 6. 10 5.f ~ 

April.. . ... .... .. . .. .... ...... . ... 0. 6- 1. 14 1. ·10 1. 20 

:Mn.y . .. ...••.. .... · ·- ··· .... ... . . 0.05 0. 17 0. 10 0. 16 

Jun o . . ... .. . . ... . .. .... . . _.... . .. 0. 00 0. 00 0.00 0.00 

July ..... . · - ··· · . . . .... . . .. . . . .. .' 0. 05 0.30 2.00 ... ... · · ·-
Augu t .... . . .... . ............. ... 1 0.11 1. 3 ••• • • • •••• 1 •• ••• • •• •• 

op t mbor ... ... ··-· ···· ······ ···! 0.04 0.03 
October .. .. ... _.. . . . . . . . . . . . . . . . . 0. 21 2. 71 

November •... . . ... ......... . ..... , 1.62 2. 12 I D• =b<L. .---- .-- -- .--.------ -- I 0. 1 2. 43 --. ------ --. ·.::..:.:;.:1 
r ear ··-····· ..... . ··· ·· ·· ··! 7.76 - 2-1-.3-5- ······· · ·· ! ·· · ·~ 
--------------------~------·~------~--

Th eli h arg of Swcetwat .r: River into th r ·er o ir from it 
drainage area. of 186 square miles is e timat d to l1ave been from 
July, 1895, to June 30, 1 96, on an a erage of 1.39 econd-fe t or a 
total of 1,007 acre-feet. This is equivalent to a run-off of 0.101 iu h, 
or 0.0074 econd-foot per quare mi le. Th mean ra.infall wa 15 inche , 
a is determined according to the method explai ned on page 324 of 
Bulletin No. 140. The rainfall at weetwater wa · 7.22 inche , and at 
Descanso (approximately) 18.8 iucbe , the record for JuJy, Aug u t,and 
Sept mber, 1895, beiug lo t . The evaporation at the re -ervoir i e ti
mated to have beeu 45.18 inches or 0. 7 per cent of the run -o!:l-'. 

l\USCELLAl'o.TEO MEASURE I E :rT . 

Miscellltneous dischm·ge ?neasut·ements m ade by J. B . Lippi ncott. 

Ga<>o Area of Mean Dis· 
Dflte. Stream. LocaW y. M~ter heig'i.t section velocity charge 

number. (sq uare (fPct per (second-(feet). feet) . second) . feet) . 

---- --- ---
1 96 . 

F b. 3 Fort Tejon Noa rRo e St a.- Float . -- -- -·- 1. 0 1. 92 3.46 
Creek . t ion, Cal. 

Mar . 22 San ' Gab ri 1 Azusa, Cal .. . . Price. 2. ~7 . 81 2. 0 24 . 63 
Canal. 

June 4 Tunis Creek . .. Road Crossing, 12 ····-· · 1.2 1.-5 1. 98 

I A"g 22 

Cal. 
Mere d .. ..... . Yosemite, Cal. . 12 ' · ----- - 1. 09 0 2 0. 89 
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.Mi se llauco us clischat·ge measu1·ements made by J. B. Lippincott- Cont inued. 

Date. . tr ·am. Local ity. Meter 
numb r. 

Gago ArM of Men u Dis-
h igltt acc ti u Yelocity charge 
(feel). (sq uare (C et r r (ij C011 d -

feet) . s cond). feet). 

1----1------1------ --------- ------

1 96. 

Oct. 1 

onth Fork of Su «ar Pin e, 

ta.n.:islans. a l. 

Little ' Valker. J u u c t ion 

I Hou e, al. 
B ig Walk r .. . Len,·itts Sta

tion, Cal. 

12 5. 48 11. 04 60. 48 

12 20. L'5 1. 95 39. 36 

12 26.5 1. 65 4-1.8 

Oct. 20 Main Fork of Em·eka ' a lley, Floats . . . . . . . . 93. 4 

Nov.1 

N v.1 

D c. 22 

Date. 

1 96. 
Ap•·. 15 

Apr . SO 

Jun 20 

Jun 20 

July 22 
July 23 

July 2-t 

1 

Stanisla us. Cal. 

Stnnislau a nd Knight F rry, 1 Floats .. ..... -I 5. 01 7. 5 37. 6 

an Joaquin Cal. 

anal. 

Aug 1 s H ad works 

River. 

12 0. 51 .. .... .. .... . - ~ --- . ... . 

.. ... do ... . .... . .... do ...... . . 

An nbri l i Azusa, al .. .. 

nna l. 

T j on rc 
I 

k ... F ot of Hill.. 
I 

Miscel laueou 

trenm . J. ocn lity. 

fining ana.! a 

Azu a, 

autn. A na b ... Warm 

a!. 

a. n ta Ann. .... . do .. ...... 

F lu m b. 

au G:iuriel o .. Azusa, a-1 .. .. 

au Antonio c .. 300 £. ct above 

divJSIOD bOX. 

Lytl 'r k o .. rear au Bcr-

uardiuo, nl. 

12 
67 
67 

9.66 
0. 51 9. 66 
2.10 15.60 

1n6aBU1'Cilt611 18. 

n ~re )Jeter height nu mber . (fe t ) . 

63 

63 2. 70 
12 

12 10.0 

12 24.02 
12 5.74 

12 4.44-

a. H oas uremeut mnrlo l.Jy J'. A. Vo~csou. 
b McnRnromnut made bv C .. Bnb . 
o Measuromeut mndo bl• J' . H. Qujntou. 

GEOL, PT 4-27 

0.79 7.60 
0.76 
1. 35 

Mean 

2. 47 

2.93 
1.33 

2.13 

1.11 
1. 30 

3.53 

7. 29 

21.10 

1.5 

Dis-
barge 

(second· 
fee t). 

32.11 

55.20 
61.2 

21.3 

26.75 
7.4 

r.69 
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Dat. 

1 96. 

July 27 

July 29 

s pt. 

1Jfisuellm1eous clischargomeaBti1'Nnents- on t inn ed. 

--~----------~--------- - -------.----. 

' irenm . Lo alit y. 

I n :tr Creek a ... 
DlO Uih . 

R <'dlands Ca- Mill r 

nal a. 

lin . 

tani latH! J-i:ni o-bt F erry. 

Fluro b. 

On~ro 
hllii[ht 
(feet). 

Uis
chn•·ge 
(sf ond

f t). 

70.64 

4-0. 2 

12 . . . . . . . . . . . . . . . . . . . . . 1·~- ~1 

12 .. .. .. . 5. G 11. ,. 66. 35 

I 
a :llensurement mnd by J. n . Quinton. 
b Mea ut· ' ment mad by U. . r w . 

CALIFORNIA RAI .ALL D.A.T.A.. 

The followit w figure with the exception of ho e for Bedbluff and 
Sissons, were obtained by thi urvey, and are given a not being pr · 
viou ly publi bed . In the table a pre ipitatiou of 10 inche in uepth 
of snow i con idered a being qual to 1 in h of rain . 

Rainfall clata in a.lijon1ia i1~ 1896 . 

Station. 
. 3 ~ ~ I .; ~ ~ ~ ~ ~-
~ ~ ::3 ~ I !? s _g 2 E ~ ~~ 

~ ~ ! ~ ~ ~ .; ~ ~ i ~ ! ~ ~ ~ c 
n--_c-db_l_u_o.--.-__ -_-__ -_

1 
________ --- \.7.3o' o. 21 -~·~r~~:r;~-:-21-; ~~ o. 5-11 o. 63 o. ~o ~j o. 20 28.16 23.79 

S•ssons ......... a, 5o5 .1. 09 o. 21 4. 1GI a. 55 3. 02 o. oo .. .. . o. oo 0. 09
1 

1 . • 9 6. 68..... .. . ....... .. 
enorn. ........ . 1, noo1

1

10. so1

1 

o. 49 5. 00 8. 65 1.141 o. oo o. 40 o. 61 1

1 

o. 25

1

2. 5

1

6.74 3. 07 40. 90 87. La 
Second Garotte I 

( equoin.post-

;:7E~ : ::::r~ ·~ ·~, ~ · ~ ·?·~ :~, :E, :::: ::s r~ "l ~ 
~::.:;:~• :::!"" ,., '" n oo '" '" o" '" o" o I:: : :: ~l 
Ket11Vl lle .. - .. . 2, 600

1 
3. 02

1 

0. 00 1. 54 0. 6 ..... 0. 40
1 

2. 25 0. 05
1 

0. 00 1.15 0. 4 L 0. 85 10. 3 ...... 

'l'ojon Ranch... 1, aoo
1

1. 90 0. 37 4. 22 1. 62 0. 48 0. oo
1 

0. 00 0. oo
1 

0. 00 1. 34 l 2. 12 2. 32 14. 3711 11.62 
Palmdale .. .... ....... 1 ... .. ....... .. . .. . ....... , o. 00

1 

0. 25 1. 35 0. 32 1. 42 0. 43 0. 08 ......... .. . 

F ort Tejon.. ... 3, 245 3. 07
1 

0. 40 4. 01 3. 38 2. 05 0. 22 0. 261 0. 301 0. 53 1. Ga 1. 741 1. 14 + 1 . 73 .... .. 
:E'ollows Camp .. 1, 800~ 2 . 77 j T. 6. 55 0. 70 0. 30 0. oo

1 
0. 07 1.10 T. 2. 951 1.03 1. 61 17.14

1 
.... .. 

Sweetwater.... 250I 1. 70! 0. 00 2. 52 0. 65 o. 05 o. 00

1 

o. 05 0. u
1 

o. 04 o. 21l 1. d 0. 81 7. 70 .... .. 

D escanso ...... . a,soo1 2.0~ O.JO 8.04 1.14 0.17 0.00 o.ao 1.38
1

0.03
1

2.71: 2.12 2.43 21.a~~ -- ----
Mount Lowe ... 3, 2001 2. Sol 0.10 4.10 0. 60 0. 30 0. oo

1 
0. 00 0.10/ 0. oo

1 
2. 38! 1. 51, 2.1L 14 . oa

1 
...... 
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W TERRE OUR E OF INDIA A AND OHIO. 

By FRA K LEVERE'l'T . 

GE~TEllAL TATEJ\fE rT. 

The gatheriug of material concerning water re onrces contained in 
thi. paper ha been carried on largely in connection with glacial studies 
which the writer ha pur ned under the direction of Prof. T. C. Cham
berlin. The e tudie wer begnu iu Indiana in 1 7 and in Ohio in 
1 8, and ha,·e mbraced about ·ix field easons. A a re ult of this 
conne tion with gla ial tudies the data are much fu ller in the glaciated 
tbnn in th un 1 inted portion of tl.J Stat . 

Th data olle t l on tl•e und rO'round wat r ar much more full in 
th lndiana than in be 

pnper. 
A pecial ir ular l tter making inquirie concerning city water up

ply wa mail t1. to town offi ial , or other qualified to give information, 
in all tox u of Indiana and Ohio havin cr a poptllation of 1,000 or more 
and to . mall r towns whi b w r known to ha e a waterworks y tern. 
The g 11 r u re pou e to that l tter make it po ·ible to pre ent a ome
wbat full r port upon tbi ubj ·t. It i tak n to be a mea nre of the 
g n ralcle pint r tintbepublicatiouof u h tati tic ,andtbcwriter 
wi. IJ h r to ackuowl dg great in l btedne to the large number of 
p r on who l1ave uppli d information. Advance beets of the 'la.n
ual of American W aterwork for 1 07, publi hed by the Engineering 
New , have b u furni heel tbron o·h the kiuclu of the editor, Mr. I. N. 
Bak r, from which tati tics cone rnin rr waterworks are rounded out 
and brought clown to date. Proper cr dit i given in the table of city 

tate Caunls, by Dwight Forton 
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water upply fo r stat.istic thu obtained. Th pain tai,en by Mr. 
Baker and his as ·ociates in ·oJ\ecting thi body of stati t ics can be 
appreciated only by tho "llhO attempt irmlat· w rk, and hi kiudne s 
in thus co01)eratiug place u under ad bt of gratitud to him. 

PIIT I AJ_.~ PE..:\.T Rl:iq . 

ALTITUD E. 

The accompanying topoo-raplric map (Pl. X -7 XIII ) pr 
contour , which are ba' cl prin ipall upon railway- urY y altituu . 
A Jn.rge part of the e data,, wlli ·h include not only tati 11 , but al o 
natural summit and b d of ·tream cro sed by tlw railway lines, w r 
collected by 1\Ir. H enry Gannett of thi nrv y, and arntno· u for hi 
fortbcomino- revi ed clition of the Dictionary of l titud in th 

nited tate . Through Mr. Gannett' kindn e · tlJ been 
to all uch unpubli h d m::tt rial a p rtain to Indi 

ana and Ohio. ome of the elevat ion. w r obtained from apt. II. l\1. 
Cbittenden1 map accompanying bi r port on tb ana l routes b t'l'i· n 
Lake Erie and the Ohio HiYer.' on. iderabl f elevatwn 
hav heenohtninPrl f1'nm 'Pmt .·~o l' Ort·on ~'~ li ~ f 
li heel in volume VI of the Ohio ologi al tHY y. 
ing of the 00-foot outour iu l\lonro anu La,wr nee COUllti ' Indiana, 
JHr. C. E . Sieb ntbal, of the India,na urv y ·hould r eive cred it. 
Where preci ·e eleva,tion are wautiug u e bas b eu mad of an roid 
reading taken by th writer. 2 ~ gcn ral acquaintance with th topog-
raphy of the region ha al:-o b n of ervi · in drawing tb ontour 
Une . Th minor inuositie of tbe contour liue mu t uece arily be 
negle ted on a map of this scale. It is tbouc:rbt l1ow ver that the 
variation· in altitude are preRented with a ufficient degree of a:._pprox
iruation to repre ·ent fairly the geuera l ~ ature . 

The mean elevation of Inuiaua i e ·t imated by Mr. Gann tt, through 
a t:J.dy of railway elevation aud oth r publi bed data, to b 700 feet 
above tide.3 Mr. . S. Gorby, formerly Sta.te geologi t, who has a 
somewbat intimate per onal acquaintance witb the feature of the 
State, e ti mates the average altitude to be 00 feet. 4 early tbree
four tlls of the State stands between 500 a11d 1,000 feet. Of t lte 35,910 
square miles there are, according to lVlr. Gannett e timate, but 2,850 
square miles above the 1,000-foot contour and but 4,700 square miles 
below the GOO-foot contour. The highest land is fow1d near the eastern 
boundary of the State, in southern Randolph a,nd northern W ayne 
counties, where tbe altitude reaches about 1,250 feet above tide; it i 

1 Ex. Doc. No. 278, Rouse of Representntives, Fifty.fonrtb Uongress, first session , 1896. 
2lt should he nowd tha t in the unglacia.ted portion the contouring is reslricted mainly to lhe 1,000-

foot line. The available <lata are too meager to :instify the frtl l contouring attempt d in th ~: l aciated 

portion. .A. part of the glaciated npland in northeastern Ohio is aieo defective in th1s respect. 
S'J.' lurteenth .Ann. Rept. U .S. Geol. Sun ·ey, Part ir, 1893, p. 289. 
• ixtcenth .A.nn. Rept. Indiana Gcol. Survey, 1891, p. 217. 
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LEV ER ETT.] ALTITUDE A "D RELIEF'. 427 

in the mid t of the main ar a that ri s above the 1,000-foot contour, 
a may be een by reference to the map (Pl. XX Till). A mall area 
iu the Jtorthea t coruer of the tate ri es above 1 000 feet, and still 
small r area: in H ndri ek , Brown, and Washington countie too 
small t be indi at d on th map also exceed 1,000 feet. The portion 
falling below 500 f J con(in d to the outhwe tern corner and to 
valley in the out!J rn half of the tate. The lowe t elevation (at 
the mouth of Waba h Hiver) is 11 ~ et above tile at low water of tlle 
strenm . 

The mean l vation of Ohio i e. timated by 1\Ir. Gann tt, in the paper 
above cited, to be .)0 feet, or about L:iO feet oTeater tban that of Indiana.' 
Ouly 400 of th 40,760 square mile. in th tate are timated to fall 
b low 500 fe t a1Hl thi;: low part i ·confined to t!Je Ohio Yalley and tbe 
lower com· e of it tributaries, the lowe t point being about 42- £ et 
above tide. Le than one quare mile tand abo,·e 1,500 feet. Thi 
i Dear Bellefontaine, in Logan County in t!Je west-c Dtral JJart, wh re 
one llillock r eacbe 1 540 feet and another 1 52:3 f et above tide. At 
lea t one-fourtl t of t!Je tat t;wd above 1,000 £ et. Thi elevated 
part i Ia rgely in t h a t rn half tJ,oug!J it i ' e timated by the writer 
that n arl 4 000 qnar mil e in the wcstem ba lf stand above 1,000 
f · t. 'fwo -t it i rd.· r po: ibly a Jarg r part of tb tat i between 
5 0 aml 1,000 f t ni..Jo,· ti de. Th we, tern half i Jo,,·er than the 

ar a 

RELIEFS . 

h ad th e ar1 m nt ridg-es formed by varia-
tion in rat of di sint g ratiou or t it rock mta. a.r dis ·u eel. Tlle 
broad, rch d u to uplift are a! o briefly on ::;id red. Iorai uic ridge , 
dun and o lter aggr rration of PI isto eu <tge ar not iJJcluded. 

'l'llroughont tl1 oT at r par of Indiana and iu nor thwestern Ohio 
tlt glacial d po ·it- nr o heavy a to cone al the r li f ' quite efiectu
al ly ancl to redu e tb l'mrfac to <L ome" Ita smooth contour. Indeed, 
tit mominic rido· s cou titutc th principa,l featur ~ tltat would attract 
noti e in the northern two-tbit·d of tb reo·ion. The . onthern t hird 
or ln<.lta na ha, hrgely e cap d g in iation ; tho outhern part of we tern 
Ohio Ita!,; b n l heavily cov retl than the northern, a11cl much of tlte 

l. ----

' Tho grent nxt~ nt. (I( clm·ntrd trncls in t' n•tern hio is not Ahown by ra ilwny el ' 'ntions, sinco tho 
railwnysin th nt po•·tion of till' .'11\lo nro lat'!(llly ·,mli ncd to •·alloys. This ouggo ts tho pos"iuility 
thn t 1\tr On nnott 'li ~bnu1to of th o lll rtHl olovnliou. whid1 11'-\ bsu~ d lnrg-cly upou rniJway ele,·ations, 
mny bo too low. lt 18 sent oly probahlo, I.Jowovur, that it fnlld holow •uoro t.lwn 100 feot . 
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ea t rn half of O!Jio i nnglaciated. H nee tb relieC of the ro k snr
fac.; are w 11 exhibited in the ·o district . 

Since th relief of th region und r dis u ion l p nd upon he g o-
logical forma tion , and the e formati are defini tel 
Cincinnati arch, t he eli •n ion of thi that of 
the other reliefs. It r elation to t b g olo o· ic. 1 hi t r 
Indiana is clearly s t forth by Dr. E dward Orton in an 
thi Survey, a follow : 1 

All of the earlier "'eological bi tory of tbes two tntc [ hio and lndiao tL] a f;H 
back as it Can be follo w d, i OnO Ct d with au elevatory tHO Vemon t that, ad vaUC· 
in "' from the outhward, ext nded i t elf t hrough mo t of the t rntory now u no r 
co~ ideration [ western Ohi o and eas t rn In lia,na] . This gr a t upli ft i mo t wid ly 
known in gcolo O'y under t he nam e of the inciun ati axis, or inciuuati anticl ine, a 
de ignatioo to which rrewberry gave wi <l currency in his a<l mi rab le a count of the 
geological s ructure of Oh io.• Th v i ws t hat h e t forth a t t h · charact r of 
this upli ft have been invalidated to ome extonli b · th urpri iug d i cov ri s of th 
last three years (1 6-1 9), but th account gl\' u by him till rem a in by fa r t h 
best that b a be n p ublished of tho earlier s tal.( of this important m v m u . l f 
has shown beyond question its arly origlll in T ones e and Koottl ky and it 
gradual a<lvance through these tat . Th t rm "ax i ,"or " anticline, ' as appli d 
to a structm·al feature of tlti character, is iu oro TC pilots mi leading. It is h nrd 
to qualify it so that 1t will not at once ngg'est to tho ord in n.ry r n.l I'IJ.lin• orridg, 
but this fea tu re ha been ex pre ly excluded from all the tatem nt that hav be n 
made in regard to it. I xtre ro il a tne and 1t great br adth hn.vo be n in i, ted 
upon by alliYho have studied it. Ju t h li · us io n of the phy ical geology of t lt 
Cincinnati group of outhern Ohio it wa shown that for 30 aules in a n a t nod 
we t direction tb er i carcely any appreciab l fall in the tratn tha compo e th 
a.tis, and that all tbe determi nab le di p is a very light and equabl fall to the north· 
w ard.3 The t erm "axis" wight well bo repln.ced by a less coufn ing t rro, vi z, the 
terru " uplift." 

.. .. 
The main axis of the Ci n inuati uplift xtends to t he nor th we t, and not to the 

northeast. I n the light of all that we have be n accu. tom d to hol<l in r gard to 
this great structural featur e the statem nt here mad is a surprising on , but no 
oth r in terpretation of th fact is po ibl e. Th hig h l vel of th Trenton li mo
stone all advance to the we t of north, and for t hi we ought to have been part ially 
prepared by facts alron.dy i n hand . The geolog ical map o f the ni ted , t a tes has 
long shown a llistioct we terly tren t! for the joint ' iluria.n form a tion of the two 

tates, Ohio and Indiana. 
From ·w ay ne and Handolph countie , Indiana, n. northeasterly prolongation of 

h igh-ly ing Trenton rock extellds ' hrough DaTke Jerccr, helby, Augla iz , Allen, 
and Hardin conntics to tlt e central part of Hancock Coll nty. Thi prolongati n 
may be named the Lima axis . From Ilancock ounty n.n important spur of hi g h
ly ing Trenton extends northerly, with a very light westerly el ment in its dir c
tion. On the wust rn side this spur i bo un tled by one of tbu roo t marked di sturb
ances yet discovered m Ohio g ology, viz, ~t roonoclinal fold, or perhaps a ri s of 
connected folds of this character. The downthrow i to t he wes t, and its to tal 
amount is not less than 200 feet. The mo t of the descen t is accompli bed within 1~ 
half or a r1uarter of a mile, and in some case at the rate of 1 foot in . Thi fie ld 
may be appropria tely styled the Findlay mouoolin , t he Findlay b reak, or the Find-

1 Eighth Ann. Rept. . . Geol. urvey, 1889, pp. 573-574,576. 
2 Report Geol. ur<·ey Ohio, Vol. I , p.93. 
3 Report Geol. Survey Ohio, Vol. I, p. 411. 
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" 88. PERRY 
11 89. SPENCER 
"90 WARRICK 
"91. VANDERBURG 
·• 92. POSEY 
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COUNTIES IN OHIO 
No. 1. WILliAMS No. 31 WVANOOT 
" 2. FULTON " 32. ALLEN 
•· 3. LUCAS " 33. VAN WERT 
" 4. OTTAV(A ., 34 . MERCE.R 
u 5. LAKE " 3~. A.UGLAIZE. 
" 6. ASHTABULA ' 1 36. HARDIN 
1• 7. TRUMBULL 11 37 . MARIO 
" 8. GEAUG.._ " 38. MORROW 
" 9. CUYAHOGO •• 39. 1\NOX 
' 1 10. LOAAIN 11 40. HOLMES 
•· t 1. ERIE " 41 COSHOCTON 
u 12. SANDUSKY u 42 TUSCARAWAS 
" 13. WOOD " 43. CARROLL 
u 14. HENRY 11 44. HARRISON 
II 15. DEFIANCE II 45. JEFFERSON 
II 16. PAULDING 11 -46 BELMONT 
11 11. PUTNAM " 47. GUERNSEY 
" 18. HANCOCK 11 48. MUSKINGUM 
" 19. SENECA 11 4-Q, LICKING 
II 20. HURON II 50. DELAWARE 
" 21. MEDINA •' 51 UN ION 
•• 22. SUMMIT •· 52 LOGAN 
11 23. PORTAGE " 53 SHELBY 
n 24. MAHONING " 54. DARKE 
11 25. COLUMBIANA " 55. MI.-MI 
11 26. STARK II S6 CHAMPAIGN 
u 2:7 . WAYNE " ~7 . CLARKE 
u 28. ASl-'LANO 1 1 58. MADISON 
' ' 29 . RICHLAND 11 59. FRANKLIN 
" 30. CRA WFORO __ ' '_ 60_.:-:P,-,I_c _KA_ w_ A_Y __ 

No. 61 FAIRFIELD 
•· 62. PERRY 
'' 63. MORGAN 
" 64. NOBLE 
' ' 65. MONROE 
" 66. WASHINGTON 
u 67 ATHE NS 
c. 68. HOCKING 
·• 69. VINTON 
•• 70 . ROSS 
" 71 FAYETTE 
" 72 GREENE 
" 73 MON TGOMERY 
I I 74 . PREBLE 
·• 75. BUTUR 
·• 76. LEBANON 
" 77 CLINTON 
H 78. HIGHLAND 
" 79. PI~E 
·· 80. JACKSON 
'" 81. MEIGS 
1' 82 GALLIA 
" 8S. LAWRENCE 
' 1 8 •. SCIOTO 
" 85. ADAMS 
I I 86. BROWN 
II 87. CLERMONT 
u 88. HAMIL TON 

81' 
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Ja y arch. It can be followed n orthward to tb Michigan border, which it reach es 
near ylvania. Jt can also be traced to the onth and ca t of Findlay, though in 
som what r ed u ed proportions. 

Th re i a dip tomtrd tl1e west and ou thwe t acrns ' Indiana and 
toward tlt ea t a ·ro Obi , wbil at t!Je north, betweeu the main axis 
and the Lima axis, tb trata dii northward. The olde' t ro k of the 
r g10n are ex1 o ·ed alou tb arch, and con ist at tbe south of tbe lower 
Silurian and at the north of the upper ilurian. In pa ·ing away from 
tb arch ither to the w t, ea t, or north one nconnter several for
mation . of D vooian and Eo arboniferous age and enters t he oal 
1\Iea ure near the we t and north and ea t bonl r of the region under 
eli cu ion. ( ec geological ma,p, Pl. X _ XI\.) 

Th incinnati arch doe not tand markedly higher than border 
tracts exeept in a mall ar a of carcel 1 000 quare mile , the middle 
of which i near the liue of Ohio and lucliana. Thi greate. t elevation 
i attain d wb re th · ar ·h i capr ed by t!Je re i tant Niagara lime

rock urface slightly exceed 1,100 feet, while in border 
distri t it i but 900 to 1,000 fe t . The eli trict i larg ly cone aled by 
drift d po it , w!Jich blanket it to ad 1 th of 100 to 250 feet or more, 
and the ri e i maiuly appar nt through in trumeotal d terminations 
aud app ar to be Yery gradual. 

Tltrou rrh u th region und r di u ion the principal reli f , a ide 
fr Ill th l.li~b I ,·at ion al ng th in innati ar b appear to b entirely 
d p nd nt Ul n roek trut"tut . Th ridg ',or elevat d tra t occur 
wit r It trata nr itt-olnbl r ar with dit'flcul y broken clown by 
w atb ring and :tream a ·ti n. Th ba ' iu , or low tra t, occur wb re 
tb strata ar , lubl aka to i •ld r adily o di in rating 
agen<'i . l c~ rring t ologi al map (Pl. ~- XI\) it will be 

n that lt r k formatio11. onthw t f the in innati arch have 
a ·b a, narro\1' b It of out •r p trendiug- fr m w t of north to ea t of 
outh a roAs Indiana. Tbe line of out rop inrlicat the tr nd of the 

rid or r li f of that r g-ion . Iu th sout!Jern portion of t!Je State 
tl1 , o r Ji ~ - are not con al d by th drift. In the northern portion 
tb y ar mor r 1 om pl t ly ma Ired by it, but by meau of wells 
tb y arc kn wn to occur. By m an of well r cord it is al o known 
that n rth a ·t from th w t rn limb of tbi · a.r b tb rei a low rock 

trata imm diat Iy below the drift nr weak and a 
hi gher r ck ' urface wh r th trata are bard r in lubl . Tb large 
ar a f D voniau ltnl in north ru Iudiana, tltouo·h generally filled 
now with drift to a h igbt of 200 t.o 400 £ et above Lake Michirra,n, has 
a rock urfa eaboutn , Iowa · tiJ · lak lev 1. ln thedi trictea toftue 
Oin innati arch, al o, the trata out rop in narrow belt trendi11g north 
to ou tb aero th tnt of Olt io, and her , a in Indiana, tb liue of 
ontcrop indicate the tr nd of th reli f> or carpment. . 

The accompanying diaoTammatic proftle ecti n (A- , Pl. ..c :XXV), 
leading- w t to ea t aero outh I'll Iudiana, bring out the carp-
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m nt of t lt at tat in th ir av rage tren oth. A lin 
one of the ridges or ba ius would hav on id rabl 
feet or more in tho w ak . tmta an<l an O\'On "T at t ' 

hard trata . The section aims to trike a m an b 'tw 
and lowe t point on ·u h a line. 

follo\vi nrr any 
o cillation 1 0 
amonn t i11 t he 

11 th hi gh ' t 

Taking t he sectio11 omewhat in deta il , it i fo11nd t hat th > w a.k 
str,tta of the llud on Ri\1er gTonp along t h ~ o u th ' a, t bonl t' of the 

tat are brok<'n down ·ufnci n tly to rr iy a p r · >pt ibl reli r to t il 
tract immediately we t, whi ·h i ti ll capp t1 by tlte mor r i tan 
Jiarrara tmta. Tb reli f l10wevcr ldom x · d · 1 0 fe t. From 

th iagara t il ere i a ~o tn ewb at rapid de, c.: n t w 
rapid as the dip of th 
Devonian bale, ad nt of about 400 f t iu a. distan 
mile . long the we ·t bordP.r of thi hale ar <L i a prominen rim 
form ed by th e re»istant trata of t he Eo arbolliD ron Kn ob ton or 
Waverly formati on. Tbi» ba in i c·oJt pi ·uou . from th vi ini y f 
Columbu , Indiana, outhward ome di tanc i11 to K ntu ·ky , nd i 
cro ed by the Ollio Hi r near I ouLvill . :ror t hw tward from 
Columbu it is Teatly filled by glacia l d po it , hu t can b tra d 
read ily by deep boriu gR a l a. t t th e V\'aba h Yall r near Lafay tte. 
In the unfill ed outhern portion or tlt ba in th rei. a I w rock divid 
s paratiug t he .Ea t \\'b it from th Ohio lrainarr ar , a D•atur which 
show that ill e th pr sent lraioage y. terns w r inaugnrat l no 
larrre tr am ha fl ow d I ngthwi e of it conr · . one roiJw be 
nortltern portiou of t lti s basiu nothing- defiuit can b d termin ed a 
to th ffect of drain age lin in pr glacial tim a count of the 
gr at depo it of drif in that r gion. 

The Knob ton or Waverly formation on the-w :t bord r of tb ba in 
occupied by the D vonian hale, ha. a n abrupt and 11 arly onti nuou 
relief of 300 to 400 feet, with occa ·ional knob :100 to GOO fi t above 
tb ba in . One knob in Brown County, "We dpatch ilill tands 
about 1,150 feet above t itle, but thi i nearly 100 fi t higher than a ny 
of tLe 11 eighboring knob and ridge. . Tbi carpment i. o abrupt in 
t he unglaciated di ' tr ict , from Brown onn ty, in ceutral Indiana, ·outh· 
ward to the Ohio R iver, a. tore emble a river bluff, and it i bu natural 
that thi feature, taken in co11n ection wit.h the rapid d ent from the 
Niao·ara, to t he Devonian Lale on the ea t border, should have led 
ome of th e earlier ~tudent to on ider t he low t ra to cupied by the 

D ev nian hale to be du e to t he action of a larg r iver. 
The knob and r idge of the Knob tone or W av rly formation form 

a belt that is scarcely 2 mile in wi lth near tLe Ohio, but wLi ch 
become 25 or 30 mile wide in eutral Indiana. It stand in relid'not 
only above the low ba in ou tb e ea t, but al o ab ve a lime tone belt 
Oil the we t. The reli ef abov this limestone belt, however, i only ro 
to 300 feet, or carcely h.tlf so great as the relief above the D evonian 
shale. Tbis belt of limestou is bordered on t he .. we t by the conglom .. 
erate saud tone. This formation has knobs and ridges which ri e 100 
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feet or more above the lime tone~ thus formin g the we tern rim of a 
sllallow trougll or ba in occupied by it. The occurrence of these 
relieti on eitller ' ide gave ri e to th opinion advanced by Ir. Collett 1 

that tlli lime tone trough L the ancient valley of a tream . There 
seems, llow·ever, no nece ity for as uming the presence of a large 
str am to effect the redu tion of u ·h a lime tone tra t to a lower level 
than the and tone tra t which border it on the ea t and we t. Tlle 
andstone being l s ea ' ily a ted upon by atmo plleric solvent , natu

rally tand in r li ef above th more soluble lime tone. 
The uelt occupi d IJy the conglomerate . andstone ba in outhern 

Indiana a ratb r· abrupt relief of 150 or ~00 feet, or even more aiJove 
the Oo:tl '[ea ure · ba in whicll borders it on th e we t, the ri"e not 
infrequently ueing made within 4 or 5 mile . Tbe relief is perhaps 
somewhat 1 in we tern Indiana, though till ufficient to ue recog
nizable in the pre ence of a heavy ·oating of drift. 

All th formations, from th iagara we tward to the Coal Meas-
ures ba in are cro eel uy drainage line wbo cours how little 
regard to the r 'li r of the region. 'rbe g n ral cour e of drainage is 
onthwe twarcl or almo t dm.' tly aero s the tr nd of tlle ridge and 

ba in , and with but lig-ht detle ·tion wh ere a tream pa es from one 
forma ion to anotber. 'rhe draina ge eem th ·r for largely inh rited 
from a tim when tbe ba in and rid o·es did uot exist in their pre ent 

to y t m. 
'l' h D onian shale have only a narrow b It of utcrop on the ea t 

bord >r of t h ba . in, thoucrb tb y probably extended we -t origina,lly 
b yond th out rop · 11 ar Harper. 'rhea· xteusive removal seems 
attribntabl to tlte w akne of tlle trata. 

PJ.'outb un.1~ pt. Iudmnn Go I. un•oy,187 , pp.29S-30J. 
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From tbi ection it appear tha.t ther ai· 
m nt eparated by a 1 wland drain d by th 
tion fairly illustrate the r li C· of w t rn hio from the water l1 d 
between Lake Eri and tb Ollio . outllward to tb 

e carpmen 
ba. in in th outhern part a in the north m. Tb onthward dip f 
the strata in central Ohio i , hown in ection E-E, of Pl. XX _ ?Y and 
the northward dip near the Ohio-Indiana line i hown 111 tion -D. 

orth from the water bed the e carpment whi h form · h w t m 
rim of the cioto ba. in disappear , but tb arpment as t f h ba in 
is continued north to the bore of Lake Eri , though with a mark dly 
dimini ,hed trength. From this point ea tward Lak Eri i bo1·d red 
more or le clo ely by elevated tract ri ing abruptly 200 to 500 ~ t 
or more above it water urfac . 

In onthern Ohio th e carpment which form the we tern rim of the 
Scioto ba iu i continued outhward to th Ohio River. Tb ·lo. in g- in 
and di ·appearance of the Sci to ba in in nthern hio 1 av the 
country elevat d from the we tern e ~arpment ea twar l b yond th 
Scioto River. A reference to the topographic and g ologic map (Pl . 
XXXIII and XXXIV) will aid in making clear th abov ·tat m nt . 

In northea tern Ohio there i a ba in formed in he "'uyaboga hal 
and bordereu by e carpment of the Eo arboniferoo conglom rate 
This low tract, known as be Gran·d River ba in, ba a width- f 10 or 
12 mile and extends fully 30 mile~ outhward from the b rd r of the 
Lake Erie ba in and about 40 mile from th lak hor tb re being a 
narrow plain borderin"' the lake in tbi r egion . The escarpment bor
dering the ba in rise 200 to 400 feet above it. On the w t the ri. e i 
abrupt lik a bluii', but on the outh and ast it i more gradual. Thi 
basin , a inrlicated below~ was the line of di charge for the preglacial 
Upper Ohio, and i filled with drift to a depth of over 200£ et along the 
line of the old vall y. 

The general upland urface of this region, though probably nearly 
plane at the clo e of the Cretaceou cycle of ba e leveling aud po ibly 
down to the middle Tertiary, doe not readily ugge t the restoration 
of the ancient urface. The irregularity in the altitude of the escarp
ments and ridges is such as to make it doubtful if a notable portion of 
any of them preserve the surface of an ancient peueplain. 
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A imilar conclusion is reached from an examina,tion of the high -level 
gravel deposits of outheru Indiana. These g-ravel deposit· , a long 
inc noted by Prof. E . T . Cox 1 a nd more re ently by Prof. R. D. ali . 

bury and t l1 e pre ent writer, have been found only in small remnants 
at altitudes of 700 to 750 fe t above t ide ou the crest of the most ele
vated ridges of the portion of out h rn Indiana and north ern Ken
tn ·ky where they occur. The gravel depo .. it appear to mark the 
shore or wav product of an ancient sea connected with a period of 
much less altitude than the pres nt, and al ·o probably with a period 
of base-l ,-elin o- of th upland . 

They are r ferred to t he T rtiary by Profe or Cox, and be au e of 
lJ o-eneral re mblan c in weath ring, etc., are thought to be of imilar 

age to th grav 1 of outbern Illinoi . Tile pre ent writer concurs 
in t h view t hat £L triking re emblance exi t between the gravels of 
til two di triet , y tit seem scarcely afe to correlate defi nitely from 
t he preseu t fragm n tary data. The gravel of son them Dlinoi and 
thei r continua tion ont bwe twa rd into Arkan a arc found tore t upon 
clay and and of E ocene age, thus makiug it certain that t hey are 
not old r than the '£ertiary.2 

Profe or Call find s evidence of an interval of ero ion betwe u 

this 

tud 

f Ohio pr ent a urface o level as 
'l'he eyen urface cover lim tone 

' 'l'hirtl Ann. R opt Indinn n. Goo!. un·oy , l 72, p. 138. 
•A . n . Worth o, G ology of Uhnoi s, Yo l.l , 1 66, pp. 44-46,4 11, H 3, 417, 423, 444, 452 ; Vol. H , 1868, PP· 

21, 22, 52. R. Ells wot·th nil, l'kn nsns Goo I. urvcy, 1 9, Vol. II, Crowl ys l{i lge. 
a.Lo . cit., pp.l2li-13J. 
4 Oommnnicn t <1 to t he writer . 

1 EOL1 P1' 4--28 
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altitude b come orrespondingly gr ater. The writer car ely feels 
warranted, in view of this complexity, in pa in judo·m nt upon the 
can e of the extensive plain whi h th region pr nt . 

GLACIAL RIDGES. 

The glacial hi tory in thi ·a well a in neighb ring di tri t i very 
complex. ot only nre there numerou m rain markin()' the uc
ce sive po ition of tlle ice front, but there ar evid nee of more than 
one ice inva ion. An inva ion whi h rea hed to the gla ial boundary 
so long prec ded a later invasion }Vhich came down nearly to th bound
ary that the depo it of tlle former bav u:tl' red much 0'1' at r weather
ing and ero ·ion th an n.re pr ~ n ted by the latter, and tb y app ar to lJ ave 
an age several time a great. In con ·equen e of thi ' di ffereuce in age 
tb e former depo it have come to be de ignated the older or earlier 
drift, while the latter ar ailed tlJe newer or later drift. In the lat r 
drift al o there i a double invasion who e movem ut d1fl-'er gr atly in 
direction , t he fir t mov ment being outhward and the later movem nt 
southwe tward. The earlie t drift sheet found in thi r gion i a ou
tiuuatiou ea tward of the earlie t be t of Illiu i . The nam Illinoian 
bas come into u e a the roo t uitable ne for thi h t. 1 The later 
drift include the early and late i con in of Ohamb rlin. 

The approximate glacial boundary bas been tra d in a we tward 
and onthward cour e a ro ea tern Ohio by Prof. . F . Wri ht 2 and 
found to come to th e Ohio River n ar tb soutl1ea t corner of Brown 

ounty, a may be een by the glacial map (Pl. ..~. X .~. VI). For about 
200 miles below thi point it appear to lie a few mile outside tb line 
indicated by Profe OJ? Wright, extending outb of the Ohio from 1 to 
perhaps 20 miles the greate-t exten ion being opposite incinnati. A 
hort distance above Loni ville, Kentucky the boundary ro in to 

Indiana and ha a pronounced reentrant augl t.hat arrie it ab ut 75 
miles north of the Ohio River near the meridian of Indianapoli . The 
boundary from here turn outhwe t, and where it pa e into Illinoi 
it nearly touches the Ohio River. Th portion of the bou11dary ea t 
from Highland County, Ohio, is not far outside the lirmts of the Wis
consin or later ice inva ion, and in place eems to be reached by that 
invasion. West from tbis county th e earlier drift i n ually xpo eel 
for a width of 20 or 30 miles, and in pl ace for a much greater eli tance. 
On the line of Indiana and Illinois it extend nearly 100 miles beyond 
the later drift. Near the reentrant angle in south-central Indiana, 
however, it extends but 10 or 15 miles beyond the later drift. 

The glacial boundary, except where touched by th e later ice inva ion, 
is seldom characterized by a definite moraiuic ridge, and in places is 

' See Chamberlin, .Jour. Geol., Vol. IV, 1896, pp. 872-87G. 
• The Glacial Boundary in Ohio, Indiana, an'\ Kentucky, by G . F. Wright. Publisbe<l by Westorn 

Reserve H1storical Society, Clevolan<l, Ohio, 1884. Also Bull. U . S. Geol. Survey No . 58, 1800. 
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COUNTIES IN INDIANA 
No. 1. LAKE 
'' 2. PORTER 
11

• 3. LA PORTE 
41 4. ST. JOSEPH 
" 5. ELKHART 
1

' 6 LAGRANGE 
H 7. STEUBEN 
11 8. DEKALB 
11 9. NOBLE 
II 10. KOSCIUSKO 
" 11. "I.RSHI.ll 
1 1 12. STARKE 
II 13. NEWTON 
II ,. JASPER 
11 15. PULASKI 
11 16. FULTON 
11 17. WHITLEY 
11 18. ALLEN 
u 19. ADAMS 
11 20. WE LLS 
11 21 . HUNTINGTON 
II 22. WABASH 
u 23. MIAMI 
H 24. CASS 
'
1 25. WHITE 

11 26. BENTON 
II 'Z7. WARREN 
IC 28. TIPPECANOE 
11 29. CARROLL 
II so. CLINTON 
" 31 HOWARD 
11 32. TIPTON 
II 33. GRANT 
II 34. BLACKFORD 
II 35. JAY 
11 36. RANDOLPH 
14 37. DELAWARE 
H 38. MADISON 
If 39. HAMIL TON 
11 40. BOONE 
" 41. MONTGOMERY 
11 42. FOUNTAIN 
11 43 VERMILLION 
11 +4. PARKE 
u 45. PUT NAM 
11 % HENDRICKS 
11 47. MARION 
II 48. HANCOCK 
11 <49. HENRY 
II 50. WAYNE 
II 51. UNION 
11 52 FAYETTE 
II 53 RUSH 
II $4. SHELBY 
II 55. JOHNSON 
11 66. M OIIIGAH 
II 57. OWEN 
u ~ CLAY 
H 59. ViGO 
'

1 60. SULLIVAN 
11 6 1. GREENE 
" 62. MONROE 
" 63. BROWN 
II s.. 8AATHOLOiro4EW 
u 65. DECATUR 
11 66. FRAN K. UN 
II 67. DEARBORN 
II 68. OHIO 
II 69. SWITZE.RLANO 
'" 70. RIPLEY 
II 71. JEFFERSON 
1

' 72. JENNINGS 
1

' 73. J A.CKSON 
11 74. LAWRENC E 
II 75. MARTIN 
H 76. DAVIESS 
"n. KN OX 
"78. GIBSON 
11 79. PIKE 
"80. DUBOIS 
11 81. ORANGE 
H 82. WASH INGTON 
II 83. SCOTT 
" ~. CLARKE 
II 85 FLOYD 
'' 86. HARRISON 
H 87. CRAWFORD 
" 88. PERR Y 
II 89. SPENCER 
"90. WARR ICK 
II 91 . VANDERBURG 
"92. POSEY 
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EIGHTEENTH ANNUAL REPORT PART 

COUNTIES IN OHIO 
No. ~ t . WILLIAMS No. 31 WYANOOT No. 61. FAIRFIELD 

•• 2. FULTON :: ~: ~;~E~E.RT :: :~: ~~~~~N 
" 3 . LUCAS " 34. MERCER ·• 64. NOBLE 
u 4 . OTTAWA '' 35. AUGLAIZE , , 65. MONROE 
'" 5. LAKE ,. 36• HARDIN ' ' 66. WASHINGTON 
tl 6. ASHTABULA II 37. MARION I I 67. AT HENS 
: : ~: ~~~~~~LL ,, J8 MORROW 11 68. HOCKING 

" t. CUYAHOGO :: ~: ~~~~ES :: n ~6~0N 
'

1 10. LORAIN ., 41 COSHOCTON u 7\. Fo\ YETTE. 
" 11. ERIE u 42 TUSCARAWAS " 72 GREENE 
11 12. SANDUSKY ., 4J, CARROLL '' 73 ~ONTGOMERY 
II 13. WOOD II 44. HARRISON II 74. PREBLE 
" 14 HENRY E " 4~. JEFFERSON .. 7~ BV tLlR 
u 15. OEFIANC G u 46 BELMONT , , 76. LEBANON 
II 16. PAULOIN H H . GUERNSEY H 77 CLINTON 
0 17. PUTNAM " 48. MUSKINGUM H 78. HIGHLAND 
II 18. HANCOCK u 49. LICKING ·• 79. PIKE 
11 19. SENECA ., 6(). OEL.AW.ARE ·• 80. J"'CKSON 
11 20. HURON , , 51 UNION " 81. MEIGS 
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'' 29. RICHLAND 11 59. FRANKLIN 
H 30. CRAWFORD 11 60. PICKAWAY 
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very vague. Indeed, the earliest or Illinoian ice invasion, so far as 
its depo it are expo ed to view, had not such a pronounced moraine
forming habit as the later iuva ion . There are, however, occa ional 
definite rid.gings of tb.e drift of the Illinoian invasion. In some ca es 
the ridge are very sharp. A conspicuou illustration is found in 
"Chestnut Ridge," in Jackson County, Indiana, which, though only a 
mile in width, in one place attains a height of 170 feet by surveyor's 
level, and it pre ents a ueneral elevation of 75 or 100 feet a.bove tile 
bordering plain . A imilar ridge lead outheast a few miles from 
Martin, ville, Indiana. The e are the only in tances noted in Ind1ana. 
Ridges of th1 type are not rare m outhwestern Illinois, but none have 
been ob erved in Ohio. Sharp knolls of drift apr ear in the valleys of 
everal of the small tributaries of the Ollio in outhea tern Indiana 

and outbern Ohio, wbich, in orne instances, reach a height of 75 or 100 
feet. few harp knolls al o occur ju t south of Hill boro, Ohio, on 
the bead water of Rocky Fork of Paint Creek. 

The arly Wiscon in inva ion which ha.cl its terminus at the Shelby
ville moraine in Illinoi , and which is repre ented in that tate by a 
series of bulky moraine , i apparently repre ented in Indiana and 
Ohio by rather feeble moraine · in a narrow di trict in which tbe ice 
slleet extended beyond the next succeeding inva ion-the late i -
cousin. The moraine are to be seen in igo, Pa.rke, Fountain, W ar
ren Benton Montgom ry, and Putnam counties in western Indiana, 
and in artbolom w, D catur, Rn b, Fayet te Union, and Franklin 
countie in s nth a tern Indiana. In hio a iuule morainic belt i 
r o ·niz dab longingtothi inva ion,viz tbeoutermo trnorainerep

la ial map and which lead from the Indiana line 
ounty, Ohio. Thi b lt apparently pa e beneath 

ri au l ha not b en recognized in central or northeastern 
ll tb morain of tbi inva ion, so far as expo ed in Indiana 

and hio ar of a inul t pe, that of a uently undulating ridge. The 
r li f i u ually but ..,(J or 30 feet, and the swell and undulations on 
tb cr t and lope ar but to 15 feet in u ual height. In Benton 
and Warren onntie , Indiana however, the ridge pr ent relief: of 
50 to 75 feet or m r . 

B for pa ' ing to the discu ion of th moraine formed by the late 
\'i i con in ice mov m nt, attention i called to au elevated tract of 
thi k drift in linton, Boone, w tern Tipton, and we teru Hamilton 
coun ti Indiana. By r fer nee to the topograpllic map it will be seen 
that portion of t b e ountie tand above 900 feet, or about 100 feet 
ab v the averag alti ude of that part of the State. Y t well sections 
how tllnt th rock urfa, e is much lower than in the countie west and 
outb, it being the eli trict und rlain by Devonian bale. This elevated 

tra t ha genera,lly a mooth surface, though occasional feeble drift 
rid ge oceur. It ·eem not improbable that tbi great drift accumula
tion was made largely in the early Wisconsin and bas been overridden by 
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the late Wi con in movement. Po ibly it i th continuation of a bul ky 
sy tern of Jiloraine which enter Indiana from lll inoi in B nton and 
"'\• arren counties. The arne y t m may find an a.~tw c rcl on in ua· 
tion beyond White Riv r in th levat d u It of tiJi ·I <lrift outh f 
the westward.flowing por tion of th<1t tr a,m . In tha,t eli t ri t, h W· 

ev r, a moraini y. tem of th late \Vi con in f llow n arly th south 
border and tbn uo·ge t it late iscon iu ag for the b l t. 

The late Wi con in movem nt i r pre nted in Inclia11 a an 1 w t rn 
Ohio by a remarkably fu ll · rie of m raiue , ther·e bemo- a gr ater 
number tbau have b en found a o iat d with tbi mov m nt in tlt 
neighboring tate ' . The di t l'ibution and chara teri ti of th outer 
system or serie were tndied by Profe or 
days of hi glacial inve tigation' and di cu 
t!Jis Survey a th Terminal Morain of th 
A hown by Profe or hamb rlln, it i eli po eel in a . eri 
which encircle or extend into the laro·er ba in 
reet1trants are at the om what el vat cl e carpment . a pr . 
nounced topographic feature th rouo-bout much fit our e iu Indiana 
and Ohio, though for a few mile in ·eutral and w·est rn Indiana it i 
rather va.gue. Iu uch plac , how ver, t be morain arrie a very 
large number of bowld r , which a id iu mappino- tb po ition of th i 
margin. It con i ts in place of two or more di · tinct ru ro b r . u h 
differentiation i be t eli played in the ba in . t r entrant angl 
there i n ually a ingle harp belt . In trength or expr 
morainic y tem i not urpa · ed by any other in hio but in nortbcm 
I ndiana orne of the later moraine. have harper featur . It con i t 
usually of a ·lo ely aggr gated rie of knoll , 10 to 40 fe t or more 
in height, often elliptical, iu l ine with the moraine, but in om a 
nearly conical. These knoll ometime re t upon a ba ement ridge 
with a relief of 25 to 50 feet,. but in many place the ridge i not w 11 
defined. Its variations from place to pla e have been et forth by 

. Profe or Chamberlin in the paper referred to, and need not be ent r d 
into here. T he po ition of thi morainic sy tern may be readily rae l 
on tbe accompanyin o- map, P l. XXVI. It will be ob rvecl that from 
the cioto ea twarcl it lies near the glacial boundary a traced by Pro
fessor Wright, wbtle we t from the Scioto it depart widely from that 
boundary. At the we tit project lightly in to Illi noi in ro ing the 
Iroquois basin, but return into Indiana on the north border of that 
basin, and i lo t in the Kankakee m~r h. It correlation with 
moraines farther north and we t i not fully e tabli bed. 

Of the later moraines of the late Wiscou in mov ment, the Valpa
raiso, which traver es nor t.hwe ' tern Indiana, the Maxiukuckee in Mar
shall County, India"na, and a strong interlobate bel t in nortbea tern 
Indiana are con picuous r epre entative . 

The Valparaiso moraine, with a width of 5 to 10 miles or more, ri e 

' Third Ann. Rept. U. . Geol. Sunoy, 1R83. 
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50 to 1-o feet above th low plain on it north border but somewhat 
less above th Kankak e mar h on it outh border. It bas generaUy 
a swell·and·sag topography with o cillations of 15 to 0 feet, but in 
places as. umes a harper topography and carrie lakelets among its 
kuoll and ritl o-e . . 

The Maxinku kee moraine i very imilar in topograplly to the Val
paraiso moraine, but is les bulky. Th topography is of a Yery sharp 
type 11ear Lake l\faxinkuckee and thi lake is set in a deep depre ion 
almo t compl t ly surrounde l by morainic knoll . 

The in terlobate belt of northca tern Indiana, formed at the junction 
of the Saginaw and Eric lobe ' i Yery complex, there being in audi
tion to the main moraine several belt leading off from it to the north
we t and outbea t . Th e northwe t slope and the tract occupied by 
the aginaw lobe north of t he moraine i characterized by a greater 
number of. harp knolls anu al o by more numerou lake.fi lled ba in 
than the southea t slope anu th mora ine of the Erie lobe. On the 
former it is not r are to find knoll · and ridge ri ing abruptly 50 or 75 
fe t above border tra t , wlJile lake basin are in ome ca ·e 50 feet or 
mor in d ptb. 'I be outhea t slope, formecl by tlJ e E rie lobe, ha el
dom such harp featur s th knolls being usuall r le than 25 feet in 
height . TlJe ere t of thi interlobate moraine stand 100 to 200 feet 
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plain of northwe tern Ohio. The riGS tber and in northea tern 
Indiana ha it member more wid ly parat d. 

ote houlcl b tak n also of £ eble moraine n th bord r of I a,k 
1'11:i cbigan, which r ise only 0 to -o feet above tb lake plain and arc 
a mil or less in wi dth . 

THE Y TE I. 

The region under eli u ion i 
to everal great drainage y tern . . 
discharge i in to Lak Mi bigan ; onth of tbi i a mall ar ~t wbi h 
drains to the Illinoi ; from tbe north as t t he draiuag euter Lake 
Erie; the draina o·e of the greater part of Indiana i tr ibu tary to tb 
Waba ·h, it elf a t ributary of the Ollio; the outb rn ud of Indiana i 
directly tribu tary to tb Ohio through mall tr am ; much of hio 
drain outl.l\vard through the Miami, cioto Mu kingum, and mall r 
streams. 

The boundarie between the eventl y t m fa,l l mainly within th 
glaciated portion an d are la rgely d >t rrnined by gla ial ac umulation . 
The only water partings within th glaciated por ion wlti ·h are o any 
marked de()'ree coincident with an el vat d ro k urfa e are (1) in 
southern Randolph ounty b t "' n the h aclwaters.of ·white River 
a tributary of th Waba h, and Whitewater River a more dir ct trib
utary of the Ohio, and (2) in we t -central Ohi9 between tributari of 
the Scioto and the reat fiami. But ven here the water parting are 
only in a general way dependent upon tbe elevated rock surfac , the 
parting it elf being at a moraine. 

The boundarie betwe n orne of th y tern have uf:fer d notable 
change~:> since the ice beet withdrew from the ba, in of th Great 
Lake · and their present outlet, th St. Lawrence Riv r: It ha long 
been known that the Waba h once rec ived the drainage from the por
tion of northern Indiana now tributary to Lake Erie and from a-glacial 
lake occupying the western end of the Lake Eri e ba in. 1 The channel 
connecting the Maumee, a tributary of Lake Erie, with the Waba h i 
still a plain ly marked feature along the line of the Waba h Railway 
from Fort Wayne to Huntington. At tlle eastern end of this out.let, 
near Fort Wayne, there are beach line openi ng into it which leave no 
doubt as to the pre ence of a l.ake at a level corre ponding to the outlet 
(about 775 feet above tide). The pre ent water parting in this old 
outlet is determined simply by a sli ght accumulation of ilt in the 
old channel near the mouths of the St.-Jo eph-of.the-Maurnee and the 
St. Mary river . Thi delta- like depo it being at the· summit in the 
outlet, the waters were ea ily turned ea tward down the Maumee. 

Another notable chauge in drainage is foun d at South Bend, Indiana. 
' 

' See R eport on tho surface geology of the ~1aurnee Valley, by G. K . Gilbert: Geology of Ohio, 
Vol. I, 1873, pp. 535-556; also Am. Jour. Sci., May, 1871. 
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The St. J oseph River,J now tributary to Lake 1ichiO'an, formerly dis
charged southwestward from South Bend into the Kankakee. Tbere 
i still a well-defined river channel connecting the St. Joseph with the 
K ankakee, who e urface a t the point where it leave the t. Jo eph 
is but 45 or 50 feet above the present low-water urface of the river. 
Tbe d1scbarge to the Kankakee wa: tb be t line open to the t. J o eph 
River while t he ice heet wa occupyin g the Lake Michigan ba in, 
but upon the withclrawal of the ice heet and th e lo,vering of the lake 
formed by it at th e south end of the Lake Michigan ba in, a new line 
wa opened which had the advautage of more rapid fall. Thns the 
Lake Michigan y tem became enlarged at t he expense of the Illinois 
River sy tern. 

The pre ent lines of drainage with in the glaciated portion of th is 
/ region eldom coincide for any great di tance with pr o·lacial line . 

They are in many ca es too shallow to reach the bottom of the glacial 
deposit . Tho e which have cut through the e depo its often en conn ter 
th · u11even r ck nrface of preO'lacial ridges and hill . Throughout 
tbe g rea,ter part of the glaciated area in Indiana and in much of north
we tern Ohio the present drainage channels are flowin g at an elevation 
nearly as high a tha t of the preglacial ri<;Ig s. The rock floors of 
preglacial vall ey encountered in well show that the channeling bau 
reached a low I vel. In we tern Ohio channel tand in pla e within 
400 } t f a l v l and in w stem Indiana within 250 or 00 f, t . 
Tlt chann lin~ i \en 1 wer in nortltea tern Obi the ro k ftoorof the 
'uyaboga at )lev la11d b in but 100 fe t above tide. The outhern 

porti n of Indiana ha too li tl drift fi lli ug to pr vent tbe main drain
ag lin from following pr crlacial vall y . Thu th Ohio along the 
boundary of Indiana tbe We t bitewat r and main Whitewater, 
a11d th l w .r onr of the , hit and Waba It river occupy valleys 
of pr glacial ao- . Til e \all y are n ually Jill d, however , to nch 
an xt ut that tb pre ent tream are flowing nearly 100 fe tab e 
the ld ro k flo r and occa ionally, a ou th We t Whit water, 
nearly ~OO fe t above th old floor. 

Tb tr am within the gla iatecl portion of outhern Ohio are" ldom 
tri tly 'Oincid nt with pr glacial line for any great di taoce exc pt 

in tb ·a e of th Ohio River, hough th y may ha' e general courses 
n arly coin id nt with tb preglacial lin s. Tbu the Great Miami 
bel w a ton and v ral of i t ribntarie in the same e t ion of the 
tr a,m rav r l wland with only occasional short incur ions into 

tb edge of bord rin g upland . Tlte Scioto ba in probably P,ad a 
pr glacial uraiuag line along it north-to- outh axi but it wa not 
oincident with the pre ent Scioto River. In th e unglaciatecl port ion 

of Ohio great chang of drain age hav r ulted from the blocking of 
northward outlet , but tb stream are only rarely thrown into cour es 
which hacl 110t been opened by preglacial drainage line . It i proba-
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dir tion 

age i due to low rate of fall. 
th rate of fall of the main tream i con iclered. 

In the unglaciatecl portion of Indiana drainao· 
inO'Iy m contra t with tb immature y t m of th ('l'la ia ted p rtion. 
Except in the "sink-hole region ' along tlt ut rop of the 
limf'Rtonfl (,' PP ]1 . 4 3), widely l>rm• hing OL' d udt·ili · t~y Ll.:iUl ' <:ll ' <.L v L

op d which are cut do~n1 to omparatively low and regular grad1 nt . 
In om ca e however the e valley have b n o ob tru t d by th 
glacial depo it which fill th main line of di charge that d flection 
of om con equence o ·cur. At och point th valley have tb 
appeara11ce of an immature tate of clev loprnent. The mo t cou pic· 
uou illu tration of ' U h a deflection i found in tb hio Valley at 
I;oui ' ville. Tbe tilling with gravel brought clown by the river 1 o 
gr at a to over pread a helf of rock on tb border of tbe 'all y. The 
stream in reexcavating it valley ba taken a cour e a little_ to tl;le 
north of the deep part of tbe pre<Ylacial lin e, and thu nc nnter d 
the rock helf. imilar li ght deflection occur on tb Ea t White at 
Shoal and at Rockford. The fall ou Ea t Whit~ at indo tan a few 
mil b low hoals are on ly in part due to the gravel filling. t that 
point the tream ba cut aero th neck of an old oxbow, tbe 0 Tavel 
filling beino- suffici ntly high to carry the strean:i over- a low point in 
the ridge that wa ncircled by the oxbow. Thi ridg i. now cut 
do,,TD. nearly to the level of the tream bed below the fall , o that 
carcely 5 feet of de cent i made over t he rock ledge at low wat r, 

and the falls are aid to be scarcely perceptibl at high-water tage . 
The y tern of underground draiuao·e in tbe lime tone ha been o 

complete that urface drainao·e line. are very poorly developed in v
era} countie of southern Indiana notably Harrison, 'vVashington, 
Orange, and Lawrence counties. 
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THE OHIO RIVER SYSTEM . 

nder this ystem is included the Ohio, on the boundary of Ohio 
and Indiana, and the mall trearns directly tributary to it above the 
Waba b. The veral Iaro-e tributaries, the Waba b, Great aud Little 
Miami Scioto, Ilocking and Muskingum, are each di cu d under a 

e1 arate bead. · 
The Ohio Rit er.-A survey of the Ohio River made by the nited 

State Army Eugineer bows the length of the stream from Pitt burg 
to Cairo to be 967 mil , of which t.he outbern boundary of Ohio occu
pi 446 miles aud tbat of Indiana 352 mile .1 

The river pr ent an inter esting serie of boals and riffl es sepa
rated by pools in which the water i deer er and tlle fall very low. 
The summary of the profile made by th e Army engineers show::; 1 7 
pool with over 7 £ et d pth at low water, which occupy 6322- mile·, an 
average length of 3.47 mile . Of these 127 pools above Loui ville, 
Kentn ky, average~. mile wi h a total length of 363 mile ; 60 pool 
below Loui ville, with a total length of 266 mile , bav an average 
length of 4.4 mile . 

On t he border of Ohio the riffles (103 in number) cover a combined 
length of 137 mil and have a total fall of 170 feet. The pool , with 
a combined leng th of 309 mile have a faU of G! feet, or but 2.5 in be 
p r mil . Th o-r at t fall not d for a iugl mil on t b border of 
thi tat i. at L tar Fall M ig ounty, where a <l scent of 3.2 feet 

wi b ad nt x eding .., ~ et per mile. 

• E . . Do . No. 72, H ouso of J~ prcsentnti,·o8, Forty.flr•t 
139-153. 

to 15 mile b low Cincinnati. 
a fall f but 3.5 inche . 

iu-
ection of the 
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citiz n to extend acros the ent ir bread h of t lt e tr am, but i dip 
toward the east bank ufficiently to allow tl.le pas -ag of boa.t wit n 
the rock of the western part of the tr am b d i abov the water ur
face. It is thought from well data that thi de c nt continu a tward 
beneath th bottom lands to a l v l a low a inn io-bb rin g part of 
the cllannel. Near Raven w od We t ir o·iuia ( fi o-. 76), ro ky r C 
are e.s.po ed at low water fully half wfty aero t h .·tr am b d hut 
w 11 ' on the bott.om land near the villag·e bow th ro ·k floor to b at 
lea t 25 feet bel w t he tream <Lt low wat r. At Loui · ille it i · fonnd 

Fto. 76.-Rock ledges e:\'1>0sed in the bed of th& Ohio River opposite lta,·ens wood , ·we t Virj(inia. 
The most striking features are the chann el and potholes formed by the s tream with Its burden of 
sediment. lrire are 11.lso found on these ledges, which are apparently due to the scratching by float
ing maa es of river ice, for the locality is outside the glncia l boundary. The resemblance to glacial 
strim is in places very striking. 

by wells and bridge soundings that a channel 25 feet or more lower 
than the pre. ent surface at tl:e head of the rapid lead outhwestward 
from near the south end of the Jefl'er onville bt·idge a short distance 
and then turn we tward, pa ing through the mid t of the city. 1 

Thus at the side of each of the three ruo t con pi uou rock reefs 
touched by the stream a buried channel apparently occurs. 

otwithstanding the great number of riffle and shoal~, the Ohio 
River is generally navigable . throughout the entire sea on for mall 

'Data on th1s subject were furni shed by Maj. William J. n~~.,· is . of the Louisville school board, 
and by Messrs John Ryan and John C. Oestrich, of the Lonis\'l lle l'ump Works. 

/ 
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boats drawing less than 3 feet of water. It is mt\igable for vessels 
drawing 6 feet of water during a few months of the early part of the 
season, but there is u ually li ttle traffic with such boats after the month 
of July. The canal con tructed at Louisville affords opportuni ty for 
passmg around the raptds durm g low water. During high.water stages 
the boat are able to pa s over the rapids. In fig. 77 the average range 
in th st age of the lower part of the OhiO throughout t he year may 
be s en . The diagram i con tructed from table published by the 
United tate W eat.her Bureau. 1 

The valley of the Ohio River along the south boundary of Ohio and 
Indiana is very narrow except for a few miles near Louisvill e, where 
it has expanded itself in the Devonian shales, and iu the south western 
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FIG. 77.- Diagram of average yearly fin tuations of OWo and Mississippi r ivers. 

portion of Indiana in the Coal 1easure . Its narrowness ha been a 
ubje t of r emark from the early da.) of settlement. There are very 

few place b tween Pitt burg and LoUI ville where it width exceed 2 
mile and u ually it i carcely more than 1 mile Wide. In the vicinity ' . of Loui ville wher it eros es the low t ract formed in the De\'oman 
bale it bas a width of perhap 4 miles, but upon entering the Knob· 

stoo e carpment below the mouth of Salt I 1ver , it narrows abruptly 
to a width of abo~1t 1 mll e, and r malll narrow for nearly 100 miles in 
its passage throno·h the llard bed of Eocarboniferous age. It ~IJ en 
enter tb e Coal Mea ures and oon attains a w1dt h of 6 or 8 miles, 
which It maintains for much of it cour e to Cairo. Tlle only exception 
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is found wll re it pas es the elevated rid cr u low lla wneetown at 
which pla its width i reduc d to a,bou t 22 mil . 'J h depth of t he 
valley range fro m about 600 ~ et down to ·care ly 100 feet, b in rr 
greate t on t he bord r of t he "Pan llaudl of W t Vi rg inia and 
lea t in the low r portion of it our. e. lt' d p th ldom fall below 
300 fe ti n the portion abov Lou1 ' Yill e a11d Jll'Obably ay rages 450 fe t. 
The narrow portion b low Loui vill i ' about 300 ~ t in d pth. 'I'h 
broad portion at Lonisv.ill and in the low r pnrt f it cour are but 
100 to 150 feet in depth . Tbe work done by the riv r in x a ating a 
narrow valley t hrough the leva,ted di ' tri t i , appar ntly c mmcn u
rate '\Yith t hat accompli heel wh re it ha r del a wid vall y in l w 
di tri ts. 

TIJ c entire work of th tr am, lt wev r i 
been accompli b ed by a draina ·e l i11 of tbi 
begiuuing of development of drainarre lin in propor-
tion to 1t . ize than the work accompli. 11 d by tb mall tributari 
which enter it from soutb m I ndiana. Tb xplana.tio n f hi m ao·er 
amount of work i found in t he enlaro· Ill nt of th Ohio I iver in r nt 
time . Inve tigation now in progr indi •ate that. ev rnl ind p nd-
nt draina,ge line wh i b formerly led north ' ard fr m tiJe ppalar.IJian 
1onntain aero outhw tem New York 110rthw tern [ nn 'ylvania 

and Ohio into the Lak E n e ua in, l1 aYe b en t1111 ted to form tl t pr -
ent Ohio. '.[be full extent of the. e bang i ' not yet d termin d nor 
are all of the out! t ·for the old nv r y t m ati ' fnctorily tra d · 
but euough is known to ju tify the tatem ot t hat the mall siz of 
the valley of tbe Ohio i at ~ri butable to the recent uni u of th 
independent drainage ystem . 

Le ser tributal'ie of the Ohio.-B tween the mouth f th Or at 
Mia,mi at t he ea t line an l the mouth of the Waba l1 ~tt the we ' lllle 
of Indiana there are 110 large northern t ribntari ' of the Ouio. Tlli i 
owing to the fa t tllat th e drainag of t he gr ater p<trt < f lndmna 1 
we tward or outhward to the Waba ll i11 tead of outbward tllrectly 
to the Ohio. At a po int a few mile we. t of i\Iad1 on Indiana, a drain
age li ne heads w1t1Jin ;, mile of the Ohio, and yet I >ad we ward to 
the Ea t ·white and t hence acros , the tate to the Waba h. Sen.rly 
all the tributar ies of the Obio iu outhern Indwna bead wttbin the 
lim1t. of the connt ie that boruer the river, and ou equently h ave u, 
length of les th an 30 ru1le . Only two, Blu Riv r a nd Laugheq 

re k, Lave a length of 50 miles . In Olno the four mam north rn 
tributaries, Great a.nd Li ttle Miami, cwto, and Muskmgum, ab orb 
nearly a ll the dramage. few bort t ributarie head between t ile 
trunk of the e large ystem::; and di barg dir ct to the Ohio. 

In outhwes em Indiana, where th a lt it ud i low, the -tream have 
very little fall, and are occupymgbroad, shallow valley , wiJich are not 
infrequently fi lled to depths of 50 feet or more with mar by alluvmm. 
In the more elevated tract , who e western border is between Hock port 
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and Cannelton, India11a, tl1e stream present valleys cut to a corre-
pondi ngly greater depth. Their bottom are narrow aud well drained, 

tbe fall of t he treams being adequate to give rapid e cape for the ur
plus rainfall. Tbe str a ms make a descent of 300 to 500 feet, in many 
ca e within a diF> tan c of 10 to 20 mile . otwitb tanding thi g-reat 
de cent ther ar very few waterfall . The only notable ones occm· in 
ontllea te.r11 Incli~Lna, wh re the drift deposits have ob tructed the 

precrJ a ial valley and Jerl to the d velopment of new line of drainage. 
In th ung-laciat d portion of outhern Indiaw1 and in outhern and 
onth ea tern Ohio there ar but few rock rapid , and, ·o far as the 

writer i" awar , no waterfall . 
Tho gradients of , tr am , tllough te p ·bow a gradualle sening in 

rate of de cent in pa ing from ource to mouth aud a general eli regard 
for bardnes of ::;trata, uch as r ults only 1rom maturin g of a draiu
a o·e y tem. The rapid rate of de ent i not favorable to tl1e develop
ment of broad fl.ood plain., yet there i ' u nally a fl.o d plain having-
everal tim s th e breadth of tbe stream b ed. In thi respect the tribu

tarie a , noted above, h ave a· ·ompli h cl more work in proportion to 
th ir iz than t ho Ohio. It is difficult to realize that the broad valley 
of soutbwe'tern Indiana 1 or 2 mil e in width, were begun at no earli r 
date than the narrower valJeys of the hig-h r eli trict, yet nch i ap1 ar
e!Jtly t be ca e in the Indiana portion and also in outhwe tern Ohio. In 
outbeast rn and , ontb rn Ohio chang of drainage, which hav 

r ul t din a,n ularcremeut of th Ohio aod a, deep nitw of its vall y 
can d a de p oiu o· of the tributarie' and he de elopment of 
. Th .' gor in tbe oath a t part of hio ba> , at th ir 

mouth d ptb of 150 to 300 feet below th old gradation plain' which 
op n ut int the Obi at he e hi gh l v 1 . 

ith th xc ptiou of a, .ti 1 te >am in onthwe t rn Indiana, the, e 
mall teibutarie f th Ohio bave wa ee pow r of on iderable value. 

a w U a a'rmill , utiliz d thi pow r xten ively in the 
< rly day f ettlemeu t, b for team mill wer introduced. Bh1e 

J'iver, in outh rn Indiana, till nppli everal o-ri tmill 1 but on tlle 
maJ ri y f t iJe tream tb water power i a.bandon d. In general 
th e ·mall tributaric main tain a good flow tbroughout th dry ea on, 

tb lim ton a nd aud ton trata. which they have cbann eled 
oft n furui h copiou ·pring-R. In ome case a sin erie spriu n· furuishe 

nongh water to run a mill. IIani on , pring-, a tributary of Blue 
1 iver, near hit loud Indiana furni he n ugh waler power to 
run both a g ri t mill and a awmill. 

In tb r port ou W<tter power of hio trea.m , in the Tentll en us, 
I rof. Dwicrbt Porter furni be a tab le howi11g that the minor tribu
tarie of th Ohio iu that tat w r at that time upplying 1-0 mills 
and other roanufa tm·inn- stabli bment with ,a total of 3,..,66 bor e
power.1 

• Tenth 0, "l"ol. XYII, pp. 4 7, 4 
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There are conditions unfavorable to th u e of water pow r on por
tion s of e\·eral tream in outb rn I ndiana. Th limestone b lt of 
Harrison and Crawford oun tie ll a, a,n xten ive ubterranean drain
age, and it i not r are for a urfac tr am to lo a portion of it water 
through 1 a,kage into tb ubterraneau channel. In thi wa,y Indian 
Creek, ju t below Corydon, b , omes throughout mu h of the year 
entirely dry. Tiler i · al. o a di advantao·e r ult ing from t he ba k 
water of t be Ohio. Thi. , h owever, affe t tb tream only for a, hort 
distance near the moutll and fo r a few day or u,t roo t a few w ek , 
of tlle year. 

THE WABASH RIVER SYSTEM. 

The drainage ba in of the\ aba h mhrac ~ an a,rea of n,bout 3 ,000 
square mile , eli tributed a, follow : In Ohio, 400 ' quar mil , · in 
Indiaua~ 24,350 quaremil ; iuJIIinoi' ,2 0 quaremile . l tdrain 
therefore, lightly more th:tn two-third ' of Indiana, the a,r a of tlle 
State b iug 35 910 quar mile . Of tlte portion in Indiana, abou one
half i embraced in the drainage area of tbe Ea t and \Y tV hite 
r iver . Byincludin<Y the clr:tinag a,rea with tl1e "\Vaba h th ntir 
water bedha a nearly ymmetrical, broadlyova.teform . otio ludin ()' 
the White River ystem, the Waba h water bed i au un ymmetri al, 
elonO'ated tract, urving around hite Ri r. 

But a mall part of Lll V a!Ja ·11 w~tter:ued li , ouL ·ide Llle gla ·i~tl 
boundary. The Waba h and vYe, t Whit river lie within that 
boundary forth ir entire length . The Ea t Whit flow in a gla iat d 
region to we tern Jack on County, bnt from that point to w tern 
Martin County i in an unglaciat d tract. It nt r a drift-cov red 
di trict in it lower conr e near the corn r of l\Iartin Da i 
Dubois countie but apparently occupi it preglacial va ll y ther , 
as in the unglaciated tract. The greater part of thi, sy tern being 
within the limits of laciation, and in a region where the drift oat
ing i ufficiently thick to couceal more or le compl t~ly the pre
glacial valley , i t ha been largely developed i n interglacial and 
post<Ylacial time. 

Wabash R'iver.-The valley occupied by the Waba h River ha n t 
had a uniform development from source to mouth . In it upper part, 
from the source to Runtin!rton, Iodiana, the va lley La b en entirely 
form ed by the present stream and is a slJallow and narrow trench. t 
Huntington the r iver enter the old westward outlet of a gla ial lake 
that occupied part of the basin of Lake Erie, and which has a valley 
several times as large as that occupied by the Waba h above tbis point. 
This old lake outlet open d a new or postglacial line of drainage in it 
westward cour e acros Indiana, except for a few miles in the vicinity 
of Lafayette, where it crosses or follows a p reglacial valley for a few 
miles. I t ha been compelled to do considerable excavation in rock 
from Huntington down as far as Covington, and still carrie rapids at 
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several points. Below Covington the stream follows very nearly the 
line of a partially :fill d preglacial valley, and it work bas been 
largely the removal of a portiou of the glacial depo its left in that 
valley. I t make , however, some deflections into the edge of the 
upland , cuttmg off points of the bluff's. At sueh places the channel 
i occa ionally in proce of excavating rock. The cause for the e 
deflection i not in all ca es clear, but i t is probable that in the 
majority of ca e the filling wa uch that the tr am wa free to pa s 
a ros th e point , and thus take a more direct cour ·e than that of the 
old lin e around ther:i1 . In ome ca e · it i possible that the ice beet 
may have had it ea tern edge along the line of the Wabash ·ufficieotly 
long to can a tream flowing on it border to ut across projecting 
point . 

The length of the valley occupied by the Waba. hi about 450 miles; 
bu t the leng th of the tream i fully 500 mile , for the river in it lower 
cour e make ever::tl xbow curves within the valley. The source of 
th ri verisabout1,000feetabov ti de,wbileit mouthatlowwaterisbut 
311 feet. The average fall, if w e t imate the stream to have a length 
of 500 mile , i tiler fore about 1G~ iuches per mile. The r ate of de cent 
is far from uniform, being much more rapid in the upper portion t han 
in the lower. 'Ib rear al o many rapid ' eparated by pool or slng
gi h 1 ortion of the . tream. The elevation of the · tream is accurately 
d t rmin d at many point , bnt in th ab nee of a careful measure
m ut f th l no·th of t h . tr a,ru the rate of fall i only approximately 
k n wn . Tb •tion ~-bov th poin wh re the river nters the old 
la,k ntl t, e tiruated to hav a l no-th of 100 mile , ha a fall of about 
3 0 £ t, or 3 fi t p r mil . I ai lway level and canal ur eys at he 
point wb r th riv r j in th old lake outlet how i t elevation to be 

ry nea,rly 700 fe t abov ti le, t h altitud r ported varying between 
G9G and G9 fe t. Tb anal urvey b low un ington show a fall of 
3, fi t to th mouth of the alamoui , a di tance of about 15 mile , 
and a fall of 3.,t, feet between the mouth of the alamonie aud the mouth 
of the [i is in wa, a di tance of perbap 20 mil . In the next 20 
mil to Log-~~n port, th re i a fall of 50 fe t. F rom Logan port to 
Lafay t , a di ' tance of a bout -o mile , ther i a fall of 77 feet. From 
I.1a fayette to tti ·a, a di tauc of 2 mile , the fall i but 19 ~ et, and 
from Attica to ovington, a eli. tance of 20 mile , but 17 feet. From 

ovington to Terre Baut , a eli tan ce of about 55 mile , there is a fall 
f only 22 feet, tbi b ing the low -t o-radient for o lon g a ection 

fonnd on th ri er. From T rr Haute to the mouth of White l~iver 
an a curate urvey by the nited IK'ttes Army engilleers how a fall 
of 71.1 fe t in a di tanc of 122.55 miles, or about 7 in he per mile. 
In thi eli tance there are 13 riffle , ea b but a fraction of a mile in 
l no-th, which have a combined fall of 17.86 feet. Th e reduce the 
fall of tb 120 mile not mbraced in the rrffles to 53.32 feet, or 5.33 
inches per mile. The greate t fa.U at a riffie in this ection of the 
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Waba h is a.t rand Rapid , ju t above th mouth of Whit Hi r, 
wltere it amonnts to 4.5 fe t. 1 Tll fall fr m th mouth of tb Wbite 
is 65 feet in a distance of p rhap 00 mile by tll windin o· of the 
tream . Th following tabl iu ltule tb data upon w!Licb til - above 

statem n t. n re marl : 

Tab le of alt itudes a ncl dista nces a/onq Tr'aba h R iv r. 

[~ ... -.. L.~•<i ·· ·········· ···· · ·· · 
H nntmgton ...... ... ..... ...... .... ..... . 

Es t i111 nt <I Alt i Lml . distn n 

J f iles. Feet. 

.0 1, 000.0 
100.0 699.0 

i\Ioutltof :tlamonie RiY r . .... ... . ..... .. . 15.0 6G7.0 
Mou th of )!i issiuewa Rh·er .... ......... . 20.0 633.0 
Lo<ra n por t .. .. . .... . . ____ -- - · ---- ---- ... . 20.0 
Laf:tyctt .... . .. .......... .. .. ..... .. . .. . 5 .0 
Attica .. .... ___ _ ----- - . . ..... ... . ..... ... . 2~ .0 -l 7.0 
(;ovin g toll . . .............. . ... . . .. ..... .. . 20. 0 ~70.0 

Terre Ha ute .... .. .... . .... . ... ...... .... . =-;:; .o 4H. 7 

tate l i no . . . . ..... ..... ... .. . ... . . .... ... . 11. 6 4-lO. 6 
R ut om ·illc, Illiuoi .. . .. .... ---- -- .. . . .. .. 29. 0 42 L 6 
Vi ne nn cs ..... . . . . . .. . .. .. ... ---- .. .. ---- •16. ~ !!9 

I 

F nll pe r 
mil . 

f ncllrs. 

00. 0 
3 .00 

20.40 
0. 00 

1 . 4 

9. 12 

10.20 
4. 0 

5. 0 

G.60 
6.r.o 

~foutb of\\ hi t. Riv r . ......... ..... .. .... 1 
Grayv ill e, llliuoi .... .. . ------ .. -- .... ---- I 
lll outh of Little Wa ba h .... .. .... . . . ... .. 
I outb of river . .. ... ....... . __ ........ . .. . 

32. 5 3- 6. -
2 . 0 365.0 
4.6.0 323.0 
16.0 311. 0 ______:___ill 

In th early days of ettl ment tlte W aba h Riv r wa made n e of 
for the hipment of produce down the tream in barge · but upon the 
con traction of the Waba hand Erie anal, which lead from Terr 
Haute up the valley to Huntington and thence up the old lake outlet 
to Fort Wayne and down the Maumee to Toledo, the hipmen-t of the 
upper portion of the valley changed to tlle ea tern eaboard, and the 
shipments down the river were largely di continu d. •The river 
has, therefore, been but little n ed for navigation. lt would require 
a great amount of improvement to render it navigable at ordinary 
stages, and the demands of commerc seem at pre. ent ·carcely to 
justify any outlay. H.ailways cro s or follow tlte valley in such a 
manner as to offer the be t of facilities for shipment of prodnc . 

Tile canal, long used a a mean of water tran portation, bas been 
supplanted by the railroad, but is still partially utilized a· a hydraulic 
force. The citie along the Waba h from Huntington to'Terre ante 
may thn , at comparatively sli ght expen e, avail them elves of an 
excellent water power. 

' Geology of Iud1ana, Thirt enth Report, 1 83, pp . 69. 70. 
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Salamonie Rive1·.-Tbe Salamonie River, a outhea tern tributary 
entering- the Waba h a few mile above the city of Waba h, ba a 
length of about 75 mile . It ource i on tbe northern slope of tbe 
elevated lime ' tone di trict of eastern Indiana, at an altitude of about 
1,000 fe t above tide. Throughout tbe greater part of it cour tlJe 
river follow n. plain on the outh border of tlJe Salamonie morain e. 
It de cent i mea ured by the de cent of the plain, ex ept iu the 
lower 40 mile , where it has deepen ed its channel to nter the old lak 
outlet. Sufficient time ba not elap ed ioce the river began flowing 
for It to form a reg·ular gradient. It can carcely be said to bave 
dev lop d any valley exc pt in tbe lower 40 mil the b d of the tream 
iu its upper our e being . eldom more than ~0 or 2- feet below tbe 
bordering plain . The de cent from Portland to .Montpelier is le 
than 3 ~ et per mile, but in tb 40 miles from 1:ontpelier to the mouth 
tb averag ·de nt i about 4 fe t p r mile. 

The Mis issinen·a Rh·er.-Tbe 1\Ii i sioewa River, a outhea tern 
tributary •ntermg tbe Waba h near Peru, ba a l ngtb of about 100 
mil . It sourc i in we. tern Ohio 10 or 12 mile. beyond the tate 
lin , ou th north iope of th elevated lime tone di trict wbi b 
occupie ea tern Indiana and western Ohio. At it ource the altitude 
is proua uly 1,100 feet above tide. In the 25 mile from it our e to 
Ridg vill , Tndia1ta , h tr nm ha a fall of about 5.5 feet per mile, 
de endino- with t b I lain, whi ·h it follow on t he outh border of the 
Mi i in wa morain and ·uttin but 15 to 30 fe t int th plain. 
•rom Hidg vill to .Mario11, <t di tauc of 50 mil e, the rat of fall i 

but littl m r than 3 £ t per mile. Tl.l tr am in thi di ~tan e lia 
d p n d it bann J li o-btly, but at larion i carcely 50 f< et below 
tlie bord ring plain . Tll mo t of the work a ompli bed by the tream 
i in tli e tion betw n Marion and the month a eli tauc of only 30 
mil · . It fall in tlii ction is about 5.5 f, t per mile, or fully a 
o-rea as in the 11 adwat r. Tb · d pth of th chanuel in ·rae from 
about-of tat Marion t fully 100 feet in t lle vicinity of it mouth. 
It i x avat d main] in drift, but at om points lia extend d a few 
f, tint tb underlying r k tra ta,. 

The low r porti 11 of tbi tr am furni he wn.ter p wer, which ba 
b n put to ut;e at veral point . 

1JJellU r .-E l River, a nortbea tern tributary of the Waba b, euter
inrr at Logan. port, ha, a l ng"th of about 5 mil . It' ource i on the 
inn r border of tb oT at interlobate moraine a few mile nor h of Fort 
Wayne,atanel vati nofabout850feetabov tide. Theaverao·efallof 
the trenm 1 very n arly 3 ~ et p r mile, tlle l vation of the mouth 
being 5 ~ :C et. TIJe follo,ving table of di ta n ·es and elevations i ba ed 
UI ou illiam. , J i ·t of altitudes giv n in the TeutiJ H.eportof the Iudiaua 
'eolog i ·al urvey. 

1 GEOL, PT -!--29 
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..1 1/iturlcs along l!:cl Rivet. 

I I 
Ui Rtl1 1l tt.' 

from uw u th . 

~o urt, al.Jo n t . . ... ... ... ....... . . .......... .......... 1 

Colnml.Jin ity ........ . ... .. .. .. . .. .... ....... .. ..... ! 

~~~~~~;~~~ ; ;~~ ~ ::::: :::::::: :::: :::: :: :::: :::::: ·:::: ::::I 
X orth Ma n ch ester ... ... .. .. . .. . .. ..... . . .. ......... . . 

' EPLHiverra ilroad bridge in :'lli ftllli ounty . .......... . 

)Iou th at Lo<>'an port ... .. .. ........ . . . . ..... ....... . 

Inthi ', tream a in t he Ii 
port ion lin 

V. ar a \L 

.lli/e<. 

.i 

70 

50 
1:\ 

:o 
0 

.t\llit\111 0. 

,..t'rl. 

30 

lG 
76 
750 
7:11 

we ·twa.rd to t he point " ·It e t l1 agin::t\T and E rie mor;:tine m L' 

di fferentiated. It then pa through a gap in the ag-inaw morai 11 
and en ter a andy plain form rl y occupiefl by the ~- at rs of t h "'la ial 
lal•e Kaukak e . fter raver in g tbi ]lain a di tance of about GO 
mi le it 1 aYe the old lake ar an ar Monti cello an l pa t il roug h a n 
Eri moraine which follow the nortlme t bord r of th v\'abasl1 Hi,· r 
aml enter the Waba h from a 11 a1TO\T plain on th r inn er lop or t lii 
moraine. 

A lthouo·h bord red iu plac s by elevated knoll and ridge iu t h 
u11per portion of it con 1· e, it bas 110 wcll-<1 tined vall y, n r ln1 it 
excavated a valley of mu ·h dq t b in tb old lake bottom. !J' h 111aiu 
excavatio n occur in tl1e low r 30 mile, OL it ' co m"c, and ev 11 h r 1t 
chann el i · narrow and carcely r a ·hcs 100 feC't in d e ptu. In t hi l w r 
portion t h rate of fall i . about 3 :D et per 111i I . 'rl10 fall i le. · i 11 t li L· 

ectio,u traver in g tlw old lake bottom , l> ing- about 1.)0 feet b tw en 
Roche t rand Monticello, a di ·tan e of GO mil e . 'l'h eg-r a t fall of the 
upper portion i chiefly mncl i 11 short ~ections co nn ecti 11 cr mars be 
·who e le,·el become ucce ively low r in pa ' ing down th e ~ l ope of 
the moraine. 

Th e lower portion of the tream fumi . 11es water pow 
b een utilized at everal points by tlouring mill . 'l'h 

r which lias 
ource of t he 
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str am being in a region feel by mar hes, the run-off i more regula.r 
than in the a e of rivel's with better-tlrain d areas wlt ich have a rapid 
run -off. lt eldom therefore, rea ltes a ufficiently low . tage to le sen 
th Yalue of t he wat r power. 

mall tributa1·ics of the n abash between 1'ippeC(tnOe and White 
1·ire1· .-Below the mouth of tbe Tippeca11oe there are several reek 
bavi ng a 1 ngth of .) to 75 mile . On of the longest i Wildcat 

re k whiclt enters from the ea t ju t above tbe city of Lafa,rette. 
Tlti . tr am ha. a 1 noth of about 75 mile · and a fall of fully 400 feet. 
It · course bein g through a, till area wh re tbe rnn -off i rapid and but 
a mall portion of the rainfall r ea hes th stream by percolation, iii i 
" ry irregular in it volume, b ing flooded at times of fre bet and 
n a rl y d.ry in ea. ou of drouo-ht. 

n•rar Ore k another ea tern tributary which enters in northern 
Park County i also fully 75 mile in length and has a fall of not less 
tllau '!00 f t . The lower c ur e of tbi tream is in place excavated 
in rock trata to a depth of 50 to 75 feet or mor and furni h mu h 
1 ictur . qu cenery. Lib~ V\ ildcat 'reek, it i ubject to great varia
tiOn in Yolum b au of the rn,pidity of it run -otr. 

Other tributnri . worthy of m ntion ar e Coal reek, which ent r in 
. outhern Fountain un ty, wbo e length i about 35 mil ; Big l'inc 
' r ek, a northern tributary entering near "\~ illiarnsport, which ha a 

I ngth of ab u -1 lllil ,· · Bio- Ra ·co 11 r k 'rhi h nter neat' Monte
zuma in w t rn rark' ' ounty and who e 1 no-th i not 1 ·' than 60 
mil · aml Bus ron r 1;:, which nter the "\\'"n,ba b about 10 mile 

and ha. a 1 JWth of ab ut 35 mile . Two we tern 
Wa,ba h, Rio· V rmilion an l Little\ ermilion riv r 

nt r 1t within tb limit · of Indian a, but tb it· drainage ba ins lie 
almo, t ntir ly in lllinoi . 

Bio·I a oon till fumishe water pow r for Yeralmill , but t nm 
i u ·ed part of th ;:, ar in \7 ry insta,11 e. Mnny mill on the stream 
.in tm ntio11 dhav>b nabandoned . Byajndi ion y t mofpoud
ino- th y probably woull furui h a offici nt aJllOt\nt of water for 
or linary milli n"' 1urpo es. 

1\ 'est While Rir 1· .-Th hief tributary of the "\\ aba h i West 
White Hiv r , which nter. it from the ea t a a point about 90 mile 
from th , moutlt. If"- in ·lud witlt tb "\Ye t White it ntire system 
of tll'ainnO' it will mbmc about one-third of tbe tat of Iudiana or 
an area abont a1'l great as that. rlrained by the V\ aba h and it other 
tributnric ·· witl1in that at . 'Ibe West Vi !lite proper, how ver 
dmius only ab nt on - ixth or tbe tate, tb draina o ba. in of tlJe 
En t "\\ hi to, it principal tributary being nearly a great a that of 
th main river. 

'Th onrc' of tbe We t Wllit H,i,· r i in Handolph County, near the 
ast lin e of tho Stat . The courf\e of tbe tream i we twanl to Hamil 

ton oun ty, a distance of nearly 75 mile ' , where it tul'll abruptly 
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southward and lead in a to tb 
Waba ·II H.iver, 

The leng-th of tl1e valley of tbis tream i ' about .,75 mile , bu tbi ' 
doe not repre eut t li c I uo·tlt of the tr am for in its I w r p~Lrt it 
wind · greatly within it vall y, adding l)erltap another huutlr d. mil 
to its length. 'I be e tim;tte gi u b low m·e, l10w ver, ba d upon tb 
length of tbe valley ra h r than tltat of th tr am. Th y indi •at the 
condition when th stream i out of bank, a i · a ionall tb ca e in 
bio-IJ .water tage . 

tit ource the stream ha nn levation of 11 than 117- f et, 
while at it mouth the 1 vation i but 375 £ t abov 
therefor an av rag- fall of n arly 3 f et I r mil , or mor 
the average fall of the vVaba h River , ud about fiv tim 
fall of the portion of the Ohio alouo· th uth b undary 
In its upper 15 mile the fall i e timated to be abou fe t I r mil in 
the next 25 mile about 6 feet, and in the u c ediug _o mil about 5 
fe t, making- a fall of 375 feet in a di tan of GO mil whi ·h i 
near th city of nder on. low And r on the fall for th 
to Indianapolis i nearly 2t feet p r mile. low Iudianapoli ~ for 
about 30 mile , the fall exceed 3 £ et p r mile. In the r m ~Liuiug 130 
mile · of it course there is a fall of but 1 5 feet, or lightly l than 11 
feet per mile. 

v ith uch a rapid fall and witll the large volum of~ ater whi h i 
carried by this tream xcell nt ad vantage ar ~Liford d for th u.. of 
water power. But o far a th writer ~.:ould a ertain th r are no 
mill in us below ludianapoli , and tho on th . headwater are g n
erally idle. The headwater portion of thi tr am l ad thr ugh th 
midst of the natural-O'a belt of Indiana, wh re fu 1 for manu fa turing
or milling purpo ·es can be obtained at nell light xpen e that water 
power i no ch a per; indeed, it i more xpen iv ometim~ to k ep 
the dam in order than to obtain the gas for fuel. hould the npply 
of ga greatly decrea e and th co t of obtainino- it b come gr nter tban 
that of keeping the dams iu repair there will naturally b a r turn to 
the use of the water power. 

'Ihi tream, like the Waba h, can not be navigated except in flood 
tages, uule expen ive improvement a.r made. It ba iu part a 

rocky bottom, a feature which would make improvement of the chann 1 
expeu ive, as would al o the rapid fall. 

Aside from its main tributary, Ea t White River, t here are but two 
tributarie of White iver which xcee<.l 50 mile in lengtl1, namely, 
Fall Creek, au ea tern tributary entering ju t above Indiamtpoli ' , and 
Eel Hiver, a we tern tributary entering at Worthington, in north ru 

reene County.' There are seven~l tributaries with a length of over 
20 miles, as follows : Pipe Creek, wh ich drain northern 1\Iadison 

1 This river obould be distinguished from a stream of the same name entering th ~Vabasb at 
Logansport. 
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Coun ty, length about 2- miles · Duck reek , drainin g t h e d i t ri t 
imm diately we t of I ip reek, length 20 to 25 mile ; icero Creek 
dra inin g outlJ ern Tipton a nd north rn Hamilton countie , length about 
30 mile ; Eao-le Creek, draining outlJeastern Boone a nd northwestern 
Marion countie , length about 40 mile ; Lick reek draining ea tern 
Hendri k a ndnorthernMorgan ·ounties, len o·th about Omiles; Indian 
Creek, draining ou thwe. tern Johnson a nd southern Morgan countie , 
leno-th 20 to 25 mile. ; Bea11blos om Creek draining northern Brown 
aud northern 'lou roe conn tie , length about 4- mil e ; R ichland reek, 
dra inin g northea tern reene ouuty, l cn o-th abou t 25 mile . 

Fall r e k b a., an el vation a,t it ource of at lea t 1 000 feet and 
at it month of about 700 :D et. Fully lJalf of t he 300 fe t of ue cent i 
made iu the upper 20 mile., l 'a.ving a fall of 150 feet for t he lower 40 
miJ s. 

B 1 Ri er ba a length of n earl y 100 milP.s . It ea t fork, known 
as "Jlill r eek i · about 40 mil es inl n o-th, and i ts west fork, known a 
Walnu t re k, fully 50 mile . B elow th junction of t h ese fork t he 
s tream ha a length of abou t 45 mil es, if the mi nor winding of t he 
channel ar di rega.rded. Thi trealll in the early d ay of ttlement 
furni bed water power for everal mill but wi th the building of rail· 
wn,y rutd e tabli hmen t of . team mills at t he village th wa,te.c power 
ha gradu ally gon into di u e. 

East Whit Rit•e1·.-Tbi la rg tributary ente r the We t or main 
Whi t Hi,- r about 40 mil abov it moutl.l. It drain he eli trict 
imm di< t ly a ·t of t hat drain d by tb main river and l1a an area 
neat·ly a g r at th r b in g abont one· ixth f th tate tributar y to it. 

'Ih<' 11 ad water port ion abov C lnmbu Indiana i u ually kuown 
by tbe uame of Blue l iv r, he na me Ea t bite being applied to the 
tr a m b lo'v i t jun ·tion with FJatro k r ek at that ity . Tbe name 

Driftwood i a l a1 plied to tb lower portion of tbe river. Ina mu h 
n til r i another ~ tream within t he tat call d Blu I iver, it i 
unfor nuat t hat t bi name i applied to t h headwater portion of East 
White. • 

Tb upp r balf f the drainage ba in of t h Ea t White River lies 
wi bin th o-laciated eli trict of ea tern and outheastern Indiana. 
Th tr a ms find their sour in the elevated iagara lime tone belt. iu 

ea. tern part of t b tat a11d de cend rapidly w tward to _the 
D von ian shal · ar .a .. Th e main stream 1 ad t hrough th w tern part 
of t h dra in ao- l>a in and h ence r e eive n early all it tributarie from 
tl1 ll t. 1.'be ura,inag ystem i therefor , very Ull ymmetricaJ. 

.\l tliOng-lt th b ad water tribntarie mak a gr eat de ent in pas -
in o- fr' m the ia ara down to t he ba in of D vonian ·hal e they have 
carve l very in ig uifi cant channel· . The vall y are usually. o hallow 
th a t th ir brid o- · may be -een for mil ba0k from the border . of the 
stream . portion of t he fu catatuck drainage sy, t m i , howev r, 
characterized by deer er cltann I . a feature which i probably attrihu-
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table to the OTeatE>r arre Of that ystem . 
the new r drift, while the princip, 1 ribntari c 
ther north flow tl1rougbout most of th ir our , within 
the UeYI'Cl' drift b et.1 

limit f 
far-

limi f 

'Ibe north rn tributarie Blu 1 iver and F latr ck 'r k, lt av tb ir 
nry ' unty <l>t a n 1 vation of ••bout 1 100 
a desc n t of about 500 fe t in tl1 100 mile 

averag fall i ' very 11 early 20 inch p r mil . In tb r ntnmiu g l25 
mil s, where th tream i flowing in a preglacial va ll ey, the fall i 
auout 10 inche per mil . In thi. portion there ar 110~\· \ ' r, OCC::L· 

ional riffle and rapid in whi ch a d nt of · vcrn.l f et is made 
within a mil •. The mo t onspicuou · f t h ra pid i at Hindo ta u, 
where a fall of about 5 f t ccnr . \. t thi 
already noted, bas ut off an old oxbow and i 
the ridge encircled by the oxbow. 

Th Muscatatuck Hi er, in it low r 25 mil ha 
pared with tba of then irrhbori ng tiou on .Ba t 
tb railway cr ·ing outh of S ymour the b d of th cat< tuck i 
40 feet lower than at tlle ro ing on tlle Ea t Wl.tit immediate ly north 
of 'eymour. Thi difference in rr radient i · due to a filling of the Ea t 
White \~ alley by depo it of gravel at the lat r i ·e inva ion. - the 
Mu catatuck lrainage , y tern lie out ide th limit of t hi later ice 
inva ion or the reach of it water its Ya1ley remain until! d. The 
fall on the lower 25 mile of the Mu catatuck i apparently not more 
than 10 feet, while on Ea t White Riv r, in the 25 mi le abov tho 
mouth f th :Muscatatuck, there i:,; a fall of al ut 50 feet. 

The portion of the Ea t White River Valley lying within tbe ungla· 
ciated di · trict of outheru Indiana i cut to a ·omparaMvely low 
gradient, notwitbstaodinrr th hard rock formation tbrongb wbieh it 
cour e i carved. The valley at pre ent i~ sil t d up to a height of per
haps 100 feet <tbove the preglacial rock floor. Tb b lufl' ri ·e 200 to 
300 feet or more above the pre ent valley uottom, tbu givin g the pre
glacial valley a depth of 300 to 400 feet. "otwith tandin g t hi great 
depth and the hardn . of the formation, the width of the vall y is 
eldorn reduced to les than one-third mile, aud probably average more 

than one-half mile between rock bluff . The valley of tui tream, 
like that of th Ohio in the cone ponding section, pre ·ents a erie · of 
oxbow curve , with v ry little straight channeling. 

Within thi unglaciated portion the Ea t White receive one impor-

xtent of the newer 
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taut northern tributary, alt Ore k. Thi st.ream ha a length of about 
60 mile from H · b ad water in Brown ounty, to its mouth, ncar Bed
ford, in Lawrence County. It drains the greater part of the elevated 
di trict in Brown, Jack on, 1\fonroe, and Lawrence countie . In it 
head\\·ater I ortions, in Browu County, it lla valleys cut to a depth of 

011 an d occasionally 500 feet below tbe level of tbc neio·hboring bills, 
and ll a developed a dendritic y tern of drainage strikingly in contra t 
"·itlt the irreo· ul ar and nn ·ymmetrical drainao-e y tern of the streams 
within the drift-covered region to the north and ea t. At it head
water he valley have been filled to a marked degree by depo, it of 
~<'a nd and gravel made by tream i ~ . ning from the do-e of t!Je ice which 
for a time overhung the northern portion of Brown ounty. The val
ley i apparently fill cl to nearly a great an extent as tl1 portion of t lte 
Ea t \\' hi te with which it connect ·. Its rate of fall i more rapid tban 
that of the Ea t White, but i le rapid tha,n that of om of the large 
streams of the o·laciated eli, trict. The fall of the north fork from Na h
ville a few mile from it ource, to the mouth of the stream i only 
abou t 150 feet, r .-carcely more than 3 feet pel' mile. 1 

Lo t River, a tributary enterin · EMt Wbite River from t lJe ea t, in 
OLttltem 'fartin County, ha :L leno-th of about 50 miles. The peculiar 

. ubterranean drainage of a portion of tlti stream i · rli cu ~ ed below 
(p. 4 3). It ha a very narrow dra inage ba in compared with that of 

alt r k. 
It i rt>p rt d that the Ea ¥\'bite River wa. navigated iu tlt 

arly day of ttlem ut by mall boa,t and ba,rg a far up a Diu
do. tau a di st, n · of about 40 mil f t·om its moutl1, the valuable quar
ries n,t Jlindo tan b ino- tb in entiv for carryiug navio-ation to thi ~ 

point. Navio-ation i , hO\Y ver diffi cult xcept at tim s of bigh water, 
and tL railway facilities now ofli red make it uun ce ary to attempt it. 

Ea . t '\ hit Riv rand many of it tributari furni h a large am uu t 
of c vailabl wat r p w r of which at pre eut ery little u e is made. 
U ev ra,l1 oint mill have be n abandoned and th dam· removed. 
ft . hould b not d how ver that on om oftlt mall tributaries mill ' 
ar till jn u ·e. ·ful op rati n. Tim on Boo·g Ore k, a mali north 
ern tributary entering ju t below hoal. a mall gristmill is run entirely 
l>y water power. tbi r k ha a drainage ba in <tbove the mill 

it with a,n area of le than 75 square mlle , the amount of wa.ter 
avai la,bl for wat r pow r i rath er unu nal. The upply is, bowev r, 
laro·ely from pring along- it, our e. On Lo t R iver there i a mil] 
lmown a th Wao·ner Mill , located at vYiudom which i run entirely 
by water pow r. 

Many mill w re on truct don tlle !lead water portions of tb Ea t 
\\' II it dra.inage y tem but only a few ar now in operation. Some of 
the mill ar aid to have l'urni bed products that bave ga in d a con
ti nental reputation, ha\7ino· found n. market in Europe as well as thi 
country.' 

'Elc,·euth Ann. I ept . lndinun Geol. urYey, 1 1, p . 210. 
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Patoka Ri1·1.:r.-The Patoka Hiver drain a narro"· belt n.long 
south border of the drainage basin of th J~ast 'Vhite River. 'J h 
tream ha a length of over 100 mil , but. it drailHtg lJa. in uowl.J r 

exceed _o mile iu width. It our i in the hill of tlte ' be t r 
and tone and millstone gri in outbern Orange County, at an altitu<l 

of about 800 feet. It mouth i ju t below that of ' hit R.iv r at an 
elevation of 75 fe t abov t.ide. Tbi ' all y ha not be n p r onally 
vi ited, but i reported to have a remarkable breadth for o mall a 
. tream.1 It i al o reported to have a very luggi b tream in its low r 
cour e through ib on ounty. 

WHITEWATER RIVER SYSTEM . 

Several stream which ba,re their ourc in a moraine in outh rn 
Randolph ount , Indiana and ou bwe tern ark ounty bi , 
converge outbward to form th vYhit water Ri r . The ar kuown a 
We tFork Martindale Fork, reen Fork Noland Fork and Ea t Fork. 
The fir t four become united b twe n Cambridge ity and 'oun r vill 
to form the We t Whitewater; tb fifth (Ea t Fork) unite with tb 

est Whitewater at Brook' ill . The area of the Whitewater draiua 
ba in i about 1,500 quare mile . The headwater portion for 15 to :W 
miles are flowing in channel cut in the drift. Th Ea t Forl th n 
near Richmond, euters th rock, and has ·arved it cour partly in 
rock from that point to Brookvill . Th We t Forl- ucounter rock 
only at a few poin . Below Conner ville it i in a partially :filled pr -
glacial va11ey with broad bottom and elevated upland ou either ide. 

The We t Fork with it everal headwater , con titut dan important 
line of drainage for the water· from the ice beet at the time th moraine 
above referred to wa forming, and probably al o at arli r tage in 
the Glacial period. It i in con equence a gravel-fillell valley, and th 
work of the pre eut tream ba been mer ly th removal of a .· mall I or
tion of tbe e gravel depo it . Above ambridge it ha cut car ely 20 
feet into the e depo it . 'Ibe depth o-ra.dually in rea outhward to 
Brookville. At Brookville and below that city it ha ' formed a channel 
60 to 75 feet in cleptb. The s urface of the gravel depo it bad a outh
ward descent amounting to not le than G feet per mile throughout 
the entire length of the tream; in the hea,dwat r portiou above Cam
bridge it wa nearly 10 feet per mil e. From Cambridge to t lte State 
line at Harri on , Ohio, a eli. tance of carcely 70 mil e , the grav l 
depo its have a de cent of 350 feet, or fully 5 feet per mile. The pre ent 

tream, ba.ving cut about 50 feet deeper into tb gravel d po it. at 
Hanison than at Cambridge, ha. a fall of nearly 6 fi et per mile. 

The Whitewater Valley Canal, leading from the hio River at Law
rencebur<T to Hagerstown, only 20 miles from he ll ead of th \Vc ·t 
Fork, wa for mauy year an important liu e of tran portation and al o 
a valuable hydraulic force. The ca11al is no longer u. eel for navi o-ation, 

'Fourth A.nn. R ept. Indiana Geol. Survey, 1872, p. 239; Fifth aun. R. pt., 1873, p. 39i. 



Ll::n: RE:TT.) GREAT MIAMI RIV E-R SYSTE M. 457 

havin g been supplan ted by the Whi tewater \Talley R ailway. The water 
power i. a t pre cut used. only alon g a mall portion of t he anal. Tl.ie 
great ad vantage for water power here offered should be more gen rally 
u d by t lte cities located in tbi valley. 

GREAT M IAMI RI V ER SYSTEM. 

T h Great iiam i is the main y tem of outhwestern Obio. Esclu
si ,·e of the v\ hi t water it has a dminage area of nearly 4,000 qua re 
mile or about one-tenth of the State of Ohio. Its l1 eadwater are at 
t lt <.:ontinenta l watershed, an d i t drain the great r par t of the in
cinnati a rch from hnt water bed outh to t he Ohio River. One of the 
ea tern tributari . , :Had Riv r, beads iu the elevat d tract near Belle
fo nta in , at a n elevation of fhlly 1,200 fe t above t ide. The other bead
water , sc pt t he W hitewater have t heir source a t an elevatiou of 
abou t 1,000 feet. The W hitewater a noted abov , ri e in the higher 
part of a tern India na, at an elevation of nearly 1 200 £ et. 

Tb vall ey of t he h ad water a· far down a the vicinity of Dayton 
are n arrow and comparativ ly hallow postglacial bauuels with 
cour e. independent of preglacial drain age line . iad River, it is 
tru oc upie a broad t rough-like va ll y but on i t borders are moraines 
which cau mo t of t he relief, the blutls being generally but 20 or 30 
f t lli gh. Below Dayto11 t b Miami a nd omeofi t t ributarie occupy 
1 r o-la ·ial lin wb i h ar ouly par tially fi ll d with glacial depo it . 
'Ih w rk of t h 1 r ent t ream ha b en in t he main a reex avation 
of' tlt v, 11 s . I n hi work th y hav fall n far bort ofr aching t he 
old ro ·k floor;.;, whi h li 100 to ~00 fi t b low their bed . The depth 

f' tlti r ·cavati n i but 50 to 100 fe t a,nd h width is but a small 
fra tion of t hat of th old all y 

ontra t b tw en t lt nthern and the nor th rn port ion of 
t hi t lter for i ' not fouucl iu t h work of the pre ent 

to th 1 complet cou ·ealm nt of preglacial 

Mi a mi i rapid t brou o·hout it ntir l ugth, bein g
t ha n . -D t a.nd mmally over 4 £ et p r mile. The tr am 

in t bi draina,g y t m ldom reach a v ry low ta"; in easons of 
lro n lt t, for t be Yall y ar u nall y fill ed with gi·avell y or sand depo it 

wbi elt furni h trong wino-, . J~ ,·e n in t he mall t ributarie water
b a ring beL1R outcrop along the bank r b luff, . 

'l' h i · t ren m ttncl v ral of it t l'ibutaries afford valuabl water I ower, 
th utili zation of which i di n eel by Prof. Dwi o·llt Porter iu the 
T n th C u us R port.' F rom tbi report it appear tl.tat a total of 
!) 431 hor cpower wn U I:'Cd in 1 0 by :-90 mill. manuf'a torie , etc., on 
th fiami a nd its tribu tarie , in ·lndino· Vi bitewater River. 

----
I 'L'en th ' IISII M Ol ()nited I ales, 1 0, Yol. :\."VII, pp. J78-4 7. 
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LITTLE MIAMI RIVER SY.STEM . 

Tbe Little Miami drainag 
Great Iia rni. It i much le 

main stream i a few mil 
j ust ea t of Cincinnati, th 
miles. The Ea t l~'ork ba 
and join the main tream ju tab ve i t' month. 

Tbis tream an d i t tribu tarie ha e cour. through ar as of t hin 
drift, and,iu cou equence,areg n rall bord red uyr ck bluff . 'rho 
headwater portion h ave hallow vaJley but tb lower portion of t lt 
main stream, from a few mile b low Xenia t tl1 mout.h, oc upi e a 
valley 200 to 300 feet or more in d pth. 'r lli d ep por ion a.r par n ly 
uni te · two or mor independ nt pr o·lacial va lley . The t rib ntari :-; 
ar generally in hallow vall y to within a fi w mil of t h main 
stream The tr am a a rule fa ll at th rat of to 6 f< t p r mile. 
The bead water of t he main s tream are D d by n nm erou · pr in g i:s, u ing 
both from the rock and from 0 TaYelly drift b i . Til lower our ·e and 
the Ea t Fork, with i t tributaries, are not so well favor d by priU '"' 
for t hey traver c the hale bed of the llncl on I iver gl'Oup, and t ll 
coatin g of drift is mainly ti ll. 

Tb main , tr amwithit h adwatertribu tari fnrni he con idcrabl 
water power, but the rema i11 der of tb dminage. y t em i rath r uur . 
liable. A table of tati t ic concern ing th u t ilization of wat r pow r· 
on the Little Miami and tTibntarie appear in Profes or Port r .·· rep rt 
abo>e cited. At t he t ime the report wa made (1 0) 59 mill · and 
manufacturing e tablishment were u io g 1, 947 hor epower. 

THE SCIOTO RIVER SYSTEM . 

Tbi river y tem drain a trip of land 10 to 50 mile iu width and 
about 170 mile iu length mainly in t he we t-central portion of Ollio 
and discharge into tbe Ohio River at Portsmouth. Tbe mair1 trea m 
ba a length, iu lading it curve ' of about 210 mile , and with it v
eral t ributarie drain a n area of 6,400 d) ua re mil e . The following 
table of drainage areas of the cioto nod t ributarie is t aken from 
Profe sor Porter' r eport. 1 

Drainage area of th cioto and tributm·ies. 
q . 111iles. 

len t angy R iv r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :-~ 7 
Big Walnut 'reek....... . . .... ... .. ... ... . . ... . ....... . ... ...... .. . . .. .. . . .. 5.1 3 
Dnrl.Jy reck................ . . .... ....... . . ............ ...... .... .. ..... .. .. '>92 
Deer Creek . . ... ... - .. . . ... ... ... . . .. ...... ..... . ... _ ....... . .... . . .. _ .. .. _. . 423 

~o1·th Pain t 'reek ..... .. --- -- · -- -·----- ·- --- - - . ........ . .... . .... . ··· ·-----· 236 
Maiu Paiut Creek . ... ..... --- --· . .. . ---· .. . .... . . .... . ... .. ... ..... ..... .... 57 
Scioto River above Columl.Jus . .. . ... .. . .. ___ ...... ..... . . .. ____ ... .. ___ . . ___ _ 1, 139 

cioto River .... _ .. .. . __ ... _. __ .. __ __ . . _ , _ ... _ . . _ . ... . _ .. . . . _ . _ . . _ .. .. _ . . . . . 6. ~ 00 

1 Ten t h Cen s us of the U ni ted StaleR, 1880, Vol. XVII, p. 477. 
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The source of tb main str am i in ea tern Auglaize ounty at a n 
altitude of about J ,050 feet. For nearly 60 miles its course i ea ward 
into the S io to ba -in, and in that di tance it fall to about 900 feet or 
on ly--~ feet ]Jer mile. It th en turns outb and traver e th central 
portion of tltc Scioto ba iu. In tl.Je 40 mil e. from the bend of t he river 
to Columbus tbe fall i about 5 feet per mile, a de cent of 200 feet being 
made. From olnmbu to the mouth , a distance of 110 mil s, there is 
an averag fall of about 2 feet. 

Th onrc of on of th head \Yater we tern tributarie , Ru h Creek 
i much higher than that of th e ma,in tream, bewg nearly 1 .:>00 reet 
aboY tide. ome of tb ea tern tributane ha\Te ource ne::~rly 1 200 
£ t nbove tide. 

The valley of tb cioto and tributaries. a far down a Gir l ville 
are p tgla,cial, a nd are Rhallow and narrow, tbe d pth el<lom r ach
ino- 50 feet a11d t he width eldom exceeding one-fourth of a mile. Paint 
Or k from Bainbridg ea tward nearly to Ohtlli cothe occupie a pre
gl acial valley about a mil in width a nd 300 feet in depth. B fore 
joiniug· the cioto, however it turn into a narrow channel in the 

outh bluff.1 A bort distan ·e below hilli cothe the bill clo e in on 
the cioto on both ide , and the remainder of its cour i through a 
de p vall y bordered by hills 400 f et or more m height. Thi de p 
valley wa, but partially tilled by the grav lly drift carried outhward 
from th h et. In thi drift tb pl' eot tream ba cut an in ig

all y on .fourth to one-half mil wid and 50 to i ."i £ et in 
d 1 th. 'Ihe pr o· Jacial draina" was nor hward from ea. tern Ken-
u ky and fr rn th Kanawha y t m of We t \ir<Yinia into th cioto 

ba in along an abandon d bannel a few mile ea t of the cioto from 
Wh 1 r burg to v averl hio, a indicated on the glacial map 
(I l. X .: XVI). Tb pr glacial drainao-e along the cwto Valley from 
:Port mouth northward wa apparently tb r ver e of the pre nt, but 
thi matter 11 d furth riO\' tigation. 

r i al r gularflowin the treamsofthi ba in than in those 
1 reat Iiami. 'fhi . difference is du to tb mor compact oil of 

ioto ba in and to con equ nt fre r ca.p of the rainfall. From 
'ir ·lev Ill to the mouth of th ioto, however, the cour e of tb tr am 

i.· through a b It of gra I wh1 b tends to qualize t he tlow. Th 
It auwat r porti n of the main tream ha poor drainag , owin ·to the 
slicrht f:.tll, and mar he tend to n·ive tha,t portion a regular floW' . 

Profe or P rter s r port on water r o"·m· of the cioto and tributarie 
tmli ·ate· that the main ·tream ba: been utilized les than ome of tile 
tributari . Th mi ll r port don the main tream are oufi11ed to the 
rapid ly de endi ng I ortion in Delawar and Franklin couuti s above 
Columbus. 'f llcre w r at that time (1 80) flouring mill , which 
utiliz d _o.., bors power. On the tributarie 103 mills of variou kind 
(tlonring, aw, w ol n paJ er, etc.) utilized 2, 731 hor epower. 

- -----------
I · e Professor Orton's description of J'ninl Creek VIilloy: Geology of'Oluo, \7 ol. II, pp. 653-655. 
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HOCKING RIVER SYSTEM. 

Tbi , mall river y, tern ha it headwat r in tbe ea t b rder of the 
Scioto ba in, near Lanea ter, aud conn ct with tb Ohio at Jio ·kino'. 
port, a few mile below Parkersburg-, West iro·m1a. It embrace an 
area of only 1 2 0 .. quare mile and the leu o·th of tb main 'tream i 
scarcely 100 mil . It i po ibl that th pr , nt vall y ba been 
form d by the union of se eral mall ind p udent pr glacial str am , 
but in ufficieut tudy ha b en giv nit to warrant full int rpr tati n. 

'I he valley of the main str ami gra, el-fi ll d througbou t rna It fit 
1 ngth as are also valley f tributari wbi ·b IJ ad wi bin h 
boundary. Tributarie out id tb gla ·ial boundary, u ·h a 
Creek have ,ilt :filling. Owing to grav lly depo it and to 
from and ton trata wbi ·h form the bord ring bluffs tbi 
maintain a fair flow through ea ons of drougltt. 

The fall of the tream is about ""50 feet b tw u L~~n a ter and tl1e 
mouth a eli tance of about 90 mil . Of tb i fall nearly 100 fe t i 
mad in about 25 mile b low Lanca, ter. Pro~ or P rt r r port 1 
mills on this tream :10d it tributarie , utilizing 451 bor epower. 

MUSKINGUM RIVER SYSTEM. 

The Muskingum River drain the greater part of ea t rn bio and 
ba an area e timat d by Pro~ . or Porter r~t 7 740. qnftr mil . 'I'h 
name fu kingum is a.pplied onl to the lower :portion, bel \Y the junc
tion of the Tu carawa and Wa.lhondin river a length of 109 mile . 
From tbe ources of the Walhonding and Tu carawas to tb ir junction i 
a tli tau e of 100 mile., thus iving the ba in a length of 200 mil , or 
about as great as that of the cioto. It i a broadly bra,nching drain
age . y t m at the north with an extreme width of about 100 mile . At 
tb outh it receives few tributaries, there being none of importance 
b low Zane ville. 

The followiocr e timate of th area of be drainage ba in are ta.ken 
from Professor Porter report: 

Drainage area8' of Muskingum Rit:er a11d its t-1·ibutaries. 
q.milcs. 

Walhonding Hiver ... _ ........... ............. . ........ _ ..... _ ... ____ .... _ . . 2, 159 
Tnscarawa R iver . ... __ .......... _ .. __ . ..... ... _ ... ____ .. _. __ ... _. _. __ .. .. . _ 2, 547 
Wills 'reek _ ........ _. __ . _ .... _ ..... _ ... _. _ ........ ... _ . .... _ ....... _...... 815 
Licking River_. _ .......... _ ... . ..... . .. _ . ... ___ .... _._ .. ____ ... .... ___ ._... 703 
Mu kingnm and tributarie below Zanesville .... . . _ .. ... _ .... ... .. __ ... ___ .. 1, 175 
Total area of Mn kingurn system .. . ___ ..... . ___ ______ .. ... ___ ...... ____ ._ ... 7, 740 

The pre ent system of drainage depart greatly from the pregla iat 
sy tern. Not only have changes occurred in the glaciated di trict, wbiclt 
encroache on the north and we ·t border of tbi drainage y tern, but 
al o in the cour e of di charge for the main river. Prof. W. G. Tight 
bas shown that this drainage .sy tem is connected with tlle Scioto ys
tem by a broa.cl valley leading from Dre den (a few miles above Zane.
ville) westward pa t Newark to the Licking reservoir and thence into 
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t~e Scioto basin nortll of Circleville.1 It i thought 'by Professor Tiglit 
that tho Muskingum discharged through thi valley to the ioto ba in. 
The available data, however, do not, in the pre ent writer's opinion, 
make it clear wiletber the direction of flow wa. from the Mn kingum 
to the Scioto or from the cioto to the '[u kingum. The deep and 
broad cllanneling of the Cuyahoga at Cle,·eland recently brought to 
notice by Mr. Warren pil~Lm 2 aud the great thickne of drift iu the 
lowland on the pre u water bed b tween the Tu carawa and u.ra· 
boga, ilo\viug a rod: floor there as low a the urfa e of Lake Erie, 
opeu the que tion of a po siblo nortl!ward di cbaro·e for the Muskiu 
gum, whi h would c·arry with it the cioto. The present outhward 
c ur e from Zane ville i ' evidently but recently opened, the va.lley 
b ing very narrow compared with the abandon d valley or with tile 
valley. of everal main tributarie , and there being a. higher rock floor 
than in portions of the draioao- y t m farther north. The pre ent 
writer, a. w ll a. Profe sor 'Iight, places th e old divide b tween the 
1uskingum ystem aud a small tream leading to the Ohio at a point 

near the line of Mu kingum and ~for"'an couuties. 
:N umerou changes of drainage have oc ·urred iu tile glaciated portion 

of th dmiua{!;e y. tem only a few of wbich have been suffi ·iently 
examin d to justify an iu t rpretatiou . The change' are a ily recog
Jiize<.l, forth tream tmu from broad valleys filled with d1·ift depo its 
and pn ~ iuto narrow on , wher they are now uttino- into th e rock 
floor. n of the mo t on picuou in tan s of ncb a bang i found 
in Owl Or k, wlJi It£ rm rly di cbarged outhward tbrouo-h the broad 
drift-filled Yall y tntv r d by th Baltimor and Ohio Rail 'lay bet'>een 
.Mount ruon <tncl " wark but whi h now turn ea t and oon ent rs 
a narr w gorge with r ky rapid throuo·h which it pa e to the Vi' al
bonding. 

Tb o-Ja ial l p it hav been tran porte 1 down the valley far 
b y nd th limit. of t lie ic b t, and bav filled them greatly. From 
Zane ville outilward, wber til tream i iu a 11 w ourse, the filli ug 
amount to but 75 or 100 feet, but from that city northward it inC'rea es 
rupidl , oon r aebiug 200 feet, while at the pr ut ontinental ~·ater-
b d 11 ·ar the h ad of the Tu arawa ' it i fu lly 400 feet. Notwith· 
tanding thi greatly in rea ed fi ll iJig toward tlle north, tho gra lient 

of th tr am i no high, th fa,ll b ing le s 011 th Tnscara,>a tlntn 
on the cioto and Miami riv r . From the canal ummit, near the 
h ad of the Tu carawas t the junetion of the Tu:scarawas and Wal
honding th r is a fall of about 3 fe t per mile, and from thejun tion 
t the mouth of the {u ·I ingum about 1! fi et p r mi le. On the ·wal
bOJlding th d ceut is more rapid as it head\\'aterR, near 1an G ld, 
ar about 400 to 450 feet abov th level of the trea.m at it jnnctiou 
with the Tu cara,va . 

The eil'cct of t lle glacia.J fil lino· i · xtended into certain valleys whi ·It 

•1lull. Dennison ll nh·cr ity. rnndllc, Ohio. Vol. Yllf. 1894, pnrt -· pp. 35-62. 
•!lull. Gool. o . Amerion, Vol. \' ll [, Doc muor, 1896, pp. 7- 13. 
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were not lines uf eli charge for the gla ial wa ter . Tbu 
Creek and it tributari , and on t h tribntarie of the 'l'u carawa 
which enter from t he outbeast, tller are o·ilt lepo it wllicll o fill th 
lower cotu· e of t he vall ys a to o· i v tb m a very light fall. It ha 
been 110ted that tJt e•e tream are laboring at a 0 Teat eli auvanta n· 
becau e of the xtr m 1 low gradient. Pr i ·e mea ru· m ut ar not 
at hand, bu t it i known that in some a e t h hav lon g tr tell 
in which the fall i · bn t an inch or t wo p r mile, and tb averag fall, 
ex ept for a few miJ ' S at t he ourc of tb tr am , will ar ly 
exceed 1 foot per mil e. 

The run-off from th portion of tbi drainag ba in above Zan 
bas been car fully ooagcd a,t t hat ·ity for the pa, t nin year gag 
ing baviJJ O' been t:tken four tim ' p r day. 'a.pt. ll. f. bi t t ndeu, 
of t lJ nited Sta te ~rmy En o·in er ba lt ad th r ord a r fully 
work clup from Decemb r 1, 1 i, to ovemb r 30 1 '!J5, and ha, found 
that til e 111 an run-otl' for t he io·ht y ar amount to 13 inche 1 r 
annum, or about 33 p r c n t of the rainfall. In t lt t itre urie t y ar -
1 9, 1894, a ncl1 !J5-it wa reduced to 7::1: i11 be I r annum, w!Ji hi 
22J er centofth meanrainfallfortho e yeat-.· . 'Th e. r ul t tog tb r 
with liaoTam , bowing curv for rainfall and run -off a h y ar, m·e 
pre ent.ed in hi r cent report to th hi f of Engineer .1 

'I he followitw ta bl taken from ~aptain hittendtm · r p r t giv · t h 
monthly m an for tb iglJt years ann fi r th thr dry y ar 1 9, 
1 9± !1Ud 1 '95 : 

Table howi11g 1'lti nfall and r un-o.ff in the Jfu kingtt~n drainage basin (tbore Zant'8 l'ill , 
Ohio . 

~onth . 

D ' cern ber . __ ___ .. ___ . ____ . _ . ___ . . 

.J mrum·r. __ .. _ ... ... 0. __ .. . _. _ . __ . 
Febr uary ____ .. . ____ __ ___ . 0 _ •• _ ·~ 

~larciJ . . ___ ... ... __ .. .. .. _ . ... __ _ 

Ap ril ...... . •.... . ...• . . . .. . . .•• • . 

~fay .. ___ . ____ ... __ ..... _ .. _. · - - -

,Jun e ______ ._ •• __ . ___ . . . . _ .. .. ___ . 

.Jul y --- - - - ----- --- ----- .... -- - ---
Aug ust . 0 _ ____ • _ _ •• _ ___ • • _ • • __ • __ • 

. eptember ... _ 0 .. ___ _ • _ __ .. .. .. _ . 

cto ber ____ . __ . _ . .. . __ __ .. __ - ___ _ 

NoYember . . ___ _____ ____ ..... ___ _ . 

l! nn for th ree !In· yea rs 
1689, 1 n~ . a nd i 9-. 

l~n in fa ll. Run-off. Raiofnll. Ruu -oO'o I 

] rlChel. 

2.34 
~. 27 

3. 34 
2. 5 

2. 69 0 

4.3& 
4.42 
3. 5 

3.25 
3. 22 
2. 7 

3.22 

Inches. 

0. 21 
]. 605 
2. 529 
1. 907 
1. 2':'4, 
1. 4-G 

0. 70 
0.467 
0 . . 3 

0. 4 
o. ·o2 
0. 77 

I 1l chu . 

_037 
3. 2•1 
1. 0 
1. 93 
2. 15 
3. 0:. 
3. 26 
3. 21 
3. 13 
. 0.-6 
1 97 
3. 44 

l nchet. 

.0. !110 
1. .- -1 

l. N l 

1. 104 

0. 73!) 
0. 371 
0. 349 
0. 2!)6 
00 H 

0. 140 
O. l O:i 

0. 334 

I -;:otal. . .... . - - - - - -- ----- ______ 39. 65 13. 005 S3. 0 ---7.2; ' I 
~ercentage ____ . 0-- --- ____ ____ 33 22 

1 • ur n·y of th ::Uiami nn<l Erie Canal, etc., oy Capt. Hirnm AL Ch i tt~nd eo . Corps of Engineers, •. S. 
A rmy, Hou e Doc. No. 278, Fifty-fourth Cong ress, firs t ess ion , 1896, p!J. 41-~ ao 
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TlJe avai labl water power on ti.Je main ri er from Zane -ville to tlte 
nt onth i restri ·ted to the sites of the Governm ent dam , ten in uum· 
ber made for tb purpo e of affordin g lack-w-ater nayi o·ation and 

0 ' 
\Yhi h embrace a fall of 103 £ et. But a mall 11ortion of the power 
a il 'orded by t hese dam i at pre en t utilized. Profe . or Port r' report 
how t l1 e u tili zed pow r of th J\Iu ·kingum nnd tributarie in 1 0 to 

ltax been ,.., 066 bor epower of which ouly l,Hl5 bor epower were on 
tl1e mai11 t ream. 

BEAVER RIVER SYSTEM. 

formed by the junction oftl.le Sb nango and }lahon
ing river ·, althouo-lt ituated in Penu ylvania afford a lin of di -
·lt arg-e f r tb portiou of eastem Ohio drained by t he :[a,boning and 

soro of the h ad wat r of t he henango. Of the 3,000 , quare miles of 
it · drainage area, about 1,-00 quare mile ar in Ohio, and of this 
perhap 1 000 , quare mile are tl'ibutary to til e ~ia,boning . 

Th MalJonin g- 1 ad north'.\·ard fromit- sourcein olu mbiaua ounty 
to 11 ar Warren, Ol.lio, where it make au abrnpt turn to t he ontbea t. 
]<rom t his ben l th e deeply drift-filled Grand Ri ,·er ba in lead northwnrd 
to Lake Erie. Thi ba in a noted above, app::~.rcntly afforded a nortlt
ward di charge in pr -Glacial time~ for a larg part of t he ur per Ohio 
y tmaid i'romtlt iahonin o-.1 'Ih oldli11 ofd t·aiun o-eofth upper 
)lJio fo il w d th Ohio from Pitt bur rr to Beav r Penn ylvania and 

th ' II foll w d th Bea r (r ver. d) to tu jun tion of the ll uauo-o 
and 1\fah ning. It th 11 n.pp ar. to lin. cro sed the narrow n ck of 
land b tw en th , e tr ams to th bcuango at Harbor Brido- -, Penn

h nan go (r v r eel) to ~ baron Penn. yl ania, 
f'ron1 '.\' lti ·lt point it pa cl outhw t through au nbamloned valley 
utilized by t!J Lak hor ancl [i hi gan t:3ontbern and Eri railway , 
to Y mJ o·stown hio, a,nd til nc 11 rthward along the I ahonilw 
(r ,- r.' cl ) to h (.JrmHl River ba -in. The pr 11 t falwnin g below 
Yon u · t wu cro an old di vide but take & much moredir ct cour 
t han tha of t h pr ln. ial line. 

T h fall n tb I ahouin o- from lli n.ncc to tb bend n ar Warren i 
abou t 150 fe t in a di tauce of 40 mile . I<' rom the b nd of he Mahon
ing- to it j nn ·ti u \Yi tlt the ltennn o-o t l1 fnll i ·about 100 feet in a, di · 
tn n ·e of 3- mil e . The fall of t he B av r f rom tb i junction to its 
m uth a di tan· of 25 mile , is al o ab ut 100 feet. Of this fully ;)0 
~ ' to ur in the low r 4 mile , leaving t.he remainder of its course a 
rather lu o·o-i. h str am . Tb benn.n g-o fall about ~00 f et in 06 miles 
ft'O lll Jame to\\·n, I 1111 ylva.n.ia, to it ju11ction wi th t b lll ahoning·. 

Tlt lower onr of 1 aver Hiv r afford valuable water l)Ower wlJich 
ha :s be n la1·g ly utiliz d . The fl ow i timated to reach a miuimum of 

' e 1'. i\ lnx fl'o• hny,Am . J"our. Sc i. , No,·emb ,., 1 90, '1'. , {;hambcrlnJn nml FrankL '"erctt , ibi tl ., 
A pl"i l, I n~ ; l. . \Vhito, m. 0 olog is t , j) •rcmb r, 1896. 
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300 f et per econd in th low wat r of a dry year aud 450 in til low 
water of an av ra,ge yenr. Th re i thought to b avai labl for ten 
month an averao-e of 700 feet per econd. arly 40 fe t fa,ll i avail
aLle, wit!Jout mu It d trimeutal influene from backwat r on tb Obio. 

1'he fa.honing, lJ nango Uonnoqu ne ino·, and hanno k a h 
fnrnisb water power ·which has been xten iv ly utiliz d, and mal l r 
tributaries hav al o furni bed power for a few mill . Th h unngo 
aud eshannock drain eli trict in whi lt th drift i o-nw lly < nd the 
flow regular. The ,onnoqu ' 11 ing draina.ge ba in i · partly u t i l 
tl1e <Ylacial boundary, but i fed bynum ron prino· and tllU ren<l l'l'd 
regular. Th l\laboning drain a eli trict with lay y drift, in wlri h 
run-off i more irregular than in the oth r t ributari Pr f s or Por· 
ter r port , however, that it uppli }JOwer for .- o-ri trmll . It tribn. 
tarie al o are report cl to npply - o-ri tmill. . Tlle benango, at th 
time of Profe sor Porter' r port (1 0), upplied 4 gr istmill and it: 
tributaries 5 · the :N e hannoc).: uppli d 2 and th onuoqu n 
and tributarie upplied 4. In addition to gri tmilL, mun ron , aw
mill , tan.::~erie , or other e tabli hment made u of water pow 

TRIBUTARIES OF LAKE ERIE. 

The portion of Ohio north of the ontin ntal divicl mbracirw an 
e. timated area of 12,000 squar mile , togetb r with an area, f nbout 
1,000 quare mil in northea tern Indiana, di charge. it water to 
Lake Erie. Attention ha be n called to the former northward tli .'
charg of much of the pr en t Ohio y tem to the Lake Erie ba in an 
area veral time a great a that of the pre ent tributarie . Tb 
present water-parting between tributarie of Lake Eri and of tb Ohio 
ha it po ition laro-ely determin ed by drift d po it , there being , a 
noted above, a y tern of moraine oc upying much of tbi water. 
parting. There are probably but few poiut at which the pre ent 
water parting is coincident with the pregla ial water-partiu<Y. _ 

The treams draining to Lake Erie are in everal instance known as 
1·iver , but such treams in other localitie are u ually termed creek . 
In but three instance do the e trearq hav a lengtlJ exce diu<Y 50 
miles. Since they have t heir onrc in the continental U.ivide, at ele,·a. 
tious of 900 to 1,200 feet above tide and the 1 vel of Lake Eri i but 
573 feet, the fall i nece arily great. In the majority of them it a.ver 
age not les tlran 10 fee t per mile. 1'he tream of north we tern Ohio 
aud northea tern Indiana, however, becau e of their length and the low 
altitud of the divide in t hat region, have a much lower rate of fal l, a 
rate not greatly differ nt from that of trilmtarie of tb Ohio. One 
of the streams, a. indicated below, bas notable fa,ll , and everal of 
them have small falls and rapid. . The following table indicat-e the 
average rate of descent of tbe more important stream . 
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Table sltotl'iii!J?'ale of de~cent of tributaries of Lake E 1·ie. 

tr ·um . 

ouneant Creole ... . .. ................... .. 

'raud J{iver ......... .. .... . . .... ____ ..... . 

Chagrin River ........ . _ .................... 1 

uyaho"a River (ftbo,·e falL ) . ... _ . . __ . _ .. .. 1 

uynboga R tver (at fall ) .................. 1 

Cuya ho,.a River ( blow fnll ) .. ..... .. ... .. . 

Rocky Hiver .............. ... . ............ .. 

Black River .. .......... .. .......... .... .. .. 

Yermilion Riv r . ...... ........ .... .. ..... . 

Hu ron River ....... .............. .. ...... .. 

audusky River ... ... ........... ..... ___ .. . 

Maumee River ..... ....................... .. 

Anglaizo River . .... .................. .... .. 

t . Mary Riv r ......... .................. .. 

t. Jo eph-of-the-Mauwee Ri\'er .. ........ .. 

Feet. 

1, 0 0 

900 
1.200 
1. 200 

98! 
76:-

1, 100 
1, 100 
1. 200 
1, 100 
1, 150 

737 
1, 000 

975 
1, 050 

J{i!.,, 

40 
-o 
35 

2 

35 
30 
50 
45 
-10 
90 

1'0 
74 

100 
100 

465 

Pnt. 

12.67 
6.5! 

17.9 
4.5 

110. 0 
5.5 

17.6 
10.5 
14.0 
13. 2 
6.4 
1.1 

I 

4.4 

: 13 1 

onneaut r ek.- onneaut onrce in a moraine near 
C nn ant Lak ouuty, Penn lvan ia. It lead north-
ward tbr ugh a broad \all y d crib d by Ur. 'arll, of tlle Penn yl
vauia urv y a the Conneaut outl t, and which in preglacial times 
wa the lw of di ' ·harg for the middle portion of the .Allegheny River 
draina g u in. 1 pon reaclliug the low country on the border of Lake 
Eri t b tr am i di rted w . twa,rcl by a morainic ridge, who e outer 
border it follow in to the tn.te of Ohio until it find a pa sage near 
King vill , which permit it to turu northward into the lake, though 
tb re i a light cliv r ion to the a t, can eel by a beach line. The 
preglacial line of di charo-e nterecl the Lake Erie basin in the north
we tern corn r of I ennsylvau ia. Its point of entrance i now com
pi t ly fill d by d po it of till. The stream encounter rock strata 
throughout much of its we tward cour , aud is there flowing in a nar
row gorge, trikingly in ontra t w1th the broad hallow valley of the 
old middle-All "'heny outl et. The headwater portion of the stream 
ar £ cl by t1um roo springs, which gi,,e it a somewhat regular :flow. 
N data, hav been obtained c ncerning the utilization of water power. 

Orancl River.- rand River i a small tream draining the basj,n 
from which it receive i t nam ( ee p. 432). It northwa.rd cour e, like 
that of Conneaut Creek, i · through a form r outlet of a much larger 
stream, and, like onn au t Creek, it i diverted westward, neartlte bor-

'J' . F. nrJI , Second Geol Surv y Pennsylvania, R pt. lli, 18 0, pp. 356-J66; •r. C. Chamberlin nnd 
F rnuk L v r LL, Am. Jour. Sci., pr1l,l 94. 

18 GEOL1 PT 4--30 
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der of Lake Erie, by a morainic rid ge runnin g- parall 1 with th lake 
shore. Thi morainic ridge bold · th tream in a w ' tward ·our 
nearly to it mouth, at Paine ville. The preo-la ial tl' am wlli ·11 di -
charge l throu o·h the Grand River ba in am to the pres nt hore of 
Lake Eri a few mile 'vest of A btabub n a r th villao· of G neva. 
Grand l~iver, lil;e onneaut reek, n ounter rock trata throu ·bout 
much of its we twanl courf'e, and th r flow:S in a narrow g-oro, , trik
iugly iu contra t with t he broad, hallow vall y f tl1e ,rand Hiv r 
ba in. Thi tream is ubj e t to Yery 1 w stag in ea on of drou 'ht, 
owing to the compa t nature of tlte formation on It bord r . Wh r 
:flowing in the drift there i a 0111pact ilt, and where flowing iu the 
rock au imperviou bale, ueith r of whi h furni ' Ue much " ater in 
cason of drought. No data have b eu obtain c1 concern ing the utili

zation of water pow r. 
Chagrin Riter.- ' hagrin Riv r ba two headwater fork , ach of 

which find it our e in ma.rsh among th kn oll of au interlobate 
moraine on the elevated npla ud ea t of the rand River ba in. Tlte 
two treams join neat' hagrin Falls, abov wlli 11 point the Yall y ar 
in on picuous. At tb fa ll ' there i a de eut of a few feet ov r an d
stone ledge . The , tream then ent r a pregla ·ial channel wbi ·h ha 
lJeen partially :filled wi th drift. The 11ame hagriu RiYer is aid to 
have been appli d to thi ·tream be au e it vall y wa mi tak n for 
tllat of the Cuynborra by early urvcyor who upou di overing th ir 
mi take ex pre ed tll ir cllagriu in thi wa y. 'rhi old valley can 
scarcely have drained a large ae a, ince t lle larO'er y t m eli ltaro'inO' 
tl1rough the Grand River ba in and the nyalloga would have ab orb d 
nearly all the drainage except a narrow , trip lyiug betw en their trunk 
streams. 

Cuyahoga River.-The present CuyalJOO'a River ha i t head n ar the 
source of the east fork of hagriu l{iver, on the uplaud ea t of the 
Grand River ba in, only a few mile from the bore of Lake Eri . It 
leaus outhwe tward for ne:;~,rly 50 mile , away from th lake, oooupying 
a ·ltallow ·valley bordered by marshe throughout much of it our e, 
and having an average fall of but 4.5 feet per mil . It tllen mak a 
fall at the Yillage of Cuyahoga Fall of 220 feet 'vithin a di tance of 3 
mile and uters a broad preglacial valley, which it follow northward 
to Lake Erie at Cleveland. 

In th1 preglacial valley there i a heavy drift filling, both b neath 
the stream and on the border of th e valley. Well in Cleveland iudi
cnte that the valley floor i about 400 feet below the mouth of the pr -
ent stream . Silt deposit, on the border of the valley indicate that it 
wa :filled to a height of fully 200 f~et above the present tream, or to 
within 100 feet of the level of the bordering uplands. From the e data 
it appears that tlle preglacial valley wa about 700 feet in depth. Its 
wiLltll was scarcely 2 miles, bnt being bord red at the brow of the 
bluff's by ledges of resistant sand toue, it has preserved a somewhat 
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narrow channel. s noted above, tbi valley may b the lin of dis
cl,arge for a large drainage ba iu embracing the "Teater part of south
en ·tern Ohio and coo idcrable portions of Vl' e t Yirgiuia and ca tern 
Kentu ·ky. 

The following data concernin g th fto\Y at nyahoga Fall · haYe been 
furni h d by Prof. F . W . Olaypol : 

Discharge of Cu!JGIIO[Ja River at Cnyaho[!a Fall , Ohio. 

A'• ra g discbnrge,aboutl95 ubi c feetpersecoud. 
"Iaxiruum di cbarg about 400 ubi c feet per second· maiutaincd for twenty.fiye 

or thirty days each year. ' · 
)linimumdl ·barge,6~-lOOrnbi :C tpcr cond; maintaincdtwotothree month 

each year. Tbo di char"' b comes o r r 1lu eel iu ummcr, aud often in wint r, that 
the water pow rat mill i snppl •ment d by steam. 

Uocky River.-Rocky River ha two forks, which unite near th town 
of B rea. The tributarie ' are mainly in drif -fi lled preo-la ial ·val
ley. , but th united tream northward from Berea, i largely in a new 
cour e. It cro e the preglacial valley from w st to ea t a , bort di . 
tm1ce north of this city a point d out by Dr. D. T. Gould, 1 who ha 
traced a pr glacial valley from a poin a hort eli tance abo-.;-e Berea 
northward on the ea t id of tbat city to Lak Eri , -wiJich it euter 
a hort eli tance we t of th pre ent mouth of the tream. Each of 
tho fork l1 as falls and rapid in 1 a, ing over the Ber a grit, tbo ' e 
on tb a t f, J'k b in~ at th ity of Berea and tho. ou thew t fork at 
tl1 Yillag of Olm t 'd Fall ' . 'fh pre en hannel of the tream are 
hall w ab ve tl1e e fall and rapid beitw but _5 to 40 feet iu depth, 

but upon pa in •· tb utcrop of Ber a Tit t!J oft Ouyaho()'a hal i 
nter d aud a narrow canyou-lik 100 fe t or more in ayerag-e 

u pth is xcavate'l. 
Black Biver.-T\1'0 tr am with tlti nam unit at the ity of EI.rria 

and pa . th -nco 11 rth,Yard to th lak at Lorain. The ea tern or 
main fork ba i our ·e on t!J bord r of an ext n iYe mar h nea.r 
Lodi, :wd flow thence northward mainly throucrh a drift-filled valley. 
A the ity of E lyria it ba fall ' n arly 40 feet in beio·ht which furni h 
1 ow r r ntly r habilitat d. Tll we ' t fork lt ad in a moraine uear 
th villag- of Nova and take a OUJ" a t of nort!J, cll:wneling a pa -
age much of the way through ro k strata it Ollr :not being coin i

dent' ith tb pr glacial drainag line. The united tr ami 1nainly in 
a new c ur from E lyria to it m uth. Prof. . Wrio·ht, of Oberlin, 
tat that ix mill , haY been iu op ration ou th ea t and two on tbe 

1re t bran h, w!Ji h utilized water power for pnrt of the year. Those 
on th we t branch are di continued, though one dam remaiu to 
impound wat r for Elyria wa.terwork . orne u e i till made of 
water power ou the n t branch iu Elyria., bnt the tream i.' not large 
enough at Jow-wat r tage to fumi 'h much power. 
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lennilion Rirer.-This tream llead in the mid t of tb water h d 
series of moraine near Gr enwicb, and fiO\Y a!:lt of north mainly 
throuo·h a ro k-bound po tlacial valley. It dr:tiw , m what el -
vated aud tone distri t. It · chann l i narrow throughout its our , 
being u>;ually but 15 or ...,0 rod wid , and for a~ w mil' near the moutll 
it is 100 to 150 feet in depth . 'rwo mills, Brown helm ~tnd Birmingbnm, 
u e watPr power upplemeuted b t am ( . A. ·wright). 

Hzwon Ri'l:m·.-Buron Riv r ha it ou rce in xten iv mar l1e 
b tween moraine of the wat r ~ h d w llaven. It drain s 
a low district, underlain by shale, along th we ' t rn border of th 
Berea grit. It valley i shallow compar d with tuat of the ermil
ion , seldom x: eed ing 50£ et in depth. Profe ··or I right report that 
thi ·tream au not be u eel for upplying wat r power in any gr at 
amount, owing to its very low , tage in ea on of drought, but think 
profitable u e might be made in fall and priug. 

Scmclusky R iver.- andusky River i · a lara r, mor widely branching 
stream than any of tbe tributarie of Lake Erie tlm far di u ed . It 
~on i t of a we tward and a Jlortbward flowing portion. 'rh w !>t
ward flowing portion lead from the e carpm nt of Eo arbooiferou 
sand tone near Cre tliue we tward down t he slope to th axi of the 
Scioto ba in. In tead of turn in a south, a the n igh borin a str am do 
to enter the cioto River, it turns north, and tlow down a gradual 
lope to Lake Erie. It nter andn ky Bay at the we t rn end. The 

valley of thi river i mall b iog only 20 to 50 feet in depth and one
fourth mil or le in aYera.ge width. It i genera lly cut into ro k a 
few £ et. So data concerning the u e of wat r power llaYe b n 
obtained . 

.~.lfawnee River.-Tbe Maumee Riv r y -tem ha the greater portion 
of its draiuage area within the State of Ohio, but mall portions are 
fonud in Indiana and Michigan . A indicated n,bove the drainage of 
thi y tem wa formerly out.hwe tward to the Waba h, th northea t
ward outlet of Lake Erie being at that time occupied by the ice_ be t. 

pon the withdrawal of the ice be t ft·om the t. Lawreuce ba in the 
glacial lake which occupied the ~e tern end of tue Lake Erie ba in 
lowered itself to the level of new outlets that were formed and th u 
ceased to flow to the Waba h. The mouth of t!Je oltl lake being near 
the point wbet:e the t . Mary and t. Joseph rivers Lad their di charg , 
and being higher than the portion of tbe basin toward the ea t and the 
portion of the outlet toward the west, there was a natural summit 
formed upon the withdrawal of the lake, from wllich the waters of the 
St. Jo eph and St. Mary rivers were free to flow either to theea tor to 
the we t. By orne accident of deposition or of lope the tream found 
it easier to turn ea twartl than to maintain its original cour e westward, 
and thus the Lake Erie drainage basin embraces these treams as ~ell 
as tho e which have been formed in the old lake bottom or were tribn· 
tary to the old lake. 
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The faumce River ha a length of a bout 1JO miles aud a fall of 164 
feet, the ource being 737 feet and the mouth 573 feet above tide. It is 
not it elf a navigable stream, bu i · followed closely by the Wabash 
and Erie Canal, which for many year afforded a mean of water tran . 
})Ortation. 

t. Mary R1ver ba its ource in Sltelby County, Ohio, at an elevation 
of about 975 feet above tide, or ~3 feet above tll level of it ' mouth. 
TJ1e length of the tream beiug about 100 mile , the a>erage fall i 
crLrcely 21- feet per mile. The 1 ortiou within the tate of Indiana has 

a fall of but 1 feet in a di tau e of 35 or 40 mi le , or about 6 inche per 
mile. It i , tber fore very lugo-i b iu its lower cour e. The cour e 
of the ri>er, both in Ol.lio and I.ndiana, is largely determined by a 
moraine whi ch l ie on it ' nortll border. Tbe descent of the river cor
re>'pond. clo ely to that of the plain iu which it flows, and the s tr am 
bas formed but a lmllow channel, clclom more than 2- feet in depth. 

Th 't. Jo epll-of.tbe-Maumee lJa its source in onthern JUichigau 
and flow outhwe t aero tbe northwe tern corner of Ohio entering 
lndiaua about 35 mile above it mouth. It length, like that of the 
St. Mary River, i about 100 mile . It ha a more rapid. fall, sine its 
. our e 1 m a mor len1ted di strict ta,nd.iug about 1 050 feet above 
tide. Tlle portion iu Iudiana ba a fall of nea,rly 2 feet ver mile. '.rhe 
river flow throurrhout much of it cour e in a narrow plain between 
two morainic ridg and it ' de::>cen i <let ·rmined by that of the plain. 
It. vall y ut only 2- to 50 feet in to tbe plain and ha. " ry narrow 
b ttom . The t ream lta.' been w ll utiliz d for mill power three mills 
haNi ncr b en ·on tru t d within t l.Je limit of Indiana. 

The pt·in ·ipnl outb m tributary of Ianme Ri•er iu bio i the 
nglaiz l~i,·er whicl.J enter at Defiance. Tl.l relation of the cour e 

of thi s tream and of it prin ipal tributarie to tbe morainic ridge 
en by r ~ ren to the glacial map (Pl. X I ). It will be 

d that th ma in str nm and al ·o two of it ea tern tributarie , 
Bog reek and Blau ·ha['(l Ri ,·er haYe tb ir w twa,ru cour es along 
tlt out r horcl r of morai11ic ridge , while tu ir northward cour e and 
th cour e. of th e mall r tributaries are directly away fr m the St. 
Iary morain . 
It hou ld ue not d al o that Tiffin Riv r, a norLh rn tributary enter

in cr t h laumee at Defian , fo llo\r tlte outer bord r of'the Blanchard 
moraine, while it tributarie , like tho of tb uglaize, lead away 
from the St. 1\Iary mora ine. 

Tb drainage f tll di tri t lyin o· b twe'n th Blanchaxd moraine 
and Lake Eri , in nor t l1w .. tern Ohio, is in line flowino· dir ctly away 
from the moraine. A lar p: part of th drninag is iuto the Maumee, 
but P rtaO'e Or ek carri · t lJ dr~Linage of a narrow belt dire tly to 
Lake Erie. 
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THE LAKE MICHIGAN SYSTEM . 

Thcr are t'>o tributari of Lak l\Ii ·ui ·nn wor thy f not whi ·h 
cro the north we t rn part of Indian ~t. Of tb • th mor importa nt i 
the St. Joseph Ri,·er, and tile on of 1 , r impol'tnn ·e i tl.l a lum t . 

t. Joseph Ri er.-Ti1e t. Jo. eph Ri,· r, although hnvin n· a Jeu gth of 
about ~00 miles, tlow for a distanc of only 35 or 40 mile w1tbin th 
State of Indiaun, it coors being mainly within the tate of Iichi gan. 
The former outhwe twnrd di eharge of th i riv r from outh Bend 
into the Kankak e ha already be n di cu s d. 

The portion of the tream in Indinua trav r e a phtin of "Tav 1 bnilt 
up a an out\Ya h from the ice beet.. It has uta ·hannel in tbi plain 
40 or 50 feet in d pth·. Til fall i uffi i nt to afford x ' lleut wat r 
power, wbicl1 has been ext n h ·ely utilized at E lkhart and outh B n<l, 
as well a at ~ile Mi ·higan . 

There are everal tr ibutari es of the t . Jo eph in north m l!Idiana 
which drain almo t the entire ar a of J<,lkbart and Lagrang onn"ie , 
con iderable portion of tenbeu and Tobl couuti , antl a mall por
tion of t. Jo, eph ouuty. Of the tributari , Elkhar antl. Pigeon 
river are the mo, t important. 

Elkhart River ba a len(l'th of about GO mil s a nd a drainag ba iu 
of D rhaps ?500 . (lnar mill:' . . lt . . onrr i. in th gr nt intt>rloh. t 
Erie- 'a<Yinaw moraine and ne~•r the bord r of Lagrang and ~oble coun
tie . bont half it len nth i occupi din de c ndin"' then rthwe t rn 
lope of that m raine. It wind about greatly through a erie f 

mar be and ballo\\·lake , in lo ed by mora iuic hill and mak 
of it de cent in pa ing from one mat" ll to another. It lower portion 
i in a gravel plain on the outer southw ·t rn bord r of on of tb 

a"'inaw moraine . It nters the t . Jo eplt at the ity of Elkhart. 
The wat r power of E lkhart Hi,er ha. be n utilized at eveeal poi11t 
in it lO\Yer cour ·e, and e pecially at Go.' hen and ElklHtrt. 1r.F.E. ' . 
Hank>;, of the Go heu Milliug CompaiiJ, est.imate that at low tages 
in July aud ugust only about 30 hor ·epower a r available, but at 
ordinary stage there are two or tllree time that amou nt. 

I igeon River a tributary entering t he t. Jo eph ju t north of the 
State line, flow throughout the greater part of its cour e within tl1e 
State of India,ua. It source i on tbe ea t ide of the great in terlobate 
morainic belt, iu Cedar IAtke, in tll c extreme nort.bea t coruer of Indiana. 
It flow for nearly 20 miles i u a outh we tward cour e, parallel with the 
moraine, and then t-urn ~tbruptly northwe tward through it. The 
moraine at this place i broken by a deep channel about 150 feet lo' er 
than the nei0 ·hboring portions of' its ere. t, wbich l1a the appearance 
of being produced by stream aetion. It is thought to have been form d 
by a strP-am i suing from tbe Erie ice lobe. That ice lobe appears to 
have per i ted on the plain east of the interlobate moraine until the 
Saginaw lobe ha.d withdrawn from northern Intliana, thus preventing 
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the dminage from t.ll e ea t lope of the moraine from pa sin g to the 
1\fanm e ba iu and fot·cwg it aero>~ · the moraine into the t. J·o eph 
R.iver. pon reaclliug the northwest border oftbe interlobate moraine 

' the tream nters a gravel plain fornted along the outer border of a 
Sa.giuaw moraine and follows th i gravel plain to its mouth . In thi s 
portion of its cour e it receiYe several tributaries from tll' outh, bnt 
has none whatever from the uorth, thu pre en ting n. very one- idcd 
dev lopm nt. In it headwater portion east from the in terlobate mo
raine the tream ha a hallow hannel cut in the drift plain through 
whieh it flows. In it cours through the moraine it pa e through 
several mar hes r hallow lakes occupying the channel of its broad ' r 
I red ece. or. In th gnt\·el plain it ha a well-defined but mall chan
nel cut to a der th of :!5 to 40 feet. 

Immediately uorth of Pi geon River is another t;eam having a nearly 
par::tll 1. cour f' . Thouglt commonly called rooked reek, the name 
for a portion of it' cour e i F<twn River. It i the outl t for everal of 
th lake iuclo ed among the morainic rid o· of northern teuben 
County. It i deflected into the State of 1\lichigan by t.he aginaw 
moraine that li es alotw the 110rth border of Pigeon River but soon 
pa ~e · t lnou ·It that moraine and ent r the gra> I plain through which 
tiJe Pig on Riv r tl.ow . In the lower 2- or 3 miles of their cour,e 
the e river are but 1 to 4 mil , apart but maintain separate channel 
to tlt t. Jo~ ph Riv t'. 

'atumet Rirer.- alum t River dmiu a nnrrow trip between Lake 
Ii ·birran aud th YalparaL,o ruorain from th v i ini ty of Michigan 
ity w ,' tward to tb d · of Illinoi . It ha a JenO'th of fully 100 

lllil , , but it drainage ba ' in aYerage le . than 10 miles in widtll. 
Within a :C w mil of it · om e it rea he ' n. I vel on ly 40 or 50 feet 
ab ,- th lake and ha th r ~ re throull'bout the great r part of it 
ottr a " ry luggi b urr nt. At Blue I land, 1 llinois, it rea.che ' a 

J v I n high r than th hi ll'h . tage of La!;: 1ichigan. Th r gion 
whi •h it trav contain a of marshe and and rido·e , wllich 

i uadeq uately. 

ILLINOIS RIVER SYSTE,M . 

Knnkakee Rit• 1'.- n of the pri n ·ipa.l h ndwater of th Illiuoi 
iv r, th Kank akee ftow for 11 arly 100 ntil "·i tll i u the tate of 

Illinoi . tits ource, near outh Bend, tb mar hy cbanuel hrough 
wbi 1t the t. J O' ph Riv r form rly flow d , tallCl abOllt 705 to 710 
fe t abov tide. .At t.h tate lin the elevation of the river i 6,0 feet 
abov t id . 'I It rn t of de ceu t i therefore nearly 1 foot per mile. 
B Ht on account of tbe oTeat brradtb and hallow depth of the tream, ' . thi fall i inad quate to o·ive a strong current. Exten ' tve tract 
alou g t it our of th tream, a well as on t h borders, till remain 
in a mar by condi tion, a ud the hi gll gras 0 Teatly ob tructs the flow of 
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tb water. y y tematic ditchino· tbi' mat" b may b drain d and 
probably with profitable return f. r tile outlay. 

ome of the a tem tributaries in t. Jo eph and far hall counti 
ltaYe their sources in a mod rately elevated uplaud and hav d ,. loped 
g-ood draiuage line a ltaYe al ·o tributaries on tb north border, 
"·bicb head in tlte Valparai o morai11 d cl'il.J l abo'' . But from 
l\Iar ball onntj7 we tward, along the outh id of th Kauka,k 
there i · no relief ufficient to develop drainage line for a di t<LII f 
20 mile · or more back from the riv r. By m an of artificial dit ·hes 
how ver, a large amou11t of land in thi reO'iou ha be n brouo·bt into 
a condition uita.ble for agricultur . Wltere not drain din tbi mann r 
the region is a forbi lcHno· wa te of mar b sand and ridge . 

The IroC)uois Ri,-er, a outh rn tributary of th Kankal; n ering 
near tte city of Kankake , Illiuoi , has it ~ h aiwat r in northw t ru 
ltidiana. It. coure lead w t"·artl fr m ca t rn Ja ·p r ouuty 
through a plain taviug nfficient d ' · nt to o·iv it fair tlraina th r·e 
being a fall of_;:; or 30 fe tin the 30 mile botwel'n Ren la r and he 
State line. 

T-'..t~R.E . 

The tate of Ohio lta an important re ource in Lake Eri with its 
seYeral excell nt harbor, . Exten h·e comm r e i arried 011 fr rn 
Toledo Sandu ky, Je,·eland, ~tnd Aslttauula, which ext nd to the 
mining reo·iou of the north a well a -; to tbe tlantic aboard. 

The ' tate of Indiana, al though bord ring upon Lake lichigan , l1a 
bn one harbor, ttat a.t 1ichigan City. The great amount of and 
drifted into tte tead of the lake iu north rly torm make th main
tenance of a harbor difficult. n important b:u-bor i , towever, 
maintained. 

Tte nort!J rn part of Indiana and part of nortt rn Otio carry mall 
lakes occupyinO' depre ion in the glacial drift. The e lake ·eldom 
exceed 1 or 2 square mile in area, and a.r u ually but a fra ·tion of a 
quare mile. In a few ca es, however, an area of 5 or 6 quarre miles 

is reacted. In Indiana the e Jake are found mainly in the o-r at inter
lobate moraine, wbich traver ·es Steuben, Lagrange, .r oble Wbitl y, 
Kosciu ko, and Fulton countie . In addition to thi · y tem of lakes 
there are everal aloug tbe Valparai o moraiu iu Laporte, Porter and 
Lal;e countie and along the Maxinkuckce moraine in Mar tall and t. 
Jo eph countie . There i al o a lake of some importance in tark 
County (Cedar Lake), which does not lie in a morai11ic belt. In addi
tion to these morainic lake there are lake-like expan ions of the Kan
kakee River, as at Mud Lake and E11gtish Lake. There are al o 
portions of the Kankakee mar h which never b come Jry. The greater 
part of the urface of Indiana i entirely fr e from lake~, ttough in wet 
sea ooR mar he and pond ' are formed i u tbe poorly drained tracts. 
Th extent of tbe. e mar tes and poocl. has been greatly reduced by 
cultivatiOn and y tematic ditching and underdrainao·e. 
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In Ollio evcral lake are found in an interlobate moraine we t of the 
mud Ri\·er IJa in in Geauga and Portage counti es aud a f, w in the 

midst of moraine in tumuit, Stark, l\Iedina \\ ayne, and A hland 
counties. The e lake are ehlom more tl.Jan a quctre mil e in area and 
u -ually occupy but a few acre. 

In w , tern Ohio there are sev raJ artificial lake , formed a reser
Yoir for feeding th canal . Th J,ewiston re en·oir, ituated n ar 
the head of tbe Great .l\liami I i,· r, in Logan 'ounty; rand reser
voir ituated u ar the head of a tributary of the V aba h H.iver, in 
Auglaiz and Mercer countie · Loramie re ervoir, on Loramie Creek, 
in 'bel by ounty; and ix 'fi le re en·oir, on a triuut~M'J of tl.Je Maumee 
Hi,·er, in Pauldm g ouuty, each co ,·er an area of several quare mile . 
'l' heir it were ori<Yinally !wavily timbered plai n, , and bave be n ov
en· 1 by water bJ the erection of large clams aero the cour e of treams 
wl1ich trav r e th s plain . Anotller artificial lake, Licking r . en·oir, 
wa made inc ntral Ob10 to feed t.he Ohio Canal, connecting the Ohio 
at Port month with Lake Erie at leveland. 

In OLio, a - iu Indiana, there are mau y ]loud and mar b in wet 
ea ons which becorile dry in ea on of drou o·h t. Cultivation aud ditch

ing· have greatly reduced tl.Je extent of tlJe e poorly drained tract . 
A ide from the cla e of lakes alr ady eli cu -e i there are a few small 

la l; e or pond found in the 10 k llole of the lime tone eli trict of 
· uthern Imliana· ue of tue' -PaJwyra Lake, in IIarri on ounty-
cover v ral acr and i r port d to ltav a depth of 14 feet. Lake 
of hi are u ually formed uy the natural ob truction of tbe outlet 
but in a few a have been f< rmed artificially by filliug tl.Je hole iu tile 
b ttom f tbe l>a in. 

'Ibere ar a! o mall lake formed in abandoned channel of stream . 
The lli and V{aba It and tber tream io outbwe-tern Indiana 
fnroi h everal example . Tb . e may in ome ca e be drai ned, but are 
often t o low to admit of compl •te drainage, their bottom being nearly 
on a lev I witl.J he bed of tbe nei crhboriog tream . 

'ILe mall Jak e::. of northern Indiana and uorthea t rn 01Jio, and also 
th reserv ir of Ohio afford a.n ex ell nt habitat for fi h. A report 
on th lamprey and fisbe of Indiana by Prof. 0. P. Ha , recently puu
l!~hecl b th Indiana Ge.ological un·ey, de crib about 150 dilfereut 

many of wllich ar found iu tile e Jake .1 
• 

<Jon id raul attention ha b en given t he lake, of Indiana by the 
tat g logical urvey and tatenniver ity and al o uyprivatecorpora. 

tion , with a view to d >termiuin g- their r onrce . In tbe report of the 
g<'ol rr ical nrv y for 1, " , Dr. r. l. Le ette crives a general de crip
tion, and in tb r port for 1 75 a detailed di -cu ion of the feature , 
tog·etber with ounding, , of. everal of tile larger lake . Dr. David Starr 
J nrdon ha au ext ud ecl discn , ion of the cisco of Lake Tippecanoe iu 
tl1 Ie r . W. H. Thorup on aud S. E . Lee 
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bav a detailed d ,·cription of Lake Uaxinkuckee and bri f r ~ r nc 
to other Ja.ke. of lVIar hall ounty in th gcologi al r cpot' t for 1 5- 6. 
Dr. ' . R. Dryer has pre ·en ted, in be geological r port publi heel in 

-:1 91 and 1 03, a detailed de cription of tlle lakes of teub n, Whitley, 
.r oble, and Lagrange counti , givin · ounding and not a to char
a ter of the lake bottom a well a r port· upon the fan ua,. Tb mo. t 
detail ed 'tudy of the e Ink y t att mpted i tlmt of Turk y Lak in 
Ko ciu ko Uouuty, carri don by Mr. .11. Eigenmann, und r t he au · 
pice of the Sta,te nuiver ity. .A r port lta air ady a,pp ar d in tile 
Proceeding of the In iiana Acndemy of ci u e, for 1 95-06 but tbe 
in vc tigation ar tobccontinuedforaperiodofy ar . I willinvolv 
a omplete uiolo"'i al cia ~ifi ca tiou , a. well a t mp t'atur t t and 
other matters of value in d terminiug the condi tion foe u h cu ltur . 
The equabl condition funli ·h d by tbe lak and re erYoir c m
parcd with tbo e of tream~ promi. e to afford profitabl field. for fish 
culture. In omeca e til n mic offood-fi 11 ma.y int r~ r with , n b 
ulture, but careful ly conduct d im·e tigation , ud exp rim nt wilJ no 

doubt furui h a ufficient knowled g of th ondition to render tb 
cnlture of a number of pc i of fi h profitable. 

The beauty of ccnery which tl1e eJakc and tlte urrounding m(}rainic 
hill aiford render til m very attra ti>e re. ort for · un•m rhome· aud 
already matty of tbem have their bauk do ted with cottage 

GENERAL STATEMENT. 

The followin o- cla ification f und ro-ronnd wa.t r em to the 
wri ter to be ba eel upon ·l ar eli tinction and to jnclude th mo t 
important pba es or cla:1 es of under"'ronnd eli tribution to b found in 
the region under di cu ion. In nearly all a it i not diffi nlt to 
de ide to which ela a gi,·en water bonld be referred. The word 
"art ian ' i. a,·oitled, ·ince there i much dil:D renee of opinion concern
in g- the copeofitsapplication, omewriter maintainingthatit honld 
be re tricted to deep wells which overflow, others to well which over
flow whether deep or hallow, while others maintain that the overflow ' 
i a econdary matter, and include under tl1is bead all well having 
strong hydro tatic pre . ur wheth r they b flowing or nouflowing. 

Cla s 1. Ground water upplied by direct percolation of the rainfall 
into the oil and ubstrata, and subje t to but little lateral tran mi . ion 
and little hydro tatic pre . ure. The water level ri es and falls with 
tbe degree of aturation by rains. 

la 2. Waters in clo e a o iation with stream , as in valley 
bottom , jn which lateral transmis ion is great and hyd ro tatw pres
ure is small. It differs from th former class not only iu the great 

lateral transmi sion, but a,l. o jn being fed partly by strea,m percolation. 
Tlle level ri c an d falls with that of the neig!Jboring streams. 'This 
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Ja s should per!Jap include tlle waters of sand plain and gravel 
plains whi ·h have no urface treams traver ' ino· them, 'for waters in 
uch plain u ually have 0 Tea.t lateral transmis ion and but littlebydro
tatic pre sure. 

la . 3. Water iiiCluclecl in porous bed · of glacial drift or other non
indurated formatiou lying beneatll imperviou ' beds but without strong 
hydrostatic pres ure. uch water is supplied from more or les di t.1ut 
ab orption area and is les directly iutlueu ·ed by rainfall than the 
pre eding cia es. 

Ia s 4. Water wi th trong hydro tatic ·pressure included in porou 
bed of glacial drift or of a lluYi um. This affords many flowino· wells 
an d also well in which water ri ' e nearly to the urface. 

Cla . 5. tream in ave a nd subterranean pa arre in the rock, fed 
by ink hole and brook , and al o by direct per olation from ground 
water. 

la 6. Rock water with little curreut and slight hydrostatic pres
ure. 

Ia 7. Rock watel'under trong hydro taticpre, sure. Tbi includes 
not on ly water w!Jich overflow when tapped, but a! o water whicll 
ri e n arly to the ' urface. 

GROUND-WATER WELLS . 

la are ordinarily all d urfac• or eep well aud 
of ' npply i thu reco o·uiz u. The level of tile water 

in tb , w ll i a.bout h am a in bord ring formation and ri es aml 
fall with tb flu •tnation ' of tbe ground water. In w t "ea on the 
wat r , tancl n ar the top of th well, but iu ea , on of drought it may 

ink t a on iderable depth. 
Throuo-hout h rr]a ·iat d portion of Ohio and. Indiana the drift is 

u nall , ufficientl thi ·k an d. p!:'rviou to au. orb rainfall in ucb amount 
a to fund h tb mfa or s ep w II , bu in a few place· t i.J e drift is 
a.lmo t w::mtio o- and the rainfall is dir!:' tly ab orbed by tile uuderlyiug 
roc·k. If a. w ll from the ro ·k derh· it upply by percolation from 
tb oil or tll'fa d 1 o it ou it imm diate boruer its em legitimate 
to includ it in tbi cia · though tlter i p rbap an au,·antag in 
r tr( tiog tbi ·Ia of w 11 to tbe nonindurated formatious an d. 
tbr wing th hallow well in ro k into ci a~ 6. In the mwl acia.ted 
portiou of the 'tat tb hallow w 11 xcept in valley tilled deeply 
with alluvium or gin ia.l rrray l, arf\ obtained fro m the rock, there beiug 
v ry s ldom mu ·lt water in the rc iduary lay that mantle hero k. 

th urface formatiou vary greatly in their mtpa ity to ab orb 
rainfall, tb trenoth of w 11 in tbe.m may be expect d to vary al ' O. 

Well in gr:well y or audy drift are tronn·er than tho e in bowlder 
clay or in the la u trio or other ilts. Tb bowlder clay or till ho~Ys 
gr at local tliffcr nee in t -xture, varying from an oily clay without 
joints to a co:u e-textnred Jay,or a clay with many :fi ure filled in with 
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sandy or o-ravelly mater inl. A w ll of on id rable str ngth may b 
outained wh rea ri or fi s ur lead into it and on tribute th water 
tlt y have ab orbed. Bowlder clay i ' often intim a tely a · ociatt>d with 
d('posit of sand or gravel. If uch d p it. ar of limit d extent and 
completely inclosed by bowld t> r clay the of alu x end
ing there ervoir b eyond the lirnitt> of tb w ll ; bu t if f gT at ext nt 
tl1e.v th ually fumi ,h trong and Ia. tin o- well . Ob ervati on made by 
P rof. F. H. King of t ho vViscon in Agri nltural hxp rim e1 t 
1111\e shown that a w 11 which drain . t he trAta for bu a hort di · tanc 
in wet ea 011 may greatly extend its drainag of 
drought. 

Both in Indiana a,nd Ohio bowld r clay i by far the mo t wide ·pr ad 
~'>ource of supply for ground-water wells, and uch w II oft n 
exhau ted in ca.son ·of drouglJt.. Th pla.in betw n mora1n bav 
as a rul , more continuou 11 et of b wid er clay at tb ir urfa · t hau 
th e morainic b It: , for t he latter frequently are made up larg ly of 
g1avelly depo it· . Tbe flatne of -ur·fa on the plain favor the 
filling of well iu wet ea on and ~~ failure to obta in a w 11 i 
paratively rare, wberea the undulatin•r urfa<:e of tb morain i 
unfavorable to uch filling and hallow well are oft n un u ·ce · fnl. 
On the whole howev r tlle 111oraines afford a, trono- llallow w 11 a 
t l1 e pla in for they gain iu ·oar ·ene of material a mu ch aF\ th y lo 
in undulati 11 of surfac . TL montin of l(n ol>-anl-l>a in t p • ar 
u nally more grav lly tllan t ho e of the mootl1 riu g type a nd a~ rd 
a corre pondingly larger numb r of tron o- lYell . 

There are a-D w plain in whi h th drift i o oar e a to aft rd 
Iaro-e supplies of wate1·. Perhaps the mo t exten iv of tl1 e plain 
1 found in Mar ball and northern Ko ciu ko couuti e , Ind1an a, but 
western Shelby and ea tern John on countie carry al8o an exten ive 
gravelly plain. In Ohio the mo t con. picnou gravelly plain 11oted i 
that on th e border of the Scioto from Columbus outh to hillicothe. 
This plain extends out . everal mile from the river in the_vi inity of 
Circlevill e. Near ewark tller are plain covering perhap ~5 or 30 
square miles in which tl1e drift i largely of gravelly cou titutiou. 
There are al o iroilar plains northwe t of Mount Vernon covering 
several quare mile . Much of Ulark, northwestern Green , a nd ast
ern 1ontg-omery countie carry a gravelly d1'ift both on mora ine a nd 
plains, and tlli s gravelly drift lead down the broad valley of tlle Mad 
and Miami river . 

The number of g round -water well. in the e tates is far great r than 
t11at of aU other well combined. If the uuglaciated portions of the 
State are excluded, there are probably t\Tenty-five ground-water well 
for every deeper well, whetber in drift or in rock. Iu the 60,000 square 
miles of glaciated territory within . the e States there are e timated to 
be not fewer tbau fifteen ground-water well for every square mile. 



LE\' EI<ETT.) GR.OUND-WL\TF.R WELL . 477 

The value of th wp,l! i not so much in the quantity of water fur
Hi ' bed a in it ready acces ibility. 

Deeper wells are graduaJly supplauting ground-water wells in locali
ties where the latter are liable to fail in ea ons of drought, and al o 
where surfacecol.!tamiuation i US])ected. The ordinary ground-water 
well i but 10 to 20 feet in depth. If on ground that is readily pervi
ous, there i danger of loeating the well too near source of contami
nation, such as ce spool and mauure heap . Example of such ri k 
are found not only iu village where well are necessarily located at 
only hort eli tance from ource of coutamination, but al o in ruml 
di trict where there i no need fur such crowding. Some danger 
ari e · from the use of shallow well in clay for the clay often opens 
large fi ure iu dry ea ·ons, in wbiuh filth accumulate or i wa h d 
when bowers occur. On another page ob ervation made by Ron. 
M. C. React, of Hud on, Ohio, are pre, enterl, which ·how th a t the e 
fi sure afford o-reat opportunity for surf::we contamination. ( ee p. 
54 .) The abandonment of polluted shallow wells bas hardly kept 
pace with the knowledge of dan ger from their u e,·aml uch foolhardi
ne can carcely be ju tified. This cia of well· is not likely to be 
entirely . oper eded by deeper well for in many localitic the best as 
well as mo t convenient upply i from tbis ource. Their u e. bould 
be guarded by the mo t wat hful a ttention to the anitary conditions 
an d t the l1 ara ·t r f th wat r, aud when polluti n i detc ·ted th re 
hould b prompt di continuan ce of tbe u or, if uo b tter water 

cau b obtaiu tl th wat r u d for drinking hould be properly boiled. 
It i qui nerally b li v d by old ttler tb~Lt the shallow well 

ar b ominO' weaker and permauently low r, but in tbe ab n e of 
tati t i only th probable intlu u ·e of s ttl ment upon uch well can 

be on id r I. Tlle efl'ect f ettl meut ha b en to afford better surfaee 
draina,ge by p niu O' ditche and removing ob trnctiou , and thn to 
le n tb amount of atoratiou. Cultivation of fleld , lea ling a it 
u ually doe to a mor rapid e car e of water over tbe urface, al o 
tend to 1 n the d gre of atnration. A owewbat r duced npply 
to hallow w 11 au l a m re freq u nt failure of ncb ~ell ' than in tlte 
day of early , ttl ment are therefore to be expected. 

Tb ett ct of tlte drought· of 1 94 and 1 95 upon grouud-water well s 
are quite g uera.lly reported to be more evere than tho e of any other 
drought ioce th ettl went of the e tate . A large number of well 
10 to 20 fe tin d pth became exlmu ted for the fiT t time in tbeir hi. tory. 
Th lev 1 of ground wa,ter appear.· to have b en g-enerally lowered in 
bowlder clay to ad pth of 10 feet or more below th surface. uclt a 
loweri ug requir a lon o· period of rain tore tore the ground water, and 
though the rain fall 1f 1 96 ha bee n greater than in the preceding two 
years many well r main weak compa,r d to their treugth prior to the 
drought. 
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S H A LLOW W ELLS IN VALLEYS . 

, t r a m. of In dianL a nd hio 

w 11 of t lJ UJl· 
u in t heir loca-

lwnld, 
if po ibl e b located on th upland ~;id e of ce spool., bam ard or 
otller ource ·of ou taminatiou. In citi or village wher waterwork 
are con tructed good watennay u ually be obtained by inkin g in fi ltra
ti on well · on tl1 e ur tr am id of be town . 'everal it i alonrr th 
Ohio, in v"Ve t Virginia, Ohio, and K n tucky, have in tro lu d a y tern 
of well on bar in th e ri ver, wbi b a r mented at top o t bat wl1 n 
tL , tream i high enough to o\·er tll e well mouth t lt e water mu. t n ter 
from tho bottom of the well at de 11th of 5 to 10 feet b low_th ri v r 
bed. In the table of ci ty water up ply g iven below tb H e of in fi lt ra
t ion well i: indicated , and al ' O t he u ' e of h allow well in vall y . 
\Vh ere no \Yaterworks sy tern ha been introduced, tll well iu ·i t ie 
an d. villages located in vall ey often a re ontaminated, and t be pe dy 
al>andonm nt of private well eelll a nece ity. ' is tern filled with 
n t iu w~ter from root: of dwell iug are freq uently u_,ed in u ·b vill ao·e 
and fnrn i h water of fair qual ity i f p roperly fi ltered. 

DRI F T W E LLS WITH WIDE OR REMO'rE ABSORPTION AR E AS . 

I n tlle cla ses of well j ust di scus ed t he ' rater uppl y is d riv d 
fro m tbe rrroun d immed iately urroundin g the well mout ll, or i li able 
to receive a pa r t of it . upply from the im med iate border. I n t lle 
cla s of well · now to be d i ' W ·ed the . upply depend scarcely at all 
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upon the ground. around the well mouth. The well. are usually so deep 
that no water gain acce to them from this ource. Commonly their 
suppl i derived from beds of gravel or a nd. which are interbedded 
with th e beets of bowlder clay or ti ll. They are supr o ed to be fed, 
like t be water upplie found in t he rock strata from surface outcrop 
of the water-filled bed or t hroug h joint · or otber openings in the over
lyin g drift sheet. In thi di cu ion tbe well in which a strong 
hydro tatic pres ure occurs are HO t con 1dered, ince they form a 
eparate cia s di cussed below. There i u ually, bowever, a decided 

ri e in tbe water above the level at w!Jich i t enter tbe well. But a few 
in tauce have been reported. wh ere a beet of water ha. b en fonnd 
beneath bowlder clay that does not bow a perceptible ri e in the w·ell . 

Wells of t bi cia ' are r pre euteu very widely in the glaciated por
tion of Indiana and Obio. Iu Indi a na they may b . found over tl.Je 
greater 1 a r t of t h tate uorth of the latitude of Indianapoli and for 
30 or 40 mil e · outh of tbat latitude, wbere they upplant to consid
erable extent t l.J e u e of hallow well . Tbere are, however, mall 
area alon g the V\ aba b Vall ey and. it ·outiJ border, and al ·o in Ja -
per, Pulaski, and \\ bi te countie , where t l.J e rock is tru ·k at sl!ght 
depth , as may be eu by r fer nee to tbe accompanying map (Pl. 
X~rXVII) . In very few lo ·alitie in nortbern I11 d iana have deep well 
i11 the drift failed to obtain an abundance of water. It is often n ce -

h wev r to iuk to d ptb of 150 or 200 feet. ually tubular 
bori11 4 to 6 iuche in diam ter are mad . and unle sa well i fou nd 
to yi ld at 1 a t 4 gallon p r miuut it i Hot con ' iderecl ufficient for 
th ' d mand n.utd on uch w il ·. 

In outb rn Indiana v n wher drift coYer d. th ro k is u ually 
eu ·otwt r u at d pth, of 2 to 30 f; et or l . The well in the dl'ift 
are t lt r for , n. ually g rou n l .watel' well . n lowl and tra t ' and 
along morai11ic r id g-e. , how v r, w II oO to 100 feet in depth are often 
obtai n l without n t ri11 g tb ro k. 

Iu bio tiJick d po it of drift prevailles -widely than in the north-
em lJalf of ludiaua. few c untie in tbe .Jlort hw t orner of t he 

t:-tte h av a d . po i x edin g 100 f; et in a verage th i kne . and a 
b It with imil :w IJi lm l ad · from we t to ea t a ros the middle 
11or tiou of w tem Ohio and tbeuce outbea tward to the ioto ba iu, 
~ outh of Colurubu . With these exception t he thick drift of the State 
i.· lar ly coufiu <l to valley or lowland tract whi h were probably 
occupi d by tr a rn in pr . lacial time . long tbe morainic rid<Ye , 
l1owever, tb re is u ually about 100 fe t of drift. Iu the e re o·ion of 
tbi k drift in Obio a in Indiana, d p w 11 are obtained in the drift, 
an d failure ar rare. 

In tbe greater part of nortbern bio and a!Ro iu the drift-covered 
portion of southern Ohio, out id e the limits of the thick drift above 
outlin d, it i often po sibl to obtain well of this cla s at depth of 
50 to 75 feet, or veu le . Tllere is however, so much of tbi al'ea in 
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which ro ·k is encountered nt 1 than 50 feet t llat the averag·e valne 
of deep drift well is not o 0 T at. 

Well of this cla.s a.re of i11estimable value to th many village and 
citie ' wbere they may be obtain l and to the stock rai r in the rural 
districts. The quality of wa.ter i the u el'; t to be found at any boriz n 
for t!J rei freedom from t b ontamination to wlli h nrface water and 
water from shallow well is li able, aud ther ar al o v ry few well iu 
which th e mineral in o-redi nt ar at all obj ·tionabl . The wat r i 
moderately bard and u ·ually lig htly chalybeate. Th average d pth 
of the e well probably doe not exceed 75 to 100 fe t, but ven wb I'e 
it i neces ary to inl a well to a d . pth of 200 ~ tor mor , the exc 1-
lent quality and large quantity of the water u ually ju tify the outlay . . 

D RIFT W ELLS WITH STRO NG HYDROSTATIC PRESSURE. 

V\Tells in the drift havin o· t rong hydro tatic pre ure are widely di . 
t ributed iu Indiaua a nd Ohi uut they are found n ually eith ron the 
slope of moraine or along valley or in ba in in which there i a thi ·k 
filling of drift. The sour e of upply and cause for troug pre ure a re 
n ually readily found . When on the slope of a morainic ridge, t l1 e 
water appear to be derived from porou bed exp ed in the moraine 
or on elevated tra t out ide of it. It is found that th beet of dri ft 
oft n h rwe nn imbri nto urrnugcJJl ut, t Le lH Wl' L1 • •L l applllg 0 r t il 

earlier one and burying bed of sand or gravel which have been depo ·· 
ited on the earlier. beet . ·where the ice was advancing up a slope i t 
beet of drift outcrop on the higher parts of th lope an d dip toward 

t!Je lower part . If, therefore, water i absorb d. in porou bed out
cropping on the higher portiou of the lope, either along a moraine or 
in elevated di tricts outside, it may be expected to pa s down the lope 
and yield well with strong hydrostatic pres ure wherever tapped. 
Flowing well obtained in valleys or in ba in probably are upplied in 
mo t cases by ab orption on the border of the valley or basin .. 

Iu Indiana wells are found to have a trong hydro tatic p re ure and 
to occasionally overflow on either slope of the great inter lobate moraiue 
which stretches from the northea t corner of the State southwe tward 
to the vicinity of Rochester. The hi gh hydrostatic pressure is main
tained for a con iderable di tance to the uorthwest from the moraine, in 
Kosciu ko, Mar·hall, and t. Joseph countie, produciug flows at Ply· 
mouth and other point . 

On the northwest face of the Valparai o moraine, in Laporte, Porter, 
and Lake counties, wells have a trong hydrostatic pre ure, and occa
ioually overflow. The absorption area i probably mainly in the 

moraiue, but m<tY perhap include the Kaukakee marsh outside. 
Among the drift ridges in Benton County, iu western Indiana, adja

cent to the flowing-well di trict of Iroquoi County, Ilhnoi , the wells 
have a strong hydrostatic pressure. Thi flowing ·well district, as 
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~ COUNTIES" 
No. 1. LA.KE 
" 2. PORTER 
II 3. LA PORTE 
II ... 6T. JOSEPH 
11 5. ELKHART 
" 6 LAGRANGE 
II 7. STEUBEN 
II 8.0EKAL8 
11 9. NOBLE 
11 10. KOSCIUSKO 
" 11. MARSHALL 
H 12. STARKE 
" 13. NEWTON 
'

1 14 JASPER 
II H~i . PULASKI 
II 16. FULTON 
11 17. WHITLEY 
II 18. ALLEN 
u 19. ADAMS 
u 20. WELLS 
11 21. HUNTINGTON 
II 22. WABASH 
11 23. MIAMI 
II 24. CASS 
'

1 25. WH ITE 
II 26. BENTON 
II 27. WARREN 
11 28. TIPPECANOE 
11 29. CARROLL 
II 30. CLINTON 
II 31 HOWARD 
II 32. TIPTON 
"33. OR ANT 
h 34. BLACKFORD 

-
11 35. JAY 
11 36. RANDOLPH 
11 37. DELAWARE 
11 38. MADISON 
11 39. HAMIL TON 
'

1 40. BOONE 
" 41. MON TGOMERY 
01 42. FOU NTAIN 
11 43 VER MILLION 
II « . PARKE 
11 4~. PUTNAM 
II 46 HENDRICKS 
11 47. MAR ION 
II 48. HANCOCK 
" 49. HENRY 
II 50. WAYNE 
11 51. UN ION 
1

' 52 FAYETTE 
II 53 RUSH 
II 54. SHELBY 
II 5~ JOHNSON 
H 56. MORG AN 
II 57. OWEN 
11 ~.CLAY 
11 59. VIGO 
11 60. SULL IVAN 
H 61. GREENE 
II 62. MONROE 
II 63. SROWN 
" 64. BARTHOLOMEW 
u 65. DECATUR 
II 66, FRAN KLI N 
11 67. DEARBORN 
I I 68. OH IO 
11 69. SWITZERLAND 
., 70. RIPLEY 
II 71 . JEFFERSON 
H 72. JENN INGS 
1

' 73. JACKSON 
" 14. LAWRENCE 
11 T5. MARTIN 
"76. OAVIESS 
II 77. KNOX 
"78. GIBSON 
" 79. PIK E 
II 80. DUBOIS 
H 81 . ORANGE 
u 82. WASHINGTON 
11 83 SCOTT 
11 &4. CLARKE 
II 85. FLOVD 
u 86 . HARRISON 
11 87. CRAWFORD 
II 88. PERRY 
II 89. SPE NCER 
" 90. WARRICK 
"9\. VA NDERB URG 
"92. POSEY 

UNGLACIATED 
(Wells in rock) 

MAP OF OHIOAND INDIANA 

SHOWING THE RELATION Of THE DRIFT TO THE ORDINARY WELLS 
BY FRANK LE:VER ETT 

1897 

NOTE - THE CONTOUR& AAf IIASEO CHI !FLY UPON RAILWAY 
AL TITUOES.. • THESE DATA ARE tUP~E~ENTEO BY PERSONAL ANEROID 

DETERMINATIONS BOTH IH I,.OtANA ~ HIO, AND BY NOTES FURNISHED 
BY MEMBERS OF THE INDIANA SIJR ' IH EASTERN OHIO AVAILABLE 
DATA ARE SUFFIOIEHT TO NAP Olll."r~HE MAIN AREA.8 8TANDINQ ABOVE 

EIGHTEENTH 

--; 

, I COUNTIES IN OHIO 
NO. I. WILLIAMS 
" 2. FULTON 
H 3. LUCAS 
II 4. OTTAWA. 
H 5. LAKE 
H 6. ASHTABULA 
•· 7. TRUMBULL 
" 8. GEAUGA 
" 9. CUYAHOG0 
•' 10. LORAIN 
' 1 11. ERIE 
u 12. SANDUSKY 
II 13. WOOD 
"14. HENRY 
II 15. DEFIANCE 
u 16. PAULDING 
II 17. PUTNAM 
" 18. HANCOCK 
II 19. SENECA 
II 20. HURON 
11 21 . MEDINA 
• 1 22. SUMMIT 
II 23. PORTAGE 
u 24. MAHON l NG 
"25. COLUMBIANA 
u 26. STARK 
u 27. WAYNE 
u 28. ASHLAND 
• 1 "29. RICHLAND 
H 30. CRAWFORD 

No. 31 W VANOOT 
·• 32. ALLEN 
h 33. VAN WERT 
" 34 . MERCER 
'' 35. A.UG LAIZE 
H 36. tiAROIN 
II 37. MA~ ION 
" 38. MORROW 
.. 39. KNOX 
II 4(). HOLMES 
" 41 COSHOCTON 
u 4·2 TUSCARAWAS 
" 43.- CARROLL 
u 44. HARRISON 
• 1 45. JEFFERSON 
II 46 BELMONT 
'' ·47. GUERNSEY 
I I 48. MUSKINGUM 
II 49. LICKING 
" ro. DELAWARE 
• i 51 UN ION 
" 52 LOGAN 
'' 53. SHELBY 
u 54. DARKE 
II !>5. MIAMI 
H 56 CHAMPAIGN 
II !t] . CLARKE 
II 58. MADISON 
u 59. FRANKLIN 
u 60. PICKAWAY 

No. 61. FAIRFIELD 
1 ' 62. PERRY 
II 63. MORGAN 
·• 64. NOBLE 
' 1 65. MONROE 
II 66. W~SHINGTON 
u 67 AT HENS 
II 68. HOCKING 
·• 69. VI NTON 
" 10 ROSS 
" 71. FAYETTE 
1' 72 GREENE 
" 73 MD TGOMERY 
II H . PREBLE 
·• 75. BUTU.R 
H 76 LEBANON 
n 77 CLINTON 
" 78. HIGHLAND 
01 79. PIKE 
" 80. JACKSON 
H 81. MEIGS 
h 82 GALLI A 
" 83. LAWRENCE 
•' !H. SCIOTO 
'' 85. ADAMS 
II 86. BROWN 
" 87. CLERMONT 
II 88. HAMILTON 

1,000 FEET 
1 

AND ARE IN&UFFlCIEitT fJUPPLY OTHER CONTOURS. 
- .)().------42- . -·-- ---~,.,-----· _ _.L --

30 ' 

DRIFT 25 ' TO 75 ' I DRIFT IOO' OR MORE 
(Wells frequently enter rock) .._ __ _,. (Wells seldom enter rock) 
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shown in a paper in the Seventeenth Annual Report, Part II, is appar
ently upplied from the water au orbed on the moraines which encircle 
th e di trict ou the :outbeast, south, and southwest. 

Along the Iroquois River, from the vicinity of Ren selaer westward, 
fl owing well may be obtained which are appareutly fed by water 
ab orb l in the andy di trict near the bead of th e Iroquois. In 
th e e andy di. tricts th e ro<.;k i encountered at a much higher alti tude 
tl1an in the flowiug -well district to the we t, and th e drift bed appar
ently l1ave a we tward dip, in correspondence with the decreasing alti
t ude of the rock surface. 

A few flowing well s have been obtained on the slopes of an elevated 
tract of drift in lin ton Boone, Tir ton, and Hamilton counties, which 
are apparently fed by water a,b orbed on the l1in·her part of thi drift 
area. 

Farther outh, in the vicini y of Danville, Indiana, there are flowing 
w 11 which appareutly have heir ab orptiou areas in the morainic 
tra ·t immediately to thew<' t. 

In ea tern Indiana, on the lopes of the omewhat elevated tract 
wllicb ha it ulmination in outhern Randolph County, numerous 
flowing wells have been obtained along valleys, and wells on the bor
dering upland have tron g hydro tatic 1 re ure. The absorption nrea 
is readily found iu the high part of the dome on who e slopes t bey 

n picu u in tance of flowing well along a valley i found in 
a ·e of the t. Jo eph River. Tbe ci y wat r upplie of outh 

Bend a ud E lkhart are outain d from well of this cia s. Ther i con-
id rabl bydro ' tati pre nre in well between tbe e citie , and a few 

overflow. 
notb r valley tract yi ldin o- numerou flowing well is that of Flat

ro k all y in 1 u h 'ounty, fr m Hu hvill northward to Raleigh. 
ity of Ru hvill obtain t he upply for waterwork from th is 

onrce. 
long th Mi i sin wa \~alley there ar occa~ional flowing well8, one 

of whi h at Marion, ur plie a con iderable portion of water for the 
waterworks. In the alamonie Valley a l o near \Vaueu, several flow
ing well · have be 11 obtained. Th e, however, in orne cases enter 
r k. 

In the vall y of 'rr aty Creek, a mall triuutary of the Wabash in 
\ aba h ounty, a ri s of flowing w 11 have been obtained which 
f;Upply tb waterwork of the city of Wabash. 

Tb water in the flowing w lJ i u ually li ghtly chalybeate, bnt 
this i a! o a cbaracteri ti of mo t of the deep drift well , irre pective 
of hydro tatic pres ure. 

The wells are of variou depths, orne being but 12 to 20 feet, while 
other exceed 200 feet. Th ya re usun1ly obtained in beds of gravel 

1 GEOL, P1' 4-31 
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beneath beet · of ti ll or of other very compact lay, as at South Bend. 
In a few iu tance the llead i a great a 30 f et above the urface, 
but a a rule tlle flow cea e at a h io-lJt of 10 fe tor 1 Tll a com
panying table et fortll th lo atiou and depth of orne of tb tr n · t 
flowing wells. Further data wiU he gi u iu a detailed di en ion of 
thew 11. of Indiana whi his to be publi ·II d oon a on of the Wat r
Snpply and Irrigation Papers. It will be ob erved tl1at at c rtain 
localities the dep th of t hew 11 \' arie greatly. In uch a e th fl w 
beo·in a,t the 1 a t d pth mention d aurl u ually b come trouger at, 
greater depth . 

Table of jiowi11g wells f1·om drift in Indiana. 

' ortbern Lake County, several w lis ............ · ----· ................. . 
·ortbern Porter County everal wells ...... ............................ . 

Northwestern Laporte County, several w 11 . . .............. . . .. .. .. .... . 
outh Bend waterwork , many wells . .... ... .... . ... ... .... .. ........... . 

Elkhart, . everal well · ................ ...... ...... . ... .................. . 
Near rortb Liberty, a f: w w 11 ........................................ . 
Teegarden and vicinity, many wells .. ...... .. ....... . .................. . 
Plymouth water work , several wells ............... .... ........ . ........ . 
L ake Maxinknckee, many well ............ .. ................ .... .. .. .. .. 
Vl'arsaw water work , eYer al wells . . .. ................................. . 
Colnmbia City an <l vicinity, sev rnl w ell .. ............ .... ........... .. . 
Nor h Manche ter waterworks, etc., se,·eral well ............ .. ... ... ... . 
·wabash wnt rworkA, v ral w 11 1.' . .• • . .. ...•.. . .•...••..•.....••• . .•••.. 
Iroquois Yallc~·, many wells .............. ..... ... ........ .... ......... . . 
Oxford one well ...... .. ......... ... . .... . .... .. ..... ...... ..... ,. ..... . 
T mpleton one well ..... ..... .. . .......................... ... . . ... ..... . 
Flora, s ,·era! wells ........... .... _ ....... ... .................. _ .. _ ..... . 
Frankfort, several wells ........ _ ......... ..... ......................... . 
Danville waterwork , several wells ......... . .. ........................ . . 
Greenfleld and vicinity, everal wells . ........... . ..................... .. 
Teweastle waterworks, several w lis ...... .. ..... .. - ............ ... . . ... . 

l'!lortlland, one well ...... ..... . .. . ... ...... .... ... - .. ... ................ . 
Near Liberty, two or more ..... .. .. .. ....... __ ......... .. _. _ . .. ......... . 
Raleigh, everal well .. . . . . . . . ........................................ . 
Rushville, many well . ............ .. ....... ..... ........... _ ... ..... ... . 
Middletown waterworks, etc., e ,·eral wells ............................ .. 
Franklin, several wells ......... . .... . ....... ...... .. .. _ ................ . 
Martin ville, several wells ... .. .... . _ ................................... . 
Tortbea tern Allen County, several wells (Dryer ) .. __ ....... . .. ___ .. .... . 

Fe t. 
60-l()() 
0-200 

60-250 
100-125 
30-120 
45- 70 
40-100 
40- 50 
20- 75+ 

120± 
50-225 
-0-100 
·12- &:; 

30-120 
5-

300 
12- 47 
15- 65 

110 
150± 

90-240 
0 

40± 
65-lOG 

-14- 75 

100± 
30- 90 
40- 75 
35- 45 

In Obio flowing well are found as frequently as in Indiana and in 
similar situation . Tho e in conn ection with moraines find con 1 icuous 
illu trations in tbe northwe tern coun ties of tbe State, and al o on 
either ·ide of tb elevated tract in tbe west-central part of t h State. 
In several lowlands fiowino· well · of gr at trengtb have been found. 
Tho e at 'fonnt Vernon and Mansfield are adequate to supply the 
waterworks. Tbe well of tbi cla in Obio will be discu edmore at 
length by Dr. Edward Orton, in a bulletin for this Survey. 
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SUBTERRANEAN DRAINAGE LI NES . 

It i probable that there i moveme11t in all undergTound waters, 
bu t the movement eldom is sufficiently rapid to be noticea.ble, and in 
many ·a e requires in trumental aiel for its detection . In rocks not 
broken by fissure. , ' n •l1 as saud tones and au ly shale , the tran mi -
ion is apparently that of a low cnrr nt varyin o· in rapidity with the 

texture of the ro k , the. lope of tbc bed, and the hydrostatic pre m e. 
In fi ured rocks, nell a lime tones and certain bale . the movement 
of water ' is chi efly through fi snres and often assume.· the force of a 
, tream or line of urface drainage. Iu certain very soluble lime tone 
the undei'O'rotmd water ha dis olved the rock and formed great cav
ern in which it flow with a ' much freedom as in surface stream . 
Indeed, urface tream · of considerable size may be completely diverted 
in to underground pa ages, forming so-called "lost river.·." It i. onl y 
the Ia t clas of subterranean drainage that is here con idered, for the 
other cla e are con idered under other heads. 

ev ral kind of lime tone have cavern , but by far the most cavern
on oue of this r egion i the t. Loui lime tone and it i in this fo r
mation that the notable caves with their line of subterranean drainage 
are developed . Tile t. Louis lime tone outcrops in a narrow belt in 
Indiana leading from tb e Ohio l iver, in south em Barriflon County, we. t 
of 11 0rth, cro in g Ea ' t White River near Mitchell and White Rh-er 
near pencer. It continue mu b farther north but i largely co11cealed 
by drift. ave ' have, howev r, b en di coYerd in it a far north a 
Green ·a tl . "\ h r uot covered by the drift, sink bole abound and 
urfac <lrainag liue ar · v ry imperfect. The main drainage line 

wll i ll cro. thi regi 11 have rhann I op ned on th urfare, but very 
fi w tribntarie hav a nrfac cham1 el opened. There are many tron g 
pring at point wh r> the ubt ' tTanean pa age of trilmtarie open 

in to th rnatn dratnag· lin , ]Wing which are adequate in orne ca ·e 
to run n, mill or to upply a t0\1'11 . Tlm Uarri on Spring, a few mil 
we tof 'orydou a not tl above, lla ufficient force to run both a gri t
mill and a ·aw mill. A cave spring near Salem uppli es the w:-~ terwork 
of that city. On ·on picuon in tance of t he diver ion of a nrface 
tream into ~L subt rran an pa sag i found in Lo t River, which dis

appear for a few mile in tbe vicinity of Orangeville and find pa sage 
"in a com pi x sy tem of main ~Lnd lead . ' In heavy frc bet the 
tr am an not b ntirely ab orb d by the ubterran ean chaun l and it 

th"n flows on the nrface through the mid ' t of a fore t. tampers 
Creek, a mall tr am in the same locality, i o completely absorb d 
tl1at it ha no surface clJa.nnel opened beyond the ink. Tb e ubter
ran an tr am and the cave of outbern Indiaua, have long be n known 
to geologi ts, and are de cribed in con irlerable detail in tho Geology 
of Ill diana. 1 

' eu Geology of Indiana, 1850, 1/1'· 149-158. map p . a61 ; 1872, pp. 
208, 200, 224-226 , t87S. pp. 292-294 , ao6- 309, 456-510 . ,883, pp. 7 , 79 : 1 
pp. 121- 212. 
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The Burlington and Keokuk lim tone of Eocarbonif ron ag and 
the iagara limestone of pper iluri an ag u ually afford fair tran -
mi ion for sul>t rranean tr am . \Vh re th e lime ton out~.:rop 

along vall ys opiou prin o· often occu.r wltich te ·tify to the str ng th 
of ubterran an drainagfl. 0 casionally a ca,ve ha b en found of ~ ufli 

·ient size to admit of exploration, thouo·h mall mr ared with tiJe 
cave St. Loui lime tone. 

ROCK WELLS WITH SLIGHT HYDROSTATIC PRESSURE . 

In place where th drift doe not furni h an abnnd anc of w~Ltet, 

either beca.us of its light depth or it compa tn s oft x ur , well · are 
fr quently su nk into the rock to a moderate depth. In tlte driftle. 
portion of Indiana and Ohio al o w ll f his las form a, main 
source of upply. In t il early day of ttl ment u h wells w re 
excavated or blat d and have a diameter of everal feet, but cine the 
drill ha been in rodueed into this region large w lls are rare. ually 
a 4-inch or 6-inch drill i employed, a nd th well i unk to a depth of 
ev ral feet beyond the point wher w"at r nter , iu ord r to obtain 

either a ba in or a greater contnbuting urfa e. vVh r weU are 
unk in <llld tone such d p uing u ually r ult in a trengthen 

in o· of he well, arrtl iu lime too there i but rarely a loss of water 
~npply ran , d hy ~i nkin g to~ lC'vel below th wat r· v in. 

In tbi · ·la s of w II the head i , eldom uch a' to au an overflow, 
for· the , upply i u ·ually from a moderate depth and i furni bed by 
ab, orption of rain water in the imm diate vicinity of the well. The 
depth of thi ·las of wells rauge from 10 feet or le to 200 fi tor 
mor . The deep r wells, how ver, are not u ually upplied by ab rp
tion from the immediate vicinity. 

There i much clit't'er n ·e in the strength of these well in ditl'erent r ck 
formations. In ·orne formation strong well may u ually be obtaineu, 
while in other the majority are weak . Probably the be · t horizon for 
this clas of well ' in the region nuder di en ion is the iag; ra lime-
tone. This lime tone i 110t only fis urecl extensively, but i al o in 

places ufficient.ly porous to tran ' mit water readily. Its exten ive.out
crops in eastern Indiana and we tern Ohio aud al o in northwe tern 
Indiana in ure for the e di tri ·ts an abundance of water at compara· 
tive.Jy light dept-hs. The water i often sulphurou , owing to the pre -
ence of iron pyrites in the lime tone, but i ou the whole plea ant and 
of good anitary quality. This lime tone in some case affords wells 
that overflow oe have strong hydro tatic pressure. This is especially 
true of the well ou the lope of tbe dome which find its culmin ation 
in southern Randolph County, Indiana. Wells 200 to 250 feet or les in 
depth often have sufficient head to overflow. 

The limestones of Lower Silm·jan age, which are extensively exposed 
in outhwesteru Ohio and southeastern Indiana, u ually afford water 
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at convenient depth in ufficient amount to upply bou ebold but are 
seldom of uffiei nt trength to npply a large uumber of cattle or 
otber stock. Stock rai ing i therefore, as a rule, not undertaken on 
an exten ive cale unle sa farm i ituated near a livino· stream. The 
water from tbi .- horizon, though bard, is u ually very palatable and 
rarely ba a ulpburou character. 

Probably the po re t source for water i the Devonian hale but 
the e form only a mall part of the area of either Indiana or Ohio a a 
surface outcrop. Wher not overlain by rock they are u ually cov red 
by a drift b et wbicli yields a fair amouut of \rater. 

The nob t.one or Waverly group is a source of tronO' well and 
numerou pring both in the Indiana and the Obio outcrops as are 
al o the other sand tone of Eocarbonifernu age. The quality of 
water is ex ellent, being perhap un urpassed in average quality by 
water from any other horizon . It i u ·nally -ttfticiently soft to ben ed 
for laundry purpo e without" breakin~:,' and t lm avoid the diffi nlty 
experien ·ed in tb u e of nearly all water · from the glacial drift, a well 
as from lime ' tone formation . . 

The Eocarboniferous lime tone which outcrop ex ten ' ively in south· 
ern and· we tern Indiana all furuish a fa ir amount of bard water and 

eroing water suppli for citi and village ·, given 
erv to indicat th d ptL at whi ·lt well are 

ach of the everal forma ion and make further 
The rock water of Ohio will b eli cu eel by Dr. 

eparate paper for thi · ut'\ y. 

ROCK WELLS WITH STRONG HYDROSTATIC PRESSURE. 

~ wart ian well were made in the arly day of ettlement, but 
th gr ::tt ma;jority of boring in Ohio and Indi::tna hav be n sunk iuce 
the di ·cov ry of na,tural O'a iu the e tates about 18 6. The e borings 
for oil and ga · were made without reC ren ·o to the determinatioD of 
water re onrce , and but little attentio11 wa giv n th water. The 
value of t he water is gr ater than i popularly. uppo ed for the troog 
pr ure e"·eded by it in the territory arronndin O' the ga and oil 
fields cau e · t he pr snre xbibited IJy the gas well , aud make th m 
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much more valuable than would be tlle cas if th r wer not thi 
strong hydrostatic pres ure. 

The sinking of tlle e wells for oil and ga ha · <tl·o brought to light 
the existence of larg . upplie of potabl water in the formations wbich 
are pen trated bcfor the rocks yielding ga ~llld oil ar rea ·h d .. ln 
many iu tanc these w 11 ltave pas ed 1 otable wat r in th Niagara 
and found salt water in the Trenton. By plugO'ing u h w 11 betw n 
the potabl and the alt wnter th form r ha been tum d to u as tt 

source for city water supply or for manufacturing and oth r i ndu tne'. 
Stati tic are not a' ailabl concerning th b ad xc pt in a fe,v 

in tances. A a rule the water obtained from tlt iagara lim ·tone 
in the vicinity of the ga and oil fi ld of eastern Ind1a11a and we t ru 
Ohio ha greater head than that in lower trata. Th re ar in tauc 
in which it reaches au elevation of fully 900 feet, 'vhil tb Tr oton 
water ,seldom much ex eeds 600 fe. t in the same localiti n in 
northw ·tern and we.:teru Indiana the differenc in b ad b tw n the 
waters from the iagara and from lower formati n i · u ually light, 
not far from 600 feet. It appear to be omewhat higher in north
western Indiana than in the w tern and outhwe tern portiou of the 
State. In outheru Indiana a few well have be n obtameu which how 
a head not far from 600 feet, and the head in c ntral Indiana i appar
ently about the ame. 

Several well from the .... iagara in we tern lndiana yield a ulpho
aline water which has gained a wide reputation a a re torativ to 

di ea ed and enfeebled per on . everal anitarium llavo l1 en ·on-
tructed for tlle accommodation of per on who r ort to th e well . 

Tlto eat l\lartin \'ille Spenc r Greenwood, Latayett , and M'ontezullla. 
ban\ wide reputation . A11aly es of tbe waters from tlte e and other 
leep well in western Iudiana app ar ou sub equ nt page ·. 

Concerning: tbo absorption area from which deep w ll at·e upplied 
orne uncertainty exi t . It i thought tbat w II from the Niagara 

lime tone in the ea tern part of lltdiana and we tern Ohio l.la-\Te their 
ab orbing area in the levated area of Ran<lolr h CQunty, Indiana, and 
adjacent countie . In north we tem Indiana the sou rce i · ar parently 
from outcrop in nortbern Illinoi or southea t rn Wiscon in. B tween 
the e two eli trict there L· a large ar a iu which the direction of intake 
and transmi sion i uncertain . It is a,l o uncertain in southwestern 
Indiana. 

Th horizon from which water i u ually obtaiued iu tb artesian 
w ll s of Illinoi and outheru Wisconsin, namely, the Pot dam and 
St. Peter andstone ·,and to a le amount in Lower Magnesian and Tren
ton lime tone: , are at E;O low a l vel in the tates of Indiana and Ohio 
that they do not furnish a convenient ource of supply, even if the 
water Nhould be of suitable quality. The borings for natural gas, how
ever, l1ave shown that tlle water iu all tllese formation i bracki h or 
too aline to beof suitable quality for d'r inking. It is not likely, there
fore, to be , ought fo r any purpo e, unless i t be as a source for alt. 
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The Eocarbouiferous lime tone and sandstone and al o certa.in saud
stone of t!Je 'arboniferou in outhw tern Indiana yield wat r hav
ing trono· hydro tatic pre ure and occa ionally fnrnishinrr an over
flowing w 11. Wells in these formations vary greatly in the quality of 
water· a few are fresh, but the majority are brackish and orne are 
highly ali ne, a may be een by the analy e on another page. On the 
whol , the e formation do not promi to yield wat rs of a quality to 
ju tify .xteu iv development. Well unk to a d pth of 100 to 200 
feet se m more lik ly to obtain a potabl water thau tho e of great r 
depth . 

ince the character of the ro ·k water of Ohio i to b di cu ed by 
Profe,sor Orton, for thi Survey, furt!J er r mark oneeruing it charac
ter eem unnece ary in thi · pia e. A .fi w deta ilt·d record of well in 
Indiana, illu ' trative of th e above statements ar o-i ,. u below. 

W ELLS IN INDIANA. 

Anclersou.-Thi ity ha one arte ian well, 800 feet in deptb, ituated in 'White 
River Vall y n ar the wa.terwork pnmping station. Thi water i pumped to nine 
hydrant in the city . It is r eported to b strongly imprerrnat d with ma nesia, iron, 
and sulphur. Probably tbe npply is largely from Kiagara limestone . 

.dttica.-A strong O\' r flow wa obtained in a boring in tl!e Wabash Vall y at this 
ci ty. The water is t rongly sulphurous, but otherwi e no t unplea ant. The depth, 
bead, and geological hori zon are not known to the writer. 

Bloomington.-.A ction of a boring 2 730 feet in deptb is published in the Geology 
of Jndiana,' on<l i int rpr t d by Dr. Phiuney to enter the Lower :Magnesian li•ue-
tone ab ut 50 fe t. Wat r i repor t d at only two level ; fir t, in the t . Lonis 

lime ton , within 30 to 3' feet of the surface; second , in tbe Lower ~fagnesi au 

lim toue,at2,722to2,730f t. Jtwa tb originalint ntiontocontinu tbeboring 
t a depth of 3,000 t: et, but the machin ry became fa t ned ani the wor k was 
abandon d. 

B1·own to1011.-Tb ga -well bor ing at tbi villa how an interesting difference in 
the head of th wa.ter in th Nia,.,.ara lim too and tbat iu the t. Pet.er sandston<', 
an OV<'rflow being obtained from th form r at an altitude about 650 feet above 
tid , whil from th latt r the bead is only abou·t 350 feet. ThA upper water i :\ 
ulphurou -mngoe ian wut r, whil tb lower wnter i, trongly sallue.• Tl!e t . 

I ter sandstone was p u trat d 47 feet, but the alt water was found on ly at the 
bottom of hew 11, nod adequate pas :1ge for the wat r may not h ave been opened. 

olwnbia ity.-Tbe waterwork ar suppli d from th ree -inch w 11 in lime tone 
about 2 0 fe tin depth, whi ch overflow to a l!cight of abont 5 feet abo>e the urfaca 
and about feet above tid'· Tb upply is p rha.p in part from the sand bed in 
the lower pa rt of tb drift. A ga -well boring at this i ty, 1,375 fe t in depth, 
strncl nlt water at 900 feet, which r e to with in 20 f ct of tl!e nrface, but water 
strn kin the T r nton at tllll bottom of tho well rose on ly 300 fe t, or to a level1,075 
feet b low th e surface and about 260 b low ticle.3 Tb xtremely low bead in t he 
Trenton water is p rhnps du e to a. failur to open a pa age for th is water, for a t 
th u ighbor ing v illarr of Larwi ll , where a well p netrated tl!e T1·en ton 50 feet, 
tb water ro e to 750 fe t above tid . 

Colwnb us.-Dr. Phinney r ports tha,t sal t water struck in the Tr utou limestone 
at a depth of 1,00· to 1,020 £ et overflows at an aJtitude 635 feet above tide. 't . 

. G ol. urvey. p . 726. 
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Peter sandstone was ntered at about 1,550 f' et and penetrated to a distance of 1-o 
feet, but its h ad, compared with that of the 1' renton, wa not c1 termined. 

Converse.-Many wells in the vicinity of this village obtain water in tb, 11arrara 
limestone at c1 pths of 200 to 250 fe t, whi ch rises n a rl y to t h s m·face. Th water
works supply is from wells 230 feet in dept.h, which ri wi thin about fe t of t he 
sm·face, or abont 800 feet above tide. Bracki h water is entered at about 435 f' t. 
Care is therefore taken to stop dr illing wh re the wat r i1:1 fre b. 

Corydou. - A woll 1,200 feet in depth , bored for alt brine in 1 71 and 1 73, stru r k 
saline sulphur water in St. Louis lime ton at 4 to 57 f t. The brine becarn 
stronger farther clown, havino- a stren o-th of 30 degr e. at 520 feet and 3 degr e s a t 
about 700 feet, where t he ruaximum t reng th was reach d. In T pper iluriau lim -
stone a t 79 to 900 feet and in Lower iluria u luuest one at 9 6 feet ulphur w ater 
was foun d. I A white ulphnr w ater i obta ined in the t. Lolli lime tone a t a well 
1 mile as t of the v ill age, which has beou used in a small n atatorium. 

CrawjoNlsr ille.-A ga -well boring at thi city stru k snlphu r water at a depth of 
750 f et . Water wa a.l o obtained iu t he Eocarbon iferou lim stone a t 240 D et. 

C1·o wn Point .. - Dr. Phinney reports that a gas-well borin a a t this v illage stru k 
salt water in the Trenton at about 930 fe t, which rose to within 120 fe t of t he or
face, or to a level 616 feet above tid e. 

Delphi.- alt water s tru ck in be Trenton a t a bout 910 f' et rises nearly to the top 
of the well, 600 feet above tide. ( Phiun y .) 

E dinb1wg .-Salt water stru ck in the t. Peter and tone at a depth of 1,5 0 f t 
rise within 3 feet of the urfa e, or 5 5 foot abo ,·e tide. Au aual~-sis of this water 
appears on a subsequent page. (Pbinu y.) 

E lkha1·t.-At th is city a flow of water i obtained from lim tone immediat ly 
below the Devoni an shale at a depth of about 550 feet. A not d above, fresh wat r 
is obtained in the drift, whi ch also overfl ow . 

E lwoo(l.-' l'be pnbli ~ntor npply is from a orios of wells drilled to depths of 7.
to 150 feet, whi ch rise to w ithin 15 to 25 ~ et of the urface. Wells of much o- reater 
depth arc likely to enter a. bracki b wat r. 

Et·ansril/e.- everal deep wells bav been sunk a t Evan vill , which obtain a · 
brackish water. One of these wells, 1,100 feet in depth, ha been used to supply 
a natatoriu m. 

For t Way ne.-A well 3,000 feet in d epth wa sunk at the conrt-bonse in 1 75, whi ch 
has a. bead feet belo'v the surface, or 785 fee t above tide. The water appears to be 
from a horizon near th e surfac of th e well, for its temperatur is but 51! ° F. 
Dr. C. R. Dry r report that a well in t he Maumee Valley at this city overflow with 
considera.bl force .~ 

Coshert.- alt water oYerflo1vs a t this city from the iagara a.ud pos ibly-from the 
Trenton lime tone. It iti struck in the form er at about 1,000 feet and iu the latter 
at about 1, 00 feet. The altitude of the well mouth is 7 5 feet, or higher t han the 
Trenton water 1 known to reach at any other point. The -iagara water, as alr ady 
in<licatecl, reaches gr ater ele vation tha n tb i at points to the E ast. 3 

Gosport.-A well 926 fe t in depth wa!! bored in the autumn of 1895 in the valley 
of White River adjacent to this vi ll age at l\0 altitude 580 feet above tide. Tbe well is 
oa.sed about 500 feet to shut out salt water. It obtain. a strong flow of "white sul
phur " water, probably from Niagara limestone near the bottom of the boring . The 
water will flow freely at t op of a pipe 30 feet abo ve the mouth of the well, or 610 
fe t above tide. A Btrong vein of fre b water was struck a t 125 to 150 feet, wh1cb 
ro within 20 feet of the top . (Data furni hed b y G. B. Spicer and L. D. Ray, 'os
port., liHlia na. ) 

G?·eenfielcl.-Th e city water supply is from overflowing wells obtained in the ' iag-

'Geology of Indiana, 1872, pp. 146 to 147; 1878, pp. 353 to 355. 
• Indinna Geology, Sixteenth Report, 1888, p . 127. 
3 ee Ele venth Ann. Rept. . . Geol. S<trv&y, p. 735. 
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ara lim.e tone at a depth of 176 feet. The altitude of the well mouth is nearly 900 
feet above tide. It IS po .. ibl e that a portion of the supply 1s from the saud beds in 
the drift, though it is generally snppost>d to be ent1rely from the rock . (Data fur
nished by S. . Boots, f. D.) 

G1·eemvood.-Two deep wells have been sunk at this village, one to a depth of 600 
feet, tb other to 1,975 feet. The former is cased onl y to the rock-210 feet--and 
water ri se within 45 f et of the surface. It terminates in the Hudson River lime
ston , and probably receives much of i t.~ water from the N1agara, which is entered 
at about 320 feet. The deeper ~,· ell has a bead 240 feet below the surface. The water 
enters at a depth of l .8JO to 1,865 feet, and is apparently from the St. Peter sand
stone. A sanitarium has been onstructed into which water from both wells is 
pumped . The water from the de per well is pumped into elevated tanks without 
intermixture with other water and thence conveyed to all parts of the sanitari um 
building. The water from the shallower well is much more fresh th an that in the 
deeper one. (Data fnrni bed by John A. Polk.) 

Hammottt'!.-Artesian w 11 water from wells about 1,900 feet in depth were used 
some years ago for domestic purposes and also for distiller ies and factories. The nee 
of such water bas been eli placed 'by that of the public water supply from Lake 
Michigan a it was found unsu itable for boilerl!. (Data furnish ed by W. F. Bridge, 
city engineer.) 

Hunti.ngion.-A ga -w ll boring 1,030 feet in depth entered Trenton limeston at 
1,002 feet, from which alt water rose within 87 feet of the surface, or to a level 
abont 640 feet a.bove tide.' 

Jndianapolis.-Wells drilled by the Indianapolis Water Company near the bank of 
White River strike water in the Niagara limestone whi ch ri es a few feet above the 
le,·el of the l'iver, or about 700 feet above tide. (Data furnished by F . A.. W. Davi , 
superintendent.) Dr. Phinney reports several borings in the vicinity of Indian
apol• which stru •k salt water in the Trenton at a depth of about 1,000 feet, from 
whith th re is a ris of 700 £ tor more in t he wells.• 

11-entland.-A well l ored for gas to a depth of 1,325 feet bas an abundan t supply of 
snlpllur water, which tands withm 45 feet of t he surface, or 635 feet above tide. 
Tb water suppl y is probably in large part from the Niarrara limestone, for wells in 
then igh borhood of tb town obtaw a sunilar water to that of the d p borings 
from th J1agara lim tone at depths of 2·0 to 300 feet. The deep boring entered 
th Trenton limestone about 260 feet, but water from that horizon may not r each 
th surface. ,·eml Jlowiug wells are obta.ined from th fu·ift in the v1ciuity of this 
villag at depth of 40 to 120 feet. (Data furnished by W . T. Drake.) 

Kewanna.-Dr. Phinn y r eport a nse of 990 feet in alt water truck in the Tren
ton at tbls village at ad pth of 1,074 fe t, the altttude of the well bemg about 790 
fe t. The head i about 700 feet above tide 3 

.Kokonto.-The d 1 trict 1111111edmtely we t from Kokomo yields water instead of gas. 
Tb water from the Treutbn is salt, but that from the Niaga.ra is comparatively 
fresh and ha be n turned to account by orne of the farmer ou ·who~e land the 
wells were tmk, for many ot the wells overflow or nse nearly to the surface. One 
in tance of the u ·e of a w 11 for irrigatiOn i reported, t he well bei.ng on the farm of 
W. H. Wolf. It i probable that the fre b water of the J1agara fills the upper por
tion of all d ep borings and the upply of potable water may be obtained without 
peuetratiug to tbe lower trata. 

Laeros e.-A ga ·-well bormg dnlled in sec. 23, T. 33, R. 4 W., about 3 mi les 
frolll Lacro e, obtained a rmpply of water wh1cb IS said to be preferred by cattl e 
UIHl otb r an11nals to the water fonnd m tbe shallow wells or the surface water of 
t he Kankakee mar b. vVatflr stand at about the level of the nl'face of the ground 
(675 feet above tide). Depth of well, 83 feet. (Data by R. Huncbeon.) 

• Pb.i 11ney, E leventh .A.u11 Rept U , Goo!. m·yey, p. 739 ' lbid .. pp. 700,701. •Ibicl., P· 733. 
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Lafayette.-" \ bi te su lph ur " wa,t r was found at t hi s city about fort:v year ago 
by boring toad pth of 235 feet iu t he vall y of the vVaba b River. The wat r IS 

obtained uoa r t ho top of tho 1 iagara lime tone. It flow nbout 10 barrel p r hour 
aurl bas a temperatur of 5-o to 56° . An nmtly i appears on a subseqn nt pag . A 
<Y:lS·\Y 11 boring a tho tL and feet in d p th al o obtams a stroug flow of nlpb nr wat r . 
The head i not de term in ll, but th e altitude at th e wells 1 n · ar ly 550 fe t a boY 
tide. (Data furnish d by P rof. H. A. llu ton.) 

Lanuill.-Dr. Phinney reports that at the ga -well boring matle at this village tb 
fir t. vein of sal t W<tter was stru k at 935 £ ot aud ro 00 fe t; a econd v in was 
struck at 997 feet, whi ch ros 50 feet, and a lt wat r again app ared iu the Tr n
tou at 1,566 f et, whi ch ro withm ~00 feet of the urfac , or to <\II el vation of n,bout 
750 feet above t ide.' 

LeavenwoTth.-A weak flow of sulphurated chalybeate wa ter was btainecl in this 
village some thirty year ago at a depth of235 f t. Thew l11 locat d in t-he Ohio 
River valley, i n the east ru part of the to wn, at au elevation about 400 £ et itbov 
t ide.-

Lorli.-A boring for oil at tbi vill age made in 1 65 rea bed a depth of 1,155 feet, 
and truck everal v •ius of bracki h water. .1: ear tlle bottom it tru ·k a wb1te nl
pbur water ither iu the Devonian or pper !lurian Jimeston . Ad tail d t ion 
of this borin o- is g iven in the Geology of Ind iana, 1 69, and also in t he r po rt for 
1881. An analysis of tb" water is a! o publish din both r ports and may be found 
on a later page in t.he present pap r . The wat r has a wid e reputation for medici
nal propertie and i sbipr ed to el i taut point , a w II a resorted to by peopl of 
th e vicinity. 

Loyanspor t. - Tb e gas-well boring of tbi city, abont 1,100 I' ct in depth, strn k a 
salt water in th e Trenton limestone wh ich overflows at an altitude of about 610 feet. 
(Phinney.) 

Jia•·iun.- Fiu ul'Lo<tinu !lu•!! of l'r till w.-l rare fonutl at Marion a nd other Jocali
tie in G~;ant County, in the 'iagaralimestooe, at depths ,·aryiog from 240 to 290 fo t . 
A portion of the waterwork upply i obt ained from well 240 ~ et in depth, wbi ·h 
overflow. Jt i e timat d that a well JU r b : in diameter ha a capacity of 150,000 
gallon per day. (Information fnrui bed by Dr. PbinneJ and by city mayor.) 

Mm·tin3ville.-Tbe natn ral-ga boring made at tbi city a few y ars aero brought a. 
flow of ulpbur water which ba io ce gain •rl such wide repntation for its 111 dicinal 
propertie tl.lat at t!Je pre ent time ~;ix auitariunJ are uece ary to ac ommodate 
the persons who are avail in "' tbemselv of tbi water. Each sanitari um h:LS a well 
sunk to a depth of nearly 700 feet, the hal lowest b ing t:6 f: et and th e d epe t 70~ 
feet. Tbe gat~ borin g referred to above reached a deptll of 1,472 f•et. Analyses of 
waters from several of the e wells appear on a snb eq ueut page. It wi ll b<l ob rv <l 
that they pre ent some differences iu relative am ou nt!! of acb of the ruin rnl in..,re
dient , but the waters are all snlpbo-saline. T he head bas been clot rru111 ed at s v~ral 
of these wells and folllld to b 620 feet above t io le. After p n tratiug the drift, 
which is 90 to 117 feet iu tbickue s, the well. pa s 1 bro n ~b a h avy bale formati on 
over 400 feet in tbicknes . L imeston e i t hen entered, wbi ch, at a hout 600 feet from 
the surface, becomes water bearing. TLe an•onnt of wa.tcr in crea s within t he 
uext 75 or 100 feet t o its maximum flow. Tho rate.of fl ow per 111inu te bas be n 
determined at several of the san itariu ms, as follows: Home Lawn Sanitarium, 40 
gallons; Hi ghland a01 tarinm, 25 gallon ; Bam ard' canltarinm, 2 gallons ; Martin -
'Ville an1 tar1Um, 35 gallons. The m te of flow a.t tho other two sa.uitnriums bas not 
been determined. The size of the wel ls differs ligh t ly , bnt is usuall y betw en 5 an d 6 
inches. The te ·ts recorded above are made through p1pe of smaller diameter fnrm
iug an in ide casing. There arc two other borings in the v icini ty of ~ l artinsville, 

not accompanied by sanitarium , whi ch reach a. imila r depth and have an o,·r rfl ow 

'Elevenlh Ann. Rept. . S. Geol. 'u rvey, p. 736. 
2 ~ee Geology of r ndiana, 18i8. p. 436. 
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of sulpho-sali ne water. One is located on the grounds of the Forest Grov Park 
A sooiation and the other on the farm of C. S. Cunningham, about It miles south
wes t of tbe i ty . 

Michigan ily .-A boring wa made severaJ. year ago at the orthern Indiana. 
Pen itentiary, about a mile west of Michigan City, which obtained a strong flow of 
wa.ter highly charged with su lphurat ed hydrogen. The rate of discharge is estimated 
to he about 300 gallons per u1inute. The bead is 22 feet abo,,e the surface, or about 
6:..0 feet n hove tide. The water has a t emperatme of 57° F. The section of the well 
is as follows: Glacial dri ft, 172; Devon ian hale, 76; Limestone, largely iagara, 
293 feet; total, 541 feet. A ga · \veil borin g in the city and a boring on the Blair 
farm, 2 miles we t, each obtai n strong flows of sulphurous water from the Nia"'ara 
limestone. In all three wells s trong flows of water were nlso obtained in sand beds 
in the lower pa1·t of Lhe g lacial drift . 

.Jii toll ell.-A ga boring 1,200 feet in depth struck two veins of brackish water, 
from which water ri e~ withi n 30 feet of the surface, or to a level about 645 feet 
above tide. TI.J i water is used for street sp rinklin g, there bein"' no waterworks in 
th e villa"e. (Data fumished by J. T . Dilley. ) 

Jlonon.-A gas boring a t this village struck salt waLer at 0 feet, near th o top of 
the Trenton, which rose almost to the surface, 650 feet, more or less, above tide. At 
ionticello, only a few miles distant, sal t water struck in the Trenton at 1,050 feet 

ro e only 500 feet in the well. It is probable that the latt r well failed to open an 
adeq uate pa age for t he water. Possibly, a l o, the Monon well owes the high head 
partly to an in flux of water from the Ii a"'ara lime tone.' 

Mo11teznma.-A. boring about 1,700 feet in deptll struck a vein of alt water at 300 
feet and anotb r about 450 feet whi ch baYe sufficient bead to ri e to t he urfaoe. 
At <tbout 1,200 fe t, i=ediately beneath the Devonian hale , a sulphur water was 
stru ck whi ch ris"s with gr nt for<' to a h i ~ht of full y 100 feet above the surface, 
or n b n t 610 fe t above tid . lt i report d that water was made tori e in a t ube 115 
fe t abo,· th surfa o, or 625 fe t aboYe tid . A.n analysis of the water is given on 
a ub eq n nt 1>ag . A large swimmin cr pool ha b t<u onstructed, whi h is fi lled 
w i h tb i water. The rate of flow of th well is estimated to b about 475 gallons 
per min ute. (Data f1troi bed by Jos ph Burns. ) 

.Muncie.-Tbe city water upply i obtain d from :ute ian wells drilled in the 
vall y of White Ri,•er . Th upply i from the 1 iagara lime tone. (Data ob tained 
from ~1unual of American " ' nterwork . ) 

.Yew .7Jat'eti .- Th waterworks upply i from a well in tbe Niagara,., lim estone, 300 
f, t in cl ptb . The fi r t vein of w:\ter wa tru ck a t 150 feet and raised within 1 foot 
of th su rface. A ond vein t ruck at :1.bout 300 feet bas a bead 11 feet aboYe the 
surfac , or nearly 750 f t above title. An rm alysi. of tbc wnter is iv non a ub e
qu ut page. (Data fn rn i I.J d by D. H . F. B rb rick. ) 

~ ort/1 :Afan cltestei·.-A. gu borin "' struck sa lt water at 1,1 0 feet whi ch ro e 990 
fe tin the well, r a b ing an I ,·ation of ~tbout 600 feet aboYe tide. Flowin o- wells 
ar obt ained from the d rift in this vicini ty at about 100 ~ et, a noted above. The 
waterwor l' supply is from snob well . 

rorth Vel'non. - A "'a borin g 1,400 feet in depth stru ck sal t water in t. Peter 
sand tone at 1,4 00 f, et whi ch ro e to about 200 feet from the snrface or 500 feet 
above tid . (Phinney.) A. flowin g well of great trengtll was obtained nea r North 
Vet11on, in iagara li mestone, at 66 fe t. 

Pem.-A. gas-well !.>Dring tru ck sa,Jt water in the Trenton at abont 900 feet, which 
ro 800 £-et in t ho well, or to an elevation of abont s-o feet above tide.9 

ReelB'I}ille.-An artesian well was mad many y!)a rs ago a t Reelsville, iu the valley 
of \\ alnut r ek at an elevation of auont 600 feet above tide. The dep th wa 1,240 
feot antl salt wa~er was obtained M several hori zons. Tb well termin ated in the 

' 
' Phinney, E levuoth .A.uo . Kept. U. 
2 lbi<l. , p. 733. 
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Niagara, where a wh ite sulphur wat r was obtainell.' At t b t im this w 11 was 
struck the w ater rose in a copion stream to a lt i<Yltt of fully 20 fe t above the sur
face. "o recent data, concerning i t have been obtained. 

Rtmsse1all1·.-A well was mad man y years ago j n t ast of tb viJJage, which 
obtained a strong flow of ulphnreted wa,ter from a depth of 1 0 fe t., but th bor
ing was x:tcndecl to a depth of 0(1 feut. Anoth r w ll a t the cou rt-bouse truck 
water at similar depth which ri es nearly to t h urface. ~ r um crons w II i u th 
drift in t hat v icin ity obtain a flow of water, and wells a t all depth in th e rock 
show a troug rise of water. 

eymom·.-In a gas-w 11 boring sulph ur wat r wa trn k at 250 to 2·7 foot, and 
again at 3•15 to 3 - £ et in lime tone, probably of pp<'r ilurian age. Tile h ad i 
sufficient to bring the wat r nearly to the surfa , 630 feet above tid . Tho total 
deptb of th is boring is 1,204 feet. A boring owned hy tho ymonr linoral Com
pany was drilled in 1 92 to a depth of 500 feet, obta iuin <Y water at. the same horizon 
nott'd above in th gas well. 

hoals.-A borino- 960 feet in depth made in the Ea t White Vall j ' , just ea t of 
tho village, ha a weak flow of al t wa.t r, which contains a l o a notabl amount of 
Jit!Jium chloride and magnesium bromide, ns shown by an a.ualysi on a sub queot 
pa rre . This water ha b ·en hipped to di taut points, and i held in high e te m by 
the re ·idents as an alterativ and restorati ,·e. 

outlt Bll1td.- ga -well boring at tbi city rea bed a depth of 1,600 feet, a nd 
struck salt water at tbree horizons, a follows: At 375 feet, n ar the to11 of th 
Devoninn lime tone; at 610 feet, in lime tonr thought to b the equivalent of 
the Lower Helderberg, and at 1,670 feet iu th upp r part of the Trentou. From tho 
Ia t.ter depth it is reported to rise withi n 200 foot of tho or face, or to about 525 fee 
abo>e t ide. (Phinney .) As noted abov", numerous flowing wells ar obtained alouo
the t . Joseph Valley in outh Bend aocl vicinity. 

5.'pt'1tcct·.- Throo wolJs u.t thit1 oity l.luv l;o u tluuk to Ul Nh\"ara.llme ton for Lhe 
pnrpo e of obtainioa the sulpho-sa.line water wh ich it yields. The depth of each 
of tile wells is about 1,150 feet. A alt water i found in nbcarbooi~ ron lill to
stone at a d pth of 450 feet, which i ca eel out in order to obtain th unmixed wattJr 
from below. At one of these wells a large a nitarinm bas been built by Dr. E. V. 
Green, and an a nalysis of the wat r app ars on a subseqn nt pa..,.e. The capacity 
of the well at the level of the surfa e of the ground is about 200 gallons per minute, 
as it is ues from a 4- iuch casi ng. Th head is su fficient to cau e i t to overflow from 
a pipe at a. level 65 foot above the well mouth, or 625 fPet abov tid , and it aplHU'
eutly will ri e much higher. A w ll made at the court-bon e Sllppli s h ydrants in 
the city, w hi ch are usecl extensively. The third well i on the Fl ~tcher farm, about 
one-bali mile northea t of th court-bou ·. 

Sttllivan.-A ga well wa sunk to ad pth of 1,000 feet, and obtained a very strong 
brine, wh ich r i e with in 15 feet of the ur face, or about 525 fe t above the tide. 
The water is used for street spriuklt ng, and makes a hea vy coating of salt when 
evaporated. Another boring made b y the Evansv ille aud Terre Haute Railway 
Company in the valley of En seron reek, abo ut 2 mile southeast of ulliva.n, 
obta inetl an o,· •rflowing well of great strength, whi b is not put tO use. Its rl pth 
is t hought to be about t he same as t hat of the well in Sulli van. 

Summit1:ille.-The gas- well boring at tb i v illage is reported by Dr. Phi nn ey to 
have obtained a strong flow of water from the iagara li mestone at ad pth of 140 
feet. The altitude of the well being 896 feet, t he flow w as unexpect d. Whether it 
is maintained has not been learned .~ 

l 'e1Te Haute.-A boring made by .Mr. Chauncey Rose many year ago reacbeL1 a 
depth of 1,793 feet, passing through three horizons of salt water in t he Carbouifer-

1 See Geology of Indiana, 1869, p . 31. 
2 ·eo G ology of IndiaDQ, 1872, p. 298. 
3 tice Eleventh Annual Report U.S. Geol. 'u n •ey, p. 709. 
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on rock , an d one or more in the Sn b ·arboni ferous . In th low r 100 feet of the 
well a strong flow of su lphu r water was obtain ed. It i thought that the well t er
minated n ear the ua e of th Subcarboniferous lime tone. Au analysis of the 
wat r appears on a subs queut page. Afterwards several other wells were sunk 
in this city on a count of a showi ng of oil found in the Hose well , one of whi h 
was continued through the Devonian into tho l\ iagara::wd Clin ton. A tb se wells 
were sunk for the pu.rpose of obtaini1w oil , the water was cas<'d out and few data 
appea r to be ILvailable. overal d ta tl ed r cords of rock strata aro pub li shed in the 
Tw nty-fi rst Anuu al Heport of th o I nd iana Geologica-l Survey, 1 97. 

Wabash .- A w 11 at the court-house square ou t he bin IT of Wabash River, 85 fee) 
abov the tream and more than 700 feet a bo,·e t ide, was sun k to a dep th of 2,270 
fee t . The borino- s tart d in the riagara li mestone, and wate1· was reached at 5 feet, 
th e l vel of t !Je ri v r. No increa e iu bead wa obtained from the lower veins, though 
severa l w re en co unt r od. Temperature t ests were made at 100,500, 1,000, and2,270 
feet, which show the water to be uniform a t 50;!° F. at all these depth . Th infer
ence to 1 e l!-awn fTom this u niform temperature is tha t the well is fill d with water 
from a n upper tratum and th e t emperature which it r ceives at that horizon is, by 
m an of tho greater sp oifi c gravity of cold ~mt r, ca rri ed down to the bottom of 
tb well. This matter is eli co d qu ite full y in the Geology of Indiana.' 

/rest Fo1·k.-At \\·est Fork, ra wfonl Count,v, Indiana, a f< w mile west of Lea''
enworth , a sulphur well of onte not , known a "Eaton's sulphur well, " wa ])or d 
in th yea.rs 1 62 nnd 1 63. It is 4 inches in diameter and 2 c! feet in depth, and the 
flow i outaiue(l from tbe low er part of tbe t . Louis lim ton e. The wa ter froru this 
w 11 h n a high reputation and ha been sold extcnsi,ely. A hot.el is built for the 
accommodation of pa tron of the w ell. • An analys is appears on a su bsequeut pac:re. 

Jri lliamspo1·t.-A cras-weU boring 1,200 feet in depth truck a strong vein of f re ·h 
wnt r at ad pth of 6~ feet and another at a depth of 165 f et. Th coud Yein fur
ni Rlt ccl an OYr r flow .. a lt "-~Ltor wa struck at about 1, 200 feet. Aft r fa iling to 
ouin in gn tho salt wat r wa p lugged off and the fre h water wa made available. 
(Dnta furni h dbyJ. '. Ru ell.) 

Jrinamac.-A gas-w 11 boring 1.200 fe t in depth obtained a flow of water which 
eli !J a rg at t!J rate of ·15 gn.llon per ruinute. The ,lepth of the water vein is not 
rel)Orted. It i a id to be chnl ben.to. 

Wo1·thington.- borin cr 1,4r feet in d pt!J stru k a strong flow of sulphur water 
at 1,·130 f< t, whi b app ar to b imila r to that str uck at penc r at about 1,100 
f< t, :md 1 roba.bly fr m the r ia.,.ara lime tone. Th wa ter hn been piped to a hotl'l, 
wh r it may be used for clr inkin "' and bat!Jin" . (Data furn i h c1 by A. F. W il on. ) 

Ml)ITERAL PRl'~G . 

urv y prepar d by Dr. A . . Peale. a brief <li · 
ens ion of the min ral ,· pring of Iodiamt and Oilio is iucluded.3 

Tilirty pring not d from Indiana anti twenty from Ohio which 
ar or have u n u d either commercially or a are ort, and ~tnalyses 
of tho mo t xt n i\ ly u ed are pre ented . Many unimproved 
springs are also li ted, au<l arte ian well u ed for medicinal purposes 
ar included in Dr. Peal tables. 

d:a.ny of the pring have only a local reputation b~t ~ few ~ave 
become widely known . P erhaps tho ~ of wide t reputation m Ind iana 

1 R port for l 75, pp . 43-4 . 
• o ooiog.'· or lnd inna, 1878, pp. 443-444 . 
• .ll1ineru l fipl"iugs of the ni tcd tal es, hy t\Ibert (;. P en lo, M. 0 .: Rull. U.S. Geol. Surv Y To. 32, 

1886, pp. J3()...J4J. 
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are French Lick and \\ est Baden prings, Oran o·e County; l egouia 
springs, Warri k County; Iudia.n and Trinity sprin o· , Martin Oouuty; 
West Saratoga spriu o·, Pik oun ty; an leve prin rr , near raw. 
fordsville; and Hawkin srring , a t Richmond. 

In Obio, among the pring of wide r eputa.tion ltou ld be mentioned 
Bellbrook mag netic prin rr, at ellbrook, Or u ou nty; Blu l~o ·k 
pring, in Ea t Clev lantl; Cuyahoga lithia a nd bitt r pring , 11 ar 

Cleveland; OU.evene and Lenap pring , at D lawa,re · Ohio magn tie 
pring•, at ilagnetic prino· , nion County; the ele tro-marrn tic 
pring , near Wood to k, in llampa ign onnty; and r n pring, in 

Seneca County. 
A the wri ter ha · not ma.de a pecial anva of th i ubj ct, there 

may be other pring ' to \\·hicll his att n ion lla not b n dire ted 
whieh a.re as important a tho e ju t noted. Many I rin g:'1 have come 
into prominence through well-dir t d adv rti siug by th ir proprietor , 
wbicb are apparently uperior in no way to dozen. of otll r whi h al'e 
unknown to t he public bot which may ba e a 1 al r pntation . In 
pr paring a li st of mineral p ing there i · room tor ind fi uite exten-
ion. There i car ely a tow n ·hip in tb drift-cov red portion. of 

Indiana and Ohio which do not afford priurr that ar lightly ha· 
lybeate. It i probable that a.n analy i would h w water imilar to 
tb e irou pring' of h ealt h resort . o a l o, th ere a1·c nnmerou ulphur 
a nd iro n prings a 'vell a c~Ll ·ic prinO' , is lling from rock ledg in 
man y of th e valley of lndiaua and Ohio. Ali t uch a that prepar d 
by Dr. P eale ca.n not b considered compl te, but it probably include 
tb majority of springs which h ave been brough t into prominent notice. 
A reference to the report of th tate geolo O' ical surveys will erve to 
bow how widely uch pring are di · tributed. 
The temperature of the water a reported by Dr. P ale, r ange in t he 

I ndiana pring from 430 F . at Blue Lick pl'ing in lark ounty, to 
57° at Trinity and \ e t Baden springs. shallow thermal well near 

helbyville ha a temp rat ur of 760. Tbe majority of the . pring have 
a temperature of 50o to 550 F . rrhe reported temp ratilr ot the prings 
in Ohio ran ge from 470 in L nape prinrr, 'at Delaware, to 600 at Blue
Rock~ sprin g, in Ea t Cleveland. The temperatur i given, howev r, 
for only a mall per cent of the springs, so that tbe range may be wider 
than iudicated by t he t able. 

Many of the prings listed by Dr. Peale have a flow of le ·s than 1,000 
gallon s per hour, and tr.e cold (Blue Lick) pring iu Clark County , 
Indiana, just noted, ba a flow of but 12- gallon per hour, Trini ty 
springs, in Martin County, Indiana, are ' timated to furni h 18,000 
gallon s per hour. We t Baden spring flow 1 500, a nd F rench Lick 
at least 1,100 gallons per hour. 

The following ·prings u sed as resorts in Indiana are r eported by Dr. 
Peale to have a saline-sulphureted wateP': French Lick, Orange County; 
Hartford sulphur spring , Crawford County; Blue Lick, Clark County; 
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Indian and 'rrinity prings, Martin County; ew Middletown springs, 
Ba.rri on County; and West Baden spring , Orange ounty. In Ohio, 
Blue Rock 8prin,;, at East Cleveland, is of tbi character. The mag
netic pring at Bellbrook and Delaware and at Magnetic Spring are 
all reported by Dr. Peale to be calcic, no mention being made of cha
lybeate character. Two analy e from th e Lenape sprino·s bow about 
one-half grain of iron oxide p r o-rtllou , and one from the Bellbrook give 
le ban one-fourth grain while tb Ohio Magnetic, atMaguetic Spring , 
a rHl the E lectro-Magnetic, near v'loodstock, how only a trace of iron 
oxid . Hawkin chalybeate Rpriugs_ at Richmond, Indiana appear to 
be mi named a only 0.1 grain of ferron carbonate i reported in the 
aualy i . 

I' TER N LY 'E . 

In Ohio the State board of health is required by law to approve all 
public water upplies wh u introduced, and it ba in accordance with 
this law in every ca e made an analy ·i of the proposed supply. Th 
analy e may be fount! in tbeir annual report . In Indiana al o teps 
are being taken by the State board of health for a imilar publication 
of analy e . 

In mrtny ca. e 'vater have been analyzed independently of the 
board of health. Several such aualyse have been ent to tbe writer 
in connection with the bedule for city wa,ter supply and are ller pre

nt l. f w analr , of the arte ian w ll , mineral priug and oth r 
wat r of ~>I ecial mtere, tal o app ar'. anitary analyses are pre en ted 
in: the dt ·u. ion of city water upplie . 

I will b b, rv d that tb deep well u ually contain a mnch laro-er 
amount of miu ral matt r than th spring and hallow well . The 
Fr nch Lirk Indian and W . t adeu prinO' of outbern Indiana are, 
h wever heavily llar()' u with min ral matter, a, are al o the p~ings 
near I land aud reen pring in eneca ount Ohio. The majority 
of ·pring and hallow well ' are lio-htly saline, wbile the deep wells 
ar u ually tron ..,.l y aline. Tb table following illu trate what ha 
alr ad been tat cl to b a g- ner<tl condition in indiana and Ohio. 
The al o t forth fairly a it em , the variation iu quality of water 
found in tlti recrion and afl'ord a ba i for in tructive compari on . 

In a few of the wn,ter ' inclucl tl in this table of analy sub ·ta.nce 
bav be n found wllf h are not. report d in th table. They may be 
found in a large proportion of be wa.ter , ince analy e are seldom 
compl te. 

lumina i found in m a!'iurabl quautitie .. in the following: Marion, 
ln liana, 0.29 grai u; re nca -tie, I ncli<wa, "1\ o.1,' 0.15 grain; ' o. 2,'' 
0.07 grain· hoal Indiana, 0.6_, o-rain; Sp ncer, Indiana., 0.697 grain; 

uyahoga lithia pring· , n ar leveland, Ohio, 17.67 grain ; Dayton, 
Obio, '':No. 1." 0.3599 gratn; ' No. 2,' 0.3251 g-rain; Defiance, Ohio, 
0.36 grain; G~·een prin cr, 0.9 (Train; Ohio lVLagueti spring, 0.12 grain; 
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N w Paris, Ohio, 0.22 grain; Ripley, Ohio 0.68 grain; V an W ert, Ohio, 
O.OD grain . 

luminium ulpbate i r ported a follows : e 't Bad n " o. 1," 
4.55 grains; Bell fontaine, Ohio 2,9.., grain ; Ouyabo ·tL bitt r spring, 
515.51 grain . In tb i conn ·tion attention is called to the o nrrence 
of "bitter wat r" in well in the drift in the vicinity of Bellefontaine 
a.ud tl.l.enc ea tward pa t Mary vill to tlle vi imty of Delaware, Ohio. 
~nmeron instance are reported in th G ology of Ohio a nd u h 
\Yater i iu som locali ti s o pr valen t a to i\' e them th nam of 
"bitter water di8tri ct ." o far a known to the writ r no analy ' es 
of the e wat r have been made. Th y may contain aluminium ' Ul-
1 h<tte, but their bitt r ta t appear to b dn to om th r in •T di ut. 

Aluminium cll loride i r ported in bnt on a naly i , t h 
li th ia water, whi h contains 1 .67 grain . 

alcium pho phate is reported a follows: Lafayett , Indiana 0.50 
grain; Lodi, Indiana, 1.20 grain; Mont zuma, Indiana, tra e · "N w 
Pari , Ohio, 2.13 grains. 

Calcium ulpbide appear in th folio win rr : Montezuma Indiana, 3.55 
grain ; hoals, India na, 24.43 grain. ; p nc r, Indiaua, 0.' 92 grai u; 
Ripley, Ohio 14.90 grain . At hoal , Indiana, 1 . grain of cal·inm 
d i ·ulpl1ide and 33.07.- of calcium hypo ulphide are reported. The water 
at Ripley, Ollio al o contain cal ium h po nlphid , 2 .i) grains. 

Iron i u ually r ported in the form f oxide but in th following 
ca e ferron ·arbon ate i reported: Ander on India 11a pring 0.!) 
g rrun; Crawford ville, Indiana, 0.62 grain· French Li k pri ng 2..+9 
grain ; Greeuca tle spring ' o. 1, 0.40 arain; " o. 2," 2.37 grai11 ; 
Iiff:lin, Indiana, well .9 .... 5 grain ; R i llmond, Iudia,na pring , 0.1 

grai n; We t Bad n pring, ' o. 2,' 3.60 grain (including aluminium 
carbonate) ; Eaton' well at We t Fork, Indiana, 2.3 g rain ; Cuyahoga 
li th ia pr-iug, 0. 2 grain; Cuyahoga bitter pring, 0.47 grain; Green 
pring, Seneca ounty, Ohio, 19.70 grain ; ew Pari , hio, 1.32 gmin ; 

Stryker Ohio, 9.93 grain ; Woodstock Ohio, 16 grains. In the following 
ca e ferrous ulphate i reported: Indian spring , 24.2 grairrs; Marion, 
Indiana, well , 1.4 grain ; reen spring, eneca County, Ohio, 6.53 
grain, . At boal , Indiana, and R ipley, Ohio, the iron i reported as 

ulphide, a.nd at the Ludlow Grove alt well a. chloride. 
Lithium chloride is found in several of the well and springs, as fol· 

low : Montezuma, Indiana, trace ; hoal Indiana, 5.93 grams; Cleve
land Blue Ro ·k sprmg, 2.16 grains ; Cuyahoga lithia spring 2.74 
grains; Cuyahoga bitter pring, 4.26 grain ; lithium carbonate ( . 4 
grains) is reported in the Ripley analysis. 

Magnesium bromide appears in the following analyses : Lodi, Indiana, 
0.88 grain; Shoal , Indiana, 2.32 grain ; incinnati ulpho-saliue well, 
0.39 grain ; Rip ley, Ohio, 0.52 gra in. Potas ium bromid (1G.76 grai n ) 
is reported in the Green spri ng aualy i , and odium brom1de (28.21 
grains) in the salt well at Ludlow Grove, Ohio. Iu this connection it 
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ma be remarked that the brine of Ohio are generally found to be rich 
in bromine. 

)iague ium iodide i reported in tlnee analy es, a follows: Shoals, 
Indiana, 0.004; Cincinnati arte ian, 0.19 grain; incinnati ulpho- aline, 
0.30 grain. odium iodide appear iu small amount in two analyses, 
t.here b ing a trace at Montezuma, Indiana, and 0.20 grain in the Oleve
Jaud Blue Rock spriu o-. 

;\!ague ium ulphid e is reported ouly iu the Ripley analysi , 19.26 
grain . Pota ium ulphide is reported only at Spencer, 1.9 grains. 
Potassium nitrate i reported only at . boals, 7. 6 grains. 

So lium phosphate appearH in two analyse : Cincinnati sulpbo· aliue 
well, 1.3-1 grain ; 1 veland Blue Rock spring , 5.25 grains. odium 
ilicate is reported only at Columbia City, Indiana (0.14 grain), a.nd 

sodium ulphide at :Speucer, Indiana (0.94 grain). 
Ammonium chloride i reported in considerable amount, 8.35 grains, 

iu the lloal , Indiana analy i . 
1 GEOL 1 P'l' 4-32 
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Anderson ( spring~) ... . .. .. .. .. .... ' 2~.00 9.08 ...... 5. 56 0.98 -- ·.·: -- .... ... ------- ~ ·--··· ~ -- -- -- .... ... , ....... ------ -- y ---- ~ --' -- ---- -
AndrAws (well)...... ..... .. .. .. .. 4~. 10 18.66 .. ... .. 1. 59 .. .. .. . 1. tO 9. 77 .. .... . .... .. .. .. .. .. ... .. .. .. ... .. . .. .. .. 14. 3t 1-- ..... 
Brook\-illo (wMerworks) .. .. . .. . .. ( 1) 12. 37 .... . .. 0. 008 ....... I 6. 41 .. .. .. .. .. .. .. .. .. .. .. .. .. 0. 035 0. 032 ... .. .. --I 0. 043 0. 02 
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Crn."i'ords vil le (s]Jring)............ 22. 84 1 9. 80 .. .. .. ... .. ... 0.62 I 3.82 ...... . 7.R2 • 0. 14 ...... 1 ....... 0. 07 0.1 7 0 70 0.20 
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Ana lyst. 

E. T . Cox. 

W. E. Stone. 
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T . C. Van N uys 

an<l I. T ) fe tz . 

T :Vl. SteYeus 

J.N. H u.rty. 

( 1 ) 

J . G. Hogers. 

E. '!' . Cox. 

Do. 

E.G. Smith. 

Spnng No. l. ............ .. .... 22. 10 14 .50 ......... .. ... 0. -10 4.72
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...... . l . O:i 0. 99

1 

.... .. ...... . 0.99 0.10 1 0.79 1 0. 13 

Indian s prings...... .. ... .. .... . .. . 196. 45 39.73 ...... . .. . .. .. 24. ~9 22. 74 0. 07 36. 48 2. 89 
1 
...... 2. 88 0. 54 4 38 47.26 14. 20 E . T . Cox. 

Lafaye tt e (artes ian) . . ... . ... . . . .. . 41 9.54 12. 02 3.72 56.01 ~ ---- -- - 0. 40 21. 60 , ...... . ...... 
1 
.. .. .. ....... 0.46 ......... 3~4.77 ....... , C.M.W.,th roll. 
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.Marion (tl owmg well).............. 23. 20 H. OU .. .. .. . .. .. .. . 1. 48 2. 34 .. . .. .. 3. 38 0. 0~ ' ...... .. .. . .. 1. 34 .. .. . .. .. 0. 32 .. .. . .. (' ) 

Mnrtins nllu: I I I I I I 
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1 
..... ...... ..... ... .. 7.51 ..... .. , ...... 20.45 1 0. 89 , 'L'rnce ., .. .. .. ... 18. 71 1.0() 

Ilomo La,<"n5amtarmm ...... (I) 6.55 .... .. . ...... l ... .. . 5. 35 ...... .............. 14 . i 7 .. .... 8.4.j 3. 27 55.86 1.69 

MartinsvlllcSauJ tarJUm . .... .. (/) 16. 90 ,
1 
.... .. .1. .. .. ..... ... l:i.:l5 .. ... .. ...... . .. .... l.i7 .. ..... 

1 
0. 55 2. 48 58.58 1. 87 

MiOtiu (well ) .. .. ...... .. ...... . .. 

1

6,003.:13 663.20 . ... . . 29.07 1 8 . Q~ l i9.3H .... .. 8712 ! .. .. .... ... . 

1

2338 .. .... . 5, 02 1. 40 ... .. .... 2l.fi3 , G . M.Len:J: te. · 
Montezum:~(artes1n n 1 ... .. .. .. . .. ~ 26. 28 11.18 1 1. 65
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..d naly1es of the 1uaters of Indiana and Ohio. ra·ius pe1· United Stc~tes gaUon.)...:...Coutiunecl. 
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Ana lys t. 

-~-,-i- ---~-~--·-1-1--1 
1\e"~':,~~::,orka No.1.. . . ·········I 22. 51 12.75 . .. . . . .. ... .. J ... ... 6. 12 1 . ..... . .. ... . . J . . .... . . . .. J. .... . UO J. 87 0. 98 i 0. 12 (1 ) 

W aterworks No. 2 ............ . 2"2.13 10.15 ...... ... ............ 7.82 .. .... . .. ... .. 

1 

...... .... . .1. ...... 0. 46 . . . . . .... , 1.78 1.90 (1) 

Uichmond (spriugs).. . ...... . . .. . . . 26. 85 9. 45 0. 32 11.69 0.18 ..... . . 

1

. . .. .. . J. 60 1.16 ... ... . .... . . 0. 16 .. .. . . .. . 0. 33 ..... .. K T. Cox. 
Shoals (artes ian) .... . ... .......... . 1.518.54 32. 52 20.30 2.65 1. 37 ....... 9. 68 ............. 47.30 ....... 2.72 ... . . . ... 1,303.48 .. . .... Karl Laugeuheck. 

Spenoor(nrteaian) ................. l1 121.67 12.22 8.11 ....... 0. 5:>3 238 503 .... .. ... ... . 18. 12 . .. .. . 1 0. 32 4. 17 , 66.84 .. ..... I J . N . ilurty. 
Tell Ci ty (artesian) ............... .1 ........ ....... . 2:>2. 61 102. 90 ....... .. .... . , ........... .. . .... ..1 .. .... 

1 

.... .. . 

1

1. 2R .... . .... 3, 006. OS . .. .. .. Do. 

:l:err~ Haot~(art<:siuu ) ............ . 365.07 25. 03 4.~2 2. ~2 ...... . 1 6.42 6. ~3 ~ ...... . ... . .. 1 1. 23 .. ... 1. 20 0.52 1 316.00 t .. .. .. . l .r.G.Pohlo. 
Ir•n•ty s pnngs . . .. .. ... . . .. .... .. . 26.73 5. 61 0. 10 J. ~7 . . .. . .. 4. . 11 1.10 4..18 0. 07 . .... 0. 10 0. 82 0. 12 8. 34 0. 35 

'Ves t Baden: 

Spring No. 2 . ... ........... ... . 301. 80 19. 44 6. 13 108. 34 3. 00 6.05 9. 20 27. 77 .. .. .. ...... .... .. 
1.11 

9. 70 

SpringNo.l. ..... . .. .... ... ... 235.25 41. 28 7.26 11.18 0.0~ 

1

39.10 11. 39 1 36. 15 0.06 .. .... 1 1. 36 I 0.44 

WestFork(Eaton ·~ well ) ... .. .... . 263.50 47.51 ...... . 11.46 1. 98 ~so _ . .. .. .. 43. 80 .. .. . . ...... 1 5.40 1' ... .. l ...... .. 

RIO WATEHS. 

;,;-1 ..... ..1 2. 8.3 1 ..... .1. .... .1. ...... , 1. 28 1 1.56 
7.20 ...... .1. ............ 1 .. .. .. J 1. 07 0.67 . ... .. .. . 
5. 19 .... .. !. ........ .. .. ! .. .... .. ..... .. ... .. ..... .. .. 

Ashland (wate:works) ..... . . . .. ... , (1) I 1 2.3~ 
1 

..... ..1. ...... 
1 
. . ..... 1 

Bellbrook (sprmg) ................. 26.79 15. 52 ... .... 1 1. 20 0. 2.5 
Bellefontaine (waterworks) .... . . . . 20. 48 8. 33 .. . .. .. 3. 62 

8.14 , 18. 14 , .... ... , ...... , 3.27 ! .. ..... , 0. 49 
9. 13 J 7. 27 . .. . . . . . . .. .. 3. 95 2. 30 0. 79 

56. 81 . ...... ... .... 6. 75 16.10 1 ...... . 1.00 

Cincinnati: 
Artesian , 1,U 5 feet ........... . , 617. 32 , 17. 33 , 22. 26 1 27.271 0. 37 
Well , 240 feet ... . ....... ..... .. 

Cle veland (blue-rock spring) . .. .... :~~: ~~ 1:: ~~ . ~~: ~ ~ . . ~~: ~~ .. ~-- ~~ .. 1.00 

79.60 3. 10 E. '1' . Cox. 
80.21 31. 70 Do. 

125.40 10.95 G. ]\f. L o,·ette. 

]. 00 -·· · ··· S W. McKeown . 
0. 85 0. 03 N . W. Lon!. 
0.4.2 . ...... C. C. Howard. 

519.60 . .. .. . E. S. W ay ne . 
534. 77 ..... .. Do. 
210. 25 .. .. .. . J . L . Cassells. I 
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Locality. 

.Analyses of til e waters of l ndi.ana am.d Ohio. ( Grains per United S tates gallon,. )-Conti uued . 
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515. 82 1 11. 08 , .• ••• • . 1120. 39 1 0. 82 
791. 58 8. 75 . .. .... 0 50. 16 0. 47 

16.87 7. 94 0. 53 
' 21.98 11.76 0. 006 .. - 0.-00 

55. 70 27. 42 o. 63 1 6. 20 0. 54 

40.64 17. 73 5. 12 0. 41 

375. 11 33.87 J5. 26 po2. 47 0.05 

88. 26 26. 36 4. 58 0. so 
( 1) S.39 2. 18 0. 017 

I 22. 39 

222.19
1

4. 14 I (!) 

8 05 11. 43 ( I) 
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... .. .. 116.54 loo .... J ...... 

1
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15.87 

. _ .. _ 00 00 .. ___ l72. 07 .. 00 .. 
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.. 00 00 ~. 57 119. 31 

5.22 1 .. -oo .. I" '"' ' I' ' "OO ,ooo oo o 0.52 0.1 8 
6. 12 1oooo ooO ooooooO , oooOoO oooo oO 0.44 0.38 , .• oooo ooo 

0. 26 1 1. 79 I H. S . .Jewett 
0. 42 2. 52 Do 

15.21 .. ..... 1 0.93 OO OO oO oOoooo 1.34 0.05 10000 000001 3. 35 
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2. 64 55. 93 0000000 . .. .. . ,18.65 1 .. 00000 0.37 
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7. 62 00..... 3. 95
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. 00 00 .
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T rnce 00 00 00 l. 29 .. 00 .: 00. ~0. 85 I 2. S5 
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.AnalyBe8 of the 1vatera of Indian a and Oltio. ((h"a·ins per United State8 gallon .)- Contiuued . 

Locality . 

Van Wert (waterworks) ........ .. . 
Woodstock (springs) ..... . .. .. . .. . 
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. Waterworks ..... ..... ........ . 

.; .,._, 
:g .. 
3 
~ 

ma 
~n 

~n 

RH 

68.90 

33.55 

c~ 
Ool 
~" ... -
"..0 C ro . 
ac £ 
='ct.: 

·- 0 = 
~d.5 
u 

~M 

au 
~00 

~M 

OHIO W ATERS--Continued. 

0 

"' " ::=: 
c'" ·o; 

8 

" 
= ~ ::.c 
·-"' 
" u 

.,; 

... 
H 

27.37 0. 12 

4.22 , .... ... 0. 16 

0. 56 0. 87 

1. 54 I 1. 35 o. 39 

~ .:.. 
ol..O 

""". ~;; 
·- 4> ~ 
"' ~ 0 
"'"'~ = c $.. 
!:.() Q!:! 
=..o"' ;:1 

E 

" ·- 0 
"' "" <> 'i: 
o.!: 
e.(~ 
d 

~ 

" ., 

·~ * :B ..o 
""' .. 
~ 

.:. 
3 
; 3 
""' ·- = .. o 
3..0 
p=; 

_g 
.g 
84) 

""" ·; ·c 

5 
0 

"-< 

-; ., 
ss 
·~.[ 
.5 
c 

P< 

ci 
~ 
;n 

11.41 2. 12 .... ....... .. ...... 2. 91 0. 24 

c~ 
o= 
~~ 
""" . ec .£ 
" ""' - " ~~.8 

.. ..... , ....... 126. 14 .. .. .... .. .. 0. f-9 o. 89 

6.67 --~: ~;- :::::: : :::: : : :: : ::: ::::::: - ~: ~~ .. ........ .. 

9.ll 
1 
...... . 

1
42.01 

1
.. ..... 5. 99 r ----- ·---- --- ...... 

1 

.. .... 

1 

....... , .. .. ... , ...... . .. 

.. .. .. . ...... . 7. 58 Trace ........ .. .... -I a. 74., ............ .. .. : ....... .. .. .. .. · .. 

0 :a 
" E~ 
=··.: 

"' 0 
en 

2. 02 

13.64 

0. 64 

0.15 

2. 78 

0. 7U 

...:. 
= ., 

<i 
Ed 

.::~ 

"' 0 

7. 06 

·"·':l 
E. G. Smith. 
E. S. Wayne. 

( 1) 

WayneandLocke. 

J.D. Lisle. 
Do. 

,... 
"' ~ 
"' .. 
~ 

>z 
I> 
t"' 
~ 
UJ 
t%j 
UJ 

0 
'<j 

~ 
I> 
>-3 
t%j 
pj 

fl1 

01 
0 ,...... 



502 WATER RE 0 RCE OF I r DlA A AND OHIO. 

W ATER UPPLIE l!'OR l'l' I E A :rn ""\ T-'TJ 

y 

1 The Jetter " M " appended to uame of city or vi llage ind icates !ndebte<lneaa to this Manual. 



LEVER&TT.j 

Th u e of 
water supply 

SUPPLIES FOR CITIES AND VILLAGES. 503 

SURFACE WATER. 



Nnme.ct 
Popnln· 
tion in 
1800. 

Ci ties in b 1dian a using Sttrjace wate1· for watm·works. 

'Vn.terworks . 

Supply. 
System. 

A nderson (pnrt) .. ... .. ....... .. . .. . -I 10,74 1 I White Rivor (flltere<l) .. .. ...... . .... . ....... ... -I Direct pumping ... .. ....... .. .... ... . .. . .. . . . . . .'.!{ 
Attica (M.) ... . .. ... ..... .. .. . .. . .. . . 

Bed fot\1. ... . . .. ..... . . . . .... .. . , . ... . 
Bloomington .. ... . .... . . . .........•.. 
Borden (M. ) . . . .. . 
Boonville .. . .. . . .. .. ..... .. . ...... .. . 

Brookville ..... •. . .. •. . . . . ... . .. .. ... 

Cannelton . .. .. .. .... . . . .... . . . ... .. . 
Columbus(M.) ...... . ... •..... ... .... 

Connersvi lle . . ....... .. . . . .. ... . ... . 

Covington (part) .. . .... ..... .. ...... . 
Cmwfordsville (M.) ... . . . .. ... .. .... . 

Delphi. . ... .. . . . . .. ... . .. .. ......... . 

Eaat Chico-go (M .) ..... ... ....... . .. . 

Evansville ....... ..... .. .. .. . ..... . . 
1 

Fairmount ...... ...... .. . ..... . ... ... · 

Greencastle (M.) . ..•..........• • .• .. 

Hammond ...... . ... ... . .. . . . .. .... . . 
R uutiugburg . . ... . ............... . . 
Huntington (part) . . .. ... ... .. .. .... . 
Iudinuapolis (2~ per cent) ......... . . . 

2, 320 Spri ngs ....... . ...... . ..... .. .. ..... .. .. ..... ... Pumped to reservoi r ... ... .... . . . . .. . •....... .. -_- j{ 
3. 351 W hit e nil·ar .... . ......... . .. . ...... . . . .. . . ... . Pumped to slanupipe .... ....... ........ . .. . ... . . 
4, 018 Springs . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .• . . . Direct pumping ..... . . . .......... . . .. ....... . .. . . 
(!) l mpounclcd wo oot· ...... . .•.. . .......... . . . ...... P umped to rcsorvoir ...... . •.. . . ....... ... .... ... 
1, 881 . ... . do ... . ............................... .. . .... . l' umped to stand pi pe ......... . ................ . 

2,028 Infi ltration wt'll from WhiLOwn.ler Rh•er ........ Pnmperl to reser voir .. ..... . .. .. ...... .. . . . . .. . . . { 

1,991 Ohio Ri ver . . .. ... . .... ...... ..... ..... ..... . ....... . . do . ." .................. . .. . . . ..... . •. .... . .... 
6, 719 F.nst " rhito Rivc·r ......•.......•...... . ..... . . . . Diroot pumpiug ....... . ... .... .. . . .. .. . . .... ... . 

4, 5~8 Whi town ler nh•H ..... .. .. . . . . •.... .. . . .• .. . . ... . ... <10 •••••. . •.••.••••.•• •••• ••••• •• . ••• •• •• •... -~{ 
l , 891 

6, 089 

1, 923 

1,255 

50, 756 

Springs . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pumped to s tt>udpipe . .. .............. ....... .. . . 
S1lrin gs nucl well~ .... . ........ . ...... .. .. ..... .. , Pumped to r0:1cr~oir ........ .. .•..... . ..... . .. . . . 

Springs and creek .. . . .. . . . ................. . . . .. Pumped to tank and direct ............... ...... . 1{ 
L ake Mtcbignn .. .. ..... .. .. . ....... . ..... . ..... . Pumped to stnndpipo .......... . .•. .... .......... 
Ohio niver . . ... . . .. . .. ......... . ... ... ......... .' Diroot Jl !lffi lllDg .......... .. ......... . . . ........ . 

1, 462 Back Creek (1) . . ..••.......... •• ...•..•.•.•• . . • . ! (1) { 

4, 390 WnhwL Creek nnd wells .. ...... .. .. .. .......... Pumped to stru:t<l llillP . ..... .....• ......•.... . .... I 
I 5, ~28 Lake M!clugau ....... ..... . ...............•....... . .. do .......... . .. . . . . .............. . .. . .... .•. . , 

1~: ~~ ~Tr:~,':~~~:~:·.: :::::::::::::::::::::: ·:: :::::::: . ~~-r:~: ~.':'~-~~~g_:: ::::::::::::: :·.:::: :::::::::::. 
3. 16i ' Impounded water .. ....... ..•. ·•··· . . ........... St.andplJlO anu direc t press ure . . .. .. ...... . .. .. . . 

L-------------------------------~-----

c~• '"' I W>o• I 1895) .b put in. l 

$150, 000} 
Ex. 5, 000 1880 

50, 000} 
Ex.l, 500 18i4 

65, 000 1893 
0,000 1803 
3,600 1894 

31,000 1896 

24 , 000} 
Ex.l , 2i5 1895 

(1) 1892 

32, 000 1871 I 
E~~: m}r 1869 

50, 000 1892 
425, ()()() 1886 
45, ()()()} 

Ex. 1,100 1892 I 
98,000 

Ex.30, 000 1870 

Ex~::} 1894 

303, ()()() 1 1880 
150, ()()() 1888 

(I) JF9:J 

100, ()()() 1891 

2, 500, ()()() 1870 

a Tn the tablea concernine ' "nter supplv. tow11 s wi th tho lcller " :;u " appended did not send ttl returuR, aut! the Manual of Waterworks 1s onr authority. 
b ··Ex." in this colnmn 1ueaua rnnulug ex penses per annum. 
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Name. 

Jasper ....... .... . ......... ..... . .. .. 

Jeffersonville . .. .. . ...... . . . . .. ... .. . 

Lafayette .... . .. .......... .. .. .. . . .. . 

L:>porte (M.) ..... .. ... . .... . ........ . 

Leavenworth()"[ .) .......... ... ... . . . 

Logansport . . .... .... . .... ... .. 4 .. ... ... . 

1\:I:a<lison .. .... .. . __ ...... ..... _ ..... . 
Mich igan City . ................. . . .. . 
hliabaw:>ka (part) ...... .. . ... ...... . 
Mount Vernon (l\1.) .. . ___ • • •••• . .. . .. 

New .A.luany ...... . . ... . .... . .... . . .. 

1 North Vernon . ........ ........... .. . 
Peru ...... ....... ........... ....... . 
P rinceton . . .. .. ...... . ...... ...... .. . 
Paoli IM.) ..... . . ...... . ...... .. . .. . . 

Richmond .. ... .. . . .. ........... ... . . 

Rockport ...... . .... .. . . .. . ... . ..... . 

Salem .......... .. ...... . ... ... ... . .. . 

Seymour . . ........... ... . . ....... ... . 

itie3 in I ndiana using Btufa 

Popn!n.· I Supt>ly. ilon 10 
1890. 

to a ter for tvatenvorks-Cou t1 n ued. 

System. 

Wnte rworko. 

Cost (to 
1895) .a 

1, 281 I P atoka Ri,.er ........... .. ... ........ ··· ·- - · - . .. , Pumped to reser voir . ..... __ ..... . _ . . . _ ... . _ .. _ .. , $10,000 

10, 600 Infiltration from Ohio Hi\•cr ... . . . .... . - ... - . .. - . Pumped to s tunrlpipe ...... ............ . - .. . - .. -- { E;~~: ~} 

Infillrntion from Wabash Rh·er ................. l Pumpe<l to reservoir .... ...... .............. . .... ,{ 

:}ear Lake .--- . ... . . ... . .... ··--- . ... . -- ... .... . Dircctpumplug .......... . ..................... _. { 

250 000} 
Ex. 10;000 

150, 000} 
E x. 6,000 

Spring .............. .. __ .. ........ .... . ... .. .. .. Pnmpetl to •·eservoir . . . . .. . ...... . . .. . ... .......... . . . . _ .. . - -. 

Eel Rh·er ....... . .... ... . . ...... . .. . ... .. . . -· . . . Di.rcct pumping .. - . .. - .. -- .. - -··--· .. ... .. . ...... { E;~t ~} 
8.936 Ioilllratton from Ohio Rh·er nod ~prings ... ..... Pumped to rosorvo.ir . .. . . . ........ . . .. .. ....... .. ( 1) 

10, 776 Trail Crook nod driven w~lls . . .. . .... . ......... . Diroot pumpin(( . .... . . . ...... .... - .. . .......... -. Ex. 6, 500 

3,371 St.JosephRivor ... ... . . . .... .......... . ... . . .... . .... do .... .... . ... ..... . ... . . .. . ... ... . ... .... ... 60, 000 

4,705 OWoRiver .... ... ................ .. .... . . . . . . .. . Pumped to s tandpipe . . . . . ..... .. .. ... ... . .. ... . . ( 1) 

21, 059 . ... . do ...... .... .... . .... . ..... .. ...... .. ... ..... l' tunped to reservoir ........ . .. . .. ..... .... . ..... { Ex~~~::::} 
2,012 Muscatatuck ........... .. . .. . ....... . ...... . ... . Pumped to atnntlpipe.... .. . .. . .. ... . .. . . .. ... ... 28,000 ' 

7, 028 Wabash Ui"er ....... . ...... .. .... ..... . .. . ..... P umped to rosen ·oir .. . .. .. ... .. . ... ......... .... 170,000 

3, 076 Patok:> River ...... . .................. . ..... ... . l'umped to ataudpipo. .. . . ..... ... .. .. .. ... . . . . .. 70, 000 

707 Stream . . ... ... ..... . ... . ...... .......... .. . .. . .. Pumpe<l to reservoir .... . ...... . . .. .. ...... . . . .. . 

16,008 Sp~ing~ . __ . ..... . . . •. __ .. . ... _ .... __ . ....... .. . . Pumped to reservoit· from filte r gall eri es . .. .. .. .. ,{ 

2, 314 Oh10 R1v~r . ...... _ .... .... .. . . . _ ......... .. ..... Pnmpe<l to stnndp•pe or th roct. . ... ........ . - . . .. { 

1, 975 Spring fr~m n.cnve .......... . ............. .... .. l Pumpe<l to reserv~ir ............ .. .. . .. .... .. ... . ~ { 

Enat \Vlute RI \'Or . ... . ... ......... ..... ......... Pumped to s tunclp•po .. . . . . ........... . .......... { 
I 

5, 337 

a uEx:." in this colu.m_n means ruun iugox.peuses per annu_m. 

5, 500 

250, 000} 
Ex.lO, 000 

25, 000} 
Ex.1,000 

20, 000} 
Ex. 700 

80, 000} 
Ex. 3, GOO 

~Vben 
put in. 

1895 

1888 

1870 

1870 

1896 

1876 

1849 

1888 

1891 

1860 

1875 

1892 

1879 

1893 
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1886 

1889 
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Cities in Jml-iana tl 8ing sun:face wat&r for waterwo1·ks- Continued. 

I 
Name. 

Popula
tion in 
1890. 

____=] Waterworks . 

Suppl y. 
Co~ t (to When 
1M95). a puL in. Sys tem. 

Sullivan (1\L) ... . .... ..... ....... . . . . 2, 222 llnsRor·on Creek .. ... . . . _ .. .. ... . .......... . Pumped t.o staudpipo from impound ing re~Jer - $40, 000 1896 
voir : 6l tcred . 

Toli City .. ... .. .. .. .. ........... .. ... 2,09-1 OhioHi ver .... .................... ..... ...... .. . l l ' ulll ped tofireds lc rus .................. . ....... j ( 1) 

TerreHa uto..... ............ ...... .. 30,217 'Vnbasb RivtH· ... .. ....................... .. .... 

1

1)1rec tpumpiu,t: .................................. { F.x~:~} 

Valparaiso.. .. .. ......... ....... .. ... 5,090 F lint Lako ............ ......................... f ... do .. ........ .. ....... ................ . ....... { E~~g; ~} 
Vernon (~f.) . .. .. .. .... . . .... .. ... .. . 613 Muscatatuck River .. .... ................ .. ...... Pumped to ataudp l).le ...... ......... . .......... ..1 4, 300 

(1) 

18i3 

Vevay.... ............... ..... . .. . .. . 1, 663 In fi l t rntion from Oh io Hil·o•· ................. J'uw ped to n ldCrvoi r ......... ... .. - .. .... .. .. .. 18,000 

Vincennes ....... .... ...... .. .... . ... 8, 853 " ' nlms h Jli,•er ....... ............... .. . ......... Pumped to Rfnndp•pe or direct ... .. ............ .. ~70,000 

Wlliting .. .. ... .. .. . ... .... ....... .. . 1,408 Lake Michigan .................. ...... .... ... ... Pum ped di rect . .. .. ......... .. ... .... .. . ..... .... ( 1) 

Washington ......... .. ...... .. .. . . .. G, 664 "~hite Ri ver ............ .............. .... ...... Pumped to stand pipe .. ................ ....... ... { E2~: ~~:} 
Wars;~w (part) . ...... ...... .. .......... .... .. .. Small lake ......................... ...... ........ Pumped to s tandpipe and direct. ............... .. .. .... . ..... .. 

a 11E x. " i11 this ovhun n tn ctuus ruuui11g ex penses pur nunuw . 
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Name. 

Akron (part) .................. .. ... . 

Alliance .......... . ................. . 
Athens ............... . . .... . . .. . .. .. 
Ashtabula ... .... ...... ............. . 
Bellevue . ... . ..... .............. .... . 
Bridgeport .. . .... . ...... ...... .... .. 
Bell~ire .. ... . .... . ... ... ...... . . . . . .. 

Bocyrns (part) ... ... . .. . .. 

Co nn ea ut . .. . .................... . .. . 

Canton (part) ............ . .. ........ . 

Cambridge .... ...... . .......... ... .. 
Chillicothe ( ~I ) ... . .. .. ... ..... . . . . .. 

Cleveland ............... .. . ..... . .. . . 

Col ambos (main pa rt) . ..... . ... . ... . . 

Cincinnati ..... . ....... ...... ...... . . 

Cir clevillv ...... ..... ..... ... .. ..... . 

CrestUue (M) ....................... . 

Dennison . ... . ........ ...... ... . . . .. . 

E
D ell o ...... ....... ... ............ . 

· · ··· ·· ······· ··- -· ·-········ · 

Popnla· 
tion in 
1890. 

27,601 

7,607 

2,G20 

8, 338 

3, 052 

3,369 

itillll in 0/iio tlsinq smjace wa ter for tvatcncorkB. 

\Vaterworka. 

Supply. 
System. 

Smal! lake ...... .. .. .... . . . . ............. . , .... .. , Pu!llpecl to reservoir ........... .. . ....... . 
hlahoning Rlv~r .. .. . . .. .. .... .. .... ........ .. .. Pumped to standpipe from sot!liu g basin• 
Inf.lltrntlen wells from Hoc king Hh·er .... .. .... l'u<npe<l to standpipe and dii·oot ..... . .......... . 

~::~:~.~::: ::~~~~/~~:·: ~~~~-]~~~~: .. :.:::.::::: :, .~ .. :~,:~.~~- ~l~:· ~_':i_':~: ::::: :::::::::: :::: :: :::::: 

Oh•o Rinr ........................ .. ........ .. .. )Jarl1118 Forry works ............ . ... . ..... ..... . 

Coot (to 
1~95) . a 

$200,000 

190,000 

40,000 

9, 934 .... do .. .. ... . .. .. . ..... . ............ .. ... .. . . .. Pumped to reservoir . .. .. .. . .. .. 

300,000 

60,000 

( 1) 

175,000 

60, 000} 5, 974 Sandusk y Ri vor ............... . ... . ... .. . . . . . . .. Direct pumping ................. .. ........... . .. -I{ Ex.5, 180 

3, 241 Infiltration wells from Lak~ Erie... . . . . ... ...... Pumped to s tandp ipe .. ... ...... ... ...... . . ..... . 125,000 

26, 189 

4,361 

11, 288 

261,353 

88, 150 

296,908 

6,556 

2, 911 

2, 975 

7, 694 

5, 611 

Nim!shillcn Creek .. ... . .. . . . . . . . . .. .. . . . • . .. .. . Direct pumping .... ... ... .... . . . . . ... .... . ...... { Ex4~; g<>oZ} 

"Wills Creek ..... .... .. . . .. . ... . . .... .. , ......... Pumped to atnu dpipe (untlcr coustr <«·tion )...... 60,000 

Jnfillrntion well, Scioto lli ,·c r . ....... .... .. .... P um ped to rcarn·oi r ....................... . .. . . . 300, COO 

Lnke Erie ........... . ...... . .... ...... ...... .. . Pumpctl to rcsorvo i•·s .. .. ...... .......... .. .... .. 7, 0~, 486 

S . t R . . 0 . . { 3, ooo. ooo} cto o .J \'er ...... ...... . . . .. . ....... ........... Jrectpum JJIIJg ........ . .......... ..... .... .. . .. ! Ex.lOO,OOO 

Ohlo River ... . . . .. . .. . ....... . . ....... ... . ...... 1 P umpud to reservoir .... ..... .. .... . ...... . ..... . 

1

{ E~:~~; ~} 
Infiltration well s from Darby Creek . ... .. ... . ... l'iunped to s tnud]Jipe nne! direct ..... . .......... . ·{ E~~~; ~~g} 
Sprl ngswith collecliugbasi u .... ... ... ...... ... . Grav ity . ... .. ................... . .... ... ........ 120,000 

Stillwater Cree-k ... . .. ... . .. .... . . . .. ........... Pumped to reservoir.... .. .... ........ ...... . ... . 290, 000 

1\fa.umeo and Auglaiso r ivers and cnnal. . . ...... . J' umped to • tnU<lpipo ..... . . ..... .. ........ . ... . . { E!~~; ggg} 
Black Rh•or ..... . .. .... .......... . ............ . . Pumped to s tandpit>O nn <l direc t ........... ..... 

1

{ E;2;; ~gg} 

a'"Ex." iu t.b1s colol.lln 1neu.us rouniug nxponse~ pet· aunu10 . 

" 7hen 
put in. 

1880 

1883 

1894 

1887 

1873 

(1) 

1872 

1884 

1890 

1896 

1881 

1854 

1870 

1820 

1887 

1869 

1888 

1888 

1879 
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Kame. 

E ast Liverpool. . .. . . ..... . .. ·· .. ·· ··· 

Fremon t (main pa rt) . . .... .. ........ . 

Fos tor ia (part) . .... . . .. . 

Findlay . .... .. .. . .................. . 
Gallipolis ...... ..... ...... : .. .. .... .. 

G reenfield ..... .. . .. ... . .. .. .. . ..... . 

Ironton ..... .. ... . ............ . .. .. .. 

K ent . .. .. . ............ ... . . . . .... . . . 

L ancaster ............ . .... .. . . .. ·· .· . 

L eetonia(M ) ... . .. .. .... . .......... .. 

Loraine (M) . .......... . .. .. ..... .. .. 

Milford Cen ter (M) ...... . ... .. .... .. 

Marti ns F erry . . . .. .. . .. .. . .. .. .. ... . 

Marietta .. ....... .. ... ..... .... .. .. .. 

Miner'l'a (M ) .. ..... .. .............. .. 

Milan .. .. ... .. . . .. . .. . .. ....... ... . .. 

Marion .. . . . ......... ..... .... ..... .. 

Napoleon ............ .. ............ .. 

New L.i sbon (75 per ce.nt) .... .. .... .. 

J>opniB
t ion in 
1890. 

Ci ties in Ohio ?tsing smfctee watm· f or ?rate-rworks- Contin ued. 

--
' Vate rworks . 

Cost (to I W l1 en 
1~95) . a put in . 

10, 956 $200, 000}, 1879 Ex. l2, 000 

Supply . I I 
I System. 

Oh io R iver ............. ...................... .. . I Pumped to reservoirs, high ser vice and low ser•·· l{ _____ _ 
ice. j 

7, 141 

7, 070 

18, 553 
4, 498 

2, 460 

10,929 

3, 501 

Snnd uskyl~ i vor ......... . ..................... .. Pumped to stand pipe ........ ..... ... . .. .. ...... . { 

Creek and im ponnu od wat.er .................... . ...... do . .......... ..... . ... ...... . ........... .... 1{ 
'B la nchard River .. . .... ..... ............ . ... .. . .. Direct pumping (fi ltered ) ........... . . ...... ..... , 

Ohio Hiver ............................ ...... .... I n filt ration wells .. .. ........................ .. .. 

Pa.i n t Crook ................... . ................ . Pumped to stand pipe and dll'eet ... ........ ...... { 
I 

Ohio R h ·er ........................ ............. . D irect pumping .. .... .... ...................... { 

P lum Crook nud infi ltration . ... ... .... .. . . ..... . Pumped to stand p ipe and direc t .. ..... .... ...... 1 

7, 555 Gnl ler y nnfl well fr·om springs ................... , Pumped to standpipe ......... .... ... ............ { 

2. 826 Spring nnd coll ecting bas in ....... ... .... . ....... Direct pumping . ........ ................. ..... ... I 
4, 863 Lake Brio... ............ ...................... . . Ptunped to standpipe and direct. ......... .. .... . 

718 Spriugs . .......... ...... ..... . ............... .. . 
1 

Di rect pumping ................ ...... ........... . 

6, 250 Oh io River .............................. .... . .. Direct and to rese rvoir ... .... ........ .... ........ { 

8,272 .... . do ........................ ............... .. .. P umped to reservo:r ..... ... .. ... ................ { 

1,139 Infil tra.L ion wells by Sandy Creek ....... .. ...... P umped to tank ... ................ ... .... . .... . .. 

027 Huron R iver .. .. . .. ..... ... .... .... ........ .... Di rect pumping .................................. { 

8, 327 Iufi l t.rntion wells from Little Scioto ... ... . ...... Pumped to standpipe and d.irect ......... . ...... . 

2,7G<I M aumee R iver .... .. ................... ... ...... J ..... . do ..................... . ............ . . ..... . 

2, 278 L ittle Beaver R l<"er ..................... ...... .. Pumped to reserYoir. (See Wells in rock) ... ... { 

a " E.x .. " in t.his column means running expenses per annum. 

150 000} 
Ex. o: 500 1883 

220, 000} 1891 
Ex. 3,500 

337, 000 1889 
88,000 189:; 

Ex.~: ~~:n1 1891 

175, 000} 1871 
Ex. 10, 000 

200, 000 

70, 000} 
Ex. 2, 260 

11 .000 I 
130,000 

12, 000 

145, 000} 
Ex. 0,000 

110,000\ 
Ex. 5,0001 

15,000 

17, 000} 
Ex. 1,800 

200,000 

60,000 

25, 000} 
Ex. 1,500 

1890 

:o 

8 

1890 
1895 

1888 
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Name. 

Norwalk (M:) .... ....... .. . ... .. ... .. 

Nelsonville ... .. 

Oberlin .... . .. .. .. . .... .. .... .. .. .. .. 

Ottawa (p:>rt) .... . .. ...... .. ...... .. . 
Painesville b .. . . .. ... .. . . . .... . ... .. . 

Piqua .. . . .... . ...... .. . . . .. ... . .. .. .. 
Port Clinton .... . .... .. . . . .. .. ... .. . . 
Portsmouth .. . 
Ripley . . .. ... ..... ........ . ... . .... .. 

Ravenna (part) .... .... .. ... .. .. .. .. . 

Steubenville ... ..... 

Sandusky ... ..... ... .. . . . ... . .. .. . .. . 

Shelby (M.) .. ..... . .. .. . . .... ...... .. 

Sidney .... . ... . .. . . . . ... ...... .. .. .. . 

Titlin (part) ............. .... ... .. .. . 

Toledo ... .... .. . ........ . ... .. .. .. . .. 

Toronto 

'l' roy .. . ... ....... . .. . . ... .......... .. 

brichs ,·ille .. ...... . . . .. . .. . .... .. . . 

Popula
tion iu 

1890. 

7, 195 

4, 558 

4, 370 

'tiea in Ohw ttBing 31trface tmler for waterteorks-Continued. 

Waterworks. 

Supply. 
System. 

Impounded water (Uuron Rh,er and creeks) . . . . , Direct pumping .. ... ....... . . . ... ... . . . . .... ..... 

1

1{ 
Intulrnlion well. ... .. . .. . .... . . . .... .. .. ... ... .. Pumped. to reset·,•oir. .. . . . . ... .. . . . .. . . . . ... . ... . 

E i18t Vermilion Ri ver, storngo reservoirs .. ... .. I Pumped to s tandpipe or direct. .... .. ........ .. .. 1{ 

os t (to When 
1895). a pu~ in . 

- -
$150, 000} 

Ex . 6, 000 1871 

45, 000 1895 

70, 000} 
Ex . 1, 550 1887 

1, 717 BlaMbard Rh·or ..... ................ ........ . .. , Fire cis terns only ..... . .. ......... . .. . .. . .... .. .. ...... .. ..... l .. ... .. 
4, 755 Lake Erie .. .... ..... .. ...... . ...... .. .. ........ . 

1 

Pumping to s tnndvipo and direct .. . .. ... . ....... 250,000 1882 

9. 000 Canal system, with rcsorvoit'll .. . ..... .. . .... .. . . Direct pumping. : .... ..... ...... .. ... ...... .. . ... 400,000 j 1875 

2. 049 J.ako ~rio . ... .. .... . ...... ........... . .... .. .. ...... .. do .. .. . . . .. ... . .. .. . .. ... . . .. .. .. . .. . .. .. .. . 42, 000 1 1895 

12, 394 Oh10 Rl\•er ........ . . ... .. . .. .. .. .. . .... . . . .......... .. do ........ ......... .. .... . ......... .. . . ..... 300,000 1871 

2, 483 

a, 417 

13, 39-l 

18,471 

1, 977 

4,850 

10, 801 

81,434 

3,536 

4, 494 

. 3, 842 

Settling basin~ from Ohio Rive r .... . ..... .. .. . .. 
1 

Pumped to reservoir . .. .. ........ ....... ... .. ... . 

rystnlLake . .. .. .. .. .. .. . ... ....... .. .......... ! Direct pumping ............. .... .... .. .. .. .. ... . !{ 
21. 000 I 1896 

170. 000} 1885 
Ex. a, 300 

hio River ..... . . .. ..... .. ........ .. .... .. .. .... I Pwnpcd to reservoir .. .. . ... . .. ..... .. .. .. ... .. .. 1{ 

Sandusky J3ny .. ........... .. .... . ... .... .... .. j Pumped to standpipe ...... .. . : .. 1{ 
Impounded wat-er .. . .... ...... .. . .. .. . . . ... .. ... I. . . ... do .. . .. .. . ......... ..... ... . . . .. . ...... . . .. . 

c 200, 000 
Ex. 9, 000 

525, 000} 
Ex.l3, 000 

21, 000 

0 · ( 100, 000 Great Miami Rl\·er .. .... ..... ...... ..... .. .... .. .... .. do .. .. .. . · .. ..... ·· . .. .. . · · . .. ... · .. ..... ... \ Ex. 5, 000 
Sandusky Rh•er nod wells .. ...... ... .. .......... Direct pumping ...... · ...... .. .... · · .. ...... · ·· ·I ( I) 

l' 1 u l · { 1, 500, 000} Maumee Rh•er ...... .. .. .. . .. .. . . .. .. .. . . .. .. .. . umpe< t.o s 111< JliJlO . .. • ...... · .. · • .. · • .. · .. · · .. 

1 

:Ex. 38, 000 

P d . { 75, 000} ObioRivnr ......... ......... . ... .. .. . . . ........ . umpe to reservo1r . .... . ......... .. ... ...... . .. Ex. Z,OOO 

D . t . I{ 150. ooo} Infiltration wells........ .. . ...... . .... . ... ...... 1rec pumpwg . · .. · .... .. .. .... .... .. .... .. · ·.. Ex. 2, 250 

Stillwater Creek .. ... . ....... .. . . .. ... .... ...... Pumped to reservoir ... . ... .. .... ... . . . ·= .. , .. ..... ... .. .. 

1835 
1894 

1875 

1897 

1873 
1888 

1878 

1874 

1891 

1888 

1888 

a 11 Ex .. " in this column means running expenses per annum. b Including Richmond and lt alrport. c Cost of now system introduced i.u1894. 
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I Nrune. 

U pper Sandusky ...... . . .. . ........ . 

rbnna (part) .. .. .. ............... . . . 
Wndsworth (part) .......... . ... .. . .. 
~Vnrren (1{.) ............ ......... .. .. 

\\' ells ,·ille .. .. .. ........... . ........ . 

W ellston PJ.) .... ...... . .. ......... · 

Willonghby .. . ...... .. .. .. . ...... .. . 

Wooster (part) ... .. ..... . ......... . . 

Xenia .......... ...... ....... ...... .. ! 
Youngstown .............. . .. . ... . . . 

Zanes,, ilJe ... . ....... .. ............. . 

Oitiea in Ohio 11aing amja.ce 'll'ater j01· wa.tcrwo?·ka-Coutiuued. 

Po!Hlla
t .iou in 
1890. 

Su·pply . . 

3, 572 I S,o.ndusky R iver mul springs ..... ....... .. . ... .. 
\ 

0, 510 Spriugs in cost pnrL of city a ...... .... . .. ..... .. 
l , 574 Spriugs . .......... .. ...... ........... .... .. ... .. 
5, 973 Mahonin g Hi,·e r ..... ....... .. 
5, 247 Ohio Rh·~r ...... ........ .... ... .... . .. ......... . 
4, 377 .Ruccoon Cruok .................. ... ........... .. 

\Vaterworks. 

Sy s tem . 

. ' '{ Pumped to standpipe ................. ... ........ , 

rnvit.y . . . .... . ....... . ......... ........ .... ... . . 

l' umpccl to s tandpipeancl direcL ........ ........ .. 
l' mnpct.l to reserv1 ir . ... . . . ..... ............ . .. · .. 
l'umped to stand pipe ..... .... .. ......... ... .. · .. . 

Co•t (to I \ Vben 
1895). b put in. 

$00, ooor 1890 Ex. o, 0001 

20, 000 1880 

180, 000 1887 

GO, 000 1881 

60, 000 1891 

1, 219 )hng rin Jtivcr , infih.rntiou w~ ll .... . ........... - ~ Pumpecl to res~>rvo ir .............. .... . ..... .. ... { Ex~~: ~~} 1R92 

Tmpounclcd wntor nncl wells ....... ..... . ... .. ......... clu .. .. .. . .. .. • .. .. . . . .. .. . .. .. . . . ..... .. . . •. . . . .. .. . .. . • .. 1809 5, 901 

33, 220 

21 , 009 

Springs, im pounded wntcr ............... . . . . .. . ; Pumped I<> standpipe ...... .... . . . .......... ..... { E~~: ~} 1887 I 
Mnboning Hh·er· ..... .... . ...... . . .... . . . . .... . r11mped to st.audpipe nud diroo& . .... ........... . { Ex~ I~;~}~ 1~7: I 
l\'[ uskiugum Rh•er ......... ... .... .............. l'nmpcd VI rcsrr\•Oir ........ .. .. . .. ..... ... ...... :{ Ex~~Z;~}L::_J. 

7, 301 

a See 11 \VcUs in glnc·inl (!ri ft , ' ' p 521i. 
b " Ex." in this colum n me:&nri ronniuJ! CXJ>Cnses pet· annum. 
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LEVERETT.) SUPPLIES FOR CITIES A 'D VILLAGES. 511 

SHALLOW WELLS IN VALLEYS . 

'lor than 100 citie of Indiana and Ol1io are o ituate.d in valley 
that tlle tno t conveuient ource of wat r upply i from , hallow wells 
unk to the level of the tream. In many case be wells reach no 

low r than the alluvial depo it of the valley, but in orne a es th y 
pa through o·lacial depo it ben ath the lev I of the tr am bed, pene
tra.ting 0 11 et ime · a, t ltick bed of clay or a uea.rly impervious stratum 
above the bed which yield tbe water. It is difficult to d termine what 
proportion of the water npply iu vall ey well i polluted, but the dan
o·er of pollution i certainly great, and uch 'rell bould be subjected 
to frequent examination and promptly abandoned when found to he 
pollut d. Th e citie which obtain a supply for waterwork from becl 
of a llu ium u ually taketh precaution to locate the wells on the up-
tream ·ide of the c·it), " ·Lerc danger from ontaminatiou will be at a 

minimum. uch wellt> ar much safer than the private well unk 
witl1in th ity limit . 

In the followin o· table, wbi h embrace. tb principal town deriving 
wat r from the hallow \rell in valleys , the generalnatur of the co H'r 
or becl. overlyino· t h wat r -bearing . tratum is indicated. In ca. es 
wber the ov r i notecl to lJ "i mperr ct' there appears to be nothing 
to pr vent urfac filth from reaching tb wat r bed. In the ca 
mark d ' doubtful tlJ r ar ' Kome indi ·ation of protection from con-

itlt r by t h pre, nc of a n arly imperviou tratum 
hall w r by tb eli tanc to tb wat r bed wh re 

p. Jn ca mark d' fair tber is tbouo·Jtt 
v r. dan rr r or on tam i ua ion for h "-ater borizon i' 

de p to b within tlt r a ·lt of u hI ollntion within tb city 
limit r i l'nown t l> ben ath :.t pra tically outirmou lt e t of an 
imp rvi u cia . 'rhe only appar n dan o· r ari e from lack of con
tiuuity in this imp rYi u. O \ ' r. In ·ase 'r lt ere tb water co ,-er i 
aiel t b good ' tb r npp ar to b no ground for u picion of ur-

fa coutamination of any kind. A word ·em nece ·ary at tbi 
point pollution of w II . It i found that in 
Jla · otlt rwi e fr from ontamination pollu-
tion i q u ntly introduc cl by tbrowitw slop a nd refu-e matter 
arouud h w 11 moutll, wlt rei an scarcely e cape fil ration into the 
well. 



Place. 
P opuli\· 
tiou iu 
1890. 

Brookville .. . ...... . ... . ... , 2, 028 

Clio ton .. .. .. .. .. .. .. . . .. .. 1, 365 

Connersville. ..... . .. ... . .. 4, Ma l{ 
Co,•ington .............. . . . 

Ediulm rg .......... ....... . 

E lkhart ........ . .... . .... .. 

Goshen ........ .. ......... . 

H ammond .... ... .... .. .. . . 
Huntington .. .. ..... .. .. .. 

Iudiauapolia (75 por cent) . . j 

J efl'ersou villo .. .. ......... . 

J OllCS\' illO ...... .. .. .. . .. . . 

K uox . ........... . .. ..... .. 
Kouts .... .. .. .. ........ .. 
Lake ........ ............ .. 

Ligonier .. .... . . .. .. .... ~ .. 

LiYerpool. ... .. .......... .. 
Logansport (part) . . . .. . .. . 

Martinsville ........ .... . .. 

Mishawaka .. .... . .. .. .... . 

1, 891 

2, 031 1{ 

11,360 j{ 
6, 033 

5, 428 

7, 328 

105,436 

10,666 

(1) 

790 

( 1) 

( I ) 

2, 195 

(IJ 
13, 328 

2, 680 1{ 
s. 371 

Cities and lfillages of Ind·iana using shallow wells in valleys. 

Depth. a 

Feet. 
20- 110 

20- 75 

l :l-30 
60-80 

Co,•er. 
l-:--~----~-:va_t_or_w_or_k_•·-----d 

Cost (to I I 1895). b System. :thien~ 
Wate r bed. 

Gravel. ........... , Douutful to fnir ..... .. .................... , See "Surface water" ........................ 

1 

..... . .. 

:: : :: ~~:: :::: :: : ::: ,· ;;~.-.~~~f;;l· ::::::: :::::::::::: ....... ... ... . Non~ .. .... . .... ....• ·: ..... . ...... ... ... ........... .. 

(10 Go I } ... ........... See Surface water .......... .. .... . ............ .. 
• • •. • • • •••••• •••• Ol ••••.• •• •••••••• • •••••• 

1f>-:~ :: :::~~: :::::::::::1 ~:~.~b·;;, ;l· ::::::::::: : ::::::: .. 0 .. ·;.~;.-~~}· ' · ~:~.::~~-~ ~~::(;~;~~-~~~- ~-~~~~: :: : : :::: :::: • - ~~~~- 0 

W.W. 19 ..... do .... .. .......... . do ...... .. ...... ... ..... . Ex.900 1 

2f>-100 ..... <lo ....... ..... 

1 

Fair ........ .... ............ } (I) 11' m 1 to taod · I 1883 
W. , V.34 ... . . do .. .... ... ... ..... do .............. .. ...... u pe< s ptpo . ...... ...... ......... . 

w. w. 34 Sand ... ..... .... ....... do ... ... ....... . . . ...... { Ex.~~; :n Direct pumping ... .. ..... .. ................. I 1881 

6-18 ..... do ............ l l mperfuct .... .. .. ............ ..... ...... See " Surface water " ....... . ............. , ...... .. 
30 Gra,·el or rock . .. . , Douutful .... ....... ........ ...... . ...... . See ·• Wells in rock " ..... .. .... .... ... ..... . . . ..... . 

30-45 Gra.-e1. .. .. ....... 
1

Jmperfect ...... .... ... ..... } D' t I 1870 
6' J2< lo G' 0011 .. .. .. .. .. . . . . tree pressure ...... . ...................... . .,_ " . .... (. . . . . . . . .. . . .. . . ...... -.... ........ ..... . 

40-50 . ... . do .... .... .... Doubtfu l ......... . ..... . . ................ , See"Surfacewater " . ... ... . .... ... . ............. . 
20-30 . . .. . do .... .... ....... . . do .... . ..... . ........................ . Noue .. .................... ... ............ . . .' . ...... . 
14-40 Sand .... . ......... Impcr foot ......... . ...................... . .... do .. ........... . ...... . ............ .! . ...... . 
2f>-35 .... . do ..... ... .... Fair .. . ... ..... . ................. . ........ l ..... do . . . .......... ............... . .. .. ... ... · . . ..... . 
20-25 . .... do ...... ... ... Doubtful . ... .. .... ... ............. .. .......... do . ............................... .. ... ... . ..... . 

W.W.34 ..... do ............ Folr ........................ { Ex~i;~~:n Pumpodto staodpipe<~od di rec t ........... . j 1889 

10-16 ..... do ......... ... Doubtful ........ . . . .................. .... ~one ........ ... . ........... ..... ..... .. ............ . 
12-40 Gravel ............ Imperfect ....... ..... ...... ; ....... . ...... 1 See "Surface water' ' ............. ...... . .. . , ....... . 

W. W . 30 .... . do .... .. ...... Doubtful ............... . ... } 25 000 D' oct · 189( 
40-60 . .... do .. . ......... Good............. .. ........ • 1.1' _pump!Dg . .. .. ................. . ... . .. 

20 .. . .. do .. .. . .. .. . .. Doubtful ......... .......... . ............ . 

a " W. W." i.o this column moans thllt tbo well is a watorwork.s wel l. 
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using 3hallow wells in valleys-Continued. 

~I- Place. 
P~pu!a · l 
uontn 
1890. 

Depth.a Water bed. ovor. 

Fut. _ ------- I . 

-------------------
;ost (to 
1895).b 

\ V aterworka. 

System. 

---------, 

---·--------------1 
Wbeu 
pu t in . 

Cl 
t;j 
0 r 1 
~ I 
i l 
~ 

"" 

ll"lontezuma . . .. . . ..... . .. .. 
Ne1v Alban y (part) ....... . 

~owcastle (W. \V .) ... . ... . 

l'ash,-il le .... .. .... .. .. ... . 
New Rarru ony. -· . .. . ..... . 

Xohles·yil!o ............... . 

North J u• l~on .... ...... . .. . 
P eru ... .. . ... ... . ......... . 

Plymouth ..... . ..... . . ... .. 

Quincy . .......... ....... .. 

~1,059 

2, 697 1 

305 

J , 197 

3, 05 1 { 

572 I 

7, 028 1 

2, 723 

( 1) 

R ising Sun . .. .. .. .. .. .. .. . I , 689 

Rosedale .......... .... .... .. ... ... .. . 
Rochester .. .. . • .. . .. .. . . .. 2, 467 I 

Seymour.......... . ........ 5, 337 { 

~;~ . ~-~~~:' :: ::: ::::::: ~:;~:~~ ~-f~.·~:: : : : : :::: :: j:: :::::::::::: :n~:~,;;. ~~~~· ~,.'~~~;;::: :: : :::::::::::::: : :} :: :: :: : 

90-250 

1 
.... . do ...... ...... Good ........... ........... . { E:2~; ~~} Diroct pumpiug ............. . .. , . ...... ... .. l l 889 

12-35 Sand or rock .. .... Imperfect to good ..... .. .... . ..... .. . . .. . . None ...................... . .... ... . ... .. .. . .. ... .. . 
20-25 1 Sand ... .. .... .. ... Imperf•!Cl. ..... . ....... ... ... . .. .. .... .... .... . do .... ..... . . ........... .. ...... ... ........ . .. .. . 

20..251 Gravel. ......... ....... do .. .. .. . . . . . . . . . .. . .. . $60, 000} D " oct p i g I 1891 

\\' . ~:: . ~~-~:~.: ::: :::: ~ :: : ~o~:r~~~~:::: ::: : : ·.: :: :::::: .... .. ~-~--~~~ . K~r!J O .. . :·:·:~'- -'~.: :::::::: : :::: : :: : ::: :: :::::: ... ... . . 

15-00 Gravel. . .. ........ Imperfert to goo<!. ....... .. . ... ... ..... ... See "Surface wntor '' ..... . ....... ... . . ...... . . .... . 

W. W . 42 ... .. do ........ .. .. Goo<\. .... .. ..... ..... . ...... { Ex'~;~} Direct pumpiug .... .. .. .. . . . . .. .. . .. . . .. . .. . 181!8 

~<HIO Sand .............. Donbtful ............... . .. ..... ......... None .............. ......... . ..... . . . . .... . .. .. .. . . .. 
00-120 Gra,-ol. .. ... .... .. Fair ...... . ..... ............. . . ...... . ... ... ... do ... . ....... ..... ...... .. ........... .. .. 1. . .. .. .. 
12-25 Saud .......... ... . ..... do .. . . ........ ...... . .. .... .. . . ... . ........ do ..... ..... ...... . ....... . ...... ........ , .. ..... . 
16-20 ... . . do . ... ............. do . . . .. . . .. . . . .. .. . . .. . 35, 000 Pumped to s tnodpipo ntHI tlirect. .... . ...... 1893 

J0-15 . . . .. rio ........ .... lutperfect . ..... . . ...... . .... } See " Surface water " 50 ..... do ...... ...... Good .. . . ................ .... .. .. ........ . · . . . .. _. . ...... . . . . . ... .. ... . ... . 

Shoals....... .. .. .... ... .. . 738 18-90 Snndor sandstone. Doubtfu l ... .. ....... . . .... ... .... .. .. ... . None ....... . ...... . ...... . . ... .... ...... .. . . ... ... .. 
Sbell>y,·illo .... .. .... .. . . • . 5, 451 33 Gravel. ........... .Fair ...... ............. .... . 225,000 P umped to standpipe . ........................ . . . .. . . 

South
11 

B
1 

entl (W. W .J (62} 21, 819 1 00_12~ ..... do .. .. ....... . Good .... ............... ... . . { ,.. z;
0
o,o

000
vo} .... . do .............. . ..... ...... ..... . ...... 1873 

we s . I •·.x.- , 

~-~~~~~~~·:::: :: ::::::::::: :; ~: :! :~ . ~; .·~:: ~. :::::::::::: ~::;,~~~~~ -t~-~~~~ :: ::: :::: : :: :::::::::::::: ~~:~0 ~i·~;~;,; ~·~.;;;::::::::::: :::::: :::::: ::::I:::::::: 
Terro liaule. ...... ........ 30,217

1 

30-50 Gravel. .. .. . ...... Imperfect ..... .... ......... ...... ........ . Seo " Surface wat or " .... .. .. ..... . . . .. . .. . . , .. . . .. .. 

:~.~~;;, ;;~~.-:: : :: ::: :: :: ::::1 ~: ~~ 60~~ - ~~-.;,~~- : : :: :::::::: ;::~~~;-~~ ~ :: : :::: ·::::: : :::::: :: : : :::: : ::: : : :::. : ~:::::: :: : :: :: : : ::: ::: :: : ::::::::: :::::: r :::::: 
~;::~~~~=y~~~~-;~~·.;: ::::: :, J, !~: ( 

11
20-30 Grave'-;;; ........ ]'air . ... ... ·; 1.) ....... . .. .. . . ...... . ~; .- ~~;· ~:::~;~~ ~- ~~~ ~;{,; ;·~~::::::: ::::::: ::::: :::: :1- · ;~~~ · · 

Worthio gto11 . . ........ . ... 
1 

1 , 44 ~ 
1 

1.5-40 Santl. ... .. ........ Donbtfnl .. .... . ... . .. . ..... ... ... .... . .. . 1 Nono ...... .. ............ . ......... ... ... .... 
1 
... . .. .. 

a " W. \ V. " iu this colnu1n m~an• tbnLtbo well id n waterworks well. u·· nx. "' tu tw~ column means running ex penses per annum. 
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I ..... 
Ashtauu la (pa-rt) . .. .. .. . .. 

A.shln.ntl (part) .. . .. .. . . . .. . 

Bainbridge .. .... .. . . . .. ... 
Dn.tnv ia ..... . . . . . . ... . ..... 
BclJville .......... . .. ...... 
Bellnir(> ..... . .. .. .......... 
Coshocton ........ . ........ 
Camden .... ...... ..... ..... 

Canal Do,·er .... .. .. ...... . 

rrcJe,•illc (par t) . ..... ..... 
Denni~ou . . .. . _ ... ......... 

Duflnnco 1pnrt) .... . .. ..... 

Drescl r n .... ... ..... . ...... 

Dnyt.ou . .. ... .' ............ . 

Degratr .. ............ . ..... 

Ely r·ia .................. ... 

Eaton ........... .... . ..... . 

Fremon t (part) . .. . .. .. ... . 

Franklin .......... .. .. .. .. 

Popula· 
t.ion in 
1890. 

8, 338 1 

~. 566 

··-· -----· 
953 

941 

0, 934 

3, 672 

846 

3, 470 { 

6, 556 

2, !)25 

7, 69~ { 

J, 24i 

61,220 

1, 076 { 

5, 611 { 

2, 934 

7, 141 

2, 729 { 

DepLh . " 

Pu t. 

8-20 

20-GO 

ao 
15-45 

30 

60-100 

30-35 

12-30 

35-52 
W .'W .52 

25-35 

12-40 

J0-15 
40-50 

40 

3f>..60 

.1 5-20 
60-80 

10-30 
60- 90 

W . W .75 

l f>-25 

20-30 
W . W . 70 

Cit·ies anrl v i.llayes of Ohi o '!.Bi'll{/ shallow wel ls in valleys. 

Cover. 
I-:--~-----W-· _nt_er_w_or-·ka_. _____ d 

Cost (to I J 1895). b System. \\rhon 
put. in. 

W nLc r· ued. 

I 
Grnvel. .......... . ImporfecL. ..... ... ......... , ... ..... .. .. .. , See " Snrf'aoo wn wr " .... .. ............. . .. . , . ...... . 

~:::::: .~·: ~.I:•: I.~::: ~~1i1:~~~:~~:: :: :: ·.: :::: :::::: ~ ... ~!·~~: ~~~~ :~~:~<~ -~ ~~~ :'.~P:J:~.".'::l. :1:·:~~ ::: .. ::::::::: .. : 8~~ .. 
Grnvolorsnod ......... ito .... ....... ... ... . . . ... ..... ............. ri o .. .... ................... ... . .......... ... .. .. . 
Gravel. ................ do ..... ...... . ....................... .I. .. .. do ... ............. .. .... · ............ ....... .. ... . 
Gravel or saud .... ..... do .. .... .. .. . . .. . .. .. . .. . . .. . .. .. .. . .. See " Surface water" ..... . ...... ....... .... ....... . 
Gr·avol. .. ... .. ......... do.. ......... .. ......... 80, 000 P umped to resen·oir.. ... .. .. .. .. . .. . .. .. .. . 1890 

.. . . do .. . .............. tlo .................................... None ....... ...... ....................... .. ... .. .... . 

..... do .... ...... .. Doubtful .. · • .. · .. ..... .... } 35 000 P d to tn I · 1895 .. ... do ........ .... l!'u ir· .... ...... ...... ........ · , umpn s n< J)l llO .. .. .... .. .. .... .. .... .. 

~:~;; i~:t.• : J : :"~:'"''~ wo<o. ' : :: [ 

..... do ................. do ........ . .......... . .. { :J~~~; ::} Direct pumping ............................. , 1869 

}~~:.;~(~~:;;;; ; : :;;;; : ~:~~~:. ;;;:;; ;; ;;;;; ;; ; ; :; ; ; ;!}: ::::: ::::::: ::'.~~-~ ~;~~-~~l~·; . : ~~: : ~: :: ~: :.::::: :: ::::: .. ;~~~ .. 
Gravel. . . ............ . . do ... .. ................ . '{ Ex~~;~} .Pumped lo standpipe an<! direct.... . ........ 1891 

San<L ............. Doubtful ......... .... ................. .. . See "Surface waltr" ......... .. ... ~ ............... . 
. ... . clo ...... .... .. .... . do .. .... .. .. .. .. .. .. . .. . 45, 000} II 11 t l 888 
.. ... do .... .. ...... Uood .... ... ................ Ex.3, 000 ° ysys em ...... ........... .. .. .......... . 

------ - -
"" W. 'V ." in this columu mean s that the well is a wnterworks weJI. b "Ex." in this column means rnnui ng expenses per nnm11u. 
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Place. 

Germantown ...... . ... ... . 
ran ville (M.) .. . ... .. .... . 

Hamilton ... .... ... .. ..... . 

Harrison . . ........ . . ... .. . 
Hillsboro .. ... . .. . . ....... . 
K ent . .. ... . .. .. . .... . •. . .. 

PopuJa. 
tion In 
1890. 

1, 437 

1, 300 

17,565 

2, 010 

3, 620 

3, 501 

I 

Lancaster . ............. . .. , 7, 555 

Look bourne . ... . . . .... ... . .. .. . • .... 
Lodi . .. .. ...... ... ... ...... 568 

Logan (waterworks) .... .. . 

L ;rnobburg (M-J ...... . ..•. 

Manchester .... . .. . .... . .. . 

1\iansft eld .. . .. .. . . . ...• • . .. 

McConnells..-ille . . .. ...... . 
Marti n• ] 'erry . .... . . ..... . 
Marietta . .... . .... . .... . . . . 
Marion . . ... . .. . . ... . .. . . . . 
Middleport ............. . . . 

1\Iiddleto"•n .... . . . . .. . . . . . 

Milan . .. . ·· · · ·· ·· ·· ·· ·· ··· ·1 
1\Ji ll ersbnrg. · · · · · · · · · · · · · · · 

Morrow . . .. . . · ······ · ··· ···1 

3, 119 

703 1{ 
1, 965 

13, 473 

l, 771 

6, 250 

8, 272 

8, 327 

a, 211 

7,681 
627 

1, 923 ~{ 
842 1 

Citiu and rillages o 

Depth. a Wat~r bed. 

Fe""· 

hio tl ~ing sh allow wells in va.lleys-Conti nu ed . 

over. 
ost {to 

1895). b 

\\' nterworks. 

System. When I 
put in . 

20-25 

( 1) 

ravel. . . .... . .... Doubtful . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . Non u . .. . .. ..... . . ..... . ..... ..... . ... . . ... .. ... .. .. . 
. .... do . .... . . ..... Fair . . . .... .. .. ..... . ....... $18,000 Pnm ped to tank ... ...... .. . .. .. . ... ...... . . . 1885 

45 1. ·· · .do · ·· . . . ........... do . . .. . . . .... . . ... .... .. { Ex~~~:~~} P umped to resen ·oir nnd direct . ..... . ...... 1884 

25 . .... do . . . . . . . .. . . . Doubtful . . .. . . . . . . . . . . . . . . . 55, 000 Pnmped to ~tnndp i pe... .. ... . . . .. ..... . . . . .. 1891 

( 1) . .... do . .. ... . . . ... Fair . .. . . . . .. . . . . . . . . . . . . . . . 80,000 Pumped to standpipe nod direct............. 1895 

18-25 . . ... do. .......... . Doubtfu l .. ... . ..... .... .... . ... . ... .. ... . .. ... do. .. ... . . . .. . . ..... . . . . .. .... ...... . ... . 1887 

31)...40 . .... do . .. .. . .. .... Fair ....... . ... ... .. . ........ . . .. ... . .. . .. See "Surface water " .... . . .... . . ..... . . .. ... . . .. . . . 
10- 20 . .... do . ..... ... ... Doubtful . .. . . ... . .. .. . .... . . .. .. ...... . .. Nono ... . ................ .... .. ... ..... . ......... . .. . 
15-25 ... . . do . ... ........ . .• . . do . .. .... . . ... . . .. .. .. .. ...... ..... . .. Soc "Snrfnce water " .. . .. . ............ . . . ..... . .. . 

35 . . .. . do . .. ......... Fair .... ... . ... ......... .... 35, 000 D irect pumpiug. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1896 

W. W.1G , . ... . do ..... . . . . . .. , Doubtful ... ..... · · ··· .. · · · ·1} 16 000 
14-20 Gravel or rook . . .. . .... do ....... ........ .. . ... . ' 

80-140 Sand .. .. . ... . .. .. . Fair . ........... . ... .. ...... . . . . . . . ... . .. . 

Pumpc<l to tnuk ... .. . ... .. .... .. . . .. . . .. .... I 1896 

40- GO Grn vel. .... . . .... ..... . do . ........ .... . •.. . .. .. } 
W. W.140 Sandstone ... ... .. Good ... . . . .. ..... ......... . 325,000 D irect pumpiug . . . . .... . .... .... . ..... . .. .. . 1870 

20-80 Gravel. ... ... .. . . . Doubtful. ...... .. .. . . . . ... .. .. .......... .. Nono ... .. ... ............. . . . ...... ..... .. . ... . ..... . 
25-75 . . .. do . ..... ... ... Imperfec t. .. ... . ........... . . .. ........ . .. See .. Surface wn.tor ·· .. . . . .. . ... •..... ... .... . . .... . 
30-00 .. . .. do .... ... . . .. .. .... do .... . ..... .. ........... . ... . ... ... . .. .. .. do ... .. . . .... ....... ... ..... .. ... .. ... ....... . .. . 
10- 15 .. .. . do ... ... .. .. . . Fai r . ..... . .... .... . .. . . . . .. .. . .. . ... .. . . . Pumped to stand pipe aud direct . . .... .. ..... 1889 

20- 110 ... . . do . ....... . .. . Doubtful to fni r ........ .. .. ..... . ... ... . . N one .... . .. . . . . . ................ . . ...... .. . . 

33 . . . . . do ............ Doubtful ...... .. ..... . .. . .. ·{ Ex:g; ~~~} Direct pumping ..... .... .. .. ...... . ... . .. .. - ~ 1 873 
1Z-14 . .. .. do .......... . ...... do .... . . . .. ..... . .... . . ...... .. ....... Soo " Surface water " .. . .. ................ . .. . ...... . 

w . w. 24 } d d 2"' ooo D" t · 8n• 
10. 30 - ·~ · · o - ··--- ~- - -· . .. .. o . . .. . . ..... . .... . ..... ..,, 1rec ptn11 p1u g .. . . . ... ... . . . •...... .. . .. .. . 1 u 

15-35 1 . . ... do .......... . . . ... . do .. . ... ... .... .. . . .. . .......... .... .. . ... . do . . . ... ..... .. ..... . .. ... . . . ......... .. . •. ... .... 

a'' ,V. \V." in tb_is column means that t.lle well is u. waterworks well . u" Ex., . iu th is col umn menus ruu uing cxpon~cs !JOt' anuwn. 
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' 

Place. 

Moscow ......... .. . ..... .. . 

Mount Vernon . ........... . 

Napoleon . ..... ... .... . . .. . 
Navarro .. ...... .. .... .. ... . 
Ne,vllrk .. .. . .. ...... . . . . . . 
Nelsou ,-i!lo ..... ..... . .... . 
New ComeraW.·n .... . . . . . 
New Philadelphill .. ..... .. 
New llicbmon<l . . .... . . ... . 
N iles ............ . . ... ... .. 
North J.ewisburg ......... . 
Osborne(M.) .... ... . .. .... . 
Oxford (M.) . .... . . ... . .. .. . 
Piqua ........ .. ... .. . .... .. 
Pomeroy ... .. . . ..... ...... . 
Ripley ...... . . . .. .... ... .. . 

Springfield ...... . ........ . 

Troy ..... ....... ..... . ... . . 

Uhrichs ,ille .. .. . .. -~ ..... . 

Popult\· 
tlon in 
1890. 

591 

Cities and villages of Ohio using sha.Uow wells in valleys-Continued. 

''vh~n I 
Waterworks . 

Depth. a " rater bed . Co,·or. 
System. 

Ftet. 

Cost (to 
1895). b pu t 1n. 

I . 1---- -----, 

Pumped to stanupipo... .. .. ........ ....... .. 1882 J 

See" Surface water " ...... ... . ..... . .... .. J ...... . 

40-60 Gravel. .......... . Doubtful t.Ofair .. ....... .... , ... ... .. .. .. .. J Direct pumping . .. .. . .. . ........ ............... . ... . 
{ 17- 20 .... . do . . . . . . . .. . . . Doubtfu l .. . ...... . ... .. . . .. } $"'5 000 

w . w. r2~ :~~~:~.::::::: ::::: ~:~~:.t:r~:l:~ :;~i: .. ::::::::::J::: ::::::~ :::: None .. . .... ........ ... . .. .... . .. ...... ... . ...... . . . . 

6, 027 

2, 704 

1, Oto 

14, 270 

4, 558 

J , 251 

4, 45G 

2, 370 

4, 289 

866 

713 

1, 922 
9,090 

4, 726 

2,483 

31, 8os !{ 
4, 494 

3, 842 

15-30 G•·n.vel. .. . . .... ... Doubtful. ....... .... ... ... .. , ( •) Pumped to reser voir . ....... .. . . . ... ........ 1 1885 

20-~~ :::: : ~: ::::::: ::: : : ~:~b~~;l ·l : ::::: ::::::::: :: ::: ....... ~~~~ - . ;,:~n~~:::: : :: :: ::: ::::::::::::::::::::::::::: .. ~~~~ .. 
20-50 . .... do ...... . ........ . do ...... .... ........... .. (7) Pumped to reservoi r ......... . . .... . .. .. .... 1886 

28-72 . .... do ............ Doubtful to fai r . . . . .... .. ... ...... ..... ... None .... . . ............ . .................. . ..... .. . . . 
4(}...60 ... .. do ...... ...... Fair . ................... . ... 70, 000 Pump!'d to reser\'oi r ....... ... ... . .. . . . .. .. . . J891 

1(}...1 5 .... . do ............ Doubtful ................ . . .. ............. None .. ............ ............ .... ...... ... . ....... . 

( 1) 

18 . ... . do .... ........ Im;Jerfect .. .. ...... . .... .... 22,000 Ptunpod to staodp1pe .. .. . ... . . . ....... .. .... 

1 

1896 

( 1) ( I) 36,000 Direct pumping............ .. ............... 1896 

a ·.~:~~:: ' ::::" · . :: t :·:::: ·:J, ::~~::~~::::::~ ; :.:::::: : : ::::::: ::::::::: ',~ : : :::::: 
15-20 Grllr el. .. ....... .. Imperfect........ .. . . .... . .. 050. 000\ Ptunpe<l to standpipe............ .. .. ..... .. . 1880 

W . W. 70 ..... do .. .. . . .. . . .. Good . . . . . . .. . . . .. .. .. . . . . . . Ex.. 16, 5001 I 
15-50 .. .. . do ... ... ..... . Doubtfulc ofni r .. .. .... . ... . { E1~g: m} Direct pumping....................... ... ... 1886 

20 Sand .. ....... . .... Doubtful .......................... .. ..... Pumped to reservoir. (See" Dennison ") .. . ........ , 

fiJ~~H : }~ ~ ~I ~ ~j~;< i :.::;;::::t~It: // : :•:• 
a. "W. W. " in this column tno:LDS tbnt t.ho w~U l8 a waterworks welL b. "Bx." Ln t.hi.a column means runuiug expenses per a nnum. 
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1.& \"EH E'M' . ] UI PLIE. FOR UJTLES aND VILLAGES. 517 

W ELLS IN GLACIAL DRIFT. 

Within the glaciated portion of IndiamL and Ohio a, large number 
of citi and village obtain th ir entire npply of water from the 
gla ial drift. '\"\ ater-beariug b ds of gravel or and are iu many town 
auequate to upply a waterworks sy tern, an d the quality of water fur
ni lt d i usually superior eith r to surface water or to water from wells 
in the rock. Tber isle danger of pollution t.han in the well of sim
ilar d pth iu tl.le valley , noted in the preceding table, for the cover is 
gen rally a cornpa t bowlder clay. There i al o le con entration of 
water tl.lan in the valley and con equcntly le s danger of urface con
tamination being di ·tribut d to tl.le well in the neighborhood . In the 
fo llowioo- table, which em brae the JWincii al tow us depeudiug upon 
well in glacial urift, the character of the cover i iudicated, a in the 
pr ce<liug table. lt will be ob. erved that very few in tances have been 
found in which the cover appear to be imperfect or of doubtful pro
te tiou from tufa ·e contaminatiou . It will b noted that in orne cities 
water i , obtain d at t wo borizous, and that in orne ca es the upper 
horizon ba a doubtful cover while the lower ba a good cover. The 
ad i ability of inking to tho lower tratum i coming to be recognized 
in ucl.L town , and the hallo\\' well are rapidly going out of u e. 



Po pullt· 
P lace. I li on in 

1890. 

Akron . . . .. .. . . .. . . . . . ... . . ( I) 
A I biou . . . . . . • . . . . . . . . . . . . . . 1, 220 

A IUO ..... . ....•. . . . . . • .. . • . · ·-· · ··· · · 

Anderson . . . . . . . .. ... . . . . . . 10, 7H 
Augol:\ (M.) . . . . . . . . . . . . . . . 1, 8·10 
Atwood ....... .'.... . .... .. . 810 

Auhtu·u .. ... .. ..... ... ... . ! 2, 4.1 5 

Av illa. (M.) ...... .... .... . . 1 576 
Uloouungdale. . . . ... ... . . . . 431 

B razil ... . . .. ............ .. 

Bremen (M.) . .. . .. . . .... .. 
BrO\\' Us to\vu ..... .. ... ... . . 

5, 905 

l, 076 

1, 422 

Dep t h." 

Feet. 
10-U 

60-100 

40-50 

Cit ies and vi lla ges in brdiuna nsing wells in glaoial d1·ijt. 

'v •tter bed . ·o ,"~' er . 

Cos t (to 
1895). b 

W aterworks . 

:System. I When 
put iu. 

I Sa nd ... .. ... .. . . .. , Doubtful ... .. .. .. . .. ... . .. , .. . . ... . ... .. . , None ... ........... . .. . .. .. .. ...... . .. .. . . . .. , . . .. . . . . 
G•·a,·el. . . . .. . . . . . . Good .. .... .. ... .. . . .. . .. . .. . \ 1) Direct p umpi ng .. .... .. .. .. ...... . .. . . .. .... 1896 
Saud .. ..... . ... ... F air . . . .. . . .... . . . ..... . . .. ... . .. ... ... ... None .. ... . . .... . .. . . ... .... . . .. .... . . . . .. . .. . . . .... . 

{ ,~: ":I :: 1EO : : } ~, .. ~ ~:~:~~:~.~ .. ~: : . J "~ 
20-100 ..... do . ..... . . .. . . Fair ... . .. . . .. .... . . .. . . . . . . 2, 800 P umped to tank . ....... ... .. ...... . ..... .. . . 1800 
12-60 Variable . . ... .. . .. Fnirto goo<l . ......... .. .. . .. . .. ... .. .... . None ...... . ... ... ... .......... .. ..... . . ..... ....... . 

w. w. 2o G ra'•el. . . . . .... ... Fair . .. . . . .. .......... . . .. . . { E~~~: ~g::} Direct pumping.... . .. .. . .. .. ............ . .. 1875 

40 ± .. .. . do . . .. .. . .. ... Good ...... . . .. . ..... . . .... . 15, 500 Pumped lo tank ....... . ... . . .. . ... . . ... .. . . . 1892 

20 Sand ....... .... ... Doubtfu l ...... .. . . ......... . .. . .. .. .. . . . . None . . ... . .. .... .. . . . . ..... . . .... . ..... . . . . ...... . . . 

B tl 2 501 1 20-35 Gnwol. ........ .. . J' a ir . .. . . . .. . . . . .. . . . . . . . . .. 16, 000} D ' t · 1890 u or · ........ . · ·· · · · ... · · • ~ \ 85-150 . .. . . do .... .. . .. . .. Good . . . . .. . . . . . . . . .... . . . . . E x. 2, 500 tree pumpmg · .. · · · · .. ..... · · · ·. · · · · · · · · · . , 

Cambridge City (ltL) . . .. . . 1, 782 ( I) ... . . do . . . ... .. . . . . (1) 125,000 Direct pumping, also rescn ·oir . . ... .. .. . .. . 1895 

Chamber sburg... .. . . .... . . ( 1) 30-35 ..... do .. .. .. .... .. Fni r . .. .. . . ........ .. ............ .... .. . . . None ..... . ..... ... .. .. . . . .... . . .. ... . ...... . .. ... . . . 
Charlestown ...... . ..... . . . 888 15-35 Sand .... . ..... .. . . Good .. . ...... ...... ...... .... ..... ...... .. .. .. do . ...... . ... .. ... .. . ... .. . ... .. ... ....... ... . . . . 
Chester ton . .. .. . .. .. .. .. . .. 931 18-33 . . ... do .. . ....... .. Doubtfu l .. ...... ....... .. .. .... ... ........ ... . do ..... ... . . ... .... . . ..... ...... . ... .. ....... .. .. 
Clay pool.... ..... . .. ... . .. . ( I) 25 .. .. . <!o ............ l<'nir . .. .... .. . ... . .... .... .. ..... .. ....... . . . .. do . .. .... .. .. ....... . .. ... . .. ... ... . ... .. . . .... . . 
Clayton .... . ...... ... ...... ( I 10-25 Variab le . .... . . ....... . do ... .. . .. .. .... .... .. .. .. . . .. .. . . .... . .. .. do . . . . ...... . .... .. .............. . . .. ....... ... . . 1 

Coat.svillo .. .. .. .. ... ... . .. ( I) 25-30 .... . <lo .. .. .. ... .. . . .... do .. .. . .. .. . .... .. . ... .. ... . . .. ..... .. . .... do .. . .. ........ .... .. .. .......... . .... .. . .... .... 1 
~:;~~:: :::: : : :: :: :: : :: :: : :: (~30 ~~:~ . ~;· ,:~~:~ : :: :: : : :::: : , · ~-~~~0.:: :~ :~ : :: ~ : ~ : :: : :::::: :::::::::::::::: ~: :~~:: ::: :: :::::::::::::::::::::::::::::::: :::::: :: 

a' ' 'V. W ." iu this column means tl1nt t!Jo woll io a watcrw ork• well . b 1 1 Ex. " in thid column means ru.n niJJg expeuscs pe r an num. 
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itics aud villages in Induwa usi11!J wells ·in glacial drift-Continued. 

I PO(JU(a. , 
Place. t ion iu 

18110. Cos t (to Systom. J When 

I 
J805). a putnt. 

I I 

Feet. • I , . 
iCO I 30- 75 Grn,·el. •. ... .... . .. F a i r to good . . . . .. . .. .. ... . . ! ..•.. . . •...... See " 'Veils in rock" .. ...... . . . . ..... . . ... . . , . . . ... . . 

~ 1 I l().-20 l ... .. do . . .. .. . .. . .. ' . .. . . do . . . .. . . .. ....... .... . . , .. . . . .. . . ..... . . .. . do . .. . ......... . ...... .... . . . . ... ... . . .. . , . ..... . . 
Kli :W-70 . . .. . do .. .. ... . . ... Good . ...... . . . . .. . .. . .. . ... $39,000 I Pumped to s tandpipe .. . ...• ••.. . .. . ... .... . . / 1896 

•69 I 110 ... .. d o . ... . .... .. . . . ... do .... . . .. ... . . . . . . ... • . 
1

{ Ex~f: ~gg} .... . do . ... . . . . .. ... .. ........ . . . . . ... . .. . . .. . 1892 

3 ' , . 
9: 

J,l 

l ,f 

Wntcrwork H. 

Dc1Jth. \Va te r bod . ovor. 

(~~~ I ~nr:~~; :(:l:) : :::::::: ~:~d·: :: : :::~~): :::: : : : : : : : : : :: :: ::: :~,:~~ : -~~.~t~~~~:>:i~,:~ ::::::::: :::::: :::::: :: :::::: <89~ .. D>' rling lon (~ .) .. ... •.... . . 
Etna Green . .. . ..... . . . ... .. 
];'airfield . ..... . .. . .. . . . . ... 1 

461 

411 

(1) 

2;)..35 • . • . . do . .. . . ... . ... Fair .. . .. . .• .... . ...... . . . .. ···· · · ~~~.-~T ·.-· · ~0 · · · · · · .··· :···· :. · · · ·· ····· · ··· · .····· .·· ·· · ··· ·· · · 

4().-GO . . . .. do . . . . . . . . . . . . Good . . . . .. ... .. . . .. . . .. . ... { "J£x . 15, ooo} Sec Well s Ill lOCk . Pum ped to s t.mrlp1Jl6. 1 1879 

l•'a.irland ... .. .. . .. . . ..... . . · 

Fort ·wayne"' · \V (pa r l) . . 

513 

35, 393 

20-30 ... .. do .. . . . .... . . . Doubtfu l . . ..... . . ....... . . . . .. ... . . . .. .. . Seo " 'Veil• iu .rock " . . . . ... . ···· · · ···· ·· · · - · ~ · · · · ···· 

18-25 Sa nd .. ····· ·· · · ·· · ·· ·· . d o ·· · · · ·· · ··· · · · · · · ·· · · ·j} 100 ooo n·1·e ·t Illunpiug 188' 55-90 Gravel. ...... .•. . . Good . . . . . .. . . . .• . . .. . .. . . .. • 1 
" · • • • • • • •• • • • • • • • • • •• • • •• • • • • • • ~ 

40-GO ... .. do .. . . .. . . . . . ... . . do . . .. . .. .. . •... . . . .. .. . { .1 ,. 1 6~· 0°0°0°} l'umpctl to s taudpipe . ... .. . . . . . . ..... .. ..... 1890 
I ·"· -· 

20 ± ... .. tlo . . . . . ....... :F'•il· ... . ..... ... . . . .. . .. .. .. ... .. .. ... .... None . . . . .. . .... . . . . ... . . 

35 Sand .. .. . . ..... ... Doulttful. .. . . . . . . . . . •.... .. . J1 4, 000 D"rect lllllllping 1 1896 
75 Gr:l\•c l. . . . ... . . . . . Good . . . . ... . ...... . .. . . ... .. f ~. 1 

· · • • • • ••••••••••• . .. . . . .. •••• •• 

Fowler . . .......... ... . ... . 

F rankfort . ... 

:Frauklin .......... ..... .. . 

Galveston . ... . . . . . •..... . . 

Garrett ......... .... .. ... . . 

1,285 

5, 919 

3, 781 

(1) 

2. 767 

Gaa City .... •• . .. . . . . .. . . . . (I) 60 .. . . . do .. .. .... .... ... .. do .. . .. . . .. . . ... . . ... .. . .. . . . .. .. . .. . . None .. ..... . ...... . ..... .. .. . ... . .. . ......... . . .. . .. . 

~ • ;; •••• ·•· ••• ::;;:••••••••••••••• .. •••• ••• • ) ·::·,~.;.;,. ~; ; •••••••••· ::::::::· : : I 
I ~ ~~~~ ± : ::J~ ::::: ::::::: b~~d· :: :::::::::: : :::: :: :: :: :::::::: :: ::J ... . do ....... . .. . .. .. ... .. .... . . ........ . . . ... . ..... 1 

~ I 11 J 12-16 Sn m\. . . .. .. . . ... . . 
1 

Doubtful . .. .. .. .. .... ..... . . . . . . .. ... .. . . j .... . tlo . . . ..... . .......... .. ..... .. . . .... . . . .... .. ... . 

- --- - -

Genova .. . . ... .. . . ....... • . 

G reens bu.rg . . . . . . _ .. . .... _. 

Greeutowu .. . .. . • .. •... ... 

748 

3,596 

721 I{ 
862 ,{ 

n. 

a " Ex." in thid coJumn mcaus ru nuiug ex.ponscs per auuuru. 
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,-
Plocc. 

1 I 

n nskell . .............. .... . 

H ollron ......... ..• . .. • . ... 

Inwood .. . . . .... . ... . ...... . 

Jonesboro . . . . . . . ......... ·1 
K empton .. . . .. .. ....... .. . 

Kenda ll vi ll e Pl.) . ... .. .. . . 

KentlatHI . . .. . . ........... . 

Kokomo ...... . ...... .. ... . 

Kosci usko ...... . . .. ...... . 
Lafayette ..... . ... .. . . .... . 

I 
l.ngrnnge ......... . . . _. _ . . . 

l .t·hnnou .. . . .... .. . . ...... . 

l.iuerty .................. . . 

~!'arion (par t) ........ .... . . 
) •fechanicsbnrg .... .. . .. . . . 
Middleto'vn (M.) .... . . ... • 

J\filforrl .. .. . . . . . . . . . . ..... . 

Monro,·ia . . .. . ... ......... . 

Jli onticello . . .............. . 

Popula· 
tion in 
1890. 

- - - -
{/) 

080 
( t ) 

687 
( I) 

2, 000 

ilies atul 1oi /lagcs in .T-ndinna II Bing wt//8 i n g/a.cia/ llrift-Contiuned. 

D epth . a 

-
Pftt. 

10-20 

35-40 

20-50 

.10- 45 

30- 40 

25-200 

\V n ler ho<l. OYOr . 
Cost (to 
1895) . b 

1---

Waterwork s. 

System. 

l
·when I 
putiu. 

~-1 

.~~j;: ••> ~ ~~;:·~,~············· · .••.•.••••••••. ~""j:•····· •·•·• ... ·····••J••••: 

. .. .. do . . . . . . . . . . . . Good ..... .•. .....••. ..... . . .. . ..... .... .. . ... . do .. ....... . .. ... . ....... .... ..... ..... . . ... . . ... , 

01 8 I{ 10-30 
60- 100 

.... . rlo ..... .. . .... . Fair to good... . . ... ..... . .. $60, 000 Direct pumping .... ... ..... . . . ... . .... ...... , 1887 

~I.. :~;z < d ;;:::~:::~·~:~; ·. · :: J :. : 8, 26t 35-45 

( I ) 15-35 

lR, 2 1 ~ ]0- 60 

{ 

40- 110 
1,784. I w . W. OQ. 

110 
} ... . do ....... .. . . . OO<I • ••••• •.•...••• . • .• •.•• I{ 20, ooo}l D. t Y.x. 3, 600 lrec pumping . ......... . ... . ...... . . ..... . 1803 

04
1 

3,682 

l, 314 

8, 769 

(I) 

85 1 

{ 
12-25 

W . W.53 

{ 20- 45 
W.W. 21 

}· ••. <lo ..••••. ... • . 52, 000 I Pumped to s tandpipe and d irect .... .. . . ... . 

}G ra,·ul. .. .. .. .... . H , 000 I Direct pumping . . . ..... ... ............. . ... . 04 

w·.w.7o , ..... do ... ... ...... , Good .. ... ..... .... . ... . .... ' Ex. 5,000 , ..... do .. . . .... ....... .......... . ............. l 1877 
15-20 ..... do ........... ·1 Fair. ... ... .. .. ......... ... . . . . . . . . .. . . . . . X one ... .... .......................... .. .. . .. . 

011 I 

I{ (1) 

I , 518 

100 ± ' ..... do . . . . . . . . . . . . Good .. ...... ..... . .. ....... , . 16, 000 Pumped to resen•oir ... . .. .... . .......... . .. 1 1896 

1

. 

";,; ·~~;.:; ····· ······ ;::~; . . . . •.•. } ......... : ~··;;················· ···· ··· · ············· · ....... . 
20-140 1 Varinulo .....•. ... ..... do ... •.. •...... . ...... .. { Ex a~: ~~::} Pumped to standpi pe . .. . ...... .......... . . . I 1896 

"l>forgantown .......... . ... ·j ( ?) 
I 25-50 Ornv(ll. ... .. ..... I' ... . <lo . ..... . .................. ... . ... .... 

1 
None ... ..... . .. .. . . .. .. . ..... .. . ......... . .. 

1 
...... . . 

-- ----~ - -- ---
a " \V . \V ."i n I hi s column means that th e well is n waterworks well. b ·• Ex." In this collllll u means runn ing expenses per annum. 
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P lace. 

1 N a ppanee .. . . . ..... ... ... -! 
I N e w Carlis le( :\!.) ... . .....• 

New Ha~eo .. . . . .. .... ... . . 
N e wpor t ..... ........... . . . 

N ortl• J>Iancbest~r .. . ..... . 

o.good. __ . ... _ ........... ·I 
Ox ford . ... . ............. . . . 

T'a rker .. . ... . ....... . . . . . .. 
1 

Plai nfield . .... . .. . .. . ..... . 
Ph ilad elphia . ........... . . . 
Portland (part) ... . .. .... . . 
Pri nceton ...... . .......... . 
R ed Key (pa rt ) ......•• . .. . 
Hemington (par t) . ... .... . . 

1 
Rensselaer (par t) ........ . . 

Reyn olds . .. . . .. ... ...... . . 

Uichmond . ... .. . . . . . .. .. . . 
Roann . . . . . ... . .. .. . . . . .. . 
1-tockviUe . .. .. . .. .... . . . - .. 

nockfi eld .. . .... . . ... ..... . 

R oyal Center .. . . .... . . . . . . 

Rush ville . .. .. . ...... .. . .• . 

Povuln
tio n iu 
1890. 

1, 493 

607 

1, 079 

551 

2, 38-1 

811 

0 

(I) 
I{ 

9tl!J 

(I) I 
3, 725 

3, 670 

922 

9-10 
I , 455 

348 

16, 60 

582 
1, 689 

(I) 

52 1 

3, 475 

{ 

ities and rillages in Tncl iana using 1rells i n glacial dl"ift-Continned . 

Uopth. It \\' nter IJ~'<l . 

--------------- --

'ovor. 
os t (to 

1 ~95). /; 
J Wben I 

put iu . , 
System. 

\\.alerWttrk~. 

Fut. I 
\ V. \\'.1 10 G rtwel. . . .... . .. . . Oood . . .. ... . ......... . ..... { Jl2:ggg}l Pumped to btn k . . ................ .. . . ... • . •. 1 89~ 

(l) . ... . do.. . ...... . .. ( I) (!) . .... do. .. ..... . .. .. ..... . .... . .. . ... . .. . ... . 1H79 
25- 35 ... . . do . ... . ....... Fnlr ...... . . . .. . . . . . .. .............. . .... . . See •' W ell s in r·ock ' ' ......... .. . . . . .. ...... . ........ . 

12-SS Variable .... .. ... . :F'nir to good . .. . . . . .. . . . ....... . ........ .. N one ........... . . .... . . . ............... . . . . . . .. . . . . . 
1()..100 } I . . . w. \ V_ 100 . . . . d o ........ .. •. 

1 
Dou b t ful to good . . . . . . . . . . . 35,000 Pumped to standp1 pe........... . .•.. . . ...... 1894 

1~~~ • ~~~:~~·: ::: :::: :: ::1
1 

~:~b·t·;,;l·:: :::::: ::: :: ::::::1
1 

.. . ... . .. . __ . . None . ................ . .. .. .. .. ............. l ... .. . . 
55 G I G d } · ···· . . .... . . . . .. . d o . ...... . .. ...•..•...... . . .. . .• . ........ , ....... . 

rrn.ve ···-···-·-- - 00 · ········ . . . . . . . . ... . . . 

~ .. :: 1~ ::::: : :::::• Et;2 :•-•::.: •:·•:•::::•:•: •SooiL .... L. :::·:·•:·::•·:: t :·::• 
20 -25 . .... do ... . .... . ... F air .... . ... ... .. . ........ . .. . . •.. ........ See " Surfnco wat e•·" . ..... .. ......... . .. .. . . ... . .. . 
10-15 . ... do .. . . ........ Doubtful .. . .. . .......... . ... ... .... . .. .. . None . .. .. . ............ .. ...... . .• . ... .. ..... . . .. .. . . 
12-20 .. . .. d o . ... . . ...... . . . . . do . .. ... .. .• ..•. . •• ....• .. . . ...... . ..... . .. do . ....... . .. • ....... - . . ........... . . .. ..• . . . ... . 

75-120 . .... do ....... ... .. Good ..... . . ... . . .. .. .... •. . ... .. . .... . ....... . do ..........•. . . . ..... .. ...... . .. . . .. .. . . . .. . .... 

~8r~~6C::: :: ::: : 8:~.~:~.1.: : ::::: ::::::::: : :: } · ···· · ······ -' ..... do ..•............ . .... • . •............... . •... . . . . . 
10-25 

75-1.20 

~::;:!::::: : :::::: :::~b~:~:~~~:: : : :: ::::::::::: . ::::::::::::: E:':~:~~~~,~~i~ .. :::r;:-·:: ::::::::::::::::::::: J::.:::: 12-40 

30 ± 

1 ~75 

}- . .. do . ...•. . ...... . . . . d o . . ..... . . .. . . . ...... . .. .. .. .. ..... . . Nono . ••••• ......... . . ... . .. .. . . . ....... . .... , ..... . . . 15-25 
50-60 

::::::: :::::: :: : : :: 1 · ~-~i-;1 ~- :: :: :::~ : :::::::::::: ...... -~.- ~~~ . · ;;i~~:·,; ;.~~-i~-~ -~.;~· ~~~~~~:~i·;: ::·. ::::::::: l -~ ~~~- . 
15-1!0 

14-75 

a " W. W ." iu th is column means th a t the well is a waterworks well. b " Ex.." in t.l.tis col umu tu ~l.u::t runuiug expeus~s per nnuuJn. 
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Citi~B all(l villages in Indiana 11sing wells in glaO"ial d?'~{t-Cootinued. 

W ater works. 
Populllr 

Place. I tion in Depth. a 
1890. 

----
Ptet. 

Scottsburg . .. ..... ....... . . 618 15-35 

SbelbyYille . . .... .... .... .. 5, 451 W .W. 3& 

Sheridan . .. ....... . .. . .. ... 1.134 15- 50 

St. Paul. .. . .. . .... . ........ (1) 15-90 

South WhiUcy (i\:L) ...... . 720 65 

Sulli,,an ... . ..... ....... . . . 2, 22-1 15-35 

\Vater bod. Cover. I [ - - - I 1 
Cost (to Sy•tem W hen , .. ,.. . '"''"·I 

~:~:~~;~: ::·:::: ::. ~::: ~~: ~~~;: ::::::::::::::: :::: :~~~·:~~~: ·i::i.~-~-~~~~-~-~-~-~-~:: ::::::: :::::::::::::::1: : ~~~~:: I 
. 0~~:~:~ :::::: :::::: - ~-~i:1~.: : ::: ::: :::::::::::: : : .. ..... ~;.-~ - . ~i·r~~~ -~;;~-~~~~: : : ::::: : ::: : ::::::::::::::: . .. ~~~~- ·1 
Vnrinb lo . ......... Doubtful to good . ......... . .... .... ...... Sco "Surface water" ......... ......... .. .. . ... .. . . . 

Templeton .. ..... ... . ... . . . ( 1) 20-30 Grn,-el. ..... . .... . l!'ni r ................. .... ...... .... .. ... .. None ................... ..... .... ... ...... . .. ; . .. .. .. . 

Thorntown .. ............. . 1,530 14-60 

Tipton . .. ........ .... .. . ... 2, 697 { 12-10 
100-140 

uiou City . ...... ... ... .. .. 2, 681 { 6-40 I w.w. 32 

Upla nd ................. .. . 0 1, 000 ~0-30 

Valpt\ rai so .. .. . ..... .. . .. . . 5,090 15- 209 

Veedersburg . . ....... . .. . .. 930 20- 70 

. ~~~:;ob~~: ::::: :::: ~:~:·~~~~u~~~ : ::: :::::::::: :: ...... - ~~.-~}·~- ~i·;:: - ~~ ~-- ·p·i~-g- -- ...... ...... ...... . .......... ;~~~ .. 
Sund .... ......... . Good ....... ...... ...... ... .. E x. 3,000 111 ... ... ........... . .. . ... . ... . 

Variable . .... . ... . Fai r ............. .. .. .. ..... 60, 000} d 1873 G el G od E·~ 3 500 ..... 0 ..................................... .. rav . . .. . . .... . . - o ..... . . . . . .... . . . . ... - ·- ...._, , 

..... do ........ .... l l!' air ..... . .......... -.... -.. 

1

'{ Ex
6
: ~~} 

Vnrinble .......... Doubtful to fair ............. .... .. .... ... . 
.... . <lo ............ Fa ir ............... . ....... ....... .... ... . 

Pumpeu to tank.. .. ..................... .... 189G 

N:n~ ~~ ~~~~~- -'~~-t~_r_'~: :::::::::::: ::::::::: : ;: :: ::::: 

Wabash . .. .... .... ........ 5, 1~5 I \1'. w. 42- 55 

" ' nrsaw (part) . ..... ...... . 3, 5i4 { 10-10 I W.W.HO 
\Vasbi ngton .... .... . . ..... 6, 064 12-30 

Waterloo .... ........ .. ... . 1,473 { 20-30 
60-90 

\Vinamnc .......... . ....... 1,215 25-80 

W inchester . . . ............ . 3, 014 10-251 

W estv illo ... .. . ....... ..... 522 15-20 

Grllvel. .. . ........ I Good .......... . ........... .. 200,000 I Pumped to standpipe .. . ....... .. .. . .... .... 1886 

Vnr inblo ...... ... ·I Doubtful. .... -- -- ·-- .... · · .. } 60,000 I Pumped to standpipe and direct......... .... 1886 
ru.,·el. ..... . .. ... Good ......... ... . .. ... .. - .. . 

Sand ... ...... ... .. :Fair ............... . .. . .. .. .. ..... ........ See "Surface water " ...................... ... ..... .. 

J~~·· ::: ~~;~~ } I ~""~: : : ::.:: : : J . : 
a " W. W. " in tWa column means that tho well is a waterworks well. b' 'Ex. " inthls column means rtLnningexpeusos per annum. t Estimated. 
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Place. 

Ada ........... .. ........ .. 
Akron ......... . .. .. ..... .. 
.Andover (pa rt) .... .... . .. . 
Ansonia . . .. . . .... . ..... . . . 
A rchbold (part) .. ........ . 
Arlington H eights (M.) .. . 
Attica . . . ........ . ........ . 
Bond Bill (M.) ...... ... .. . 
Berea (part) .. ..... . .... . .. 
Blanchester ....... . ...... . 
Bluffton .......... .. ...... . 
Bryan (l\L) .............. .. 

llucy rus (part) .......... .. 

Cnnfleld .. .. ............. .. 
Cardington ... .. ... . ..... . . 
Carthage (M.) ..... .. .... .. 
Celina (part) .. . . .. . . . .... .. 
Ch icago Junction ... . ..... . 
Clyde (part) . ...... ... .... . 

Columbus (part) ..... : . ... . 

Delaware .... .. . ..... ..... . 

Delphos (part) ... ... .... .. . 
Edgortou ....... .. ..... .. .. 

1 

Popula· 
tion in 

1890. 

2, 079 

27 , 601 

73J 

670 

780 

222 

682 

399 

2, 53:! 
"1, 196 

I , 290 

3, 068 

5. 974 

675 

1, 428 

2, 257 

2, 702 

1, 299 

2, 327 

'150 

8, 224 

4, 516 

967 

Depth.<> 

Feet. 
25-40 

60-40 

12-20 

18 

12-16 

Cil·ies a11d 'Villages of Ohio using wells from. glacial drift. 

Water bed. Cover. 
Cost (to 
1895). b 

·w aterworks. 

System . When 
pu t in. 

~JET : ··;·;~ : : :>:! t~:t ~::t:t·t·~·~ :: : Ht 
(
7
)6-20 I Urave\;;· .. ·-- · Doubtful .. . .. ..... .. . .... .. 

(1) 

15, 000 

,n 

Supplied from Rending waterworks . . .. .. . . . , .. . . . .. . 
Pumpccl to standpipe.. . ...... . ... ... ..... ... 1895 

Supplied from St. Born ltrd waterworks ..... ....... .. 
10-15 

10-30 

12-30 

(1) 

10-50 

10- 25 

Variable .. .. . . . . . . Donbtf1LI . ... . .. . ....... . ................ ·I Noue ..... .. .. ........ . ..... . ... ...... .... . .. 1 ...... . . 

... .. do ....... .. _. Fai r .. .......... . ..... .. .... 20, 000 Pumped to standpipe . .. .. .. .. .... .. . . .. .. .. 1897 

Gravel. .. ........ .. . ... do ... .. .. ................... .. .. ...... Seo " \Vella in rock" ... .... ............. . ..... .. .. .. 
(7) (1) 39,000 Direotpumping ........... .. ................ 1893 

~::;~: : :: ::::::::: . ~-~d~·:::: ::::: :: ::::::::: :{ __ ~~~~:-~~~}. ~~~:~ ::::: ::: :: ::::::::::::::::::::::: :: ::: : ... : ~~~-. 
13-25 Gravel. .. . ........ Doubtful . ..... ...... . . ...... ..... . .. ...... ... . do ....... .. ........ ...... .. . ........ .. .. . .. .. . . 

100 ± Sand . .. ...... ... .. Fair........................ 25, 000 Di rccr. pumpiug ... . ......... . .............. . 1890 

20 Gravel. ..... .. .... . .... do .. ............ .. .. .. ................ See " W ells in rock " ..... . ...... . . ............... . .. 
60-100 ..... do .. .. ...... .. Good . .. .... .. .. .. .. . .. ....... .... ...... . None .. ........... .... ............................ . .. 
~20 Sand . . .. . ...... ... Imperfect .... .. ............ .. .... .... .... See " Wells in rock " .. ..................... . . ... .. .. 

10-15 . .... do ......... .. . Doubtful .... .. ..... .. .. - ... } 3 000 000 Se "s . 1' c • te " 18-o 
, V, W.45± Gravel. ........... Good .. .................... . ' ' o ur n e"n r ....... .. ....... .. . .. .. . t 

20-30 

14 

20-60 

... .. do ............ 1 Fo.ir ................. .. . .. .. !{ E~:~:~~}~ Plut•pedtostandpipoaud<li.rect ........... .. l 1889 

Saud ........ .... .. Doubtfu l ... . .... .... ..... .. ...... .. .. . ... Sen " \Veil s iu rock " .. ...... . ...... ..... .... .. .. .. .. 
Gravel. . .. ........ 

1 
:Fair t<• good . . .. . .. .. . . .. .. . .. .. . .. . .. .. .. K ono ...... .... .... .. ......... ........ ...... J .. .... . 

a " IV. ·w." iu this column meuu" that the well is a wate rworks well. b 11 Ex." in Lbis column means ruun ing ex penses per nnuum. 
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P lace. 

Fort Recovery ............ . 
Galion .......... .... .. . .. .. 

Geue,·a ........ .......... .. 

Glendale ... ... . . . .. ... . ... . 
Greenfield (part) ......... . . 

Green ville .......... . .... .. 

Popultt
tion in 

1890. 

1, 186 

a, a2a 

2, 194 

1, 44, 

2, 460 

5, 473 

Greenwich (M .) ...... ...... , 881 

Hartwell ....... ........... 1, !'>07 

Hicksvillg . . ... ...... ..... . 2, 141 

Hudson (parl) .......... .. . I , 143 

K ent ...................... . , 3, 501 

Lebanon . . . . . . . . . . . .. .. .. . . 3, 050 

Liuwood(M.) ...................... .. 
London.... ................ 3, 313 

Cities a11d '!!ill ages of Ohio nsing wells j1·om glacial drijt-Contiuned . 

Depth. It 

Peet. 
10- 18 

20-90 

10- 15 
30-40 

175 

12-30 

f>2- 02 

'\Vater· bed. Covor. 
oat (lo 

1895). b 

'\V,.terworks. 

System. When 
pu t in. 

Gravel .... ..... ... ]>air .. .. ..... . ..... .. ..... ................ Nonu . .. .. .. .. ..... ...... ................... ....... .. 
Vnria l.>le . .... .. . . . Good .. . .......... ..... ... . . $100, 000 Pumped to standpipe .... .. ... ......... . . .. .. l UIS-1 

Gravel. ...... ... .. Doubtful ................... } N 
. .... do ...... .. . . . . (;ood ..... .... ......... ......... ......... .~: one .. ............................ .. . ... .... , .... .. .. 

Snnd ........ .. .' ....... . do ..... .... . ...... ..... . 35,000 Pumpedtostaudpipe ........... ....... .. .. .. 1892 I 
Vnriable .. ...... .. Fair . ..................................... See "Surface water " ..... . .................. . .... .. . 

Gravel ........ .... Good . .... .. ........ ........ { Ex8~;~g} Pumped to standpipe and cU rect............ 1893 

W . W. 24 , ..... do ............ , Fair ......... .. .... .. ....... , 12,000 I Pumped t.ostnndpipe ............ .... .. ...... 1890 

100 ± Sand .... .. ........ Goor1 .... .. ........ ...... ... ....... . .... .. ..... do ...... ....... .. ....... ........ ........ . 1893 

18-30 Grr\\'el.. .......... 1 Doubtfu l .. .. ...... ........ I{ 22, 000} 
Ex. 800 Direct J>n mping .. ... . .. .. .. .. .... . ..... . ... . 189 

10-15 

25 ::::::: ::::: :::::::I ~:::~:t. ::::::::::::::::: :1: ::::::::::::: :~".~~~~~~~-~;~;~;:.::: ::: :::::::::::::::::: :::::::: 
20-90 

1

, Va rluble .... ...... , Fair ................. .. ..... ,. 
100 ± Sn.nd ...... ...... .. Good ........... .. ..... .. .. . 

70- 180 Variable .. ............ . do ......... .. ...... .... . 

50,000 Pumped to standpipe and direct .... ........ 1896 j 
54 , 000 Pumpecl to high and lo w service resen•oir~ .. 1894 

(I) Pumped to s tandpipe and direct ........ . . . . 1890 

Lockland (A:L) .... .. ....... 2, 447 

Leesburg .. .. . . .. .. .. .. .. .. 617 ...... · ;~~~- .. ~~~;~~;~:: ::: ::::: - ~-~i·; ::::::::::::: :: ::::::::} ::::::::::::: ~:~~~~~~- ~~~~-l~'l~~~~-~-~~-r_'~~~~-~: : : : : : ::: ,:: : ::: : : 

20 Grn <·el.. .......... Doubtful ...... .... ........ . /} 1 Londou\'ille .......... ... .. 

Leipsic .. .......... .... .. . . 

Mn<lisonville ....... ... .. .. 

Marysville ..... .. ... . ..... . 
Martinsv ille .... . . .... .... . 

1,H4 I{ 
1. 353 I{ 

I{ 2. 214 

I 
2,810 

336 

J,;; ·~t.;; .•••••••• :":::,". ...... ...... ) :·: ··:.::: :. ·: :::·::.·:··:·.:·::: : .. :· .. ·:::.:1:.·:::: 
18- 25 1 Saud .. ........... ... .. . do ........ . ........ .. ... 35. 000} n· e t . 1892 

140- 150 do G od E I 500 rr c pumpr.cg ........ ................... .. , 
··· · ·. -- · -- - -- ---- -o ··· ··· · · · ·········· · ··· X..' . 

15-30 Grnn~l. ........... }' air ................. , ..... . 1 .. .... ... .. .. . See " Wella iu rock ., .... .... : ... .. .... .... .. .. ..... . 
30-65 Variable .... ...... ( .... do .. .. .................. ' .. .. .. .... . .. ~one .......... .. .... .. .... .. ..... ........... , ... .. . .. 

a " W. 'V ." in this column means that tho well is a waterworks well. b " Ex." in this column means runn ing expenses per annu m. 
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~ Pbw 

I Mechanicsburg .... . . ...... I 
I 

Montpelier (M.) .......... . 
liount Gilead (part) .... .. . 
New Bremen (part) .. .. .. .. 

New Lon tlon ............ .. 

New Madison ...... ...... . 
New Pa_ris. --- ... ..... . . .. . 

Nt~w Washington ........ .. 
Norwootl (M.) ........... .. 

Oak Rill. .... .......... .. .. 
Oberlin (part) ............ . 
Orn':ille (M.) .... .. ....... . 

Ottawa (part) .............. 
1 

Painesville (part) .. ...... . . 
Pataskala .... ... ........ .. 
Pn.uld ing .... .. ......... . . . 

Pembervi lle .... .... .... : .. 
Plain City (part) ........ .. 
Plymouth .... .. .......... . 
Ra venna (par t) ........... . 
Reading a ................. 

1 
Richwood ................ . 
St. Bernard (M .) ........ . 

Shelby . . .. .. .... . ... .... ···j 

'i t-iu and villagu of Ohio uBing wt.ll8 ji"Oilt glacial d1·ifi,-Coutiuued. 

Waturworks. 

Cost (to I f , 1895). Systom. I W hen 
I ------------ ---- putin. 

Water bed. Cover. 

~ur~~~i::::::: : :: :: E~St_r~_::::::: : ::: :: :: : :: · } .......... ... None ............. ..................... ........ ... .. . 

( 1) (I) $26,000 Pumped to standpipe.............. .. ........ J895 
Va r iable .......... 

1 
Fair .... ................ . ... (1) U nder construction .............. .... ...... . 

1 
1~97 

:-;and ................... do ........ .... .. ... ................ ... Nor.e ............ .. .. .. ......................... .. . . . 

~:if: :: I ~1=; ::::I ,,,,: :jE±·~:b i :: /i : >$<: 
(1) ( ?) J 25,000 Diroct}>umpiug .. ........................... 1894 

Variable .......... ],'air ...... .. .......... ... ........ . . ...... . None ................ ........ .. - . ...... ......... . .. .. 
Gravel. ........... Doubtful ..... .... ... . . .... .. .. ... .. ..... Soo "Surface wator ' ' ........................... .... . 
Variable ..... : .... Fair ...... .. .............................. None ........................................ . ...... . 
Sand . .. .... ....... .... . do .................................... . ... . do ...... ...... ...... . ...... . ..... .. ...... ..... .. . 
Gravel. .. ... ...... Good ......... ... .. ...................... .. .... do .. .... . .......................... . .... . ..... .. . 
Santl ............. . Doubtful ............ . ................... . See "\Vells iu rock " ....... .. .. ........ .. .. ... .. . .. . 

... .. do ............ 1. .... do ...... .... ........... . ! . . .. .. ...... . . I None ........ .. ............ .. --- ·-r ·------
Variablo ... ....... Fa.ir . . . . .. . .. .. ....... . . .. . .. _ .. ... ..... . . Seo "Surface water" ........ ....... ... ..... .. .... . . . 
Gravel. .. .. . ...... Good ...... . ...... .. ........ 46,000 Pumped to reser voir ... . ...... ...... .. ...... (1) 

.. ... do .. .. .. .. .. .. Fair .. .. .. .. .. .. .. .. .. . .. .. . . .. . .. .. .. . .. . None ...................... ... ...... .. .. ........... .. 
Sand .............. Good....... .. ............. . 64,320 Pumped to standpipe. ........ .............. 1894 
GraveL ........ ... Fair ...... ............ .. .............. .... See" Sur face wntur " . .... .. ...... ........ .. .. ...... . 

a fuclutling Lock land nod Arl: ugtou lleights in water supply. 
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Place. 

Sidney (part) ... . ...... .. . . 
South Charleston ..... .. .. . 
Spencer\'! lie . .. . . ...... . . . . 
Springfield (part) ........ . . 
St. Unrys (part) .. ... ...... . 
St. Par is ..... . .. .. . .. .. . . . . 
Stryker (IJn.rt) .. .. . . .. .. . . . 

Swnutou ....... .. .... . .... . 

Syh·nnin ... ....... .. ...... . 
Toled o (part) .. ...... . .. . . . 

Urbana . .. . ..... .. . . . . .. . . . 

U tica ... ... . ...... ....... . 
Van Wert (part) ... . . ...•.. 
Versailles . . .............. . 
Wauseon . . .... . ... ....... . 

Wapakoneta . . . . . ... ...... . 

·w !U!bington . ...... .... . .. . 
Wellington ..... . .... ..... . 
West Carrollton (hl. ) ..... . 

W eston .. .. .. ............. . 
WestUuity . ... .. . .. ..... . . 
WilminJ.,Tton .............. . 

W yomi ng .. .. .... . . ... . . .. . 

X enia (part) . .. .. . . .. .. .. . . 
Yellow Springs ... .. . ..... . 

PopnJa. 
tiou iu 

1890. 

4, 850 

1,041 

1, 266 

31,895 

8,000 

1,140 

1, 017 

508 

545 

1, 434 

6, 510 

76~ 

5, 612 

1, 385 
2,060 

Cit·ics ancl villages of Ohio 1tBing wells from glacial drift-Continued. 

Depth . a 

Feet. 
12-30 

15-36 

10-25 

35-45 

8-12 

20-30 

10-25 

Waterworks. 

Cover. I I I \Vhen Coat (to System. put in . 1895). b 

\Vater bed. 

Gravel. ....... .... Fn.it· .. . . . ... . --- ......... .. .. ... . .. . .. ... . Soe " Surface water" . . . ........ .... ... .... .. -....... . 
Variable .............. . do ...... .... . . ..... . .. . . .... ... ... .... None ........ .. .. . . . .. . ....... . ................... .. . 
... .. do . .. .. . .. .. .. Doubtful .. . . .. .. .. .. . .. .. .. .. .. .. . .. .. . .. . .... do ............ ......................... . ....... . 
... .. do .. ......... . l<'n ir .. ... ..... .......... . : ... ... .. ... . .. . . See·'Wollsi nvnlleys'' ... ...... . . ......... . ....... . . 
Gravel. ........... Doubtful. .............. . .... ..... .... ..... See "\Vella in rock., .......... .. . ....... ... . ....... . 
Variable .......... Fai r ............. . . .. .. .. .. . ............ .. None ... . .. ... ..... ... .... . ... ............. .. . .... . .. 

.. ... do .... . .. : .... . . ... do .. ...... .... ............................. do ..................................... . ....... . 

10-12 Sand .. .. ..... . . ... Imper fect ........ .•. ....... . } I d 

~d~ :~:~n~~~~:::::::: : : ~:~~:-(;,;1: ::::::::::: :::::::: :::::::::::::: ~~~: ;~;,~~;~~ :,:.~:~:r: ,:,: :::: :::::::::::::::::. ::::: .:::: 
15-65 }v . bl F . { $175,000\ D ' t . 18-8 I W. W. 21 ar1n e . . . ..... .. n1r. .. . . ..... .. ... . . . . . .. . . Ex. 4, OOOJ 1rec pnmpwg .................... . ........ 

1 
1 

20-35 . . ... do . ......... .. ... . . do .....•. .. . .. .................... .. .. Kone .......... ......... . ... . ..... .. .. . .. . . ... . ..... . 
20 Snnd . . . . .. . . ........... do . ... . . •.......... .. .. .......... . . ... See"Wrllslnrock'' . .. ... .. .... ............ . ..... . . 

14~~ I ::.:·~~~1-~: :: ::::: :: -~~~:~f~~~: : : :::::: :::::: ::::1:::: ::::: ::::: ~~~~d~:: :::::: :::: ::: :: ::::::::::::::::::::::::::::: :' 
3, GIG {1"\ l o-40 Gravel. .. ......... lrai r .. .. .. . ...... · ... ... · .. · \ 57, 000 Pnmped to standpipe and direct... . ......... 1895 

V".W.70- 143 ..... do ...... .... .. Good ......... .. ......... .. . J 

~~ J ·;~;.;~~ ;~ :: :::::::: - ~-~i.rd~·::: ::::::::::::::::::: ...... ~~~~ ~- -~~~~~: ::: ::::::::::::::::::::::::::::::::::: \. -~~~~ .. 5, 742 
2, OG7 

360 

845 

872 

3,079 

1, 454 

7, 301 

1, 376 

60 I ( 1) ( 1) 7, 800 Diroct pumping ( 1)... .... . .. ............. ... 1895 I 
~ ~~ ± . ~-~~~:1 ::: ::::::::: . ~-~~:~~- :::::::::::::::: :::::: ::::::: ::::::: -~~~=~: : :::::::::::::::::::: :::::::::::::::::I:::::::: 

15-35 I Variablu ....... . . . 

130- 16d Snnd ..... . .... .. .. 

Fair . ....................... , ....... ~;:~ · ..... do ..... .. ............. ..... ............. . .......... 
1 

ood ........................ { Ex. 2, 400} Pumped through maiDs to resen•o•r . . .. .. . . 1889 I 
25 ± .. .. . do .. .... .... .. 

10-80 

1

1 Variable ........ .. 

1---------------------~----~--------~--
-~~: ~-~ ~~::::::: :::::::: ::1: ::::::::::::: !::u~~~-r-~~~~ -~~-~~.' :::: : :::::::: :: :::::: ::: l : :::::: 

a. " W. W: ' in t his cohun n means tbat the well is a waterworks well. b ·• Ex." in this column means running expensea per annum. 
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LE\' ERETT.j SUPPLlE FOR CITIES AND VILL-AGES. 527 

WELLS I N ROCK . 

A large number of citie and v illages, both in Indiana and in Ohio 
obtain part of their water upply from wells in rock. In the unglaci
atcd portion of the e tate , except along the principal river valley , 
tbe well ar a,lroo t ntirely obtained. in ro k. A the writer study 
wa confined mainly to the glaciated portions of the e tates, the data 
from the unglaeiated portions are rather meager. In the unglaciated 
distri t ci tem are largely u ed, a i t i le expensive to coli ct w~tter 
in tlli way t llan to drill wells, and the abundant rainfall makes t hi a 
reliabl mea n for obtaining water. 

In tlJe following table uch data coucerning wells in rock a are 
a>ai lable h ave b e11 grouped under everal bead . These data a re 
mall up in I art from note gathered when in the field and in par t from 
the chedule for city water supply which were fi lled out by city offi-

ial::; or otb r om pet nt re iden ts. 
The depth of welJ h regiven u ually indicate the horizon at which 

the water i mo t abundant, but iu ·oroe cases where water is fouud at 
variou level the range in the d pth of w lis is indicated. It ,, ... ill be 
ob rved that in om citie th waterworks upply i from a lower 
horizon than that of th private well , but in many case tile public 
and private wells are from the arne horizon. 

The water bed and quali ty of water it will be ob rved, bear a defi. 
nit r lati 11 bit wat r found in l ime. toue b ing alway bard and in 
au 1 ton, u ualiy oft. f! w chemical ana,ly hav been made which 

fnrni,.;h d fiuit iufonnati n ·ouc ruing th quality of water. Tbe'e 
app ar n anoth r pa a . lu the ab nee of analyse the popular e ti. 
mat f th quality of tb ·wc~t r i giv~u wlticb though not very 
l finit 'ha co u id raul valu . 

IJ ·apa ity of thew lis is usual ly e timated by city official . When 
numb I ' ar giY 'nth r ha\· in om ca b n a curate mea nt·e
m ut bu a arul nly ' timate or rude mea ur ment. me effort 
wa mad to det rmiue the iz of w ll iu onl r to l arn their rela
t ion to th apa ity, but very little information ouJ<l b obtained. 
It may b tated, h w ver that w Jl drilled i n t h rock a re u nally 
not 1 than 4 iuche and not more than 12 in b in diameter. Til 
ma,jorit f which tb iz W<t r ported ar 6 to in diameter. 

In t b tabl sbowi no· tb h ad. from t h surfac the numera.ls indicate 
b low th nrfac , xc It where + i prefixed when it i 

abo ' nrfac . Wh re water tand witllin a foot or two of tb 
w 11 mouth tb word tufa e i u eel to de ignat t he head . Where 
w 11 ·· overflow and th b iabt to wbi h water will ri e i not known t he 
word ov rfiow i u tl . It is probabl that most of the Humeral 
in di ·at t he a \ erag b ad of th well, , e pecially in case where th e 
w lis an b lowered by pumpina or wh re t he bead decrea e in ea-

ns of dr ugbt. 



I P lace. 

Alexandri!\ ... . ..... ...... . 
Anderson (part) (1 woll nt 

wa.tcrwork s ) . 
Andrews . ..• . .. .. ... .... .. . 
l3edford ...... .. . . .. . ... . . . . 

Bloomfield ........ .. ...... . 

moonoiugt on .. . .. .. . .... . . . 
llluffton . waterworks (10 

wells). 
lluUcr, gas boring . . .. . . . .. . 

1 
Charlestown . .. ... .. .. .. . . ·I 
Columbia Cit y , waterworks 

(3 w t> lls) . 

Converse, waterworks . ... . 
CoD\·erse and vicinity ..... . 

Popula
tion iu 
1890. 

7 15 

10, 741 

l , 320 

3, 351 
I 

1, 2"29 { 

4, 018 1 

3,589 I 

2,521 

888 
3, 027 

921 

(I) 

;::~:7,~-~ll -,~~t~·,;.~·r~~ .. ;~. ~ : ~~~ I 
wells). 1 

Dunkirk, water works ... .. J I , 024 

E lwood, waterworks .... . . _I 2, 284 

Fairmount. . . . . .. . . .. . . .... 
1 

1, 462 1 

F ort " ' ayne, water works } 3- 393 (a bout 30 wells). 0
• 

]'owler . .. .. .. .. .. . . . . .. . . . . 1 1, 285 

ities an<l ·village.s of Indiana obtai uing part of water supply j1·om tvells in 1·ook. 

Depth. Wa ter bed. Quality of water . 1 Capa!lity per 
JUJ U Ute. 

Feet . 
60 I Limos ton<>. . I lfanl . .. .. .. ... .. . 

600 

60- 150 

00- 100 

20-25 
.150 -160 

10-50 

100- 500 

600 
20- 35 

280 

230 

( 1) Hn rd, iron . . . . . . . . 

Lilllcs toue. . Analysis ......... . 
. .. . . do . ... . . H a rd . .. .. . . .... . . 

}sandsto ne . . Soft ... .. ...... .. . 

Lituestouo.. liard .. . ......... . 
. . .. do ... . . . 1 • ••• do .... . . .... .. , 

I 
... .. do ...... 

1 

liard , p leasan t .. . . 
, .. . .. do ...... Hard . . . ... . . . ... . 
. . . .. do ... ... A nalysis . . . .. . . .. . 

... . . do .. .. . . I Hard . . .. ... . . . .. . 

200-400 1. · . ... d o . . .. . . , . .. . . do ...... . .... . 
:J50 :T ( I) Sul pb urous . ..... . 
2b0 I Li mestone . . liard .. ..... . ... . . 

a:;..JOO 

7f>- 150 

1:>-30 

250-4:10 

175 

. .. . . do . . .. ... .. . . do . . . . . ..... . . 
I 

. . . . . do . . . . . . A ual yeis ..... . . . . . 

. . . .. do . .. ... Hard ..... .. ... .. . 
I I 
.. . . . do ........... do ...... .. ... . 

I I . .. . . do .. . ....... . do ........ •... 
I 

al !o11s. 

( 1) 

nlim ited 

U nlimited . 
Strong . 

Strong . 

W eak . 
( 1) 

(!) 
\Y ca k . 

230 

(!) 

Strong. , 
Strong. 
(1) 

(I) 

20 

175 

90 

150 

" ' aterwork s. 
H ead from 

s urface . Coij t (to 
1895). a -- "''"" I System. pu t in. 

$4.6, 000 I Pumped to standpipe . .. . . . . .. . . . 
Feet . 

30 1895 

:::0~,:·:· ...... : ~·-~~ . ! :;~:~~T~i-~~: .. ~~~-·.· ~~~~~~~-1- -:~~ --
50 · · .. . . ........ 

1 

See " Surface water " . . . .. ... . ... . ... . .. . 

........ ... . . . , .......... .... None .. ... .. .. . . ... .... . . . . ... . . ... . ... .. . 

(1) . . .. ... . . . . . .. S~e "Surface wate r " . .. . .. . .. ... 

1 

. .. .... . 
(1) r ............. D1rect pumpm.;. . . . .. . . . . .. . . . . . 1886 

( /)5-15 :: : : : : : :: : :::: ~~D~ ~~,-~~~ ~ -i~~ ~l~-~i~.~ -~ ~~~t.': : ::: :I::: :: :::: 
+ 5 1 30, 000 I Dir ect pumping . . . . . . . . . . . . . . . . . 1893 

Surfa~. , ....... ~~ ·. ~~ .. ~-~:~~~~d. ~-~~~~-:::::: : : : :::: :: :: 1895 

(7) , .. ....• .• •••.. See " Surface water " . . .. . ..... .. ... . . . . . 
15 65,000 Storage well witb d irect pumping ! 895 

45 { Ex~I : m} D iroot pum ping ........ ... ..... "I 1894 

15-25 I 100, 000 . ... . do .. . .... . . . .. . ..... .. ... ... . 1892 

6 ... . .. . ...... . So6 "Surface water " ......... . .' . . ... . . 

Variable . I{ 550,000 Pu•~ped to reservoir a nd d i,~ect.. } 1879 

I 
E lr.13,000 See •W ell• 111 g lacial dr. ft ..... 

25 I 36, 500 Pumped to rosen ·oi r an d d irect.. I 1895 

a " E x." lu th is co lumn means run ning crpensu per Ml nnm. 
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'ities and vi llages of Indiana obtaining part oftvaiC?' supply j1·om 10ells in1·ock-Contiuued. 

Place. 
Po pula. 
tion iu 
1890. 

F rancesvi lle .. ....... ..... .. , 403 

Geneva .. .... .. ........ ..... 

1 

748 

:::::::;~: ~:.~~~~-,~~~~~:: : : .. ~: ;~~ . 
Greenwood (sanitarium) ... . 

Greencastle (M .) . ....... .. . 

Greensbu rg, waterworks .. . 

Harrodsburg . .... .... .. . .. . 

Hartford .. .. .. ...... ..... .. 

lluutingtou , 
(11 wells). 

wat~rworks 

862 ~ 
4, 390 

3, 596 

(1) 

2, 287 

7, 328 

Depth. 

l"ut. 
40 

so 
926 

Water bed. Qttality of water. 1 Capacity per j Head from 
mmute. s urface. 

Limestone.. liard ........... .. 
.. ... uo ........ ... do ... ....... .. 

(f) Sulphu rous ..... .. 

Gallon&. 

( 1) 

(1) 

Strong. 

Feet. 
(1) 

( f ) 

,~erflows . 

' Valcrworks . d 
Cost (to 
1895). a I System. I When }>Ut HI . 

::::::::::::: : l :~on~:· :: : : ::::: : :: ::::::::::::::1::::::: 
176 l.imestone .. Hard ........ .. . .. 150 Over flow':! . I{ $50, OOO}I D' Ex.2,500 lructpampjug ..... . .. . . ... . .. . (1} 

1,~ 

( 7) 

75 

20-30 
1ll- 130 

125-250 

.... . do ... .. . Su lpbo-saline .. . .. 

.. ... do.. .... ( f ) 

.. ... do ...... liard ... .. ...... .. 

.. .. . do .. .. .. Anal ysis ....... .. 

..... do ...... Ra.r<l .... .... .. .. . 

..... do .... .. .. ... do .......... .. 

.. .. . uo ...... Sulphurous, huru. 

lOO ,rl .. . .. do .. .... 1 Hard ........... .. 

(7) 
(1) 

( I ) 

2~0+ 

W eak. 
Strong . 

8 

2 cncb. 

240 
4fi 

Overflo ws. 
20 

Ynriallle. 
so 

10-20 

10 

} ..... ~~~ .. ~~~ ., ::::~~~; ~~· ~ ~~:,~·l;i·I:~: ::: :::: :: ::, .. ;~~ .. 
(I) Directpmupiug.. . ...... .... ... .. 1889 

} ........ ... .. Nouo --- ··•· -- ---

{ so, ooo}l D. ·t in Ex. I, 000 ~rec pump g .............. .. . 

100, 000 Direct pumping. (See " Surface 
water. ") 

1894 

18UO 

lndir.nu pohs, waterwor ks JI05, 436 
(s mall part). 

'Various .... I ..... do ...... I liard, iron ........ ( 1) +5 2, 500, OVO I Direc t pumping . /Seo "Sur face I 1870 
water '' and ·· sbnllow wells.' 1

) 

J asper .... .. ... --- 1 1, 28 1 
J efl'eraouville....... ...... .. 10, 666 

Kentlaud ( \1. .) ...... .. .. .. .. 918 

Knightstown, waterworks 1,867 
(5 wells). 

Kokomo, wat.erworkij .·..... 8, 261 

N enrKokomo (Wolf well) .... ... . .. 

E
af Lte ................ .. 

.. . ............ ... ... 
16, 243 1{ 

(1) { 

(1) 

45 

15 

Surface. 20-130 Sanuslono .. Variable ... ...... . 
GO :r L imestone .. Uard ........... .. 

t1) ..... do ...... ..... do ... ....... .. 
s;;..oo ..... do ... .. . Iron, ba rd ...... .. 

55 

.............. Seo "Surface wa ter ·· . .... ....... 

1 

....... . 

.. .... :. ~.·;;; .. ~~;~~;c;l·~~ ~~~-~:: :: :::::: :: :: :::: .. ~~~~ .. 
~8, 000 Pumped to standpipe .......... .. 1894 

(1) 

J4 

(1) 

Direct pu mping .. . ... . ... . ...... , 1887 

Used iu irriga ti on .......... .. ....... .. .. 
( I) 

500 

S urface. 
Overflows. 

100-150 ..... do .... .. Hard, sulphurous . 
1,000± (I) (7) 

235 Limes tone.. Sn lt>b urons ...... ·j} 
1,000 ..... do ...... Swphosu.Jine ... .. (7) O'·orflowa. See ''Surfnco water ~~ ........ . .. . .... .... . 

35 ,r ..... do .. .... \ Anl. 
1, 155 ..... do ...... I a ysls ........ .. Strong. Overflows. 

a " Ex." iu tb.is colum.u mOnns rututi.ng oxpeuse-:5 })Cr aunu.m. 
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Cit-ies and t"illages of Ind·iana obtaining pa1·t oftvate~· supply j 1·om wells in rock-Continuccl. 

Placu. 
Popula
tJ on in 
1890. 

Logansport (small part) . .. -I 13, 328 

:Marion, waterworks . .. . . . .. 1 8, 769 

Nfartiua ville (sani tariums) . 2,1380 { 

llfi chignn Ci ty (3 wells) . . . . 10, 776 { 

:i\fitchell.. . . ........ ..... .. . 1. 583 { 

llfoutpelier (M .) ... .... ... .. 808 

:i\l onon ..... .. .. ..... . .... .. I 1, 06.1 

Montezuma (lti ''u r s id e 658 
Hotel). 

Muncie (M .) . .. .. .. . .. .. .. .. 11 ,345 

New R aven. w .. terworks .. J , 079 
Noblea.-iUe . .. .. .. .. .. .. . .. . 3, 0:>-1 

North Vernon .. .. .. .. . .... . 2,012 

Kcar N orth Veruon .. . .. ... (1) 

Oakland City . .. .. . .. . .. . .. 1, 5Z4 

P nxtou .... ....... ... .. .. ... ...... .. 
P ortland .. .. .. .. .. .. . . .. . .. 3, 725 

Red Key. . . . .. . . . . .. . .... .. 922 
Remi ngton .... ,. .. ......... 9~ 0 

Rcn•selacr. .... .. . .. . .. . . . . J , 455 
Richmond .. .... ... . . . .... .. 16, 608 

Depth . ' ·Vttter bed . Quality ofw ttter. I Cap~cit,y per I Hcad_from 
m1uuto. s urface . 

F eet. 

70- 80 I L imestooe .. R anl, s ul phurous . 

240 

I} ~~~:~u;~ :::: 
Hard ..... .. .. .. .. 

675 A nalysis ..... .. .. . 1, 490 
54 1 
819 }LimeS1PnO . . Hard, sulphu ro us . 
833 

30-100 .. . .. do .... .. liard ....... . ... . .. 
l , 200 (1) Snli no .. ......... . 

( 1) (1) H ard ........ .. .. .. 

20-200 Limes tone . . Sulphur o u s an d 
hard. 

1, 675 1 ..... do ..... . A nalysi s . . .. ... .. . 

(I) .. .. . do ...... H ard .. ....... . .. . 
300± ..... do .... . Anal.vs is ..... .. .. . 

65-80 ..... do ...... Hard . ...... .... .. 
12-35 ... .. do ...... . .. .. do .... .. .. .. .. 

66 .... . do .. ...... . .. do .......... .. 
20- 60 S a nd stone Iron snlphntc .... . 

ot· s bn1e. 

G<tllon 8. I F eet . 

( 1) 

100 

30-85 

300 ± 

( 1) 
(II 
( 1) 

(1) 

Strong. 

500 

Strong. 
Stro ng. 
Weak . 

Strong . 
( I ) 

8 

Overflows. 

O<·erll owa. 

O<·orflow. 

( 1) 
Surface. 

Overflows . 

(1) 

+ll 5 

+ JO 

+ 10 
6 

2- 15 

o.-erll ows. 
10- 0 

I ------~-----W--at_c_r"_·o-rk_s_. _______ d 
Cost (to I I 1895). a System. :,'.~ ~~-

Ex. $5, 000 

41, 000 

'Olrect pum ping. (Sec "Surface 
w n.ter .'' J 

Direct p orn]Jiug . .. ... . ... . .. .. . . 

1875 

1877 

See " Sbnllo'"' wo11a '' . - . .. . . .. .. . , . . .. .. __ 

None .. ...... .. ...... .. . . . .. .. . . . 
1 
. .. .... . 

Drawn for ~ treet sprink ling ..... .... .. .. 
Pumped d irect f rom collecting 1896 

basins. 1 
None .. ........ .. .. .... ... ...... '~' . .. ... . 

.. ... .. . .. .... Direct pumpin g .. ...... . ...... ..! 1885 

~ O, 000} - - - .. do .. .. --. · ·-- .. .. .. · .. .. .. · .. · } 18Y3 
~ E x. l , 000 See" Well a tn Ya lleys " .. ... .. .. . 

::: ::::::::::: - ::~~-~~~~:~~~~~~~ ~: ::::: :::::: 1 : :: : : ~: : 
25-30 

25-150 

70- 100 

7f>.-125 i 

30- 200 

Sandstone . . , Sulphurous....... (1) (7) , . .. .. .. .. .. .... . .. .. do .. ........ ...... .. .... .... 

1 

...... .. 

Limestone .. Ernrd , sul phurous . 250 10-15 45,000 Direct pumping .... .. .. .. . .. .. .. 1892 

.. . .. do . .. ... U n rd ... .. .... .. .. (1) 20 . .. .. .. . .... .. None ...... ..... ... .... .. .. .. . ..... ..... . 

12-40 

:: •••••• s~••,:•ro~•,b•~ S~oo~ ,,,,;":,~ •••• ••• • •• •• •• : : • ; : I 
.. ... do .... .. Sulpbntes, hard .. . 1- 5 Vnriahle . ... ... .. .. .... See "Su rface wa ter " .. .... .. .. .. 

1 
... .. .. . 

L-----------------------~·----~·----------~'----------~-------
a " .Ex ." in this column menus runn ing expenses per nn.nnm. 
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itiea a1Ul dlla{Jea of I ndiana obtaining pa1't of water BII]Jp ly front tcel/8 in 1'ock-Con ti nucd . 

Place. 
Popula
tiou in 
1890. 

Ridgeville .... . ............ I 922 
Rock port .... .... .. .. .. ..... 2, 314 

Rock ville, waterworks (4 1, 6R9 
wells). 

Salem... .. ..... .. .......... 1, 975 

St. PauL ......................... .. 
Seymour (!(as boring) .. _. . . 5, 337 

Shoals .. .. .. .. .. .. .. .. .. .. . 738 

Spencer (3 wells) . _._...... . I , 868 

Sull ivan and vicinity....... 2, 222 

Sull h-an (ga-s \r oll) ............... .. 
Versailles.. .. .. .. . .... .. .. . 421 

W abash (artesian well) .... 
W illiamsport ..... . .. - .. - - . 
W illi amsport (gas bor ing) . _ 
Wi namac (gas well) . . .... .. 
W inchester .. .. .. .. . . .. .. .. 
Worth ington . . ... .. . .... . .. 

5, 105 

l, 027 

1, 215 

3, 014 

1, 44.8' 

Depth. 

Feet. 

30-40 

20-100 

100-20 

Water bed. I Quality of wator. 

Limestone .. 
Sands tone .. 

( 1) 

Hard ........... .. 
Soft . ..... . ....... . 

20-60 Lime•t<>ne . . Hard .. . ... _. - -- --
75-90 .... . do ...... Sulphurous . ...... 
1, 194. . _ ... do .... .. Sulph urous, hard, 

saline. 
900 ( 7) .Analysis ...... .. .. 

l, 150± Limestone .. . ... . do . .. .. ...... . 

190- 400 Sandstone .. P leasant ... .. ... .. 
1, 000 ± 

18-25 

2, 270 

65 

1, 200 

(1) Saline ........ .. . .. 
LimeRtone .. nard ...... .. -.. .. 
..... do .......... . do ....... . .. .. 

(1) Fresh .... .. ..... .. 
( 1) Saliue .. .......... . 

1, 200 I Sandsto ne I Sali ne, iron .. _ .. .. 
100 ± L imestone .. Hard ........ .. . .. 

1, 44.5 (1) Sulphurous _ .. .. .. 

apacity per I Head from 
minute. sur face. 

\ \Tater worl;s. d 
Cost (to 

1895> · I System. I When 

Gallont. 

10- 15 

( 1) 

Weak. 

(1) 

(1) 

( 1) 

Weak . 
Strong. 
(1) 

(1) 

1-5 

(1) 

(1) 

(1) 

45 

Strong. 
S lron~. 

.Ftet. 

(!) 

(1) 

10± 

10-40 

(1) 

$20, 000 

p ut i n. 

None ..... . .. .. ......... .. . ...... , . .. .. .. . 
See "Sur f'acewale.ro'' .... .. ..... . ...... .. 
Under construction .... ..... . .... 1897 

~e:0c~ ~ ~·r·f~-c~- ~~~~~~ ~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ j ~ ~ ~ ~: : ~ ~ 
Overfl ows . 1. .. .... ....... 1 Soo "Snrfacewntor " .... .... .... ..... ... . 

Over!lows . ~ -- -- __ ...... -- ~ None ......... .. ... . . --- ... .... -l-- ---.-
Overflow. .. .. .... .. ......... do .... ...... ... __ .. .... .... ... -.. -- .. 

(1 ) 

( 1) 

(1) 

( 1) 

15 

85 

10 

Overflo ws. 

See "Sorface water " ... . .... ... . . . . . . . . 
Pwnpcd for street s pr inkli ng .. . . . - .. . --. 
None .. .......... .. ................. .. . .. 
See" Walls in glacial drift " ....... . .. . .. 
None . .. .... .. .. ... . .. .... ..... .. ...... .. 

- - - ··· · · .. . .. .... .. . do ..... . ---- --·· · - · ·- -- - · . ........... . 

__ ... _ .. .. .. .. 

1 

.. . .. do. -- ---- .. . ... -- ---· -- ----g -~ .. ------
........... .. ... . .. do ..... .. .. .. .. .. ................ ... . 
.. .. .... .... . ...... do . .. . ........ .. .. ..... .... ...... .. .. 
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ities an it vil/a.ges of Ohio obtai11i11g pa1·t of waltw 81.tpply from wells in 1'0ck. 

~ 1 I I I 

-.;vaterworks. 

Place. 
Popula· 
iionin 

1890. 
Depth. a. Water bed. Quality of water. 1 Cnp~city t>er I Head from 

mmuto. surface. Cos t 
(to 1895) . b 

W hen 
put in. 

Ada (part) .......... .. .. . 
Andover ............ .. . .. 
Archbold . . ... ......... . . . 

Ash land .......... .. .... . 

A thena (part) .... .. .... .. 

Bellefontaine (2 wells) .. .. 

Belmore . .... . 
Berea .. ... .... .... .... . .. 
Blaocbest<Jr . ........ ... .. 
Ulutrton ..... . ...... .... .. 
llowerstow·u ....... .... .. . 

Bowling Green .... .. . ... . 

Cadiz . .. ... .. .... .. .. .. . .. 

Cambridge ............. .. 

Canfield .. .. ... . .' ......... 

Canton (part) (36 wells) .. 

Uarey (M.) ............. .. 

Cas ta lia ........ .. ...... .. 
Carrollton ( M .) .......... . 

Cedarville .... .......... .. 

2,079 

733 

780 

a, 566 

2, 620 

4, U5 

Fut. 
25-40 

40-60 

160- 175 

30-00 

~0-50 

164 

Limcstone .. l Hnr<l ......... .. .. 
Berea grit .. Soft ............ .. 
Limestone.. Hard .. . ........ .. 

Sandy ahnlo.l Soft ............ .. 

Samlstono .... .. . do ...... .... .. 

( 1) A nalysis ........ . 

414 1 60-70 Limes to~ o.. Hard, sulphurous. 
2, 533 60 ± Boren gr1t .. Irou .... ........ .. 
1, 1116 30 ± Limes tone .. Hard ........... .. 
I, 290 I 12-33 .. ... do .......... do ......... .. .. 
( 1) 16-65 Sandstone .. Bard nnd soft .. .. 

3, 467 70- 200 

I 716 { W . W . 200 
• 20-40 

4, 361 30 ± 

675 I 50-75+ 

26, 189 

1, 605 

( I) 

1, 228 

1, 3!15 

27f>-385 

W . W . 60 

30-60 

W . W.100 1 

25-30 

Lhuost.one .. 
Sands tone .. 
Limestone . . 
Soft sand-

s tone. 
Sandstone .. 

lla!·d, su lphurous. 
( 1) 

Hnrd ....... .... .. 
Soft, sulphurous .. 

Sulphurous· .... .. . 

nod sand - Hnrd ..... . . .... .. {
Limes ton"} 

stone. 
Limestone ....... do .. ........ .. 

.... . do .... .. Sulphurous ..... .. 
(I) Hard ........... .. 

Limed tone . . Sulphurous ... ... . 

a. " W . \V ." in this column moans that Lho well is a w11torworks well. 

Syatom. 

Oallon1. Feet. 
(I) 8-15 .. ............ None ........ .. ........ .. .............. .. 

360 16 .. . ..... ........ .. . do ...... .... ........... .. .... .. .. .. .. 
Strong. 10 ..... ... .. .... . ... . do .. .... ........ .. ......... ........ .. 

(1) (1) { E!~~: ~~} , Pumped to standpi pe and ilirect. 1895 

(1) (1) Seo USurfaco wa.terll • • • • • • • • • • • • I • • • • • • • • 

350 + 4 128,000}· p - d t . I Ex. 5, 000 n.mpe o reservoir............ 1883 

(!) 10-20 .... .... .. .. .. None .... .... .... .... .......... . ..... .. .. 
Variable. 50 ...... ...... .. ..... do . .. ........ .. .................... .. 

(1) 10- 15 20,000 Pumped to standpipe . ... .. ...... . .. . .. . . 
Variable. 10- 20 18, 000 Pumped to standpipe and direct. 1896 

(1) ( 1) ...... ... ... .. .... . do ....... .. ........................ .. 

S lroug. 15 Ex:~: go~}· · ·· . tl o ·.......... ... . ... .. . ...... 1893 
Strong. (1) 
( 1) ( 1) 

35• 000} n· t . 189" Ex. 2, 000 1rec pumpiDg ... .............. a 

(1) 20 .. . . . . . . . . . . . . See usurfa.oo water'' ...... .... . • I • •• •• • • • 

(1) ( 1) Nooo .. .. ... .... ................ ... ..... . . 

50 Q,·erflow. E/~~:~} Direct pomping .... .. ....... .... l 1869 

(1) ( 1) 28, ~ Pumped ro s tandpipe .. ......... 1895 

3 30 ( 1) Tank nod hose for fire .. .. .. .. .. ( l) 

(!) ( 7) 25, 500 Pumped to standpipe.......... .. 1896 

Variable. 15 Ex.600 :1\one .................... ... . .... i' ..... .. 

b " Ex." in this column means running expenses per nnnnm. 
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'ilies a1ul villages of Ohio obtaining p ar t oftca l€"1' Btt]>p ly j1·om 1rells in 1'ock-Contiuned. 

W aterworks. 

P lac.,. 
Popula
tion in 
1890. 

D eptb.a Water bed. Quality of water. 1 Cap~c i ty per i H ea_d from 
Jmuuto. s urface. :ost 

(to 1895) .b 
When 
put in . 

Fttt. 
Celina .. .. ...... .. .... .. .. 2, 702 2,;0 ± L ime~tone . . Fresh , hard ...... . 

Celina (deep wellij ) . .. . .. .. .. .. .. .... ·{ 
I 

1, 100 (1) Saline ........ .. .. 
1, 700 \ 1) !:lu lphm·ous ....... 

Clyde..... ... ........... . . 2, 327 

Ncar Clyde . . _ ........ .. .. .... .. ... . 

Cornin g ( ;\1.) .. .... .. .. .. . 1 1,551 

Columbia.ua.. ........ ..... 1, 112 

Cont.ineotal ().[,) ... .. .. .. . 895 

Cov ington . .. . . . . . . . .. .. . . 1, 778 

uyahog:. Falls . . . .. . .... . 2, 61 4 

Dolawaro (a r teainu well ) .. 8, 224 

D elphos .. .. .. .. .. .. .. .. .. 4, 516 

Deshler.... ... ...... .. ... . 1, 114 

Doylcstewr. .. .... ... ... ... 1, 131 

Dunkirk.. .. .... ........ .. 1, 220 
E ast Palestine (M.) . .. .. .. 1, e10 

Elyria .. . ... .. .. . ..... . .. . 
Findl~>y ..... . . .. .. . . .. .. .. 
Forest . . .. . ... . .. ... .... .. 

5,611 

18, 553 

1, 126 

}' oreat (3 miles southwes t , . . . .... . . . 
of') . 

:E'osteri n. .... ...... ..... . .. 7, 070 

65 

50--75 

25-45 

{ 

20- 30 
w. w . 30 

by 35. 

Limestone .. 

.... . do .. .... 

Snmlstooe . . 

} .... do .... .. 

H ard . ... ... . .. . .. 

nard, iron, sui-
plm r. 

(I) 

N6t l1ard ...... .. . 

( 1) Li mes tone.. H ard .. .... .. .... . 
Hl-50 . ... . do .. .... ..... do .. .. .... .. .. 

50 ± Sandston e .. Soft .. .......... .. 
2, 250 Severo! ... . . llarrl , saline, sul -

35-50 

70- 05 

10-50 

phurous. 
L imes to ne .. H ard .... ....... .. 
.. .. . llo .... ...... . <lo .... .. .... .. 
San dstone .. Soft .. ........ .. .. 

100± 1 Limestone .. , H anl ..... .... .. .. 
( 1) Sandstone .. Soft .. ..... .. .. .. . 

60-90 .... . do . . . .. . "A lu m" wa ter . . . 
30-100 Limestone . . Ha rd, s ul phurous. 

90 ± .... . do .. ... . H a rd .. ...... .... . 
480 .. .. . do .... .. " l~'b ite sulphur " . 

30-50 /. .... do .. .. .. / Hnrrt ........ -:- .. .. 

a " , V, ·w. " in this column means th at the well is a wa terworks wei.!. 

Systom. 

allo11 • . I Pu t. 
40 Nenr surfnce.l{ E~"f: ~g}J Pumped to s tand pi pe nnd direct ./ 1895 

(I ) 
( 1) 

3- 6 

5-15 

( I ) 

Variablo. 

( I) 

( 1) 

Va ri nulo. 
10 

Vari able. 
Strong. 
( 1) 

Strong. 
St ron g. 

Strong. 
( 1) 

( I ) 

Strong. 

( I) 

6 I ~ 37, ooo}J D' t . E x. 2
1 

000 tree pumpwg . . .. . . .... . .. __ . . 1 1883 

Overtl ows . 

( 1) 

Surfnco. 

( 1) 

6- 12 

25 
Q,·erOows. 

4-5 

20 

10, 000 I Pumped to tanks for lire protcc
t.iou. 

( I ) 

E x. l , 200 1roc JHilllplng .. ...... .. ...... . 1895 30, 000}1 D' t . I 
4, 000 P umped to tank ...... .. .. .. .. .. . 1894 

None -- ---- · · · · ···· ··· -·· ··· ···· ·1· · · · -- ·· 

Seo " Wells in glncinl drift" .. ... ...... . .. 

65, 000 'Pumped to s t-a nd pipe ........... . / 1896 

Nouo .... .. .. . 

G-8 , ............ .. , .... . do .. .. .. ... . .... .. .. .... .... . , ...... .. 

Near;:; rfnco . .. .... . ; ; : ~~~ . . ~,;,~:~~0~. ~~~~-,;~~ - ;~~;,;~·~;~~~~-.-. ... ~~~~ .. 

16 

5-15 

5- 15 

Overfl ows. 

20 

V Oi l'. 

::::::::::::: J ~~e- ~0s :'_"~~~~-~~~~~:·. ::::::::::: J ::::: :: 
;:;C:(~. ~ -~~~~- ~~~ ·(;~~~~;;~ ~-,;,~ l ::::::: 

stock use. 
See " Surfa.co wa ter " .... . ... .. . . .. .... . . . 

b H};x." in this colu mn men.ns runuing expenses t>or nnnmn. 
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P ineo. 

F remon t .... . ... . ... . ... . 
Galion .. . ...... . ...... .. . 
Gu m bier ... . . ... . . ... . ... . 
Grand Rapids .. .... . .. .. . 
Groetlfiolcl.. ... ..... . .. .. . 
Hanoverton .. . ........ .. . 
Hillsboro ........... . .... . 
J ackson ... . .. . ......... . . 
Ken t .. . •... ......... . .... 
Kenton, waterworks . . .. . 
La.rue . . .. ... .. .. .. . .. . .. . 

Lima .... .. .. . . . . .. ... . .. . 

Louisville (Ml ........... . 

Ma nsfield .. ............ .. 
:Marion ........... .. .... .. 
Mar tinsville ............ . . 
Marysville .............. . 

Massillon .. .. .......... .. 

Mediua ..... . . .. ....... . . . 

:Men<lon ... ...... .. ..... .. 
Morr ow ... ....... . ..... .. 
Mount SterUn g (M) ... . . . 

:Mount Gilead .......... .. 

Cities and t•illages of Ohio obtaini ng pa1·t of wattw supp ly from tvelZs in rook-Continued. 

J>opula· 
tion in 
1890. 

7,14 1 

6, 326 

660 

572 

2, 460 

366 
3, 6~0 

4, 320 

3, 501 

. 5,557 
048 

15, 987 

l , 323 

13, 473 

8, 327 
336 

2, 810 

10,092 

2, 073 

400 

842 

752 

1, 329 

Depth. Watorbed. Qna.HLy of wator. 1 Cap~city per 
m10uto. 

Ftet. 
40-60 Limes tone . . 

90 ± Snnclstono . . 
17- 00 Frees tone ... 
40- 60 L imestone . . 

25-30+ (1) 

14-35 Sandstone . . 
10--50 Limestone . . 
18-25 Sandstone . . 

75- 100 ••• . do . ..... 
100 Limestone .. 

50-100 . .... do ...... 

Gallons. 

liard , s ulphur .... ! 15-20 

Soft 11n c~
1

:10 rd .. ... ...... ----~~--
lia rd, sulphurous. 
Bn.nl ...... ... .. .. 
Soft, sulphurous .. 
liard .... .. ...... . 

(1) 

Soft ......... .. .. . 
nard . .... . .. . .. .. 
n ard, su lphurous . 

(1) 

(1) 

15- 20 

( 1) 

Weak. 
( 1) 

Strong. 
Strong. 

140- 148 : .... . do ...... 1 .... . do .. .. ....... . : 550 

( I) (1) (1) (1) 

100- 140 Samlstooe .. .. .. .. .. .. .. .. .. . .. . Strong . 
50- 75 Limes tone.. Hard .. .. .. .. .. . .. 15 

350 ± .... do ...... Pure .. .... . .. . .. .. (1) 

18-80 .... . do .. .. .. ffnrcl ............ . .... ...... .. .. 

100-200 I Sa nus tone .. I Analysis ...... . .. 

30-100 L imestone. . Uar<l , sulphur . .. . 

50± .. .. . do ...... R nrd, su lphurous . 
50 1 ..... do .. .. .. liard . ....... .. .. . 

(1) .. .. . do ... .. . .. .. . do .. . .. ..... .. 
140 ± Sandstone .. Onpleasant . .... .. 

350 

Weak. 

Variable. 
Stroug. 
(1) 

(1 ) 

Head f rom 
surface. 

Feet . 
25 

5- 13 

Cost 
(to 1895). a 

Waterworks. 

System. Wheu 
put in . 

Soo " Surfa.cewater" ........... . ........ . 
Pumped to s tandpipe .. .. ...... .. 1882 

6±! ...... . ....... 1 None .... .... ................... : . . .... .. . 
10- 15 

8-12 

4-12 

Variable. 
6-10 

(1) 

15 

.. ............ 

1 

.. . .. do .......... .................. 

1 

... .... .. 
. . . . . . . . . . . . . . Soo "Surface water" ... .. . . ...... - . . .. . . 
.. .. . ..... .... None ...... .... ...... .. .... . ........... .. 
.. ......... . .. See" Shallow wells in valleys " . , .... . .. . 

See " Surface water"· · ·· · ·------ ....... . 
$90, 000 Direct pumping . . . . . . . . . . . . . . . . . 1881 

10-20 ............. .. 

None . . . . ............. .. . .. . .. . ... 

1 

........ . 

l~ a ilwaypnmps from SoiotoRiver ...... . . 

I{ 338, ooo} O'·erO ow. 1 Ex. 12, 000 

<1> 1 15. ooo 
Overflow. 

Direct pumping ....... ...... .... . 

Pumped to s tandpipe .......... .. 

1885 

1895 

125, 000 Direct pumping ..... .. .. .... .... I 1870 

10-4ll ! ... .... .... .. . See "Surface water' · ... . ........ 
1
1 .. .... .. 

Ne~rsurface . .... ........ .. N one ............ .. .. .. ... .... ..... .. .. .. 
6-10 80, 000 Direct pump10g............. . .... 1890 

{ 

1854 
200,000 P umped to standpi pe and cU rect. 1885 Overflow. 

I 1891 

{ E~~}l Pumped to standpi pe ........... . ...... .. 

2-:~ 1:::::::::::::: . ~~~(~0- ::::: : ::: :: :::::::::: : ::::: :::::::: 

(1) 

( 1) 12, 000 Pumped to reseT\·oi r and direct .. 1896 

40 (1) Under construction.... .. ........ 1897 

a" Ex:' in this column meaps run ntog expenses per anoum. 
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Place. 

Napoleon .. . . ..... . .. . .. . . 

New Breme n . ........ ... . 

New Li ~hon , water-
works (25 per cen t). 

New L ondon .. .. ..... .. . 
Ne,.,.·Paris . .......... . .. . 

New Slraitsdlle . .. ..... . 

~orth Baltimore .... .... . 
Oak llnrbor ..... .. ... . .. . 
Oak Hill .. . . . . .. ... ..... . 
Ohio City_ .........• .. . ~ .. 
Ottawa . ... .. .... .. ...... . 
Paul<ling ............ . ... . 
Perrysville (Ml .... .. . . . . 
P errysburg .......... .. . . 

P lain City (2 w ellsl ....• • 

Republi c ... . ......... .. . 
Uich wood .. ...... .. .. ... . 
Ripley ...... .. . ..... . ... . 
Rockford (:\ f ) .... . .... • . . 

Salem, waterworks ..... . . 

SalineviU 

ities and villages of Ohio obtaining p art of tca ter BUlJ]Jly f1·om wells in rook-Continued. 

P opu la 
tiott in 
1890 . 

Deptb. a. 

Put. , .. r ,~,~ " 1, 600-1, 800 
1, 239 70- 100 

2, 278 50-80 

W ale• bed. I Quality of water. 

Limestone .. Sulphurous . .... . . 
(1) .. ... do ...... . . .... 

Limes tone .. .l:lnrd ....... .. . ... 

Sando tone . . Soft . ... . . ....... .. 

'npacity pe r i llctlll from 
minute. aurfacG. 

Gallons. Pu t. 
Variable. 20 } 

( 1) +3 
(1) 10-15 

30 20 

Cost 
(to 1895). b 

\V n torworks. 

~ys tem. 
When 
pntin 

See "Su rfnco water'' . .. . . . . ..... ...... .. . 

Nouo --- -- - · --······· - · ········· ·• ·· - · · ··· 

$25,000 P u111ped to res?rvoir. (See " Su r· { {~~ 

1, 036 
8-12 

2, 782 

face water) ' . I 
150 ±" Dorea grit ··1 Saline · _····_····· · -' ·· · ······ · ···· !·· · ·· · ······· · '- · · · ··· ·· ····· None ....... .... ......... .. ......... .. .. . 

20-30 I LIIJJ ~stonc . . llnrd . .. . . ... .. ... l (1) I 2-5 1·· ··· · · ··· ··· ···· · -do ...... ...... . . ..... .... ....... .... . 
20-30 Var.:~ble .. .. B a rd, sulphurous . (!) 10-12 ...... .. ...... C1sterns for fire , 1m pounded 

2,854 
1, 681 

657 

666 

1, 717 

1, 879 
522 

1, 747 

1, 245 

584 
1, 415 
2, 483 

(1 ) 

5, 780 

5<HlO I l-imestone . . · llurd . .......... . . 
30-40 . . . .. do .. . ....... . do ........ . . .. 

50 (1) JJartl , iron .... .. . . 
75 L imestone.. liard .. ....... ... . 

130 ± .... . do .... . . .liard, sulphurous. 
40 1 .. . .. do ...... H nrd . ...... .... .. 

92 ( 1) I (1) 
80 ( 1) Hurd ........ .. . .. 

500 ± ( 1) H nrd, su lphurous . 

60-90 
35 

615 
(I) 

100-110 

Limestone .. l ll nr!l , i ron .. . ... .. 
. .... do .. .... Unnl ...... .. ... .. 
Snncls tooe (I ) 

(1) 

( 1) 

A nal ysis ...... ... . 

(1) 

llnrd 

2 369 '{ 40-60 I} ' W. \V.100 Jo Sands l.ouv .. (1) 

(1 ) 

( 1) 

( 1 ) 

Strong. 
Strong. 

10-25 

(1) 

Stron(!. 

Strong. 

(1) 

( ! ) 

W onk. 
(1) 

(1) 

(1) 

( 1 ) 

20-30 
5-10 

25 

14 
8-10 

(1 ) 

40 

+ 12 

30-40 
15 

Overflows. 
( 1) 

18 

water for min ing industries, 
et c. 

....... ~~: ~~~ . ~::~:e~- ~~ .. ~~ ~: ~.~~i~~::::::::::: :1. . ~8~~ . . 

:: :::: ::: ::: :: :::::::: :::::::::: :::::::::::::::::1:::::::: 

6, 000 

l'ublic well• . .... .. . ... .. ..... . .. 

1 

.. .... .. 
~ono . .. .. . . .. . .. ...... ......... ...... . . . 
Pumped to rosorvoir.. ........... 1805 
None ....... ..... ............... .. ...... . 

. ... ~~--~~~- N~r:: .~:~~:~~~-~~:::::: ::::: : :::: :: ~ .. ~ ~~4 
2a, ooo}l n· t . 

. . ... . .. .... . . ..... tlo ... . .... ... . . ...... .... . ... !. .. .. ::: 
13, 500 

See "Surface wnte~ " . . . ... .. . .. .. 
1 
. . . .. . _. 

Pumped to st.wrlp1pe . ........... 1 ~62 

150,000 Pumped to stn n<IJ>ipo nnd directB1 1887 
(Soo ' 1 Surfnoo wnlcr ' ' ). 

J0- 25 j{ Ex4~:g~~} Pumped to reser voir....... ...... 1892 

a. " 'Y. \ V." in tWs column means tuat the well is a waterwot·ks well. b " Ex." in this colu.mu mcaus ruuuiug expenses por au uum. 
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Cil·ies ancl villages of Ohio obta·ining part o.{1vater Bttpply fron~ wells 'i 1~ 1'00k-Continnell . 

P ineo. 
Popula
ti on in 
1890. 

'Va t.er bed. Dopth.a. Quali ty of water. 1 CapMi ty per I R ood from I Wa terworks . ~ 
1 m•nu te. su rface. 

I I I Cos t I I I 1 I (to 1895). b Sydtom. W hen 

I 
put 10 . 

Feet . ---

Slu·o,·e, wate rworks . . .. . . 

Sidney .. .... . .... .. .. .. .. 

Springfield .. .. ..... .. .. . . 

Stryker ...... .......... .. 

!:;t. Cla irsville .... .... .. .. 

!:;t. Ma rys ........ .. .... .. 
Swanton . ..... ... . . . ... .. 

Syh ·ania .. .......... ... .. 

Tiffin. \vnterworks (part ) 
(7 wells) . 

U pper Snndnsky ........ . 

Urbana, gas well ..... .. .. 

Van Wert, wate rwor ks 
(6 wells) . 

' Vadsworth ............ .. 
Wauseon ......... .... . . .. 

Waynesville . . .... ..... . . 
W est U ni on .. . . . ....... .. 

West U nity ...... ...... .. 

Wilmington ... .. . . . . . . . _. 
Winches te r ........ .... .. 

" Tooster .. .... . ......... .. 
X eni a, waterworks (]>art ) 

(2 wells) . 

Yellow Spriog3 .. .. . .. .. . . 

1 012 

4,850 

31, 895 

1, 017 

I, 191 

3, 000 

508 

5~5 

10,801 

3, 572 

6, 5 10 

5,5.12 

1, 574 

2,060 

70~ 

825 

872 

3, 079 

( 1) 

5, 901 

7, ~0 1 

1, 375 

Feet. 
H O± ( 1) 'o> 

120 to I} . 200! Ltmcstono .. I H ard .. ........ .. 

35-45 

!0()... 160 

..... do .... .. , .. ... do ...... .. .. .. 

Shnlo(1) ........ . <io .......... .. 

50-100 Limestone . . I ..... <lo ........ .. .. 
W. W . 280 .... . do .......... . do .. .... .... .. 

60 T op of rock ...... do ..... . .... .. 

75 ± Li mestone . J .. .. do .. ........ .. 

7~1 50 ± ..... do .... .. I ..... do .......... .. 

65- 70 .... . do .. .. .. Flard , sulphur .. .. 

275 .... . do ...... 1 llnrd ............ . 

127-175 ! ..... do ...... ! Hartl , sulphurous . 

4()...50 J Sandstone.. So fL.. ...... .... .. . 

150 Tor of rock . Soft (1l .......... .. 

2()...30+ Limestone.. linrd .. . ..... .. .. . 

1()...30 .... do ........ . . do .. .. .. ..... . 

1 0()...2~0 (I) Su lphurous . .. .. .. 

6()...100 

25 
8()...1401 

57- 100 

2S- 100 

Limestone .. llartl ...... .. ... .. 

.... . do .......... . do .......... .. 

SlaaJo .... ... R nr:d ,saline ...... . 

Limestone .. Onrd .. .......... . 

.. .. . clo .. .... ) .. .. . do .......... .. 

a. " W. W : ·in th1s column moo us that tho well is a wate r works well . 

allons. 
60 

( 1) 

Var iable . 

(1) 

10 

150-500 

Stron g. 

(1) 

80 each. 

( I ) 

70-100 

150 ± 

(I) 

50 

(1) 

Weak. 

40 

(1) 

(1) 

(1) 

W ea k. 

(1) 

100 { ~· 000}1 .... . do I Ex:. 600 I .... ....... ........ .. .. .... I 1893 

O'·erfl ow. . . - - .... . ... . . See II Surface water" · · · · ··· ··-·· ·---- -- --
Variabl e. 

2-20 

(I) 

Overflows. 

Surface. 

12 

Su rfaco. 

15- 20 

+ 33 

See" Wells in valleys ., ........ .. ....... .. 
.. .... .. .... .. None .. ........ ................ . ....... .. 

~:t ::.i~:~rt: I::: 
See" Surface water" ........ .... 

1 

...... .. 

See '"VeiiK in g lacinl drift ·· .... . .. . ... .. 

(1) 

5-9 '{ E~~:~}~ Dircetpnmping .. ............. . .. l 1890. 

!. ...... .... ... See "Surfaco water " .... ...... ... ...... .. 

o ,·~~~o~0s~ i :: :::::::::::: : ~~~~:· : ::::: :: ::::::::::::::::::: :::::::: 
o,·erfiowsto 1. ................ .. do .. ....... .... .... .. ............... . 
-~8. 

Overflow. 

7- 10 

(1) 

( 1) 

( 1) 

:: :: ::::: :: ::: : ::: :~:: :::::::::: :: ::::::: : ::::: r : : :: : : 
.. . . . . . .. .. . .. See" Surface water'' .. ... ...... .. .. .. ... . 

.. ............. .. .. do . .................... .. ........ .. .. 

. . ... . . . . . . . .. . None . .. ... . . .. . . .. . ... . ... . .. .. .. . . ... . . 

b." Ex." 10 tllis column means running expenses per annum . 
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DETAILED OBSERVATIONS. 

In many cases the conditions for obtaining water supplies ca,n not 
well be stated 10 tabuJar form. It therefore seems nece ary to up
plem nt the table by exi lanations coverin g ncb ca es. The citie or 
vmage thus di cussed are taken in alphabetical order, :fir tin Indiana 
and then in Ohio, aud are not grouped as in the above tables. 

INDIANA. !TIES A D TOWN . 

Anderson , Indiana.-This city tancls on the bluffs of White R iver, the part near 
the river being broken or rollinrr lancl, standing 75 to 100 feet above the stream, 
whil e the pa.rt back from the bluff is nearly level. In the central aucl ea t ern por
tions of the ity water i found in ..,ravel bed at an average depth of 35 feet, and 
has v ry li ttle impen•ious chty above it. In the south and we t parts of the city 
much blue bowlder clay i penetrated, and water i " found at Yariou depths, rang
ing from 50 to 100 feet or more. An artes ian well located near the waterwork 
pumping station in \Vhite River Valley is di cu eel above (p. 4 7). (Informatiou 
furnished by .Tame T. Knowland, clerk of waterworks.) 

Bloomington, Indiana.-Thi city obtain i t upply for the waterwork from two 
large prings, the larrrer of whi h i ailed , tone prmrr. The water is collected 
Ill a r eservoir, which recei Ye more or lea dmina.,.e from the surromJding conntry. 
Tho waterworks supply is not used for culinary purposes, there idence being fur
nished with cistern and in a few in tanc with w 11 or sprin..,. itnated a t he 
city i on a d.riftle upland, th ese nre it only re onr e· . Au artesian well drilled 
to a depth of 2, 730 f, et failed to obtain a uita.ble q uantity or quality of water for 
city n e. (Information obtain d from . E . 1ebenthal and from ta.te geologi al 
r ports.) 

Bltt.ffton, Indiana.-Ther ar about ten well drawn upon by the waterwork , the 
mn,jority of whi h M 100 to 200 f et in d pth but on well is ROO and another 500 
f t. Th water i v ry hard, but i otherwi e unobj ctionable. In a on of drought 
t h Wal>a h Riv r 1 <lra wn upon tom et the extra demand for waterit1"' la wns, etc. 

Brookville, 11ldiana.-Th wat rwork . nppl,v is obtamed from two large open 
well . unk iu grav 1 within SO f, t of the drre of \Vhit "·ater River, about one
third of n. mile abo,·e the corporal limit of tile to\\"n. The wells are 2.1, feet in 
d1am t r n.nd ar snuk 12 fr t b low the low st water in the nver. The pre cut 
con mnption o en. ionall y reach 300,000 rrallon per dn.y. The sa.nitary anal ·si , 
mad by Prof. 11. A. l!u tou, tn.t chemist, is a foiJow : 

Part in 100,000. 

Free mnmonia ........ .... ... . ---· .. ..... .. . . .. -- -· ·---- · .............. -- .. 0. 0106 
Albuminoid ammoum . ... .... ................ .. --· - .. .. ·- -- -··· ..... ·--- -· ·. 0. 0 

1 1trog n 1u nitrates ....... ....... ............... ..... .. ·--- .. ........... .. · ' oue. 
_ 1troo-en 1u nitrite·--···--- · ·-·-·--·-· ·--- -··-···-·-····-·-········-···--· Trace. 
Ph spb~tte ......... ..... .. .......... ... .......................... . ...... .. Trace. 
Bromine._ ... _._ .... __ ... ____ . . ___ . .. _ ........... -.-- ... --.. .. ............. ' one. 

, {Temporary, 5 degr s. 
Hardne s (Clarks scale) Permanent, 9 d "'r es. 
An analy~i s ot ti:le mineral iu..,.rodiont i pre en ted on another pa"'e. (Informa.ticn 

fur.ulah d by .John Burkl1ar t, uperint odent of waterwo rks.) 
olmnbia ity, Ind1a11a. - Tbis city Onds excellent water in gravel at a depth of 

about 75 feet, wbt cb snppl1 many private w 11 . At tile waterwork ther . are 
t hree -inch wells 2 0 fe t in dc})tb, which enter lime tone aucl haYe a muted 
capacity of about 1,000,000 gallons per day . Temperat ure of water, 50.5° F. Cbem-
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ioal analysi a.p1)ear on aneth r parre. (lnform.ation fnrni bed by J. M. Harrison, 
mayor. ) 

Cov-ingto11, Indian a.-In th o vi inity of th is ity th re a r n umerous spring , both 
from gra,· 1 b ds and nndcrly iog and tone, sou1 of which furni sh tb city wat r 
supply. There i a l o a. w ll ov r 300 feot in d pth, known a tb 'Arte ian well," 
but whiob does not overflow. Tbi yield~ an ~tl.mndnn co of ' 'sulphur wnt r," a nd 
t.he city i taking tep toward brin gin o- it i11to xt u iv u e. ( Information fur
nished by A. T. Liv JF'OOd mayor.) 

Dandlle, Iniliana.-Tbi city obtains it wat r supply from fonr 2-in h and tw 
3-in cb well d ri ven toad pth of llO feet in the glacial drift.. The water obtained 
i ofmedinm bardne s, with a littl iron and ulpbnr, and h a a h ad 2(}t £ et nbo\'e 
the surface. The a,·ern"' flo\\- of each well i about 2,000 barrel per day. (Infor
mation b y C. . Had! y, pres ident town board. ) 

Elkha1·t, Indiana.-A larg w 11 34 feet in d pth and 27 feet in diam ter, xcnvat d 
in tbe glaciai drift, will yield 2,000,000 ..,.all n p 1· day. Th r i a thin b d of clay 
overlying th water-b aring gravel which is thought to protr tit from contamina
tion. Many driven wells in th city obtain wat r a.t from 2- to 100 fe t withont 
entering rook. In the ewell tbe head rao o- s from 3 fe t above to 7 feet below th 
surface. 

Era.nsrille, Indiana.-The city water supply is obtain ll from th Ohio River by 
directpumpiog. Anewwatcrwork planti beinacoustru t dandag neralr con
struction of the sy tem i being made. Ther ar vera! d ep boring in the city 
anl vicinity, som of which supply wat r to park and a natatorium. (I nformation 
fnrni h d by August Pfafflin, ity engin r.) 

F01·t Wayne, Indiana.-The publi c wat r . npply i from 54 wells, about on -b lf in 
gravel, at a depth of 40 to 60 feet, ancl on -half in rock, at a d pth of 250 to 450 
feet . Capacity of w lls 7,000,000 gallon per day. Pumping cnpa ity 11,000,000 
gallons per day. Probably 2 ,000 per on , or two-third of til population, nrf' Rnp

pli d from tb ewell . Th remainder u e private well a nd cisterns. ..l. anitary 
analy is made by the city chemist, L. P. Dray r, i as follows: 

Pnrts in 100,000. 

Total olid ··-··· .. .. ........ ··· ··· · ·· - ·· ............ · ··· ·· · -· · ···-·· ·· ·-· · 9.32 
Fre amm onia .......... . ........... ___ .......... --· ......... . ........ . ..... T race. 
Albuminoid ammonia ... ... ....... . ..... . 00 ...... .. .................. ... - .. Trac . 
Chlorides . .. _ ..... .. ...... . ... .. . .......... .... ... ........ _.. . . . . . . . . . . . . . . 0. 35 
~Itro ..,.en in nitrates and nitrites ...................... 00 ........ .. ...... ... _ Trac . 

Iron in minut quantitie . 
Bacteria per cnbic c nti.meter, 210. 

Occa ionally a turbidity exist , du e to par i le of finely div id d clay, but the 
water i geuerally- clear. The well in the drift have at lea t 7 feet of blue lay 
just abvv<- tbe gravel, which i thought to protect them from urface contamination. 

everal deep borings haYe been made in the city and vicinity in pro p cting for 
natural ga , and one well was unk for arte ian water at the coort-bou e quar in 
1 75, but without obtaining a. Bow, though ad pth of 3,000 feet was reached. Th 
water furni sh ed by these w ells is not considered preferable to that now in u e, and 
the expense oZ boring may be con. idered a. total loss. Ono boring, near th ban k of 
the Maumee River, in White's addition, overflows at the rate of 400 gallons a minute. 
The water is of excellent quality, but it is not ntilized. (Informat ion fnrni bed by 
Prof. C. R. Dryer.) 

P•·ankfo?"t, Indiana .-The ptlblic water supply is obtained from six -inch well , 
bored in the bottom of are ervoir sunk 28 feet in depth. The wells extend about 
30 feet below the bottom of the reservoir. The capacity of the well is found to be 
about 6,000,000 gallons per day. Three sanitary analyse of wat r were made by 
Prof. T. C. Van Nuys, of the tate University, one specimen be~ng taken from au 
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old well, another from a faucet in the engine l1ouse, and another from a new well. 
They show very li ttle difference, and the average of the ana lyses is as foll ows: 

Total solids. Parts in 100,000. 
Calcium oxi d~-- --- -------------- .. .. -- -- .. - - -- .. --- ---- - .. -- .. ------ ------ .. 34· ~ 

-- --- ------------------------ - --- ...... ---- -- --------------.... .oo 
·Magne iumoxido .. ___ ___ __ ______________ .. .... ______ ------ __________________ 5.08 
Organi c matter. .. . ------- - --- - ___ ___ .... ____________ _____________ _ ... . ...... 5.66 
Ch lorine __ __ -- -- .... _ ...... _ .... ____ . ... ____ .. _ ... ____ .. __ _ .. __ ____ ___ _ ____ 0. 77 
Ammon ia _ ... ... -- -- -- ...... __ ____ .... .. .. .... ____ __ ________________________ 0.23 
N i trio acid __ - -- . . ____ .. _____ . ____ .. ___ __ . ____ . __ _ . _______ .. ___ _ .. ____ ... ___ . o. 15 

Garrett, Incliana.-The following analysis of water a t tho wells of the Baltimore 
and Ohio Railway h eadq uarters were furni~hed by E . J . Hu ghes, I. D.: 

Pnrta in 100,000. 

35-foot well. 75-foot well . 

Total ol id ..... _________________________________ _ 

hlorine . .. __ . ____ . ___ _ .. _. ________ . ____ . __ .. ... _ 

Free ammonia ... --· . . ____ --·· . .................. . 

Albuminoid ammonia . ...... ...... __ ... .... ..... .. 

36. 30 

0. 40 

0.071 

0.009 

R. action . . .. . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. Alkaline. 

Tnrbid ity ... _ ...... .. __ .. .... .". .. .. .. .. .. .. .. .. .. Turbid. 

55.3 

1. 16 

0.003 

0.0029 

Alkal in . 

lear. 

This analysi appar ntly indicate contamination of the shallow well, and Dr. 
Rng he writes that th overlyin cr beds are probably not ufficiently imper vious to 
pr v nt contamination. Tb larger amount of chlorin in the deep r well i perhaps, 
d riv d frorn miueral sub tnnc in the drift ancl is probably not due to nrface 
coutaminati u. TlJ Jannalof American \Vaterworks r ports that waterwork con-
tru ted in 1 96 obtnin upply from fom· -inch well ; depth not noted . 

G1· C118btwg, f11dialla.-The ntir waterworks tmpply is from one well 75 feet deep 
and 12 incbe in diamet r, "0 t et in tb drift and 25 feet in underlying l ime tone 
Th main supply of wat r wa struck at 21 fc t in the rock. H ere t he drill dropped 
10 in b , and dr.illiug below this depth could not be pump d out. Tho averao-e 
daily con un1ption from this well by th city antl railway companies is estimated to 
b 7, -oo barrel of 4-0 gallon . The well has been pumpe 1 at tho rate of 2,000,000 
gallon p r d, y without any appreciabl xlta.u tiou, and it i thought that the well 
may b c1 p nd d upon for this IIU1oun t. The following ani tary ana ly i was made 
by P r f. E. mith, of Beloit, \ · i con in: 

Part<! in 100,000. 

Fr •ammonm ...... ____ ...................... .. ............ ... ..... .. ...... 0.066 
Albtuninoid ammonia .. ~ ............ _ .. .. - ......................... -... . .. . 0. 004 

hl ori ne ......... _.... .... .. .. .. ...... .. .. . .. ... .... .. .... .... .. .. .... .... . 0. 6~ 
'itri t 
i trate 

~ 
T mporary 11.'5 deo-ree . 

Hardn ss Permanen t, .0 degr e . 
Totn l, 19.5 tlegr es . 

one. 
Tra e. 

An analy i of t he mineral matter is g i>en on another page, and shows calcium 
and magnesium arbonate to constttu te the bulk of tho min ral mat rial. (AboYe 
data furnished by Prof. W. P. hannon, of Green bur"', and Mr. \Vi lliam F. Ross, of 
Rochester, ew York.) 

Hammond, Inclia,na.-The pnblio water supply forth city of Hammond is obtained 
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from pipes extended out beneath Lake 1i bigan A 16-iuch pip , running about 
1,600 f et into the Jake, l ad to a w 11 or ettling ba in 10 fe t in d1am tor and 30 
feet deep. Another pipe, 24 in ch s iu diau1 t r, is ext nded 2 000 f t into Lak 
Micbi"'an. This lettds to a wcll !:!O fe tin diam t r aurl20 f t Ll ep. Th two well 
are prop rly scr n d from surface cout:!mination. This wat r has di pia ed th u o 
of artesian well , nnd upplies the locomotiv s for v ral railroad a w ll as tl.JI' 
engine for s v rnllar"'e facto ri s, all of whi h bad found tho n e of art iau wat r 
unsati ·factory. Tl.Je private well of Hammond ar oft 11 obtained without pa sing 
tbrou"'h an)· impcrviou tratum, and it is thought mn ch tlan cr r may ari from tl.J ir 
use. The use of u h water is being abandon d a th snperior chn.mct r of th pub
lic water uppl y com s to b recogniz d. ( Informatiou furniRh U. by \V. F . Bridg , 
city en gin or. ) 

H1mtingto11, Indiana.-El v n w lls have be n sunk near th wat rwork station 
to a depth of abont 100 f et, but the supply beiucr inadequat water i al o pump d 
from the " a hash Riv r. A hug part of the population till cl pend up on privat 
wells, and the water thus obtained em to b pu r . (Information furui b d by 
S. T. ast, mayor. ) 

Indianapol·is, Incliana .-Tho Indiauapoli w ·ater ompany suppli sal o th uburbs 
Westiudianapolis, Haughv!UA, and Bricrhtwood. It obtain about thre -fourths f 
it supply from wells and on -fourth by filtrati n from White River. Both th w Jl 
water and the ri ver water ar hard, an l thew 11 water i slight! ulpburon auu 
chalybeate. " ater i found most abundantly at a depth of 30 to 50 ~ et n ar the 
base of the gravel ofth riv r valley. ncb water i liable to outaminatiou, bemg 
unprotected by b ds of l ay or other 1mpervion stratum. For thi · r a on th water 
company have sunk to low r hori zon , obtaining some water from n ar th bott Ul 

of the glacial drift after pas ing through a bed of blue bowld r clay, and som fTom 
the rook. Numerous private well ha.ve been no k in the ci ty to the water b d n ar 
the base of the glacial drift, and th e supply a l imited quantity hut xcelleot qual
ity of wn.t r. The use of riv r w~>t r l>y til iLy is 1Jigb1 obj ctionabl , b can e of 
the location of gas w II along the str am a. few mile above the city . from wb1ch 
thor i more or l os leakag . (Information furnished by 1r. F . A. \V.l avi , up r · 
inteudent of Indianapoli Water Company.) 

Kr10x, Jndiana.-In the vicinity of Kno: a.nd throu<>"hout much of tark ounty 
water J obtained in the urface sand, it being difficult to case it out and r ach a 
lower water horizoJJ. Ther is orne uncertainty al o in th supply from low r hori
zons. The use of such well nece itate much care in the prevention of surface 
contamination. 

Kokomo, lmliana.-Tbo publi c water supply of Kokomo wa obtained by drilling 
sev ral ruall wells in the bottom of two large lCoavated well . Thor u.r al o wells 
drilled iu the ncinity of the water-work ·tation from which w[~te is pip d into 
the large open wells. The water, bein<>" from a pyritiferou lim tone, contains uf
fici ent lron sulphate formed by decompo ition of the pyrite to b detectable, but 
not, as a rule, objectionable. Deep wells are d iscus eel on another page. 

Lafayette, Indiana.-Tho pubhc supply for the c1ty of Lafayette is from a b d of 
gra•el underneath the Waba h R1 ver at a level a bon t 4.0 feet b low the bottom of the 
stream. Prof. H. A. Huston, t ate chemi t of Indiana, reports that since this source 
of opply was substituted for t he ordinary water of the river in 1 92, th re has b en 
a. decided improvement in the h ealth of the city, which be attri butes to the better 
quality of the water. Pro£ s or Huston bas furnished tbtl following aoaly is of this 
water: 

Pnrts in 100,000. 
Chlorine ... . .. .. ........ _ ....... _ ...... ____ _ : ... _. __ ........ _ .. _ .. _ ... _. _ _ 0. 5 
Nitrogen in ammonia. salts __ ._ .. ___ ..... _ .. ___ . ___ . _ ..... _ ... _ .. ____ . __ . _.. 0. 0005 
Nitrogen in albuminoids_. _ .... ___ __ .... _ . .. __ . __ . __ __ . _ .. _ .. .... . _ .... _. _.. 0. 0018 

itrogen in nitrites_ .. __ .. _ .... ·-·_ .. __ _ ....... . _.-· .. ___ -· ._ .. ..... . .. ... . one. 
Nitrogen in nitrates . . ... . __ . _ _ . . _ ... ....... .. ____ . . . . . . . . . . . . . . . . . . . . . . . . 0. 4610 
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. . Parts in 100,000. 
Pbosphonc aCid. ___ ... _____ . . __ __ . . _. ___________ __ ______ .. ____________ _____ None. 

ulpbur trioxide--. __ ... __ .... __ .. ________ __ _ ..... __ .... ____ .. _ .. _ __ 2. 28 
Silica ....... -- ...... -- .. ______ .. __ .. __ .... __ __ .. ___ .. _____________ .. __ __ __ __ 1. 0 
Iron and al uruin1 um oxi<l.es . .. _ ... __ _ .. ____ .. ________ . _ _ _ _ _ _ _ _ __ _ __ _ _ __ __ __ __ 0. 32 

alci u m oxid e .... .... .. .. .. ____ . . __ ______ ___ ______ __ _____ . __ ___ _____ ____ . _ _ 10. 2 
Magnesium oxide .. .. . ... . .. ___ ___ _ . ___________ _ . ________ ___ ... _ . . _ _ _ _ _ _ _ _ _ _ 4. 42 
Potash (K 20) -- --- .. ---- . .. ... . .. . .. . _ . ___ __ . ___ ____ . ___ . ____ . __ ________ ___ . 0 . 2 
'oda ( "U20) ............ ------ .. .... ___ ____________ __ _ -- --- · ________________ 2. 64 

{
Perman nt, 6 degrees (Clark.· )

Hardn s T emporary, 6 degrees (Clark ). 
P.rofe sor Hu ton tates that til e water is bard for boil ers and a great soap cou-

umer, bnt that from a sanitary standpoint no better bas been found in tb ta.te. 
He con iders the well water obtained on the slopes of tho Waba h bluffs an unsafe 
supply. 

An a rtesi a n well in thi. city, made some years since, obtains a flow of sulphurous 
w ater from a d pth of 2:55 feP.t and a ga -well boring obtains a sa.It sulphur water 
at a low r depth, the boring being 1,000 feet. These are di cu ed on another page. 

Logansp01·t, Indiana.-The public water supply is mainly pumped from E 1 River, 
but several springs in the bluff north of Eel River are collected iu wells and supplied 
by the waterwork to the city for drinking. The water power from a race connected 
with Eel River is u ed in pumping, and has snpplantod the use of an engine. The 
private wells in the city are found in gravel near tb level of the \Vaba.sh and Eel 
ri v r . In some cases they penetrate a bed of clay, but are usually entirely through 
loose saud and gravel and are thought to be lia.ble to coutamination. (Information 
given b y W. B. Ray, city engiHeer.) 

Marion, Indiana.-Tbe city of Marion draws its publi c water supply from two 
sources-wells in th e drift about 70 feet deep and wells in limestone about 240 feet 
dtJep. Tb wnt r flows from both la s s of wells, but tb flow is not sufficiently 
rapid to furni h what i n eded hence a eompre ed-air lift is n ed. The water is 
v ry bard a nd i sli htly chalyb at . An -inch well furnisbe ordim~riJy about 
4,000 bn.rrels a day. (Information furnished by Louis VonBehren mayor. ) 

Martinsvill ,Indiana.-Ther are three cla se of well in this city: (1) \ ell 20 to 30 
f< et in d ptll. driv nor xcavated in the gra.v l of the Wbit River Valley; (2) fl owing 
·w ll 40 to 60 and occasionally 90 to 120 feet in d pth, obta.ined in beds of gravel 
b n o.tb glacial lay; (3) deep wells uuk for u eat the sanitarium , 675 to 1,490 feet 
in depth, the majority being about 700 feet. The water is sulphurou and moder
ately sllline, as w 11 a bard. Analy e are gn·en on another page, and also other 
t1~ti s ti concerning the use of thi water by the sanitariums. 
Th ity water upply i obtain d from one larrre open well30 feet in diameter and 

30 fi tin d ptb together with nine driven well of sill.lilar depth. No grounds for 
suspe ting its contn,mination ar known though tile cov r i apparently r ather 
imperfect. (Information furnished by Henry beremau, jr. , postma.ster, and by C. . 

unningbam, e q.) 
Michigan 'ity, India11a.-The public water upply is obtained from several 6-inch 

c.lrivcn well , supplemented in season of dron ht by wat r from Trail reek. \Vater 
fr mth driftispr ferredto a sulpbnrousarte ian-wellwater wbicllmaybeobtained 
by inking wells into the und rlyiug Niagara lime tone. (Information furni bed by 
A. \V. Fr h e, superintendent of waterworks.) 

Mitch ell, Indiana.-Well ar u nally obtained in the vicinity of Mitchell at a depth 
of 30 to 50 fe t, the greater part of which depth is throngh a decomposed limestone. 
A few w lis bave be n sunk to a depth of 100 f et in order to obtain a greater supply. 
A gas-w ll boring was sunk to ad pth of 1,200 fe t and obtained a upply of sa lt 
water, wbicb ri e nearly to the lev 1 of the well mouth. This water is used fo r 
street sprinkl ing, but is thought to b too u,lt for <loruestic use or for sprink ling 
lawns. 



542 WATER RE OUlWE OF INDIA "A AND OHIO. 

New Albany, Indiana .. -Th ity of Now Alb~uy obtains its waterworks supply 
from tho Ohio River, but several publi c w lls and a largo numb r of priv:tt w lis 
are obtained from the gravel of the terrace on wht h the city taud . Tum ron 
analy os of the water from public well hav boon made by J. F. El om, of Tow 
Albany. .At the roque t of tho mayor, Mr. T. "\V. Armstrong, Mr. Elsom fnroi h d 
the fo\lowino- statem nt cone ruing tlJe average of w:.ttor from the city w 11 . In all 
ca e the selection were made when tho water in the wells was extrem ly low and 
snspi ion of contamination troug. 

. Pnr!,s in lOO,tJOO. 

Total solids .. _ .. _- - . . . ---- . . ... - ... ---. ---- -- - .. - .. -.-- . -.- .. -- .. ---- . .. -- 0. 02 
Organi c carbon ___ . ____ . _ .. -- . ----- . ----- . ----. --------.---- ... ----- . . ---- 0. 739. 
Organic nitrogen . __ . . ____ .. ____ .. ----- .. _- _ .. ---.- ----------.- - __ --------- 0. 093 
A.mmonia _. _____ - ___ . _.-- ____ . ---- . . - --- . ---- -- ---- . -- --- . - - - .. ---- ------ . 0. 740 
Sewage contamination __ .. _--- ---- ----- ... _. ---- . --- -- . ---- . . --- . ---- . -.-- 32. 50 

Hardnes :Temporary, 22.090. Perman nt, 26.210. 

Newcastle, I11diana.-The public water supply i from flowing well!! sunk about 90 
feet in the glacial depo its. A large snpply of ex ell nt water can be obtain d in 
the d.rift of this vicinity at depths rano-ing from 20 to 250 feet or mor . Aualy of 
the water from the waterwork wells are presented in tl.te table of analyse on 
another page. 

Plynwrtth, Indiana.-The public wat<lr upply for Plymouth is obtain cl from a 
seri s of flowing w ells sunk in the gla ial drift to a depth of 40 to 50 fe t. Th 
water is bard :10d chalybeate, a.nd the supply I S apparently inex:hau tible. Wells of 
this olas are found along Yellow Riv rand otb r treams in farshall ounty, and 
water ri s to a corre ponding level iu e)..--ten ive di tri ct b tween str nms. 

Ricllm.ond, Indiana.-The public upply forth ity of .Ri hmond is obtain d from 
sprinrr water. An analysis made by Prof. D. W. D nnis shows the water to b fro 
from nitrite and free ammonia and salin ammonia, and thor o is only a tra e of 
aibumi.noid amm nia. A compari. on with wells in the ity lead Profe sorDenni to 
tbe conolu ion that more or 1 malaria exi ts wber the e wells n.r u od, but none 
ba been traced to the use of the water from the waterwork . The shallow well in 
the city are considered le afe than the water from th prin.e; or of Whitewater 
River, and their use should be discon tinued wherev r pra ticable. Tbe hard no s of 
the water varies lightly with t he season. It averages about 27 parts of arbonat 
of lime in 100,000. 

Rocheate1·, Indiana.-The city of Rochester obtains it pnblic upply from springs 
which are run into a well and filtered before the water is pumped into the tank. It 
is though t to be uncontaminated, although th works ar located w·itbin the city 
limits. An arte ian well at tbe public square obtains a uppl y of water at a depth 
of about 500 feet, which is sulphurous and chal ybeate as well as hm·d. (Informa
tion furnished by William Jay hi elds, p stmaster. ) 

Rocktrill.e, Ind·iana.-Tbe city of Rockville bas thus far been unsucce ful in olotain
in o- an adequate water supply for public use. Thr e prospective wells have been 
drilled to depths of about 200 feet each and a fon.rth to a depth of about 100 fe t 
without £.nding an adequate supply. Tbe completion of the waterworks is there
fore suspended for the present. Private well within the city range from 15 to 75 
feet in depth in glacial drift, tbe depth varying greatly on adjoining blocks. Tb r 
app ars to be no well-defined w ater hori zon within easy acces . A.n unsuccessful 
gas-well boring w as sunk some years ago to a depth of 2,300 feet. It obtain d water, 
but the 'vater failed to reach the surface, and no use was made of the boring. 
(Information furnished by Capt. John T. Campbell .) 

South Bend, Indiana.-The public water supply for the city of South Bend is 
obtained from about thirty flowing wells driven to a depth of 100 to 125 feet in tb 
glacial drift. A compact calcareous clay nearly free from pebbles and havin.,. a thick
tie s of 20 to 40 feet rests upon tbe water-bearing gravel and prevents surface contam
ination. The head was originally about 15 feet above the sn.rface in wells located 
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on t he low ground along the river bottom. The gre:1t"1 r par t of the city stands upon 
a terrace 20 to 30 feet above th is bottom, and consequen tly above th level to which 
water will ri e. The following analysis was made by P rof. Albert Prescott, of the 
University of Michigan: 

Parts in 100,000. 
Free ammonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 010 
Albuminoid ammonia .. . . .. .. .. . . .. . . . . . . .. . . . . . .. . .. . .. . .. . .. . . . . . . . .. .. .. 0. 008 

itrates .. ...................... ..... ........... ........ .... ........ ...... .. None. 
0. 007 
0.600 

Nitrogen in nitrites ...... ... ......... ... .... . ....... .. ............... . . .. .. 
Chlorine of chloride .......... ....... ... ....... .......... .. ........ . .. .... . 

Hardness (Clark's scale), 13 degr e~. 

Profe sor Prescott stat es that in the sanitary relat ions th e water is better than t he 
average of good city water supplies. (Information furnish e(l by William M. iVhitren, 
city engineer. ) 

SLtUi'f;an, Indiana.-The private well in hi village usually obtain abundant up
ply in glaci al d rift at 25 to 35 feet. In the surrounding country wells are often sunk 
to a depth of 200 to 300 feet, obtaining a upply of fr sh water in the sandstone. A 
gas-well boring made by the ci ty reached a depth of about 1,000 feet and truck a 
strong flow of salt water, whi ch ris s within 15 feet of the su rface. This water is 
being u eel for treet sprinkling, but is o salt as t o lea'e a white in cru tat ion when 
evaporated. The cit y waterworks, recently con true ted, obtain a upply from Bus
seron reek. The water is fi ltered before it i pumped io t he standpipe. 

Te1'1'e Haute, Indiana.-The city of Terre Haute is suppli ed chiefly by water 
pumped from the Waba h Riv r, there being but few pri1·ate wells. The danger of 
contamination of the water of the well is so grent that frequent analyse are made, 
and where contamination is known to ex is t further use is proh ibited by the city 
authoritie . The followin g table of ana.J y e , made by Prof. W. A. Noyes, of the 
Rose Poly technic Iu titute, in 1891, include water from evera.l wells, in addition 
to that f rom the ity hydrants a.ud il lustrates the nature of t he supplie 

[P arts in 100.000.] 

Total olid 

t . 
.; .,., 
~ E-<~ .. .,., 
~ .:Q:l .,., Q_s c 
f ~::: 

~ ~ >. ., 
~ A --- ---
2 0 4.().1 

11. 7 

' itro,.en in ni trates .. 1. 4 9. 6 

I .=: ... ::o 2"; c.- .::: "t:''.:.. .. ~-== ~~ .:~ ~ "' av <l" ....... 
~ ~"" .3 - 4> t.-.0 O P .=:!> " 
0.; ... o 

~gf H" ..>Q ~; ~ _ ., §;>.. .. J~ ,;, 
grr. 

" " "'e ':; ~ 
... .,, 

..,~ ~~~ " ~ ';5; ,., c 

"'"' """"' ~Q O ., g 
·- 1.. G) - ~r. 

<l =:::!z ~!;~ ~~z ~~~ ~~·= !> :.:~ ~ ., _ ~ .. ., !:; ..- ..- .... ...-
-------- - - ---

730 375 373 • 421 644 332 

41.7 , 7.4 10. 6 12. 4 4.6 

22. 6 9. 1 11. 1 110. 6 lfl. 0 . 2 

Titrogeu in ui tri te .. None. None. 0. 05 I 0. 002 0. 001 0. 00~ 0. 002( one. 

P re n,mmoni a ........ one. None. 0.10 "one. 0.002None. O. ()().!,None. 

l bnminoi d :tmmon ia. l 0. 0 0. 003 0. 12 0. 004. 0. ()().! 0. 00 0. 04-! 0. o_o 
x g n cousnm ·d by I _ _ I 
organi matter . . . . . 1. 25 0. 24 0. 72 I 0. 2 0. 24 0. 26 0. 44 ~ 

" With tu ex ptiou of t he wells at 610 Ea"'l stre t and in front of 519 Jorth 
Fourth stre t, t b contamination is Jess t han in the well waters examined t he pre
vious y ar (1890). Wb th er this is because ruo t of th11 wells are located in the lc e 
thioldy populated parts of tu city, or b can e, on account of the small amoWJt of 
rain the surface drainnge form s a small er part of the water in th e wells, cau only 
be d termined by new ana.ly es of some of the wells examined last year. In any · 
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case, how ever the a ualy cs show that a part of the wa t r in aoh of th e well~ 
has at some time in it hi tory been contaminat d w ith or.,ani c matt r."-vV. A. 

oye . 
C'll'ion City, Ind iana.-Tbe supply for t he Un ion ity wat rwork i obta in d from 

two w II , each 30 feet iu di ameter and 32 f t d p. Th water stands at au aver
age depth of about 25 £: et i u each well, or within 7 f t of t he urfac . The wells 
are dug th rough a tou..,b, b ini h clay to a dark sand, which, wh n r ach d, upplies 
water in such q uantities a to preclude furth r progr s. The wat r is thought to 
be very pur and healthful. In twenty-three y a r uo oa e of typ hoid f ver or diph
theria bas origin atotl in fb fa,mil y u ing it exclusivel y, nor ha d 1 t rious matter 
b en detected in i t . (Information furnish ed. by Willia m ommons, lli. D., health 
ollie r.) 

ralpm·aiso, Indiana.-The public wat r upply for tbi city i obtained from Flint 
Lake, situated abou t 3 miles north of the ity. As thor are no stre!~ms leadiug into 
this hbke, its water i upplied from direct r ai nfall and from p rcolation through 
surrounding grav I bed . In dry ea ons it shrinks to uch a n xtent that th supply 
is scarcely sufficient to m t the demand of the city, and plan are und r way for 
connecting the waterworks sy tem with other small l akes in that vicinity. Private 
wells and ci tern are u eel exteu ively. The w ell rang in depth from 15 fe t to 
about 200, a nd obtain their sup pl y from o-r a vel beds in the glacial dri.ft. ( Informa
ti on furnished by J. . B. uman, mayor. ) 

Waba h, lndiana.-Tbe public water supply forth city of Waba his obtained 
from flowing wells sunk in the valley of Tr a ty reek a.bout a half mile outh from 
the \Vabash River blu ff. The wells ran <re iu d ptlt from 42 to 55 f et, and are 6 
inohe in diameter. Only a small part of the wat r go s iuto the r servoir, and yet 
an adequate a mount is obtained fo r the u e of the city. 

Many w ells haYe b en drillecl into lime tone within the city, but t h pr ent 
waterworks supply ha largely supplanted them b~cau of i t !$u perior quali ty. A 
deep artesian well made many years ago ha a! :> nearly gone out of u e. (Iuforma
tion furnished by James E. McHenry, mayor. ) 

Warsaw, .buliana.-Tbe pu blic supply is obtained from s ixteen 2-inch wells 138 fe t 
deep, one -inch well 141 feet deep, and one 6-inch well 140 feet deep. The head 
in these wells is sufficient to caLl e them to flow 1 to 2 feet above the surface. In 
addi tion to the wells, water is pumped from one of the lakes situated on the bord rs 
of the ci ty. 

Whi ting, Indiana.-Part of the town is supplied from Lake Michigan by the pri
vate pumps of tl::e tancla rd Oil Company's plant, but a p art of tli.e town still use 
w ell water obtained in the surface and. 

OHIO CI'£IES A D 'l'OW S. 

Akron, Ohio.-Several wells driven in gravel to depths rang in "' from 60 to 125 feet 
furni h the public water suppl y. This is supplemented by pumping from a small 
lake. The wells each h av3 an average yield of about 100,000 gallons per day. The 
average daily consumption is about 3,000,000 , gallons. A portion of the city is 
underlain at slight depth by sandstone in which water is readily obta ined for many 
private wells. A few families on the west side are supplied from springs. 

Ashlancl, Ohio.-Water supply from w ells at pumping station is abundant at 30 
feet or less, but one of the best wells is 90 feet. Average daily consumption about 
50,000 gallons. Daily capacity of a well averages about 50 barrel s, but some wells 
are much stronger. Analy is of water given in tables on later page. 

A8htabula, Ohio.-The public supply is from a series of tubes and infiltration wells, 
6 to 14 feet deep, in gravel on the shore of L a ke Erie. 

Athens, Ohio.-Waterworks supply is from a lar "'e well, 23 feet deep a nd 30 feet in 
diamet er, situated just above the city in the Hocking River bottom, at a distance of 
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1,700 feet from the river. \ Vat er enters through coarse gravel an d is probably fed 
by th e river, it bottom being below river level. In dry ea ons 750,000 gallons per 
day is pumped without lowerin g the well, and occasionally twice that amount. 
Average daily con. ump t ion nearly 200,000 gallons. (Information furnished by 
\ illiam . \Yilso n, mayor.) 

Attica, Ohio.-The publi c uppl y i from a large well, 2 by 25 feet, fed by tile 
leauiug through a gr:wel bed 6 to 11 feet from urface of ground. This well will 
funli h 750 gallon per minute iu oruina ry cason , or far more than the demand of 
the village. The p ri vate w lis obtain water at about 20 feet. (Information fur
nished by A. F. Lepper, po trna ·ter. ) 

Bellcti1·e, Ohio.-Public up ply pumped from Ohio River is on idered unsafe because 
of the situ:ttiou ju t below the city of Wheeling, but is used by a large part of the 
population. Private well obtain supply at level of ri\-er , except in a few in tances 
where rock is penetrated. Rock water i oft n sli g htl y aline. A 6·i nch well in the 
ri ver a ll uvium will ordinarily supply 50 gallon per minute. Such w lis a.re consid
ered safer than the ri\Ter water. (Information furnished by Jarue Kenney, ,jr.) 

B ellefontaine, Vhio.-The public snpply is from two flowing wells, 164 feet in depth, 
located on ground about 13 ft:e t lo,ver than the l vela.nd, in cinnati, Chicago and 

t. Loui Railway tation . Th water is pumped to a r servoir. The combined 
capacity by pumpiug i about 1,000 000 gallous per day. Average daily consumption 
about 750,000 gallons. The analysis how it to be an alum water, there being nearly 
3 grain. p r gallon of ulphate of a ln mioa. (lnforwation furnished by W. T . Havi
land, po tmaster.) 

Bellevue, Ohio.- eYeral ~ells in tbe city a.ppea1· to have ao iuexha u tible supply 
of wat r from lime tone at d pths of 40 to 75 fee t, but the m<tjority ha ve a limited 
capn ity. The troog w Jl 1\re supposed by th re ideots to be located in a" ub
t rraueao treaw." Tb pul.Jli c ~npply i impounded wa.ter pumped to standpipe. 

R rea, Ohio. -Tbe well are 1mrtly in drift at depths of 15 to 20 feet, partly in shale 
at simtlar d pth , aud partly in Berea "'rit at 60 to 75 feet. There i but li ttle ri e 
of wat •r in th w lls. treugth of wellR varie greatly. (Iuformation by Dr. D. T. 

on] d.) 
Buoyms, Ohio.-Publi water supply partly from a la.rge well, 50 by 20 feet, aod 

partly from andnsky Riv r. Private well , 10 to 40 feet io depth, are maioly 
through bowlder cla aud obtain wat r Ill glacial grav I. (Information fnrui bed 
by arl Donn nwirtb, ml\yor.) The Waterworks Manual r eports average daily 
consnmption 550,000 gallons . 

anlo7t
1 

Ohio.-The pnblio water supply is about equally divided between ' imi
shillen r e k and 36 flowing well , there being pumped from each source about 
1500,000 ga llons daily. The fiowill"' wells a re 275 to 3- fe tin d pth aucl obtaiu 
supply from saodstone. ncb wells overflow only on low ground alon"" tho creek. 
(Information by A.M. True, uperintendeut of waterworks. ) 

eliua, Ohio.-Very large supplie of fre·h water may be obtained from the drift 
gravels at 50 or 60 fe t or les and from limestone a t about 250 feet. The average 
cn pa.oity of a drilled well is e timated to be 1,500 barrels per day. Tile dTift n ear 

lin1t in place is fully 300 feet, but ordinarily i scarcely 100 feet in depth. 
Cinoimurti, Ohio, aud sttburbs. -The city of Cincinnati i uppli ed with water pnmped 

from the hio River to reservoirs for both low service and high serv ice. The 
suburban town of Madisonville, Linwood, ' orwood, artbage, t. Bernard,. Bond 
Hill, Lo kland, Hartwell, Rllnding, Wyoming, aud Glendale are nil located iu an 
abandon d valley connecting tho Ohio with the Great Miami. This valley is filled 
with a fine sand, whi b yield ao ab uud n,nce of good water for t he utie of tllese towns. 
The wells are 100 to 235 feet in depth, tbe d epe t beiog at ' orwoofl. Dr. John B. 
Porter, of Glendale, estimate that these suburban towns have au average daily 
summer consumption by pnblic nod prh·ate wells of not loss than 4,000,000 gallons 
and occasionally pump 10,000,000 gallons. The wells at Glendale pumping station 
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penetrate 97 feet of clayey drift before enterin g the water-b a ring n,ud and ar ijunk 
78 feet into the sand. The water there show a trnce of f ree ammonia, but no 
albuminoids. It is hard, fully 75 per cent of its mineral matt r being carbouat11 of 
lime. Dr. Chari L. Metll, of Ma.di onvill , r ports tb:1t th tin well at th 
waterworks of that Yillacre are on tho lowest ground i1~ that vicinity (along Du k 
Creek), and are HO, H-5, nod 150 feet iu depth. At 16 f t sand was en •r d wh ich 
continue t o bottom. Water is hnrd and inon1 t tandpip . A sanitary analy i 
shows the following: 

Pnrts In 100,000. 
Free ammonia ...... . .... . . ..... .. .. . .... . . . .. . ...... ...... . _.............. 0. 0062 
.Albuminoid ammonia . . ... .. . . . . .. .. ..... .. .. . ... _.. .... . .. . ... ... ... . . ... 0. 0050 
Nitra.t sand nitrites ........... . . . . ..... . .. . .. ...... . _.. . . . . . . . . . . . . . . . . . . 0. 0443 
Chlorine .... . . . .. .. .. ... ....... ... .. ... ..... . .. ........ . . .. . .. .. .... .. ... 0.4-
Volatileorcranic oli d . . . ... ... . .. .. . ........ . .. ... .. ..... . . . .. . . ..... . ... 4.50 
Inorgani c olids .... . . ..... ... ...... .... .. ..... .. ........ ....... . .. ........ 30.76 

Total olid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35. 2-

Cleveland, Ollio.-The public supply i from Lake Eri , th water being taken at a 
crib 1 mile from the bor . Very few private w lis a re in us . Two reser oir a.r 
constructed, a low service 170 and a hi gh s rvice 315 t: t above tb ln ke. lil of 
pipe connected with low ervice, 390; with high service, 43. Total, 433 miles. 
Manual of American Waterworks reports 4.62 mil in Jnn , 1 96. Avorag daily 
consumption of water nearly 40,000,000 gallons. ( Information by ir. 'Varr n 
Upham.) 

Clyde, Ohio.-In the vi ·inity of this vilJac-re are flowin well !10 to 75 :f, tin d pth. 
The rate ra.ug-es from 10 barr 1 to fully 5 0 ban IR 1• r rla;v. 'rho pnhli n Rnpply 
is from lime tone, and water is sulphurou as well a bard. (Information by 
D. Beamer. ) 

ColmnbzLB Ohio.-Tbe city of Columbus mbrace within i limits three valleys 
and tracts ofuplaud in which water horizons ar variable. In pla dr ift d po it 
exceed 100 fe t· in place the drift is thin. om water i obtained at 10 tor feet, 
but a bettor supply is found at 30 feet or more, tho depth to strong water v ins 
varying grea.tly within narrow limit . orne hallow wells way be snbj ct tc on
tamination, but clay strata usually protect uch well . 'lh public nppl y i from 

cioto River and impoun~ d water at main station and f rom well at East id 
station. Average daily consumptioD, 14,000,000 g:1>lloo . Few w 11 ither for public 
or private supply, (:lUter rock. The wa,ter is hard and con tniD a mall amount of 
iron and sometimes is ulphurou . (Information by Dr. Ed,;ard Orton, tate 
geologi t.) 

Connea1Lt, Ohio.-Public supply chiefly from eigh t5-inch wells on the shore of Lake 
Erie, with a dally comb in d capacity of 1,000,000 gallons. Dug wells for private 
use are being upplante<l by driven wells. 

Coallocton, Ohio.-The public supply i from io-hteen 6-in b wells 32 feet in depth, 
which reach about the level of the Tuscarawa River and obtain the upply fi'Om 
gravel. 

Dayton, Ollio.-The public water supply is from about ei~hty 8-inch wells driv n to 
a depth of 50 to 60 feet through alluYial and crlacial sand an<l clays in Mad River 
Valley to a bed of gravel. The daily con umption in summ r averag about ,500,000 
gallons, and for the year about ~,000,000 gallons. Length of maius about 100 wiles. 
Chemical analy es are given in the tables on another page, and show tho watel· to be 
rather bard. A. bacteriologi al examination made by Dr. . E. Allen, of Miami 
Medical College, showed no pathogenic germs, tho varieties isolatecl bein y tho per
fectly harmless fo1·ms which exist in all water not artificially sterilized. The number 
of germs is exceedingly low, being but 48 per cubic centimeter . 

. Defiance, Ol!io.-The public w ater supply is pumped mainly from Maumee River. 
Private wells are from two horizons, the sbn.llow ones being but 10 to 15 feet and the 
deeper ones 40 to 50 feet in depth. Some of the former having shown evidence of 
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contamination, this clas is regarded with suspicion. An analysis of a. deep a.lt
water w 11 appears on another pacre. The sha llo w well h ave fresh water. 

Delatvm·e, Ohio.-The city water npply is from large well located about 3 miles 
north of the city and excavated in gravel toad pth of 30 feet. In the city there are 
a number of spring of sulphur water. There is al o a deep well , bored for natural 
gas, which furnishes water for a bath bonae under the direction of Dr. S. W . Fowler. 
Analy es of water from two of the pring are presented in the tables on another 
page. They how the samples to be a highly saline uiphureted water. The tll
plJUretecl hydrogen in Odovene spring, amounting to nearly 3 cubic inches per 
gallon, is .. utir ly free, no ulphide occurri ng in the water except a miuute trace of 
sulphide of iron in suspen iou. (Information fu rnished by C. W. \Viles, superin
teudent of waterworks, and by Dr. S. W . Fowler.) 

Denni8on, Ohio.-Dennison and H"i ch ville are practically one town , standing 
in the valley at the junction of tillwater and Tuscarawas rivers. In Denui on 
the wells a.re 12 to 20 feet in depth, obtain in " water from sand beneath yellow 
clay. I n hrich vill the w ll are usu ally deeper. Very few wells have been 
sunk since the w:tt rworks were pnt in opera,tiou in 1 • The waterworks pump
ing station i on Bi" tillwater River, a bove the town , and tbe reservoir stands 
on a hill 265 fe t above the level of the vall y bottom. (Information given by 
E. Eckfeld.) 

Eaton, Ohio.-The waterwork are lo ated in a creek bottom one-half mile north
west of th corporation lin . Ten 6-inch weJJs 75 to 5 feet de p are connected with 
the pump . The e furni h only 100,000 gallons per day, whi ch is insufficient for the 
demands of the city. Recour e is h :td to pring water i suing at the foot of the bluff~ 
which supplie ab ut 100,000 gallon per day. The sprin" water has a tempemtn re 
of 49° wbil th w 1l water tands at 56o. An analy is of the con1bined water i 
pr sentccl in th tabl of analyse . (Information fnroi hed by W. . Dove, superin
t nd nt ofwat rwork .) 

Elyr·ia, 0/rio.-Th publi c npply i pumped from Bhtck River and i not satisfac
tory on account of th la.rg amount of dimcnt. Private well are of two cia es: 
(1) hullow tv lis in the drift, 10 to 30 t: et in depth; (2) w II in an lstone, 60 to 90 
f<et iu d pth. Tl1e water in the fo rmer is uot above suspicion, but from the latter 
onrc it i xc llent, and the npply is abm1dnnt for private purpo e . Whether a 

pnb1i npply could be obtain d from t hi son rc ha not been determined. (Infor
mation furni h db 1. H. Levagoo l, mayor. ) 

l •'indlay, Ohio.-The public supply i pumped from B1anchnrd River, which run 
through tb cit_y. Tbe In ial drift is seldom of sufficient thickness to afford a sup
ply for priv(l.te w 11 , but wat r i oft n found iu the underlyin" limestone at a 
d pth f but 12 to 15 feet. In some cas th water is ulphnron , but is n ually of 
I>l a ant tate. Iu some localities much di comfort i experienco~d on account of t he 
saturation w ith oil, whi h cape into th drift gravel from the oil w 11 . 

.Jilr·at,klin, Oltio.-The public npply i from ix 6-io ch wells d:riv n into tbe glacial 
driit of the reat Miami· Valley. P rior to the introduction of thi publi supply, in 
l 7, shallow wells 20 to 30 fe t d ep wer in u e, which , it was thou ht, led to the 
pr val n o of typhoid f '' r, but since th utili zation of the deeper well t h e town 
has experien ced no run oft pboid fever. The followino- sanitary analysi of the 
wat rworl s supply was made by P rof. 0 . R. tuntz, in Apri l, 1 7: 

Parts in 100,000. 

T tal residue . _. _ .. ........ ___ . . . . ......... _ . ...... . . ............ - ..... --- 45. 94 
Organic an d volat ilo ·· --·· .............. ·--- ............ ... ... . ........... 17.92 
Inorgan ioaudnonvolati l ··· · ·---······- ---· ·-·-· · -·····--·-··--· ·· · · ··-·· 2.02 
Free ammon ia ....... . .................... · ----·· ·-- - · ·----·-- --- - ........ 0.0016 
Albuminoid ru:umoni <t ... __ .. ____ ...... . .......... - ...... -.- ... - .... --. -.-- 0. 0021 
Chlorine. __ ..... ___ . __ ..... ....... ...... . -- ... - -- .. ---- . ... . . ---- .. -- ·- --- 1. 04 

~ 
T mporary, .51. 

H ardness: Permanent, 14..38. 
Total, 22. 9. 
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F1· mont, Ohio.-Tbe public water upply is mainly from tho andusky River. 
Priva te well a re obtain din th o drift a t ouvcni nt d pth , but tit er is su pi ion 
of their coutam inatiou iu ma.ny in tan e . An x ell nt quali y of wat r H1 ay b 
obtamed at a depth of 40 to 60 feet in the lim ton . It is e ·timated that drill d 
well of tbi class yield, iu ome cas , nearly 1,000 barr •l p r day . (Information 
furnish ed by harles F . R ifr, uperiutendeut of water work . ) 

Gallipolis, 0/iio.-The pnulio w nt r supply is from wells unk ir. th b d of tl1e 
Ohio River. Fonr well , 6 fe t d p ancl 4 .C tin diamot r , xtt• nu a wn about 
5 fe t below x tr me low water iu a bar at the h ad of allipoli I Janel. The 
wells ar cemen ted at top so that wb n the riv r ov rflow th m no w~~.ter ntcrs 
except that whi ch come up from b ' neath. Tho water is thus comparatively I ar 
at times when th e riv r carrie mn cb e<lim ent. ' at r i pnmp d to are ervoir 3H 
feet above low water iu th Ohio. The av rage daily on umption in umm r IS 

300,000 gallons. 
G1·eenville, 0/do.-The public upply i from nin 6-inch w 11 52 to 62 f tin d pth, 

which obtain t h ir upply from glacial g rav I at the bn e of the drift, th r b iu g 
lime tone at the bottom of ea h of the w Us. Th avera.,. oapaci ty of ea h w .. ll 
is about 5,000 barrels per day, A anitary a ualy is mad by Prof. . R. tnntz, of 
Cincinna,ti, in December, 1 92, reports a large amount of fro a111monia, a well as 
muchor.,.ani ~ nuttter. Th organic mntt r is larg ly compo eel of p at, and it is r c
ommended that t he water hould be filter d . o a naly i is from a sample of 
the waterworks " ·ater, ann the other from Greeu vi.lle reek, and tb re nits ar as 
follow : 

" 'ell water. 

Total solid ..... . . .. . .. ... .. ..... _ . ... ........ .. . 51.02 4.0.46 
Organ ic and volatil olids ...... .......... ...... .. 19.56 15.46 
Inorganic . ... ............. . ..... .. ... . ..... .. ... . 3-1. 46 25.00 
Free ammonia .. ..... ............... .... . .. __ ... . . O.lOL 0. 003-~ 

Albuminoid ammon b . ...... .... ...... . ...... . ... . 0.0034 0.072 
Chlor ine ....... ... .. .. _ .... ..... ..... . ...... . ... . 0.45 0. 19 
Temporary hardness (grains per n ited tate 

gallon ) .................. _ ... ..... . .... .. .... . .. 16.61 5.39 l p::::; •. h .... ~ . . <•ca'"· .'" ........... ..,. 12.76 11. 95 

(Information furni shed by J ohn P. Lucas, superintendent of waterworks.) 
Hamilton, Ohio.-The city of Hamilton is applied by a eries of filter wells 

obtained a t about the l evel of the Miami River in glacial gravel, t he average depth 
being 45 feet . The capacity of the w ells is practically inexhaustible, but they are 
pumped a t a rate of about 3 barrels each p er minute. 

Hillsboro, Ohio.-The public supply is from g ravel beds reached by twelve driven 
wells in the valley of Clear Creek, a. bout 2! mile nor th of thtl vi llage. The supply 
is rather scanty, but probably su fficient if carefully husbanded. The town h as a. 
billy situation, the Niagara limestone cropping out in plaees on the slope. The 
irregular surface is filled in by drift deposits from which some well water may be 
obtained. The source of supply, however, is looked upon with suspicion, as it may 
easi ly become contaminated. Wells . in the r ock range in depth from 10 to 50 feet. 
(Information furnished by Judge H. M. Huggins.) 

Hudson, Ohio.-Bon. M. C. Read bas published a paper upon tho water supply of 
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Hudson and vicin ity, in which it is sltown t hat many shallow wells a re obtained at 
the junction of the yellow and blue till at depth of 10 to 15 feet or less. This 
sou rce of supply he constders dangerous, for th e r a on that th yellow clay in 8 a
son of droug ht op ns a eri c of fissures which readil y admit the washing of the 
surface in shower following such droughts. As in underdraining clay lands the 
fis ores will be opened more rapidly near the drains, on account of the earlier de ic
cation alon g them, o they will open up more rapidly for the same cause aronnd tl.t e 
well , and the e will be put in complete com muni cation with the network of open
in ' reaching to the nrface. In examinin (J' uch wells Ir. Read has found centi
pedes, ow bn "'S~ and ea.rthworm by hundreds brought up in the fir t drawings of 
water after copton!! nmmer showers. They had ought moisture in th fis ure 
of th clay, and the fact tbat th y were uniformly carri rl in grea t numbet·s into the 
well when a d ashing rain ucceeded a long-continued drou uht shows how direct11· 
t h e e fi ores connected with the well. In view of these tudie made by Jr. R.ea~l 
it can not be too strongly urged that in di tri ct such as t hat around Hndson, where 
a drought mny open fis nre in th e clay to the depth of the water-bearing stratum, 
pecial pains honlrl be taken to "'Uarcl a"'ai n t then e of uch well . Over much 

of northern and uort bw stern hio, where the surface is lar"'ely a compact clay, the 
dangers from thi ource are as great as at t b Yi!lage of Hud on, where the ob or
vations were mad e. Mr. R ad bas dev i ed a cloul.Jl e cistern one apartment receiv
ing the water and allowing it to filter th rough char oal and gravel into the other 
apartmen t, from which the wa ter i pump d. By occa ioual r E'newal f tho fi lteri ng 
mnteria l and wa h in"' of tb ci tern he bas been able at light exp n e to obtain a 
supply of water a clear and sw et as t.he best pring water. ln localities where 
pur w llwatereannotbereadiJ,Youtaiuedthi simple device may beea ilyemployed 
for obtaining a pure quality of rain wa.ter. 

r,·onton , 01!-io.-Th ity of Iron ton ol.Jtain it supply by direct pnmpin" from the 
hio Hiver, and no privat w II ar in n e. Becan e of the sed iment anied by 

tb ri ver at rtain ea on of the y ar many Jarg cistern ha,·e b en constructed 
wbi h ar fi ll d from t h water work before the pring rise, while the water i clear. 
( Informntion furnish d by John M. orn mayor. ) 

Jack8on, Ohio.-The city f Jack on is very unfortunately situa ted for obtaining 
an ad quate uppl for watorwork . 'I'h near t a va il abl upply appears to be 
Ra oon r k, ev raJ mil s di ta.nt, and the water of th is tream is omewhat 
obj tioua,blo. Tb wells witltin the ity n ually obtain water at 1 to 25 feet, but 
a good well is tilllnted to ha Ye an av rage capa. ity of but 3 or 4 barrels per clay. 
(Informatica furui l1 d by .And1·ew Lea b mayor. ) 

Jlenlon Ollio.- Tbis ity is npplied from a large well about 25 feet in diameter 
aml 100 f et deep. I itb t he exception of about 20 feet of drift, it was blasted from 
olicl rock The wat r st and a t about the I vel of th e top of tbe rook, and can be 

lo wered only by ex e ive pumping . (Information furni sh tll!y E lmer G. Derr. ) 
Lancaslel', Ollio.-Tl.te public snpply i from spring, a anitary ana.lysis of which 

wa furni bed b y Profes or Wel h: 
Parte in 100,000. 

I' reo ammonia.-.- ....... . ......... -······································· 
Albuminoid ammonia ............ ....... _ .... _ ....... ..... _ .. ·- .......... .. 

0.003 
0.007 

' itrous aeid ···--· .............. ..... . .. . .. ... ····· · ······ ······ · ····· ····· 0.001 
' itric acid.-- --· .... .. ··· ·-· ............ ··---· · ····· · ·-· · ······· ·· ·· · ······ 0.10 
' hl ori ne .. -- .- ............ .......... ........ .. .. .. ........................ · 1. 840 

Total olids ............ . ... .. ..... .... .. .. - ................. - .... · · .. · .. · .. 44. 500 

Lima, Ollio.-Tbe publi c supply is from se'7 ral w ll drilleti to a de.pth of 140 t o 
14. fe t in lime tone. The !Jest well is pumping 00,000 gallons da.tly. Average 
daily eon umpti on exceeds 1,000,000 gallons. Private wells fur~ish only a small 
portion of the domestic supply, fori i usually neces ary to dnll1nto the rock aud 
thus incnr mu ch xpeuse, to obtn iu ~~ good npply of water. (Information fu.rnishcd 
by H. B.liackedon, suporintentleut of waterworks.) 
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London, Ohio.-The ity of London obtain a la rge supply of xc llent water from 
flowing well at about 150 f et in th glacial lrift. There ar tbre 6-inch and twl) 

-inch well , with a united capa ity of <tbout 00,000 gallons p r uay . Many strong 
wells are obtained at sballower d p th , but th b ad is not o great a in the de p r 
one . (Information fnrni b d by J. M. Boy r.) 

Lynchburg, Ohio.-TlHougb tue villag of Lynchbnr tb r i a. gra.vell y b It, I i
mat ed to have an avera"' width of about one-fifth mil , in which au a bnndan e of 
water may b obtained at lepth of 15 to 20 f ct. n ith r i le of t bi belt lime-
tone is truck a t light depth and only weak w ll 

obtain a supply from tbi rrrav l b It. It w 11 i 16 by 20 fe t and r acb 
(Information furni h d by Manual of Am ri ·an Waterwork and by Daniel Iurpby , 
conn ty n rveyor.) 

ManBjield, Ohio.-The public suppl · i from a er i of flowing w II 100 to 140 f t 
in depth, located in a vall y adjoining th city, and whi b di dlfll' ~ wat r iut.o a. 
re ervoir. It is thought that an adeqm~te nppl y may be obtained b y iu cr a ina 
the number of these wells. It is propo d to sink a uffici nt numb r to afford 
2,000,000 crallons per clay. (Information furni b cl by R. B. ::\fc rary, mayor.) 

Marietta, Ohio.-Altbou<Tb th waterworks supply i btained from t b hio Riv~r, 
many well both public and pri vat, are in us whi h obtain water in g rav 1 at 
d })th of 30 to 90 feet . There i a tl picion f con id rablo ontaminatiou, and 
the u e of such w Hs i decrea ing. (Information furni bed by J. B. W t, sup rio
tendon t of wat rworks.) 

Ma1·ion, Ohio.-The public water nppl ~" is obtain d from a graY 1 pi t in Little 
ioto Vall y, n.bont 2 mil " w At o f tb it~· . nL a I v I t.l.wuL () C· L b ·l ow the g 11-

erallevel of the city. Abont 2 acres f ground w r xcava t d to a nfficicnt d ptb 
to form a pool. Te t borin"'s in dicat that the gr, v l ox tend 50 or 60 f et b low 
thi Je,,el and is filled with an xcell nt qnality of water. The water is 11 ed ntis
factorily by the railway for locomotive , tb r b in 1 than 14 grain of carbon
ate of lime p r gallon. (Information fumi b d by H. C. tillwell, superintend nt 
of waterwork .) 

MaBsillon, Oltio.-The city of Ma illon is chiefly uppliecl from a ·eri of flowinrr 
w lls drilled into the and tone, some of w hi ch are 100 te 150 f et in d pth. Wat r 
for domestic u e i al o obtained from ippo Lake. The w lls have an avera.,.e 
capacity of about 500,000 "'allon eacu p r day. Tb water i remarkably hard on
sidering its derivation from a saud tone ro k, there being, as shoxvn by th analyHis 
in the table , 12.65 grains of carbonate of lime per gallon . (Information fn.rni bed 
by A. W. InDian, SllJ erintendent of waterworks.) 

Mechanicsburg, Ohio.-The villaae of Mechanicsburg depended ntirel .v upon open 
w ells for dome tic supply until 1 92, when wells were driv n to a bed of gravel 
b low the bowlder clay. The greater part of tbe supply is till obtained from open 
wells, and an epidemic of typhus which prevail din 1894 is thought to have resulted 
from the use of such wells. (Infor mation furnish ed b y T. E. Burnham. ) 

Mount Vtmton, Ohio,-'l'be waterworks supply is obtained from twenty-four flow
ing >yells, 2 to 6 inches in diameter, driven to tl ptbs of 63 to 97 feet in the glacial 
dr ift. A 6-inch well i timated to have an average capacity of about 100 gallons 
per minute, or nearly 150,000 gallons per day. Tbe water is halybeate a well a 
bard. A well drilled into the rock at Mount Vernon obtain d a. flow of bracldsh 
water unsui t able for use by t be waterwork . The following an itary anal y i of 
wat-er from the wells in the drift was made by Profe or Lord, of the tate 
Universi ty : 

F ree ammonia, 0.017 parts in 100,000. 
Albumi noid a mmon ia, traces. 
Chlorine, 0.35 grains per United tates gallon. 
Total solids, 16.0 grains per United States gall on . 
Combustibles, 2.0 grains per United States gall on. 
Hardness, 11.5. 
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Napoleon, Ohio.-In the lJortion of t he town lying betwe n th.;~ Ma umee River and 
Canal water 1 obtained a t a deptb of 15 to 30 feet . In the remainder of th town 
wells arc usn ally obtained in t he rock at a. depth of 110 to 130 feet . Many of the wells 
in rock ba~·e a sulphu rous water which is not plea ant for drinking. For thi reason 
filtered cistern water is used by a large per cent of the people. The waterworks 
and e loctri lighting are iu one plant, run by the a rne machinery and a single set of 
employee . The co t of the plant wa >PSO,OOO, but how much of this should be 
cbarg d to water supply is not known. (Information furni bed by Charles Even .) 

.Nelso nville, Ohio.-The publ! water upply is obtained from a large w II unk to 
a depth of 25 f~et iu the gravel of the Hockin"' River Valley at ~L dista.nce of 200 
yards from the tream. There i Yery free movement of water throuah this gravel, 
and th e upply is inexbaustible. Private wells are largely abandoned ince the 
con tructiou of the waterworks. 

rewm·k, Ohio.-Tbe public water supply i from large \Yells excavated at the bank 
of the north fork of Lickino- River, in the northern part of tb ci ty. The water is 
con idered very pure and whole ome. lt i rather bard there being ~tbout 20 rains 
of arbonate of Jim per gallon. (Information furni bed by William A. Veach, 
rec iver for compan y .) 

New Lisbon, Ohio.-The publ i water supply i from two source , about 25 per cent 
b ·ing pnm1Je<l from woll drilled into th and tone rock and the remainder stream 
water. The water from the stream is carried by gravitation into a Jarg ci tern 
into which a] o th well water i pnmpecl. The en t ire snpply i then forced to a 
res noir on a hill tanding about 200 fe t above the pumping station. One pump 
i arranged to forc e water direct from t he pumping station through tbe mains. 
Tb <' w 11 bavonnaveragecapa ityofabout40,000,.,.allon en hper day. (Iofonmt
tion fnmi bed by I. M. Dicken on, runyor.) 

Sew Philadri)Jilia. Oltio.-Th publi c wnter supply i from a serie of wells in the 
Tu carawa Rh· r bottom driven abont to tb level of the ri1•er b d. A few wells 
hav b en unk to a c1 1)th of 25 or 30 feet b low th riY r bed, and it is thought 
tl1nt the upply from tbi source i not so harcl as that found at the level of low
wnt r marie Th water is pump d to a rc rvoir on a bill adjacent to the town . 
l'rivat w 11 ar obtain d at about the lev 1 of tb riv rand vary from 20 np to 50 
~ t, a cord in g to tho lavation of tb urface. (Information furnished by Jo eph 
\ elty. ) 

New l!·aitsville, Ohio.-Tbi villa ge is bnil npon tb slope of a bill about 150 
f, tin b igbt, and tb well nrc obtn.iuccl from cveral cliff rent horizon . In orne 

as the wat r is strongly imprcgnat d with iron and ulpbur, especially tha t 
fonnd b low "Conl o. I." ... urface water i ollect d in re ervoi rs for mining 
indtu•tri and iron furnace , and in oi tern for fire purpo es. 

1 iles, Ohio.-Tbi ity obtains its public w~tter upply from nine w ll sunk ton. 
ll pth of 50 f et in lacial depo it ·. The cou1 bin c1 npa ity i about 500,000 gallon 
per day . 

0/Jc,·lin, 071io.-The 1 ublie wat r supply is pumped from tb ea~t bran b of Ver
miliou Riv r, at Kiptou , ix mil eli taut. .Au analy is of th r iver water made at 
the end of a dry sea on, eptemb r, 1 6, gav the follow ing results: 

'fotal olide, 35.35 gr ain per g:tllon. 
Harclnee , 32.66 degr es. 
Uarcln after a rain, 12 d g rees . 
. Fr e ammonia, 0.009·l pnrt in 1,000,000. 
Album inoid ammonia, 0.02 parts in 1,000,000. 

Many private w lis are in use wbi ch obtain water from sR>ndy layers between 
tho yellow and bi n till, nt depth of 8 t~ 12 feet., and in the gr~v~l b~d .at lower 
cl cptb in t he drift. 'ear tbe west part of the town the Berea gnt J w1tbm 3 t.o 6 
fe t of the surfaou and wells are t here drilled ome di tanco into the rock. The 
well water h as oc~asionally been fonn d to show contamination in t he series of 
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a_naly es made by Professor .Jewett. ln on en contami nation by a cessp ol wa 
certain. In th irt en analy e of wat r su 1 ct tl to b hnd, mnd by Profes or 
.Jewett, the amount of fr o a mmonia wa found to vary from 0. Ot part in 100,000 to 
0.033 part . The nllJUminoid nmmoni<\ ran o- d from 0.005 to 0.027 p:ut in 100,00 . 
The nmount of chlorin e 10 <>rains per ga llon rang d fr om 0. 0 to 16.10, th lntt r 
b ing tb amo unt in a well k nown to bo contnm inat d by a os pool. The av mg 
amount of ch lorin 1n t he thirteen nnal " e is 6.43 grain p r o-nJiou. As a ll tlo s 
waters w re I ctcd for tbe ir known bndn tb y can cn rcely b con id r cl r pr -
en ~ati,·e, but they servo tn mtllca.to that there i dang r a ri ing from the use of tb 

shallow wells. ( Information fnmi berl by Prof. A. . "\\ nght. ) 
Ottawa, Ollio.-No public water supp ly i y t introduc d bu t tb city ba n system 

of fire ci terns nppliecl from lllancb arcl Riv r. Ther ar also tt few' town w II " 
wh ich c011taiu w:lter from li me ton e at ad ptb of about 130 fe t. Tit private w II 
are often obtain d at rl pth of 10 to - fe t , from g rav 1 b ds in t h g lacial drift. 
Quite a number of prh·nte w 11 ar drill d into t he ro k , wh ich i nt r d , t about 
70 feet from the urfac . (Informatiou fnrni b d by T . .J . w uey, may or.) 

Plain ity, Oh ·io.- Th public wat r snpply i ol taiu cl from wo art SHin w 11 -oo 
f et in depth which yi ld an unlim i t d amount f li htl y sulphurou wnt r, not 
unpleasant for rlriul<in g. Thi water i rapidly displaoin o- tbe 'l of prtYat w II , 
which were obtained at de) t b of 7 to 13 feet and a re liabl to snrfa e c ntamina
tion. (Information furni shed b.v G. 'M. Hn. ell, po ·tma ter. ) 

Piqua , Ohio.-The publi water s ur pi_,- i. 'obta.in rl through a om what xpensive 
canal a nd basin y tem, supplied by l\liami River, the co t of t.lte ys m of auals 
and b a in being $260,000. Tho canal i 6 mile in l ength, and tb ba in ar of lif
ferent aize , one ba in outaining 40 a r auother ll, and another 3. nnd th r nr 
smaller oue . The quality of water i t.honght to b excel! ut. P r ivate w 11 ar 
obtained at depths of 10 to 24 feet, in bod of grav 1. In om a th w lis nr 
t hought to be liabl to outamiuation. A11 a rtesian w ll boriug d moust rates th nt 
water will ri 1o abon th leYel of th l\liami anal, but tb h ad i scar ely ulli
cient to cnn e a flow at the geu ral level of the city. ( Information fumi hed by 
.James "\Va rd Key t, mayor.) 

Ponteroy, Ohio.-Tbi city ha no publi c water snpply, principally b can o of the 
great indebtelnes . A few w ell , 60 t o ()5 feet in d pth, ar in ns , bnt th greater 
J)nrt of the water supply i from ci tom fi II d from roof: of bu i !cli ngs. (Informa
tion furni bod by E. R. Da,- nport, city eu.,.ineer.) 

Portsmouth, Oh "o.-Th public water supply of the city i obtained by direct I ump
iug from th e Ohio Riv r. V ry few pri vate well ar in n e, it being n ce sary to 
siuk usually to a depth of 60 to 100 f. et to obta.iu a uppl y. 

Raveuna, Ohio.-The grea ter vortion of the publi c wat r npply i pumped from a 
lake h anng an area of abo n t 30 acr . Thi . bei ng inadequate, a sy tem of w II 
l tave been snnk on the margin of t he lake, whiC'h obtain an excellent quali ty of 
wat r , at a depth of nbont 150 feet iu a bed of gravel at th e base of t.b glacia l drift. 
(Information fnrni heel by D . C. Coolman, po. tmaster. ) 

Ripley, 0/ti(I.-A system of waterworks was put in in l 96, which will obtain its 
supply from the Ohio R iver. The water is lir t pumped to twos ttling basin and 
from these to a re ervoir on t he bluff, abon t 300 f, et abov the ri ver. ev ml 
priYa.te wells in R ipley reach depth of 5 to 90 feet wi thou t nteriug rock. An 
artesian wel l, made near t he bas of the bluff, obtai ns a salt water containing a 
considerable amount of li thium carbouate. The a na lysis is g i ve11 in the tables. 
(Informatiou forni sh d hy Dr. W. A. Dixon .) 

St. Marys, Ohio.-The public water snpply is froru four 8-in ch wells about 280 feet 
in clepth, suuk in to tl1e li moston , a nd which lt av a combined av rag daily capac
ity of 2,000, 000 gallons. The water w ill ri se to a lt eirth t of 12 feet above th surface. 
It i very lJard and ba::~ a small a mount of sulphur and iron, bnt is of excellent qual
ity. Wells of this class may be obtained over a n a rea of sev ra,l sqnare miles in 
the vicinity of St. Marys, and many h ave been made by tbe farmers. The water 
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s uppl y from the driJt is of good quality and usually adequate for private wells. 
(Information furui bed by 0. E . Dnnau.) 

Sandusky, Ohio.-The publi c s upply is pumped from Sandusky Bay. A private 
c rupany has sprin gs located about 6 mil s we t of the city, which furnish a small 
nmonnt of xcellent wa,ter. The liS of private wells is almost discon t inued. 
(Information furni lJ etl by Charles Judson, C. E., superintend ent of waterwork .) 

ulney, Ohio.-Tll public wat r supply is pump d ma inly from Great Miami Riv r , 
andisof xcellentquality. Th rearemanyprivat wellswhichnlsof1trni ha good 
quality of water. Tb · op -n wells have a depth of 12 to 30 feet and drilled w lis a 
d ptb of 100 to 200 feet. (Information furnished by H. . Aile , mayor.) 

Sp1·ingjield, 0/tio.-The pnblio water supply i obtained from well suuk into gla
cial g rav l. There are also many private w ell.. Th depth of wells in tho higher 
part of the town is about 40 f t , but in t he low r p art i 15 to 20 feet. Usually 
water i obta ined without uterinrr rock, bnt in part' of th ity tlJe rock stands 
within 5 f, et of the snrfa o anrl w lis there mn t be drilled. Au analysis of the 
ity water i given in tb tables. (Information furnish d by W. H. L inn, city 

engi ueer.) 
teubenville, 0/do.-A water"·orks plant was put in at this city in 1 36 a,nd 

eularg cl in 1 65 ou t h old sit . An entire n w pbnt wa built in 1 94. Two res
ervo irs a re con tructed at different !ovation . The high ron ba-s a line of pipes 
conn ctetl with it which are u ed for firo; the low r one isu ed for domesti pur
poses. It is probably one of th e mo t compl te systems in the tat . There is a 
pltmping capacity of 6,000,000 gallons, a res rvoir capacity of 7,000 000 gallons, an<l 
a daily con umpti on of about 2,500,000 gallons. (Information furnished by David 

f Gowan.) 
Ti.Di11, Ohio.-Tb pnbli watPr npply is obta in d partly from the audusky River, 

but reo ntl y even 10-incb w lis hav 1.J en sunk into the rock, which furnish a 
ombinecl a,- rag yield of abont 00,000 gallon p r day. Several factories and 

tuany private parties bav well uuk into the rock to depth of 70 to 90 feet. 
(Information furnished by Mr. r. ca nnel I mauacrer Tiffin waterwork ,) 

ToT do1 Ohio.-The 11nblie water npply i pnmp d from the Maumee River. For 
som e tim a.f r the on truction of the waterworl;s a pr J ndice acrainst u ing what 
waa all d h ydrant water was felt, hnt it i 11ow rapidJy takinrr the place of all 
other wa.t r npplie , and u arly 50 miles of add ttional pip bas been laid ince 1 92, 
making 12 mil s in all. The private 1vell were larg ly of shallow d pth and as the 
sew rag ystom wa d veloped their 'npply was drained, thu makinrr it necessary 
eith r to ink d per w •II or u e tl.J hyd r:m t wat r. Th qnality of the public 
wnt r upply i cou iclor <1 to be n h tl.Ja t uo dauaer i att.ached to it u e. (Infor
mation furnished by T. R. ook, superint end ut of waterwork .) 

1'1-oy, Ohio.-The pnblic wa ter up11r is obtain d from two open and five driven 
w lis locat lltn th Miami alley just abo1·e the ctty. The open well are 30 feet in 
depth null th drh· n well 40 to 50 feet. T h 1werag combin d oa.pacity is esti
mat d to be about 2,000,000 gall on p r day. The wa.t<'r i of ex ellent quality, the 
only obj ctionab lo feature b in!! it ba.rdn ess. (Tuformation fnrni bed by A. 1'. 
B eclle, up rintend nt of wn.terworks.) 

t·bana, Ohio.-Th publ ic water npp ly i fronl n.n op n w ell 21 feet in depth and 
20 £ tin diameter , xcavnted in glacin.l gravel, and from oirrht 6-mch drh•en well . 
They are e timntcd to yield 1,000,000 gallons or more per day. There ar ~evera l 
manufactories that u out itl supplies. Tbe Artific ial I ce Company have thr ewell · 
2 fe tiud pth, wlJi cb uppl • about450,000gallon per day. The rbaua trawboard 
Works have two wells 12 feet in de] th and 6 feet in diameter, whieb supply n.bont 
500,000 gallon p er day. Th Ohio trawboard Works have wells wb1ch supply their 
daily consumption of a1>out 1,000,000 g-allons. Impounded water fl'om springs and 
brooks in tbo east pnrt of the city supply tho mil way lo omoti v s. There are many 
other wells for dome tic and mauufa turing purposes whose yi ld is not estiu:lated. 
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The city i , therefore, richly supplied with water at shallow d pths. A ga -well 
boring obtains a upply of water from ad pth o f 2T fee t in a lim ston form ation. 
The ca.pa ity is e timat d at 100,000 to 150,000 gallons p r day. It ba a bead 33 f, ct 
above tho level of the Pan Ham1l rAilway station, or about 1,060 feet above t ide. 
(Information furni shed by Dr. Thoma F . Mo e .) 

Van Tferl, Ollio.-Tho city wat r npply is from w lis sunk into tb limestone to 
depth of 125 to 175 feet. Th head i within 10 fe t of tb surface, but a pump of 
1,500,000 gallons da ily capacity h a I w r d ix 6-in h w lis 26 fe t, ont1nuous pump
in o- t en hours. .An aualy i of wa t r from tb e wells i p re ent d in t he t able . 
There aro many private wells s t ill in us which obtain wat rat about 20 feet, in b ds 
of gravel beneath clay. (Information furni h d b y Jam s l!"'. Riggin , mayor.) 

Wapako11eta, Okio.-The public wat r supply i d riYed from nin e 6-in h w lis, 
varying in depth from 35 to US fe t . The water from aH tbe w e)l ri e t o th urface 
of the ground. The a;erage capaci ty of ach w ll i about 200 gallon p r minut . 
The deep r w ells r ea h the bott om of the drift bu t do not pen trat the lim ston . 
The following sanitar y analy is, made by the State board of health, i am ple 
taken from a well 45 feet in depth : 

Parls 
Oxygen required . ........................ . . . ... . ......... . ...... . . .. ... . .. . 
Free ammonia .... . ... . .. . .. . ....... ...... . .... . ................ . ....... .. . 
Albuminoid ammonia . .... . ..... . ....... . . .... .... . ........ ....... ... ... .. . 
Organic ammonia . .. . . ... .. . .. . ... . . . ... . ................................. . 
Nitrous acid .. . ... .. ...... . ................ _ ...... .. ..... _ ................ . 
, itric acid ... .. .......... . .... _ . ..... _ .... ..... . ... ....... ....... . .. .. . ... . 

100,000. 

0. 10 
0. 041 
0.003 
o.oo-
roue. 
0.024 

Chlorin .. ... .. . .. ..... . .. ... ........ .. ... ·--- . .. . .. . . ... . . .. . ... . .. .. . ... . 0. 30 
Total solids ... . . . ... . ....... . . ....... ... .............. _ .. .. . _ .. ... ......... 46. 40 

) Temporary, 34.40. 
Hardne s ( P rmanent, 6.60. 

Total, 41.00. 

(Information fu rni bed by J . Wilson,jr. , tru tee waterworks board.) 
Wellington, Ollio.-The vi ll age of' ellington has not b en sncc ssfnl iu obtaining 

a n adequate supply from wolls, although severa l borino-s h ave been sunk in t hat 
vicinity to depths of 500 to 1,000 feet. The drift, about 100 feet in d ptb, furnish s 
only weak well . The only r ecour e for public supply appear to be that of impound
ing water. 

Wells tJille, Okio.-The citie of Wellsvill and Eaat Liv rpool obtain mo t of th ir 
water supply by pumping from the Ohio Riv r, ther bein g only a few wells an d 
cistern . Wells are obta ined u uall y at a depth of 35 to 45 fe t, exc p t on the higher 
parts of the bottom land, where a depth of 60 to 70 feet or more is necessary to reach 
the level of the river. (Informatiou furn ished by 0. . inclair, mayor.) 

West Union, Okio.-Thi town is Rituated upon a high hi ll , a round t he margin of 
which numerons springs of bard water issue, which are utilized by the r e idents. 
Well are 10 to 30 feet in depth and obtain water in th e limestone. A goocl well is 
estimated to have an average capacity of 20 barr Is per day. (InformaLion furnished 
by J. H. Connor, postmas ter.) 

Wilmington, Ohio.-Two classes of wells are in use in this city-open wells sunk to 
a depth of 20 or 30 f et, and bored or drill ed wells with a depth of 60 to 100 feet. 

ome of the l a tter cla s of wells overflow. The water is obtained from sand or 
gra,·el near the base of the glacial drift or a t slight depth in the underlying 
limestoue. 

Woosle1·, Okio.-Severalsources of water supply are in use, and the public supply 
is from two distinct sources. One reservoir is filled by pumping water impounded 
from a small stream; another is filled from a large well. 'l'he private wells are of 
two classes-open wells dug to a depth of 14 to 20 feet, and drilled wells with a 
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depth of 80 to 140 feet. The following sanitar.v analysis is from a sa.mple taken from 
the pond use'd to fill one r servoir: 

Parts in 100, 000. 
Free ammonia . . . .... . ...... . . . .. .. . ...... .. .................... . ......... .. 0. 013 
.Albuminoid ammonia.. . . . . . . . . .... . ....... .. .... .. _. .. ....... ..... ... .... .. 0. 036 

itrates ...... .. .. . ..... .. .......... .. .... . ....... .. .. .. ... .. . ....... . .. . ... None. 
Titri tes . ... ... . . -- · -------- --- ---- -------- ------- --- ---- --- -- ------ --- ----· 

Chlorine ............. . .... ................. . ................ .. . . .. . ...... . . 
Sulphurated hydrogen ... . . ... . . ........ , ...... . . . . ... ... . ... . . .. . .... . .... . 

Turbidity, very marked . 
Color, yellow1 h. 
Ta t c and odor , light. 

Nolle. 
0. 71 

' one. 

Oth r analyses have been made which vary somewhat from t he above, but copies 
are not at hand. (Informnt10n fum i bed by C. E . Thorn. ) 

Xenia, Ohio.-The public water supply since 1 7 ha been from a. series of sprin rrs 
located on the border of the ity . The e for some years yield d about 1,000,000 
gallon per day. but in the drought of 1 94 and 1 95 thei r flow became red uced to one
tenth that amount. Pro poet borings for wat r near the springs fa iled to develop 
any adeq nate supply . The pri vate well a re of various depths, ra.ngin<T from 10 io 
0£ et: They a re largely obtained in gravel near th e ba o of tho glaoial drift. Jn 

some on e t hey are lia.ble to contamination becanse of in ufficient cover. Th need 
of a mor adequate publi c supply is very great. 

Young town, Olli.o.-Tbe ity olotains it public supply by pumping from the Ma.hon
iu g Riv r. For high s~or vi a tandpipe i ase<l, bu t for low Stl lYice direct pre nrc. 
llfnny wells have beeu drill d in the vicinity of tbi ctty which obtain a sl ightly 
bmck1sh wat r, uupl a ant for driuking. hallow well on tho uplands often obtain 
a g od quality of water at conven i ut depth . Those in the valley a re in many 
ca e liable to contamination, and their u e is lnrrrely di continued. (In forma ion 
fu rni !J d loy W. . Hami lton, superintendent of waterworks.) 

Zanesville Ohio.-Th public supply is pumped from the l\lu kino-nm River to a 
reservo ir on th bluffs. An analy is of the wator 1 given in the tables. Many pri
'Tnte wells are inn e, whicb. n nally obtain wa.t r in gravel or saud. 'I'h Artific ia l 
Ic ompany obtains a UIJl)ly froru a well 66 feot in depth . An aual y is of its water 
appear in t he talol . 

RAINFALL. 

At tbe clo of the year 1895 the tate weather ervice of Indiana 
mainta ined twenty· ix point · of ob, ervation of precipitation, o dis
tribu ted a to repres nt fairly w ll all part of the State. The follow
ing ummary of available r cords, prepared uuder t he direction of 
Prof. ll . .A.. Hu t u, dire tor of the tate weather service, appeared 
in hi monthly r port forD cember, 1895. It include , with the ob er· 
vation for tbe 'tate w atber ervice all the reliable record publi bed 
prior to tb, or an ization of that service. 

It will be ob erved that th normal annual precipitation for the State 
for an average p riod of fourteen year IS 39.57 incbes, and that t here 
is a st ady d crea e from south to north in the amount of precipitation, 
th re being in the outbern part 43.57 inches, in the central part 38.15 
inches, whil in the northern part there is but 35.49 inche . This 
decrease in amount of rainfall from outh to north afl:'ects the neigh-
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boring State on t he we t (Illinoi 
beyond t lte national boundary. A 
in Ohio. 

a nd I owa) and xt nd northward 
. hown b low, i t i ' uot o p rc ptible 

Table of ]JI'ecipilatioll in Jndia.ua. 

[From report of dirn to r of • tato weather servlc , I 95.] 

X urn · 
l'lac of oiJ. rvnlion. h r of' Norm:tl. 

. Vl~tlrs . 

l\ronnt Vernon . ....... .. 

Pritl Ceton . .. .. . .. . . .. . . 12 

.i\Jaren"'O ........ ....... 

1

13 

Ye,·ay ...... ..... ...... 30 

Bntl rville............. 10 

Wortb ington ... .. ...... 1 13 

eymou r ........... . . . . I 
Colnmh u .............. , 12 
l\Iad ison . . . . . . . . . . . . . . . 2 

Terr Haute .... .... .. .. J 2 

ambridge City........ 3 

2 

3 

3 
!arion . ........ . .... .. . 10 

J elfersonYille... . . . . ... . 7 

ODD rB\•iJle............ 13 

24 
1\Iauzy. ...... .. .. . . .. .. 15 

Logan port .. .. .. .. .. .. 11 

Rock,rille .... ...... .. __I 
Far mland.. . ......... .. 13 

Lafayett .. .. .. .. .. .. .. 16 

Delphi........... ...... 10 

olu robia Cit y .......... 10 

Angola. .. ...... .... .. .. 11 

I nchtt. 

4-1. 91 

39. 56 

6-L 20 

44.. 52 

43.41 

42.21 

41.97 

37.77 

37. 6 

30.01 

30.57 
26.22 

33.04. 

31. 33 

31.02 

43.05 

39.09 

49. 

46. 07 

40. IG 

32.70 

47 . 7 

27. 61 

3-. 7 

36. 15 

36.60 

58. 33 
-o.99 

4!.16 57. 33 

41. 10 ' 57. 31 

3 .17 43. 62 

37.09 

39.63 
3 .05 

36. 3 

35. 50 42.34 

36. 57 42.20 

orthern por t ion ........ 12 135. 49 
Central port ion .. .... .. . 12 3 . 15 

43.77 
47.05 

60. 10 43.57 

Year . 

C
hern por t ion . .... . - ~~ 

tate............. 14 I 39.57 50. 6 1 3 
I 

L a t 
annunl Y ar . 
mount . 

In Ohio at th clo e of 1895 nearly one hundred and fifty independ 
ent observer sent in reports to ti.Je State clima te and crop service. 
About one-third of these stations lt ave maintained sy tematic ob erva
tions for an average period of el ven year , the length of period vary
ing from five years to twenty-five at ti.Je different stations. The normal 
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annual precipitation for the State for the thirteen years prior to 1896 
i 37.87, or 1.7 inches le tbau in Indiana. The average of greate t 
annual precipitation for the tatious i 42.65 inches, and the average of 
lea t precipitation is 31.02 inche , thus giving a range of 11.63 inches in 
the amount of annual pr cipitation. The greate t annual precipitation 
noted at any station i 65.39-at Demo,, in Belmont County, in the 
year 1 90. The lea t annual precipitation noted at any station is 
~0.50 inche - at Celina, in Mercer County, in 1 95. 

The following table, taken from the report of tbe director of the Ohio 
ection of the Weather Bureau for 1895, illustrate the above tate

ments and pre euts the normal rainfall, the range in rainfall, and years 
of record for each station where ob ervations have been long main
tained. It will be observed that the northern ection ha on tpe whole 
a decidedly lower normal rainfall than the middle and southern ec
tions. But certain station , such a Canton, Hiram, and Garrettsville, 
have a rainfall much above the normal for the State. 'Ibe cau e for 
' uch exceptionally high rainfall i not apparent, nor is the low r ainfall 
at Dayton, eliua, and Springboro. 

Table of precipitation i 1t Oh·io. 

[From r eport of d iroctor of tate climate and crop ser,;ce, 1895.] 

P in of ob orvation. ber of 
years. 

Greatest 
Norm al. ' annual 

amount. I 
N um -

------------------- 1------

o uth ern section. 

Ath ens ... . .. .. . . .. . ... . 

Cincinna ti . .. .. _ ..... . . 

6 

25 

5 

9 

13 

Il ang in,.Rock. .. . .. .. . . 13 

Logan.. . . . . . . . . .. . . . . . . 12 

Mari tta ... .... ...... .. 13 

M Conn llsvill . ... ... . 12 

Portsmouth------- ----- 11 

pringboro . ..... . ...... 5 

Wa.v r ly . .............• 12 

Wayn villo...... .... .. 7 

.Middle section. 

Celina. ................ 8 
Columbus.............. 17 

D mo · --- - --------- --- 6 
Gr<lenvillo ...... -- - - -- - 10 
Kenton ................ 7 

I nchea. I nchu. 

37. 0 

39.23 

33.1 

42. 65 

41.2 

30.14-

41.5-1 
34. 14 

s .69 

39.50 

38. G9 

49.10 

54.67 

39.57 

47.70 
,w. 97 

54 . 22 

56.08 

4.5.92 
53.-

48.28 

41.67 

51.30 

65.39 

<J3. 71 

50. 65 

Y ear. 

1890 

1 93 

1 90 

1R82 

1 90 

188 
1 90 

Least 
annual 

amount. 

I nchu. 

32. 6 

26.59 

26.40 

31. 

26.78 

32.52 
32.60 

26.61 

29.35 

31. 24 

25.95 

25. 26 
2. 27 

20. 58 

28. 50 

27. " 
22.03 

26.10 

Year. 

1 95 

1 89 
1894 

1 94 

1 95 
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Table ojp1·ecipitation in Ollio-Cootionccl. 

Place of observation. 

Middle seolion-Co11t' cl. 

N w Alexandria...... . . 11 

'ew Com r town. . . .. .. 10 
orthL wi burg ........ 13 

Ohio tate niver ity... 13 
W st rville .... ...... .. 10 

Akron .. ... . ...... ..... . 

A hland . ......... .... . . 

Canton .. ......... . .... . 

levclanu (W. B.) ..... . 

Cl v land (Hyde) ..... . 

Ell worth ............. . 
I 

F indlay ................ 
1 arrettsville .. ........ . 

9 

7 

12 
2tl 

13 
5 

6 
7 

Gratiot.. . ...... . ... .... 6 
Hiram .. .. . ... . .... ... . 13 
Lord town........... .. 6 

Oberlin .... .... . . . . ... . 13 
Orang ville....... .. ... 5 

andusky . .. ... .. . . .. .. 1 

Tiffin .... ... . ... ... .... 7 

Toledo . . . . . . . . . . . . . . . . . 25 
pper ancln ky... . .... 12 

Wan eon . . ............. ! 23 
Wooster ................ I 11 

Youngstown . . . . . . . . . . . 11 

outbern ection ...... . 13 

Inches. 

41. 9 
tll . 0-1 
40.15 
37.26 
37. 96 

37. 5 
35.90 
39.30 
36.56 
37.30 
3-.66 
36.56 
40.03 
39.0-1 
40.49 
3-t 
33.27 
S.Jc. 33 
34.75 
33.65 
31~ 02 
36.74 
36. 6 
34. 49 
33.52 

38.53 
10.5 38. 32 

ortheru section . . . . . . . 12 35. 96 

tate............. . . . . . . 37. 7 

Inches. 

5 . 53 
62.79 
49.50 
50. t17 

49. 24 

53.09 
49.00 
51.52 
51. 5l 
<19. 35 
37.45 
42.75 
53. 1 

:-7.52 
51.33 
49.43 
45.91 
46.36 
46. 37 
45.57 
45.91 
4 .03 
52.55 
54. 21 
50. 93 

L nat 
Year. unoun.l 

runouut. 

Inch•. 

1 90 
190 2 .67 
1 93 2 .95 
190 26.95 
1 90 2 . 0 

1 1 

1890 27.27 
21.33 

- 31. 67 
2 .49 
31.32 
26.20 

::::::::: :::~:: :l ::::~::: , :: :::::: 
There is a sufficient amount of precipitation, and the precipitation i 

so well di tributed throughout the year, both in Indiana and hio, that 
droughts of disastrou effect are rare. sually the oil i sufficiently 
pervious to ab orb a large portion of the precipitation and yield it at 
tile needed times t o the growing crops. There are, however, portion 
of both States where a compact white clay soil prevents the ab orption 
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of moi ture. In such localities the surface also is usually very level and 
the tract are poorly drained. A a con equence the land is flooded in 
rainy seasons and baked in seasons of drought. The portion of Indiana 
most eriously affected in this way lies outside the limits of the newer 
drift, in the outhea tern corner of the State. It embraces outhwest
ern Franklin, southeastern Decatur, Jenning , Ripley, Dearborn, and 
Jefl'er on countie,, and the water partings in Ohio and Switzerland 
counties. A mailer di trict i found on the western border of the 
State in Clay, Vigo, and ullivan counties. lu Ohio the mo t exten
sive district is found in Clermont, Brown, Clinton, and portions of bor
der co untie in the outhern part of the State. The problem of opening 
these oils and rendering them permeable to moi ture and air is one of 
great agricultural importance. 

There are mall areas where the soil allow the water to pass down
ward b yond the extent of vegetation. uch are the gravel and sand 
plain which border many of the valley in the northern and we tern 
parts of Indiana and the outhern part of Ohio. The situation of 
these tract i usually favorable for irrigation, as th yare found on the 
lowlands. It i thought that by the u e of irrigation in ea on of 
drought the value of such land may be greatly increased, and that the 
return will more than meet the expense. 
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PROG-RE IN \ ~ LJ.J L lCL. :r {) . 

To the num rou w 11 in 1 96. 
11 ar 

Pukwana, in 

Blue clay .... .. . 

Chalk •ock ..•... 

Black clay ... .. 

f1n' sand .. .... . . 

Blu.e-.bb<'k clay ... 

Second sand . . ... . 

Ltghl chalk cJa y .. 

ri e 15 juche above th w 11. 
Thl•d saod ....... The well of ilr. l\Iartin mitb, al o complet d 

~:..'-'- ·.:.;.:.,~'-" 
90

, in 1 96, is in ec. 2.-, T. 103 . 69. It depth i 
Flo. 78.-Log of well on Car

penter farm , near Pukwana, 
South Dakota . 

955 feet, (liamet r 4 juch and flow 150 gallon 
per minute. The water-bearing bed wer p ne
trated at a del th of 830 fe t. 

The new well of D. N. Kaufman, jn sec. 12, 'I . 103, R. 71, i 1,071 
fe t deep 6 inches iu diameter, and ha. a flow of 1,300 gallon . Other 
flow were at I 0 and 95- feet. Obalk wa reported from 300 to 500 
feet, with ·hale below. 

In the vicinity of llimball, M sr . Ocl1 ner & Bro. h ave continued 
their boring, in ec. 1, T. 103, R. 6 , to a depth of 1,175 :f< et, but o far 
have not been able to obtain a larger flow than 40 gallons per minute.' 

1 A notice of this well in the Prelim !.nary Report was based on a achednle rccei••ed early in 1896, 
wllich gave figures somewhat dilrerent from these, especially as to yield. 
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Tbe boring i ca d with 96G feet of 6-inch pipe and bas an inn er tub ing 
4~ in be in diam ter. From 1,01- to 1,17- feet the sandrock was very 
firm and nearly dry. It i thouo-bt that more porou ' water-bearing 
bed · will be fou11d by inking deeper, and accordingly it i planned to 
c1 1 en the bori11g next . ea on . Tbi area of dry audrock extends for 
orne di tance n rtbward and caused the failure of a 1,200-foot bo.ring 

in ec. 1, T. 104, R. 67, wllere onl y a v ry small flow wa obtained. 
Another well in sec. 34, T. 104, R. 67, found 1milar coudition . Fig. 79 
i a map bowin the di tribu tion of well in Brule ounty a11d tbi 
area of dry and tone al o in iicated . It ba been ugge ted that 

I i •987 Ft.IM"''?Gals. 

i T. I05 R.70 i T. l05 R.69 I T.J05 R.68 i .T.I05 R.67 

I I . 

I I 1 .935 Ff. 813Gals .. ·::.; 

_j T---- __1 r-----l-----~-- ,-;oo.fi~,; 
~,'4. 685 FA ~so Gals I 1 ·• >::,-.-_,_:;:;; 

6#f.fH'II~!!Hi..l::t.f-',~~ . I I ·.· . .:.:::_.·::··.:.c-.:.::: 
5T. R.70 ~ T. I04 R.69 T.I04 R.68 1 -:1- 1.0·1;.:R.:.W·.'( 

. l __ :~;~~=t~:s:_•_.!_~;:na I -·-'- _ ·;:· ::;.:jJ! !·~/';§:~-:~&.W 
~ 907 rr. · · -. :.e: 1175 Fr.· 4:o:Ga1s :::. 

i :.::~. ~~,T~~03 ... ·i ::-;;]~~r~.~;::; c 
I I T.l03 R 70 1 • ~55 Ft:l. . 980 Pt. ? • A, . . (50Ga:S I 
1 ____ f. q !:!_!JJ!Gals._ j_ _____ +- _____ f.- ____ _ 

•• I I ' IZZf-Ft.600G61s. J 9ZDFtManyGals . 
. IOZ R.71 1 lfOOFf. BOOGI!I/.s . eroso.!f. )oooG.Yis. 

1 • • I • I .B__9Z Ft. 
0 r85Fr. 80064/s.e IOZ71 T.IOZ R.69 T.IOZ R.68 1 T.IOZ R.67 

~ i T.IOZ R.70 i i i 
---t------.----- --+---- --,-----

1 
1 • tn Prog~4s !137Ft: rosa Gals. 

900 Fl! ZOO Gals . I e : 889 Ff: 
T .IOI R.70 I T.IOJ· R.69 ,.T.JOI•R.68 I Nsny~ts. 

96~Ft: T.IOJ R.67 I .. . I 

I 
F 1 . 79.-0ullino mnp of Hr ulo ounty, oulh Dakota, s ho,d np: locn lion of:tr lc inn 'v lis, wi th thei r 

depths nud yield 10 gallon• 1wr miun . T ho dol let! 31'('tt sllows th r g ion of scan t Oow s. 

tbi dry rock i th we· ward ~ ten ion of the ionx Fa ll quartzite, of 
d cr a d hardn , and wit hon t th d i .. ti netive pink olor. vVll il tlli 

i po ibl , i t is thouo-ht not to be probabl , and an att mpt 
p r in · ar •b of more p rou b d in tb Dakota for111ation 

i v 1· dt".:iraul . 
lr. Pao· Guthrie w ll drill rat Kimball has rr i,·en orne informa

tion in r gard to tile uml rgrouncl g oloo-y of ea t rn Brul onuty 
which i worthy fpublicatiou. He ·tate t ll at tlledriftdepo it u mLily 
:w r::ige abont 100 :C t in thi ckness, compri ino· from 15 to 25_fcet. of 
yellow clay abov aud 75 £>et of blue clay below. The underlymg lor-
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water. 
thicke ·t . 

CHARLE S MIX COUNTY. 

There ba be n on iderabl a tivity in well in kin o- in tbi nnty in 
1 96, a ix deep well wer r ported . Tw f tb ·unk b th 
United Stat ' Indian ureau on th ~ankton R and the 
otb rs by farm r , mainly for irrigating. 

The followin g i ali t of w 11 uuk r oropl d in 1 96 fr m wbi •h 
r oturus La e b on rcc i u: 

List of new well8 in Charles Mix Cowrtty, outh. Dakota. 

Location, etc. Dept b. 

Fut. 

Distance I 
from tbe 

eurfa to Dirune 
top of b ds 

yi elding 
flows. 

ter. 

Pett. I nch ... 
... 
6 
... 

Yankton Age nc y, } G51A { 
Greenwood. 1i 

... 
6 1-- -- -Lake Andes, 'No. 1 .. 775t { 
... 
1t 
... 

J. E . Lat.ham, T.100, 
} 830 { R. 68, sec. 9. 2-

D. U. Harris, T. 99, 
R.67, sec. 1 . - } 769 2-1 

... 
3 

. J . M. Pa ek, T. 100, 
} 980 { R. 69, bee. 9. 

... 

. .. 

... 1 
771 

Tow nship 99, R. 67, 
} 907,\ 09 

sec.:n. 819 
38 

... 
6 { 590 

LakoAnd .. , No. 2 .. 1 802 675 
730 

8-

I 
Yield per Remar ks. minute. 

OaUon• . 
Clo d pressur , 

·------ - 119 pounus p r 
3 000 I q u ar in-ch . 
--- --- . . Temperatur 

70'-' . 

;;;oo ll 
losed pre" nre, 
70 pounds per 
sq ua r in h. 
Temperature, 
700. 

--- -- ---
7 

--- ---- -
7t }Much water at515 

feet. 

-- ------
}chalk at 210 feet . 125 

·-------
------ --

40 
--- --- --r·· ··" y ;. --- ----- 1897. Estimatt'Cl 
1,500 p r e s s u r c, 70 

pounds. T e m-
perature, 700. 

I 
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The well at the Yankton Agency at Greenwood, was sunk for water 
supply aud power, both of which it affords in a mo t ati factory man
ner. With a 3:!-inch opening, its pres ure i 59 pouud per sq uare inch, 
and a hor epower of 9.63 is indicated, the greater part of which can be 
u ti lized by the Pelton wheel. The log of t his well , a given by Mr. 
L. F . De ay, i reproduced in Pl. -' XVIII. 

Sa mple were rec ived from d pth of 420-44 feet 448-480 feet, 
552-577 feet, 577-603 feet, 60 -610 feet, and 611-620 feet. 

Above the principal flow wh ich wa uti lized, everal other bed of 
water-bearing mat rials were pen trated. There wa a larg volume of 
water at 144-150 :D-et wbich ro e to within GJ feet of the urface. Tbe 
fir t flow at L0-421 f, et yield d 10 gallons per hour of oft water with 
a t emperature of 560 F . There wa a flow at 4 2-49u feet; a 15-o·allon 
per minute flow of oft water at 552-556 feet, and a fourth flow of oft 
water at 579 feet, yieldiug 30 gallons per minute, with a temperature of 
640 F . The water from the main flow ha a temperature of 70° F ., and 
its quality i hard. 

It is r ported by 1\fr. D . H. Harri that the Darlington Town hip well 
ba ufficient head to r ai e t be wat r 60 feet above the urfac . The 
log of hi ''" ll . uppli d by lr. J. . l\I Lain h airmau of the town 
hip b ard i giv n in Pl. ~·~~~- l.II. 
' l'h nit d tat Indian B ur an ha unk two well at Lal;: ~nde ·, 

\\' hi h l1 v pro eel ful. They are intend d to fill he lake, 
<tnd, aid d by th h aud d p now the wat r level i rapidly 
ri in . Tl.! l rr f tb well a r ported b Ir . A. E. wan tl.Je drill r 
ar giv n in 1. ~ 4- - III. It i r ported that in w U o. 1 a ruall 
f1 w wa n oun r d at 615-623 fe t and veral oth r mall fl. w at 
62 - 725 f, t . Tb maio flow i in b d whi h xtend from 725 to 773 
f, t. In w UN . 2 y ry imilar condi ion wer found. Water began 
to lribbl o r tb t p of t-b pip at "'90 feet; the flow increa ed orne
what fr m th and· tr ak' at 615-6"'5 fe t and a flow of 200 a-allons 

wa found in tiJ b d at 675-7 0 feet. 
l\Ir. J. E . . Wil on c. 1 T. 9 R. 6 ha deep ned tile boring on 

hi farm to a d p 1t of 1 220} t but without obtaining a flow. A large 
v lnm of water, fonnd in a and b d at about 900 feet, ri e to within 
2 f t of th urfa and mn,ll amonnt from water-bearing bed below 
ha rai eel it to wi bin 15 f et of tbe urface. It i pos ible, owino- to 
th high altitude of the laud aud dip of t he b d · that this borinrr l.Jas 
n t y t rea bed the tratum iu which a larrr volum of flowing water 
bould b pect d but it i mu h more probable that the land i hig-her 

than th h ad of the water . Owi11 o· to la k of opportunity, it wa no t 
po ible to v i it tbi bori ng to determine t h a.ltitude of the laud and 
a c rtain whether an arte ian flow hould be expe ted in this elevated 
area. 
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AURORA COUN T Y. 

Several well wer unk in th i mainly for water up-
ply fo r i rr io-ation. T IJ eir principal t atm · ar g iv n inth fol lowing 
li t, which al o in lnd om well · onk in pr vi u year but not 
included in th Preliminar · R port : 

upplemenlal list of a1·tes ian wells in A m·om Olttr ly , oulh Dakota. 

Local ion, eto. Depth. Diam- jYi?ld ))()J 
eter. mtuut . Remnrks. 

Feet. 

Philip Eyer , T. 103, 70-
I11 ch-:: -: Ilona. I 

3 200 
E. 63, 5 mile 
o ntll ea t of 

Plankinton. 

Evon Rae ley, T . } 
103, R. 63, ec. 2 . 

Mike Gall e , T.102, 
l~ . GG, soo. 17. 

George a '' ille ( f), 
T. 103, R. 63. 

am . Swenson T. 
103, R. 63, ec. 13. 

J .D. Barton T. 103, } 
R. 63, · \\-. t ec. . 

. R.Auld,inPlank
intoo . 

. J. R. :\I abbot, T.103, 
H. 63, ec. 26. 

L . ~!abbott, T. 103, 
R. 63, c. 26. 

Leonard cott, T. 
103. r.. 63, ·ec. 35. 

James Ryan, T. 104, 
R. 63, sec. 22. 

George cott, T.105, 
R. 63. 

J . \\. Ryan, T . 102, 
R. 63, sec. 10. 

'ry tal Lak e Town- } 
ship, E . t sec. 17. 

P lanki nton Town
ship well. 

0. cott, T. 104, R. 
63, sec. 1. 

71{) { 

5 

600 1 3 ! 2vo 

6~ -----~ ~- ~ --- .; ~--

530 ......... . 1 2 30 

420 3 0 2 30 

T5 { 
620 
T3 

.. ...... , ........ }Pre tll' , 0 lb . 
3 100 per q uare io h. 

4 1 s 745 74 0 

530 -oo 

490 440 

475 

613 

2 10 

2 1 10 

4--3 , .... .... 1 

4t-3 I 16 1 

2 5 

Fir t flow, chalk, 
40-140 feet. 

.... .... .. 1 2 3 -

-0 { 643 .... ...... .. .... }P r sure, 5o lbs . 
794 4t 600 persquare ioch . 

7T 

470 

755 4t 200 Pre ure, 55 lbs. 

. .. . .. .. .. 2 4 P"'quu inohj 

Logs of the wells of 1\'fr. J ames Ryan and Mr. J. W. Ryan are given 
in Pl. X L. 

On t he farm of Mr. H. B rady a u attempt ha been made t o obtain 
watet·, but owing t o mishaps t he boring ha been abandoned. The 
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ca iog was not driven properly a.nd the tool were lo t . The depth 
r each d was betw en 700 and 800 feet, and the fi rst flow wa pa-. ed 
n ear 700 fi et. fairly good volume of water was found at a depth of 
530 fe t which came to within 25 feet of the urface. 

Jr. S. W . Pea , well dri ller, h al:! furni hed a general ection for 
Aurora ounty which i. reproduced in Pl. L. It compri e the 
re ul of hi ob ervation in a numb r of borin g which b ha unk 
in r e nt year . He tate t hat the hard roek underlying the lowe t 
water-bearing androck is of t he nature of the 

ioux Falls granite, being exce ively barcl. 
t one locali ty be d rilled into it for 19 feet, c'cl:~.~>:.~: ..... . 

bnt under ncb difficultie that the expense c.:,:)t~,>~;.;·, ::::::: : 
wa · 400. 

BUFF ALO COUNTY. 

Th 

J ERAULD COUNTY. 

Gn:.y ahale .... . ... . . 

.ra)' chslk, etC' .. , .. . 

F1nl.fto·w .......... . 

Pyrlt ..•••.•.... 

hal (!) ......... . 

l') rlt.d, 3 ffet ... . .. . 

F to. 80.-Log of nrt 
row· re k Ageucy, on tho 

:hl issouri Rh·er, Bufl'n lo 'on nty. 
South Dnkot•. 

Mr. Frank Oarnpb 11 had a w II unk in thi county in 1 96, in ~o. 6, 
'f. lOG R. 63. It d ptb is 760 fe t. It contain 6!>6 fe t of 3-!l1ch 
en. ing, 206 of 2~-ineb ca iu o· a.Qd 37 fi et of 2-illch ca iu g. Vater-
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bearing bed begin at 737 feet. The flow 0 gallou p r minnt ; 
closed pre ure, 140 ponud to tb quar in h; and th well throw a 
l-inch stream -5 fe thigh. 

SANBORN COUNTY. 

A numb r of hallow w 11 w re bored iu thi county in 1 96 and 
two well whi h hn.v depth of over 600 £ t. 

Tl1e following i ali t of w ll from whi h r turn have b n r iv d 
together wi th orne well tmk in pr viou year whi h w r not 
included in the Prelimiuary R p rt: 

upplent ntal list of m·tcsian t M llB in anbon1 ounty1 outh Dakota. 

Di tan e 

Yi .ld peri Boou:l from th 
Location, tc. Depth. surfnc to 

Dltl!De~r. top of b ds m1nute.

1 

i !ding 
flows. 

J.'ut. Put. Jncllu. Oa.llon1. 

II. C. Sprngu T. 
105, R. 60, sec. 10. 

G25 600 2 30 

A. D. Green T. 10 , I - 2 40 
R. 60, s c. 35. 

C. Ostrander, T.106, 82 2 2 6 
R.5:J, ec. 1 . 

C. Wilson, T. 106, 92 92 2 40 
R.- , sec. 7. 

C. W. Win ters, T. 140 140 2 (a) 
106, R. 58, sec. 9. 

A. Overs held t, T. 497 447 2 165 unk in l 92. 
105, R. 60, ec.20. -

H. K. and E . 0. Ash- } 630f ~ 530 I .. ... ~ ..... (.b !. -. 1trpe~~~~a~ ~~~: more, lt miles 630 SW. of Arte ian . 

H. Helgeson, T. 105, 463 ---- --- --- 2 6 
R. 62, sec. 17. o 

-- Oswald, T. 105, 500 --- ------- 1t 15 
R. 62, sec. 30. c 

Peter Lundgren , T. 485 ---------- 2 4 
105, R .62, sec. 19. c I 
aNoflow. b Satisfactory. clnformation furnished by Peter Norb ck . 
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J.\.\IF...S R\'A '<. 
T. Jc~, K. fi31 SEC. ~-

Sorfau ..••..••••••••••••• 

Blue clay ...••••••• ••·•·•·•••••••• 

('balk .....•...•...•.•. .•...•• 

SanriJttOne 

Grsysb!\1t: ..•..•.••......••••. 

Sandat.oot> ..•. . ..... 

Blue Malo· •••••••.•.•••••••.•.•... 

\" er _y hartl roc.k ..... .. ........... . 
Flow ........•............ . . •....•. 

Blackuorl .•••••. . ••..••. .. ..•..... 

''Slatt''' ........ .......•...... 

P orous 11androck . . . . . .. • • . • • ..•• 

lt\.bpi.Jiow . 

J . W . R\" \'\, 

("lay ···• ···••·•· ·•••·• •· 

Blue clay .••. ••·•··•·•••·• •••• ••••• 

Shalt .........•.....•..........•• . 

Cbalk .............•..•..•.••.••.• ~ 
i~L 

5=andatooe .••. · • • • ••• • ·•• ••• · •• · 

~and ....... 
P~ritet~. 1 foot. ............... . 
Saod.tont . . • • . . . . . . . . . . •• , .. . 

!-'hale ... ... . 

Santi stone .. ... · 

Shale ................ ...... ··•···• • 
\\'av-r .. . - .... _ · ............... . 
~halt' ......... . 

3gtt. l. ft(IW, 

_<I:Jw•J 

Blt~t•C'lay. 

Qli:lU~RAL fi.J!(TIO"' •·n it 

.Al'ROlU. ('(ll' ' T \. 

~.:ulti anti KfA\'1'•1; wai .. r to-to-O ft>tt •• 
J .. ll(h lAhalt' . • .. .. ........ 
~'lUd; ..,..alt- r ln -W fr.-t. •.......•••• 
l hch t.iihali< . • . ,._... . . .. 
~arul, W!UH tll-i1t fr.-t ............ . 
l.ll(hUh:ah• •.•. ... .. ......... .. 

Qulrk~ntl an•) .. !lud; w-ater to -1 10. 
!-'aoJr~ .. ·k, ~ tt't"t; "'"W:r W - IOU f~t. r : ·:···:·:: ;· :·fiJ 

I)ry 8-lt-Ddrork 

J''"" llhal•·, wllb pyrlt.1l •••...•.•• • 

ll n.r<l.c"-nf!rndt, HI tr.-t .. . 
~andrUt·k, 5 ft·t'l; '.J llal. fl ow . 

Dry lo.llbdrtM:k, with f'Yrlh-s ••.•..•. 

!'-:t-n•lrnckj 17 K•l. flow .. 

Shal...-.... ·· ···- ••• • ·•· · 

DryMttflroc·k ........... .. 

u .... aan•l"""'· :tr~l . . . . mr:mt; SAu.lnM·k, IIIOpl.llow ............. · · · .• · .· • · 

~tt.n•lysbale ....... .. .. .... .. . . . . • _ 
Jh.rd, dry umJrud1. 1 5 f~d . . . . . ... , , .... . , 

Dry, 110ftundrork ........... . 

!'-.tlnolrod:1 100gl\l.llnw ..•..... . ...• ~;:~ 
t-.xtrt·m~l) l1ar•l r c"~k .•. , . . . . . •••.• 

LOGS OF WELLS IN AURORA COUNTY, SOUTH DAKOTA. 
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Ytllow dtly . . ... 

Cbalht.orh'1 blue. 

C'hAik;.;tnu~ . " hlte .•.•••••. 

~hdly s:wd .. tonr, httnl 

~oft ~tmd!ftone. 

LOU. ~IAOBOTI" . 

T. 103, n. 63, uc. 26. 

I ::IC! 

)iarti"I'AJ~Oilf'1 14 :.1-1 ft."l .. .....• •• 

Sha.le ........... . ...... ·· ·····-----

:~~:::~ :~~.:::::: :.·:.~~. ·:::~~ -~~:.::::: v;rr·.--;r;m 
l.:trgeflow .. . . .. . .. .. .... .J.SO 

8 g:tl. flow, 
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The Ashmore well is on a farm 1 mile south and one-half mile west 
of Arte ian. The log is given in :fig. 81. The :fir t flow wa found 
at 530 f< et and the second at 630 feet. From near the bottom of 
thi well the and pump brought out a 
lump of pyrites with orne hell adhering 
to it. They were a Mactra and a Fa cio-
laria, but are too imperfect for po itive Drltt .. ............. I:~~..,::.~J., 
specific id ntification. The horizon of the e 

Obalhock.... .. .. . .p.-;.-'-'r'-'-'-'f-"1 
form would appear to be the Pierre hal . 

hale ... .. .... ..... . 
The ro k in which the drilling wa di con-
tinued is tated to be only roo lerately hard, ndstone; now•tc.. 

but a sufficient amount of it wa not pene
trated to determin that it wa not bed rock. 

DAVISON COUNTY. 

Quite a number of wells were unk in 
Davi on ounty in 1 96. 'I hey have reaehed 
the water-bearing trata which supply the 
abundant flow to mauy w 11 nnk in pre-
viou ars and tl1row no important new 
light und rground r lation . An 
nd a b n made to make a m r 
ompl of th 11 w w 11 f thi 
unty than a given in the Preliminary 

R port, and tb additional information in
Iodin that relating to well unk in 1 96 

aiven in th following li t: 

lu.le ............ .. 

hale ..... ..... ... . 

F1rst Bow . ••••••• ... 

Sandrock; wat&' •• •• 

Slu.le .......... .. .. 

Rock; not very hard. &90 

:FIG. SL-Log of w ll on farm of 
H. K. and E. 0 . Ashmore, oear 
Artesian, uth Dakota. 

ttpplemental list of artesian wells in Davison County, outh Dakota. 

c Location, tc. 

I foun 
Mot 
bar! 
R6 

W.M 
8 o. 

P ter 

t ernon Mill o., in 
mt Y ern on . 

e F. Raymond, T.103, 
2, eo. 2. a 

mith, T . lOS, R. 62, 
14. a 

~ 
Hog teadt, T. 103, R. 

ReO. 12. 
Butler, in .Mount Ver-
.a 

-
Depth. D pth to Din me- Yield per Remar wnt r. !hr. minute. 

- - -----
Fed. Feet. Inehu. Gallon~. 

} 350 { 19 } 5i 40 350 

4.20 270 2 60 

450f 400 2 60 

315 ········ 2 20 

114,2 430 2 8 _j 
a uuk lu 1 96. 
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S~t])plemental Hst of a1·tcsia11 wells in Darison ounly oulh Dakota- utinu d. 

Loon Uon. etc. 
I 

D >th . De]J lh to 

1

-
0
1 I W!ltOr. 

Diamo- Yie](l per 
t r. miuute. 

Feet. Feet. l11cilfl.

1 

Gallo1lt. 

Rowell, T. 103, R. 62, 
11. 

barles Arlancl T. 103, R. 62, 
sec. 15. 

J ake John on, T. 103, R. 6_, 
se . 9. a 

KnoteJohn on, '1'.103, R. 62, 
eo. !J. b 

Art. F1· derick, 1'. 103, R. 62, 
sec. 10. 

Hatch Bros., T. 103, R. 62, 
sec. 15. 

0 

495 

406 

John K. John on, 1'.103, R. '} 646 62, sec. 3. 

Edward Brannon, T. 1Q.i, R. 
1

1

} 395 ,·{· 
6:., eo. 21. 

G orgt~ hlund, T l ~ H } 3 :J 
6:.?, se . :n. a . ' . I ~~ 

B. P. Xiobolson T . 104 R. } 550 { 
62, sec. 9. c£ 

~athan ' oble, T. 104, R. 62, } 330 fl 
s ·c. 25. 

H . H. Olson, T . 104, R. 62, 408 
seo. 1 " . 

Edwin Lewis, T. 10-1-, R. 62, 
sec. 34. 

361 

350 2 45 

2 - 4~-31 1:.!5 

- } 3 i) 

2 

360 3 

2 

3 

~4g } 2-lt 

276 '} 3 
300 I 

345 1 
I 

2 

2 

60 

30 

35 

60 

700 

20 

130 1 

T 

20 

90 

W. H . Kilborn, T. 104, R. 62, 
sec. 21. 

Ezra Rice, T . 104, R. 62, 
sec. 12. 

424 

416 

. ... .... , 

---- ~~~- 4t-: I 

3 

George Morgan, '1'.104, R. 62, 1 

sec. 3. a 

J . 0 . . Johnson, 1'.104, R. 62, 
seo. 7. 

B. HaJj son, T. 104, R . 62, 
seo. 2 . 

vV. Corn well , T . 104, R. 62, 
sec. 35. 

601 

479 

130 

2 15 

3 32 

460 5-4! Many 

Rev. Thormsgaard, T. 104, 
R. 62, sec. 6. b 

J. S. Wilson, T. 104, R . 61, 
sec. 29. 1}:· ~ ; } 

lt 3 

2 50 

50 

Remarks . 

and ton 337-
397 f t; v ry 
bard bottom. 

1 

J. S. W
8
· ilson, T. 104, R. 61, } 577 { 335 } 2 

sec. . I 55 
lo;~a. In vestment Company, 295 100 4 30 I 

~--r_._1_04 __ '_R_._6_1_, s_e_c_.2_7_. _________________ ~----~-------------______j 
a Sunk in 1896. b Information suppli <1 by P eter Norbeck . 



U. S. GEOLOGICAL SURVEY 

)f. GLEASO~ . 

YeJJo..., d ay •......... 

Blue dsy . .... . . ........ . 

Cbalk•ock •... ...... ... ~ 
~~~rc:,·:: ::: ::: :::: .. · -
Sh:a.le .•• . . . ..•.... •· · 

Ss.ndrock, ~ fett .....•...• 
&ndrock ......•........• 

200 gal. ftow. 

B. P. :" ICHOLSO:<. 
T. h 4, H. t\2, SI:C. 9. 

Ill 
.... ,_ 
3 1 ~ 

Blue clay.. ........ . .. . __ 

Yellow d ay .. .. .• 

Cha1k roc-k . .. . .. .... .. 
Sandstone ... ... . •....... 

Black abale ............. . 

1-l s rd cap rock; first flow , ~880 

Ss.nd.stone and dar k abAIP . ~. ·~ 

Bl~::h sh;~~i:81t~§ to1:~; 
fttt apart .......... . 

Sandstone ........... .. . . 

l:WJ!a.i.ftow . 

:.0 . T)()NOEI..I~t.E.R. 

T . I 

Hard rock .•• .• •• • . ..••.. 

Flinty undrock ..••.• •... 

Sanrlroc.k ; Row ...•... • .. 
Shale...... . . .. ... •.... . · · 1117 

40 gal . flow. 

Blur day 

Shale 

C& Jl rud:,IK'ofl . ······· ·-~ 
S.andr(l(:k1 ~lth 1hale : ::·. '!-~-.-.. ;f:: 

layt rt ., ....... . .. .. .... ~ 
. ,._.:_. , _ ...•.. 361 

T. II~. II . fil. fill:(' . ~. 

Feet. 

F1t!L llow • . . . . .. . • • . . • . ')!J5 

Second !low . .. . . . . .. . • • . • -''41 

Third Oow. . • .. .. • . . . . . . . ~6 

LOGS OF ART ESIAN W ELLS IN DAVISON COUNTY, SOUTH DAKOTA. 
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J. K. JOII :SSON . 
T. lftl, 1t. ti~ , IU:C, 3. 

I I 

Rt:d cla y .•. ••· •· · • · • · 

Chalk 11tone ~
45 

W a ter-be3ring rock..... 10 

~hale . ............. .... .. 

llnrdrook, lrou ....... .. . 

Shale ..•..•..•.....•. 

l iard sandrock, 3 ft:d ... 

Water-burin~ rock, firtot 
flow, -&-a ~ga ll• ..... 

Sbl\le, with hard r t'l(' k 
lay t~rs ......•.......... 

Watt:-r rock , fl ow 64 ~alh' . ;!f~.\ .~ .. ·.~- '-~' -~_-::, ~.'. .. ~-~-f ·d.; ;t 
SAud11tone, h:t.rd ••. .•. • . 

Sh~tle .. . - .... . ... ·· •· ·•·· 

Roc·k1 9 reet ........ .... 1_ 

~~~~f:'~:d6 L~~~-t ::.: . ::: J 
W ater-bearing roc k, with •-- ~ • -----.;; 16-1 6 hard layers . ......... . . 

700 gl\1. flow . 
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Sttpplen~entallis t of a1·tesian 1oells in Davison County, South Dakota--Contiunecl. c """"''·'"'· Deptb. D~pth to Diame·I, _Y_i_~~-d-pe_r_. 1 ---R-em- ar:-l water. ter. _mmute. ~~ 

Feet. Fut. I nc/tel . GaUon1. 

A. M. Logan, T . lO.J., R. 61, 653 
seo. 18. 

C. C. Youn g, T. 104, R. 61 , 3 3 
sec. ~ 

\V . A. Fraser, T. 104, R. 61, } 425 { 
s c. 33. a 

E. D . Watkin!!, 1'.104, R. 61, 420 
sec. 20. 

Everett Smith, T. 104, R. 61, 
sec. 26. 

265 

2-1t 

350 2 

250 
420 

418 

3 

2 

2 

H. r . Cox, T.104,R.6J, ec. 25 

John Titus, T. 104, R. 61, 
sec.30. 

307 { 
200

} 3 285 . 

375 

Oney Clar k, T. 104, R. 61, 415 
sec. ~ 

H.L. 'Men ley, T . 104,R.6l , 34.J. 
eo. 22. 

lade.... .......... .. .. 440 I{ 
Martin 1 ason,T.104 R.60, 25 

c.5.a 

J . ll . Martin, T. 104, R. 60, 
. 17. 

,J bn le on, 1'. 104, R. 60, 
eo. 9. 

E . E . D an T. 104, R. 60, 
sec.ll. 

IT. J . Timm, T. 104-, R . 60 
c. ' 

344 

237 

3'i0 

355 

310 

355 ) 
424 r 
256 

320 
I 

237 1 

365 

2 

2 

2 

2 

2 

2 

2 

. Doud linger, T. 104, R. 60, 
s c. 17. 

456 1. ...... . 3 

W . M. Dod "'e T. 104., R. 60, 
eo. ~ 

Joseph il fi lli an , T. 104, R. 
60, sec. ' 

i\1. L. Babb, T. 103, R. 61, 
s c. 30. a 

323 

365 

H. A. tabl, T . 103, R. 61, 411 
B<'c.19. a 

.r. M. cbroiclt, T. lOS, R. 61 f, 30 · 
sec. 

D. H . Muss r T. 103, R. 61, 28!l 
sec.17. 

John Abraham, T . 103, 1{.61 , 216 

2 

370 2 

250 2 

245 2 

216 2 

90 Chalk 50-150 
fee t . 

60 

210 

22 

20 Stoppedonbard 
bed . 

40 

120 

30 Sandstone 380-
415 feet . 

60 

10 

200 

60 

2 

4 

70 Sandstone 330-
355 feet . 

70 andatone 438-
456 feet. 

100 Sandstone 2 8-
332 feet . 

90 Sandstone 337-
365 feet . 

75 

120 

30 

30 

60 

sco. 6. _j 
L_N_J_~-~~-~t~. Nob!<', T. 10:J, R . 61~ - 3~~~-2-76_'_· :___2_:_ __ 35__;_ ___ _ 

nSun ki u 1800. 

18 GEOL , P'.r 4--37 
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ttpplementallist of arte ian 10ells ilt Darison Cotwty, onlh flakola- 'ontinu d . 

Location, otc. P wntor. rer. I minute. 1 omnrk o. Do th.l Depth to I Diam . Yi ld per 

--------1- -----
Feet. Pu t. btchn. Gallon•. 

John Royseth, T. 103, R. 61 , 335 2 
scc.19. a 

A. Reitzel, T.103, R. 1, se . 325 2 
25. a 

OliYer Pin , 1'. 103, R . 61, 
c ·. 19. a 

0. , tahl, T. 103 R. 61, c. 
19.a 

. Pound T. 102, R. 62, ec.3.a 

H . H. ar y, T . 102, R. 62, 
ec.6.a 

M. Grady, T. 101 R. 61, sec. 
25.b 

Jobu "choenfelder, T. 101, 
R. 61, cc. 2 . 

Jos . cboeufelder, T. 101, R. 
61, sen. 21. 

0 car W arUeld T.101, R. 61, 
·ec. 2. 

Cba . Drake, T. 101, R. 60, 
ec.29. b 

L. Lowrie, T. 101, 1. 60, ec. 
9.b 

J. Hies, T. 101, R. 60, sec. t3 o. 

N. Bla kman, T. 101, H. 60, 
•
1 

sec. 2l.b 

~tne , T. 101, R. 60, ec. 

346 2 

.no 2 

I 
} { 

2 0 1 s - 35 f" .... , 

550 1...... .. 2 

460 430 2 1 

642 600 2-11-

4 - 4 0 2-1) 

3 - 2 

460 2 

'} 520 { 440 I} 
516 2 

530 2 

535 ·so li 

425 2 

413 2 

I 
477 3 - 2 

320 
320 ~ I 
435 430 2 

I 
I 

-0 

1t 

0 

110 

s· 
60 

90 

20 

30 

2" 
2" 

27 

15 

35 

30 

3.3 

3 
45 

25 

aluformation supplied uy Peter •'orbeck. • b uuk in l 96. 

Pre nre,13lb. 

Very hard r o k 
on bottom. 

cSunk inl897. 

The water horizons in Davison County are very uniform in t heir 
relation over wide areas. They have heen mostly developed in the 
northern l1alf of t he county, as the well are quite ·widely cattered in 
the southern township . The depth of the wells varies in greater part 
from 300 to 4 ·o feet. The well of Mitchell are from 548 to 586 feet 
deep, and the wells in the higher lands in the outhwe tern corner of the 
county have to go to about the ame depth. In portions of the region 
north of Mitchell and about Mount ernon ther are first -flow waters 
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at moderate deptlls which are the source of supply for orne of the 
wells, but in most ca es the deeper waters, with their larget' yield, are 
preferred. As the water-bearing strata lie at uch moderate depth in 
this county, the expense of obtaining a flow from the main water-bear
ing bed i~> not great. 

At the well of Mr. Spears in Mitchell, 60 rod north of the town 
well, it is reported that 40 feet of bard andstone was found at the 
depth of 100 feet, which wa not reported in the town well. Another 
difference wa in finding no water at the depth of 260 feet, a in the 
town well, the bed at thi depth being of shale. At 320 feet, and 
again at from 4~0 to 505 feet, hard sandstone was reported. The cap 
rock was entered at 533 feet, overlyiBg a loose sandstone which yielded 
a good flow with a pre ur of 13 pound per square inch. 

HANSON COUNTY. 

Returns have be n received from only one new well in Hanson 
County, that of Mr. W. H. Tripp, in ec. 12, T. 104, R. 5 . Information 
ba al o been received in regard to a few wells unk in previou years 
which wer not in luded in tbe Preliminary Report. These are given 
in b followincr table: 

ltpplemen talliBt of arteaia.n wellB in IIanBon County, outh Da kota. 

~ L<> otioo, <o Depth. 

. Feet . Inc/us. G allonl . 

W. H . Tripp. 1'.104, 
R. 5 , s c.12. 

4i 35 Pre u~·e, ~0 lb . 

Abe T aylor, T. 101, 
R. 57 sec. 27. 

. L. Holbrook, T . 
10-L, R. 57 eo. 7. 

Fred lie s, 4 mil s 
nortll of l!'armer. 

Vi tor fatthewR 
3t mil s west 
nncl on -balfmil 
north of Farm r . 

510 

260 

ro 

508 2 ·i 

505 lP-2 16 

·····--- -- 2 

-·-------- 1t 

_j 
Iu tb W. H . Tripp well the fi llowing material are reported: 

ll'eeL. 
0- 200 .. ... . ...................... yellow and blue oby. 

i:!~~ : ::::::::::::::: :::::: ::::::s~~~l.. with beds of pyrites 2to 16 inches thlok. 
4 -483 ............................ sandrook, pink. 
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nder the androck, which wa the water-bearing tratum, th r li s 
a v ry hard sub tanc , which may po ibly b th b d rock. lt may, 
however, be pyrite , and 1r. Tripp is of the pinion that it i not the 
SiotLx quartzite. It wa penetrat d for 3 fe t at gr at xp n 

At the Holbrook '"ell the wat r o · ur in a, 10-foot b i of r d ·and
rock, wl1ich li on an exc ediugly hard rock, into which th w rkmen 

ere aule to drill only a~ w inch . 0 

HUTCHINSON COUNTY. 

The arte ian wat r of the akota ba in ar v ry xteo iv ly ntiliz d 
in the western antlnortllwe tern portion of utchin on ounty. Thero 
are everal lmnclred well , mainly of mall ize, but th y yi ld a ery 
large aggregat outflow of xc llen t water. wing to th mod rate 
depth at which tll water-bearing 'tratum li in hi region, a man 
well i within the mean of almo t very farmer, o that tbi important 
re ource ha h reproved particularly u ful. 

During the year 189() a numb r of add itional w ll hav b en unk, 
iu most ca es with compl te sn ·ce In order t pla on re ord the 
feature of the well of thi county a omewhat xt nded canva wa 
made in 1 96, the re nlt of wbi h are t forth in t h foll wing li t, 
which al o include the fj w w ll , o-iven in tb li t in the Pr liminary 
Report. The li t i no t by any mean complete, but it !rive a uffi ·ient 
number of well in each e tion to indicate the condition under which 
the underground water occur. 

Partied list of artesia111vells in HILichinson Coun ty, 01tth Dakota. 

)<arne. 

Totcnship 100, 1·ange 61. 

Jo . Ol.>erembt .............. 

M. Oberembt . . ...... ... .... 

A. Zeicr . .......... . ... ..... 

J. anheizerl. . .. ........... 

Matt Korter .... . . .......... 

.Jos. Schoenfeluer ... ...... . . 

Paul cho nfelder .......... 

Nink Mayer . ...... .... ..... 

John Herrmaun ... .... ... . . 

Philip Mn y r ........ ....... 

.J. P. Pnetz .. ............... 

John Scbuma<"ber· .. ......... 

l_;:'· Emm"y . ..... ..... . . 

ll1 Hohn ........ ... ...... 

Quarter 
ection. 

-- 10 
NW.10 

1 
W.14 I 

w. 2 
NE. 22 
"T w. 21 
NE. 26 

W. 25 
w. 25 

NE. ')-
-0 

E . 14 

'E. 20 

SE. 33 

w. 27 

D epth. 

Feet . Feet. I Jnchu. ,allo11t. 

420 3 15 
a4J9 1119 2 15 

430 H2 3 1 
525 525 3 30 
470 400 3· 2 
502 502 2 60 
504 504 3 90 

a473 436 2 l 

45 404 2 
•.1.65 460 2 5 

a450 2 30 

570 { } 2 16 

585 { } 2-:tJ 436 1 417 
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Parl;ial Ust of artesian wells in Hutchi11Bon County, South Dakota-Continued. 
,------------------;----;---------~ 

Name. Quarter 
section. 

Depth. Depth to Diameter. Yield per 
water. mtnuto. 

- --------1-----------
Toumship 100, range 61-Con

tinued. 

'ooper F erj ena .... ..... .. .. 

Mr. Garrett . . ........... .. .. 

Feet. 

530 
F tU>t. 

523 
Inch... Gallons. 

2 45 

Jos. Robn ...... ... ..... .. .. 

Matt Bower .............. .. 

Townehip 100, 1·ange 60. 

SE. 28 

NE. 17 

NW.22 

NW.24 
: i :::::::: ....... . 

Jacob Giesen .. ............ . -23 

H. E ser . ................ .. SE. 13 

L. Bower .................. . sw. 24 

M. J. Scblingen .......... .. - 18 

John Schlimeyer ..... .. .. .. -17 

l\fatt Schurz . .. ... .... .... .. sw. 18 

.T os. Erlocher. ............ .. \Y. 17 

Tow11ahip 99, mnge 61. 

,J. . trau p ........ . . _ .. .. . \\'. 1 

G. Winter ................ .. .,, . 25 

!·'rank l'ritza . .... . ....... .. \\" . 9 

llenry Biiko .. ............ .. -14 

a.rl Radk ... . ........... .. E. 24 

Air. Pop .. .............. .. --U 

. Raugu t .. ............. .. NE. 22 

John L. cbmidt ..... .... .. NW.20 

Goo. W. Goodling . ........ .. 'E. 

JobnTi uu .. .. . ...... .... .. 
Fra.n k Kramer .. .. .. ...... .. 

. Graumann ............. .. 

Martin \¥'inter . .......... .. NW.35 

Frank Rinzes .............. . N\Y. 21 

.J. R. Mnnwarring ........ .. "'· 2 

Wm. Harding ............ .. " · 3 

-reo. Heisinger ... . .... .. .. .. .NE . 12 

'1'. Heisinger .............. .. E. 12 

Townsh·ip 99, 1·ange 60. 

G. Roffman ............... .. NE. 19 

Parkston, ity ........................ .. 

hristian E'isber .......... .. 

Fred. Unger .............. .. 

F . Hildebrandt .. ......... .. 

W.30 

, ,, . 7 

sw. 29 

aSuuk in 1896. 

3i0 

460 

462 

370 

370 

420 

503 ,{ 

490 

a530 
5 -

-20 

140 

515 

5i2 
-os 
491 

50<1 

5:'8 

560 

518 

531 

485 

52~ 

500 { 
540 

485 

400 

426 

340 

426 

490 

535 

2 

2 

2 

2 

2 

2 

2 

10 

3 

'i 

15 

1t 25 

2 :Many. 

2 25 

H .... .. .. 

1i 
2 

20 

25 

2 12 

,_"1·· ·· .... ] 
2 50 

15 

535 1t .... .... 

500 

490 

470 

480 

360 
500 

470 

} 

1t 
2 

2 

6 

2 

2 

H 

20 

30 

25 

5 

Many. I 

£J 0 
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Pat·tiallist of a1·tes ia1£ wells in Hutchinson Co1mty, outh Dakota- ontin11ed. 

Na me. 

Township 99, range 6o- on-

tinned. 
Dan Ti de . . .. . ....... ... .. . 

Aug. Stelzer .. . . . .. . ... . ... . 

T . H. Benson .. ...... . .... .. . 
E. L . Ding ..... . ... . . . . . . . . 

M. Heizinger . .. . .. . ..... . . . 

Ang. Math ias . ......... .... . 

Cha . Ferg n in P ark ton . . . 
A. B. Tay lor. ... . .. .. ...... . 
Mr Bort . ___ ...... ....... . . 

B. B. Haclin .... ... ... ... . . . 

Aug. Gro s . . . . ... . ..... . . . . 
H. Ben on . ... .... . . ....... . 
W. Hen k er ......• .... ...... 

Toumship 99, range 59. 

J ohn I aac ..... ... .. . . .... . 

Milltown . . .. . . . .. ... . . . ... . 

Tou:nsll jp 98, range 59. 

Fred Brandt ............ . .. . 
Jacob Mogck . . . ......... . . . 

John .Mogck .... . .. . . .... .. . 

Christi an Mogck .. . . . .... . . 

Aug. Kern ... . ..... ... ..... . 

John cWenker . .... .. . . . . . . 
M. Baltzer ............. . _ . . . 

M. Baltzer , jr .... ... . .... _ . . 

Jacob Ma~er ...... . . . .. . . . . . 

F . MehlhafJ. .. ... ......... . . 

Peter Mehlhaff .......... .. . 
}'red. Mehlhaff, jr .. . .•... . .. 
Mar t in Baltzer, sr ........ _ . . 

W m. Baltze1· . ........... .. . . 

Township 98, range 60. 

C. Pennann ... . ....... . . ___ . 

H. Schnobel. .... .... . ..... . 

Jacob Herr . . .... . . ..... . .. . 

Fred Schultz .... .. . . . . . . .. . 
Jake Stoebner ...... . ..... . . 

Quarter 
section. 

W. 31 
' W. 32 
w. 23 

NW.22 
W. 7 

NW. 32 
. . .. .. .... ........ . 

-34 
W.35 

34 

w. 20 
7 

Depth. 

Fu t. Feet. Tncha. 

501 495 lt 
500 GOO lt 
4.43 440 ~ 1-· · --~--
420 41 
522 4 2 
470 3 (a) 
510 504- 2 

400 382 2 1 

:::::::1::::::::::::::::::::::: 
·- - - ~~ ~ - ·---~~ - --· · --~ -'-- ~~- ~-

490 490 I 2 

365 { ~;~ i} 10-~ 

~!~ - ---;~ - 1 lt 15 

: :·: I .I . ; 
w. 7 

E. 

-29 
NE. 29 

NW.2J 
E. 21 
E . 28 

NW.14 

NE. 23 
w. 24 
E. 15 

NE. 30 

a T•vo-inch at.r am. 

42 

400 

41 

395 
2 

2 

15 
15 

43o 426 I 2 4 
410 --- .--- - .. . .. . -- . - -·-- --

1 

370 350 2 13 

495 495 2 25 
189 189 2 21 
174 170 2 

160 2 
542 542 3 16 
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Partial list of a1·tesian wella in H tttchinson Co1m ty, South. Dak.ota-Continued. 

Name. Quarter Depth. ~~~~~r~o Diamet~r. Yield per 
section. minute . 

--------- ---
1'oumship 9 , 1·ange 60-Con-

tiuued. Fut. Feet. Inchu. Gallon•. 
Hen ry toebner . ___ ___ .. _ ... NW.29 577 550 2 50 
.John M b lhaff ... . .. __ -- - --- NE. 24 4 0 470 2 15 
.Johann F r ey - ---- -----· .. .. w. 29 580 570 2 (a) 
N. V. Morri ------ . . . ___ .. .. NW.20 540 538 2 66 
F. A. iorris ...... .. . . .. .. .. I W.21 559 531 2 50 
Dan Koth .... .. ........ . . .. NE. 11 150 2 20 
E. E. Johnson ..... .. __ . ___ .. NE. 18 5 0 560 2 16 

J. Wudel . .... .. ...... --- -- - 3 50 520 120 
Joh n Koen ig. ________ .... .. 500 ( b) 5 (c) 

Gottl ieb Koen.ig .. __ .... __ .. 500 490 2 10 
G orge Bro t .... ____ .. . ___ _ --- --- -- -- -- ---· 
Jacob Bro t .. _ ... .. __ .. __ .. 129 125 2 

Jacob Bro z ...... ____ ..... . ------ -- --- ----- --- ----- --------
Jo obBr z,jr .... ........ . 
Fred Brosz ... .. ____ ...... .. 132 125 2 lany. 

Augttst ·rnell r .... . ...... .. 

'hri t chemke .......... .. s-o 530 2 

~a Tid ............ ..... . 475 2 75 

L. Ko nq~ .................. 1 w. 510 510 2 25 

A. Kni r ....... __ ........ .. 

:.'11. Wnd l ............ . . .. .. 

rE. -~ :::::::: :::: ::: :r ::: :::: -- -- ----
NE. 3 

Martin Tied .............. . NE. 6 500 490 2 Many. 

Nntlmniell\o nig ... __ .... .. w. 6 520 510 2 15 

ToumshijJ 9 , range 61. 

imon Tied __ ........... .. 1tl 23 -12 560 

. Dot:ring ..... ____ ....... . w. 13 545 545 1 13 

Wm.Ti d ......... . ..... .. E. 1 510 3-It .. .. . . ----
. Winter ........ ---- .. .. .. w. 15f 690 680 3 -- --- ---

.J. Ti d ............... . . .. . w. 1 500 500 It-- ...... 
nan llnrtmnun . ...... --- .. - 555 lt 40 

John Heinz .......... ..... .. 5-l 2-It 36 

ottli b pr ch r .. __ ... _ .. W. 2 530 It Many. 

'W ill iam Tarl . ____ . __ .. ............... .. 1 

Pbi l ip\Veb r d............. - 7 60 4 6 

.] o . Lutz .. ____ .... ___ ...... 23 7•10 . 1 13 

J'ownsh·iJJ 97, t·ango 60. 

ott! ibKlndt......... . ... NE. 4 560 545 2 45 

Gown w ll , Tripp ... ........... . -- -- -.-- - 824 

C. Frcderioh .. .. . .. .. .. .. .. !\'E. 23 550 

-- -------
a T ill' c-inch flow. b 'eoond flow. 

794 4t ~In.u y. 

550 11 50 

-- -
dLow iu valley. c Two-inch strenm. 
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Partial list of artesian wells i 11 H u·tohii1S011 Counly1 outh Dakota- ontiuued . 

c Name. 
Quarter D ptb. I Depth t<> Diameter Yield per 
sootion. wnl r. · minute. 

----· 
1orvnship 97, m nge 6o- on-

tinued . l"ut . I Fut. l11cht1. Oallon1. 

Tripp cream.,ry well .. . .... . E. 17 .... ----
W. Taylor . .. .. .. .... . ...... -- 5 614. 604 40 

Totonsllip 97, range 61. 

J . ' eamau a .. . ...... ... . rw. 7 62 59 3 6 

John Moorsey .... . ....... . . -- 9 945 

Towns/tip 97, t·ange 59. 

Adam Wise .. ... .... .. . . . .. . w. so 550 540 1t 0 00 ••• • 0 

W.T. llhmidt . ............. E . 30 517 510 2 30 

Toto111hip 97, range 57. 

John Baer. .. .... ... ....... . \Y. 34 360 315 2 

J acob Schmidt . .... .. . ..... NW.15 500 400 2 2 

I Sa.m Klaudt ..... . .......... w. 23 406 { 145 } 1t ... .. 0 • • 406 

Adam Beiboldt ......... .... NE. 11 154 { 53f } 
154 1t .. . . .... 

F. Beokenlai ble .. _ ...... ... w. 1 73 73 2 feet 4 

Fred try! --- - -- .... ---- -· NW.24 65 65 2 

Jacob Gun dert .. _ .. . ....... -21 747 630 2 ·L 

Fred H eiboldt .. .......... . . -- 11 154 135 2 

{ 300 

} Heinrich Frash a ... ..... . .. W.34 4 40V 2-1t 3 
485 

Totonship 97, range 56. 

Gottfried Bandel .... .... ... -19 445 445 2- ... . ···-
J . W eber ........ . .... .... .. - 18 122 122 4 60 

1ino-nship 98, range 57. 

P eter Wahl a ... ...... ..•... E. 21 64 64 2! 1 

George Gross, jr . ...... ..... NE. 1 ---- . ... --- ---- --------
Totonship 991 range 58. 

H enry Reiswig .. .... ..... . . --29 275 { 130 } 2 1 270 

Conrad Remik ee . . ... . ... ... NW.21 280 2 I ____ . .. . 

John Bom bach ....... ... ... -29 300 10 

Township 98, range 56. 

B. Dewrtlcl .. ... .... . ..... . . w. 17 54 52 3 4 
Joseph Hoeffer .. .......... . NW. 6 53 E3 2 9 

Township 99, range 56. 

Jacob Walter .............. SE. 19 95 2 Many. 
David Wallmann ... ..... . . . sw. 19 ·· ·· ··-- .... ---- .... ;; j 
Ann a Boeffer .. . ... .. .... .. . S\'. 31 75 54 2 

a Sunk in 1896. 
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J. HERR\IA:<:<. 
T. 100, R fH , nc. 25. 

... .. 
Y.,.IJowd~Ly .•.• ..•. 

Blut' day •.•.• .•.•.... .•• 

~~=~~~:· .. :::::::::· :·-

":\Jb:ed dirt" ... . .. , .••• 

C11p roek ; w:..kr·~llrlnl( 
oand ..... ........ ..... I . '. '. ·J io:i"' 

"Stoue an1l dirt" .. .. ... , 

Flowa. 

G. HOFf'\L\ :'\~ . 

T. 9(J, K. till , ~f(', 19, 

YcUow clay .... ·••·•• .... 

Blut.ci~Ly . . .......... •·•• 

Chalk .•. ... •. ..... .. . 

Blue P.halc ......... .. 

I hud 8tralum .. 

Blue.-lr~y, ~ llh a httrd l.lt'tls 
I fl)l)t thick tltld ltOm<! 

"'alt:r ... ·•· ·· 
)l t&ln ftuw .••••. . .. 

e=: mJ 

25 g:.l. ft uw. 

F. lltLr>F; rm .\ '<UT. 
T. If~, R, till, tUi(' . 29. 

N.n ... tc- • • •••••••• ~FttL 

~;o 
Blu.- ('lay ............ • · • 

Sand 
L .... . -.J ,RO 
f._., .. , ... , .. ····"t rso 

Not given ... ·•·· •• · •• • · · • 

90 gal . now. 

y .. u owdny .... .. .. . 

LIJ,:nllt•, ~ ft<'l ... 

Blue (')Ay ... • .. 

~n.nriMtnne, 4 ft•,•t . 
liard, hlttl·k ~thn.le 
C'htt.lk ""'" 

01\rk , IHtrd ~h:t.l~ . ... 

~ray Mndrod~: 

Olu t•fl lull c 

I U~trk llhlllt· 

llnnl n op f Ht·k . 

~und 
f;r:n>~hnh• 

BhKk, IU\HIIIy 8:11111 

LOGS OF ARTESIAN WELLS IN HUTCH INSON COUNTY, SOUTH DAKOTA 

F. A. ~t O HHI S. 

-.... , .. 
' 

. 695 

- I(AI. ''' '"· 
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S<~ll ..... 

Sa nd .. 

Blueclny 

Sh.slf- 1 with pyrlt~·'l ~ lr l'ttk"' 

llsrd rt'lCk, 3'-~ ft>et. . 

Sb:~olt• . "1th pyrltt-~ .. 

)IILI .. TO\\"N 
)IILL. F~t. 

i[;T;o '7. noo;;:_~=. ;=;. •~H 

Sn.ndrock, \\'lltt-t·IJt•nrlng . [\\:<:;::C:tXhi: 'l 

llan l rock . ........... .. 

..,hj.ml. !low. 
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It will be seen from thi li t that the greater number of well are in 
the vicinity of Parkston, mainly within a radiu of 6 miles and extend
ing outhward toward Tripp. Ther are other deep well about Tripp. 
In tl.le center of the eounty the '"ells are more widely cattered, and 
there is another group of them in the vicinity of Menno. o wells 
have been reported in the northeastern portion of the county except 
orne shallow one we t of Fre man. In the Parkston region the water

bearing tratum lie at a depth of between 475 and 525 feet over quite 
a wide area. The depth increases in the higher lands we tward and 
outbward, and on the high ridge at Tripp the water lies 820 feet below 

the urface. On the very high land in the extreme southwestern 
corner of the county the depth is orrespondingly greater. During tile 
last sea on, in ec. 9, T. 97, R. 61, a boring wa made to a depth of 945 
feet which failerl to reaeh the water-bearing horizon owing to the 
height of the land. Throughout the arte ian area in the western por
tion of the State there are small flows of water of higher horizon than 
the Dakota sandstone. The e furni b flows to wells from 120 to 160 
feet in depth. In tlle region about Menno the <l.istribution of the under
ground water i omewhat irregular. The main artesian ilorizon lies 
l> twe u 400 ~wd 500 feet below tll urface, but at the undert well, 
in . .-.1, T. 97 R. 57 it was found n c ary to go to a depth of 7-!7 
fe t. Til re ar a~ w w ll wilich obtain \later supplie from hallow 
our probably in the drift. Ther are everal uch well ' in T. 98, 

R . ~7 and 5 and in T. 99 R. 6. o wells llave been reported i11 the 
high range of bill whi b extend outb from Freeman in the soutl.lea t
ern orn r of the county. It is probable that on the higher slope uf 
th hill no .fi w would be obtained, although undoubte<lly the entire 
region i u11<l. rlain by th water-bearing trata. 

t the llutt riscb Oolony a·~ 1\filltown an attempt has been made to 
obtain water in larger flow and with greater pre ure than are found in 
th water-b aring tratum wbi h upplies tbe o-eu rality of wells in that 
vicinity. The purpose was to obtain power for the mill. The boring 
i in th Jame River bottom and ha reached a depth of 365 feet. 
The record i giv n in Pl. XLII. The outer casing, 10 inche in diam
eter, is down to the bard rock, which begins at 257 feet and then there 
i a 6-inch bor for the next 10 feet to the bottom. A mall flow wa 
fouu<l at a u ptb of 221 £ et, and a flow from 250 to 257 feet, on the ur
fa of hard ro k, furui h a fair upply. Tbe hard rock is stated .to 
be calcareous androck, imilar to that found by Mr. A hmore 1 m1le 
outh of rte ian and at cotland. On th table laQ.d 40 feet above 

t.be lev 1 of the mill boring there are flowing w~lls which. obtain good 
upplies from the porou androck lying ou the bard rock. The thick

nes of tlle water-bearing tratum is there 90 feet. 

• 
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BONHOMME COUNTY . 

.A few shaJJow well and one deep w ll were unk in 't hi coun ty in 
1 96. ome of the fact r egarding t h m n c~.· given in th folio' in g li t: 

upplementallist of artesian rre11s i n Ronh.omm e County, outh J akota. 

Location , etc. 

Peter Weber, T. 95, } 
R. 57, sec. 8. 

. Mehrer , T. 95, R . 
57,sec . . 

Johann Redmann, 
T. 95, R. 57, sec. 5. 

John Brown, T. 60, 
R . 93, soc. 5. 

Thos. Morgan, T . 
94, R. 60, sec. 9. 

} 

H utterische Colony, } 
near Bonhomm . 

Hutterische Colony, 
near Bonhornme, 
one-fourth mile 
d i taut. 

I H ut ter ische Colony , 

I 
near Bonbomme, 
T. 96, R. 59., sec. 

Deptb . 

Feet . 

200 

300 

90 

25 

768 

j Dis tance 
from the sur
fllce lo top 

of beds 
yielcliug 

flows. 

Di ID · 
te.r. 

{ 
F ed . i Jn chu. 

100 } 2 
200 

{ 115 '} 
250 2 
300 

90 1 2 

.. .. .. -- --1 6 

690 2 

Yield per 
minot . 

G~llon~. 

5 

1, 

RemarkR. 

los d p r nr 
76 11Js .persq uare 
inch. 
u.nk in19-. 

645 I{ ;~ } 3 __ ___ ___ . 50 fe t abov 
{

Pr ur , 65 lb$. 

I o o 
590 r ·· . ·-- ---

~lis ouri River . 

7 1t Pr e sure, 55 lb . 

700 -- -- - . -- --

l 

L 1s. 
------------~----~-------~---

2 -- -- ---- I n a ra v in . 
balk, 20 - 12J 

feet. 

, _______ _ 
Information has also been received of another well nnk in 1 95 on 

the farm of rrhomas Morgan, and in regard to some of the well of 
the Hutteriscbe colony, near Bonhomme, which were not de cribed in 
the Preliminary Report, and which it is desirable to place on record. 
They are included in the ltst. The log of the 645-foot well of t he Hut
terische colony i given in fig. 2 .. 

The driller of the Browu well states that the sand rock i divided by 
20 feet Qf pinki b, putty-like clay, with 30 feet of and rock above, yield
ing 600 gallons of water per minute, and 30 feet below, yielding 1,100 
gallons per minute. 

There is also given in fig. 82 the log of a boring made some years ago 
near Scotland, kindly furnished by Mr . .A. E. Swan. It indicates the 
presence of a series of pink, sandy deposits under the main water-bear
ing horizon, lying upon rock thought by the driller to be undoubtedly 
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Sioux Fall quartzite, which wa penetrated with great difficulty for 6 
feet at the bottom of the weil. The pink androcks are aid to contain 
distinctly alcareou. treaks. 

YANKTON COUNTY. 

Very little proO"re wa made iu well boring in thi county during 
1 96. In June an attempt wa made to increa e the flow at the city 
well in aukton by d ep ning it from 625 to 942 feet but no material 
in ·rea e of flow wa obtain d. I am informed by Prof. J. E . Todd that 
the la t 44 feetw r in ry talline ro k. The driller, Mr. P. F . Kearn , 

COTLAND. 
F'ut. 

Yellowclay... . ......... . 
Hardpan .................. . 
Blue day .... .. ............ . 

Gray clay ......... ... .... . . 

Blaci day, gra\"f.lly ....... . 

Chalk rock . .• . . .... •... .... ~~~~~ 
Yello..,·sandroclt , h,ard ..... . 

Blue abalt. ..... .. ... . .. 

Gr-a ~ ahal ...... ....... . 

v.n ... um..-.. k. .•.• --~ 
~hale and llmfl . ••..... . . 

~and aarl h.le.. . . ... 
Limt:r(l!c:k ....••••.•.• 

nd,·mcd. ..... . .. 
Lll'nt'N''•:k, halt, tnar l .. .. . 

.. ndt(l!c·k, "·tth •hale tr U 

R~d ahal41 and quartalt~ .. .. 
Cra}' n(lrad~:, pl. Rllw , 

Pyrlk t roo• . i-;.,:~~;-tr..f,f 

C•lcar • ndrcc:.k, Jtlnll . .. ~~;$:~~ 
QuarWI~, plnlt, v. lth nlca-

reocJ b.d . . . . . . . . . . p..;~~:xz::l 

S1ou.z quaru.lt~ . . . . . . . ..... Rt4 
·o 

R!ITTERISCH>~ COLO~Y. 

l..lgb<abale .••..••. •• .• 

J),.rlt •bale .... .•.•.. 

Dry u.n<b ne . .. 
Small ftow •• ... 
Duk Wle and Jll' rh~ 

~ mall tfCI .... ... . 

.., hal aud r)·rit ..... 

Snlalt fto" ....... .. . 

halt and pyrll ..... . 

SandrOI•k,•mA.Il t1ow • . . 

Flo. 82.- Log• of t ll· l c~ ian wPll~ 1\l ITntterisch Colony n11d nt 
DakutJI . 

cotlnnll, Bonhomme 

Fttt. 

uunt~-. South 

,;ylum, mile north and on the 
ioux Fall qnat·tzit at 25 fe t. 

WEST OF THE MISSOURI RIVER. 

n two of t he Indian r , ervation we t of the .M:i onri River de p 
boring were in prooT in 1 96; on nt tb Oh yenne ~ g ncy, about 
75 mil abov Pi rre, which obtained a large tl.ow of wat r, and the 
other on t he Ro bud H servation , 22 miles east-nor·thea t of the 
ag ucy, wltich bas not y t obtained a flow. They wer both sunk l>y 
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the United States Indian S rvi e Bur au. tarted in 1 97 

Slut abAit", rir1n ...... ............... . 

Blue abate, eoft . . . .. .. . . .. .. .... .... . . 

Black shale . ....... . . . .. . .. ... . ...... . 

t:~~'!i~~ :::::: ::::·.: ::: ::::::::::: 
Hard ahale . . ...................... . 

Duk..gray halt .. .... . ........ ...... . 

Gas .......... . .. .. .. .. .. .... . ..... . 

Bbck ahale, with occ.uional be~ flf 
hard 11d.rock. 

IUoe abate .•••. .. ••...•••. , .. . •....• • 

Dark-gray tha.le; pa ....... ....... .. . 

per d<LY 
e cape o far no 
mean u provided for it 
utilization. The log of the boring, 
kindly furni h d by Ir. A. E. Swan, 
is gi veu in fi u. · 

Although the water of thi well i 
somewhat aline, the boring i to be 
regarded a a great succe . Th 
pres ure is phenomenal, and could 
be utilized for running exteu ive 
macllinery if nece ' ary. 

The boring ou the Ro ebud Indian 
Re ervation ba been '11 progres 
for two year , and had attained a 
depth of~,500 feet early in February, 
1891. Owing to the exhaustion of 
fund available for the continuation 
of the boriug th work bas been di . 

~~~r.;~:;,~"k?·a".:'!.'.: :::::: :::::::: continued, but a further appropria-
Browna hohale . ... . .... ...... ... . .. tion Of $3,000 ba been made tO 
FlO. 83.-Log of artesian well at Cheyeooe enable it to be COntinued entirely 

Ageooy, Dewey County, South Dak~ta. through the Dakota sandstone and, 
it is hoped, into the underlying formations. It will be a very important 
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xperiment and will throw light on the underground water re ource 
for a wide area of the plain conn- F«t. 

try we ·t of the Mis ouri River. 
The boring i it uated on the high 
divide at tb bead of brancbe of 
Oak Creek of White River, and 
of Keyapaha River and i in
tenrl d to upply water to the 
creek for the waterin g of tock 
belonging to t he Indian . 

partial record of the boring 
ba ed on ample kindly fur
ni bed by the Indian a,gent , is 
giv u in fig. 4 . Th 
ing of the boring i in 
diam ter the -inch ca ing hav
ing topped at 2,145 feet in a 
10-foot bed of oft clay which 
cav d o badly a to pineh the 
pip and r nd r furth r pro 
impra ti abl . A tlJ Ia 
blows w r r quir d to mo 
ca iug au in 'h and th n 
bl w ry in ·h to k p it o-
ing. It finally stop1 d at tb 

nd of Jnn 1 9G. ' h water in 
th Atood at 1 140 ~ t 

f 

in F bruary 
t ther wa, a 

very op 11 sandro ·k, with a n
sid ra,b l volum of water wlli h 
r an add itional 100 f, t iu t h 
w II. In a b d of and xt ndin g 
from 2,2!)2 to 2 310 feet a till 
fu rth r v lum of water was 
found, main ly at a. d pth of 2,_.,!)5 
feet, butwitboutil1 reas ofh ad. 
Tho alcar ou bed at 1,050, 
1 6GO, 1, 70, nn ll 900 fe t app ar 
to l.l in the iobrara form ation-tit 

Ttrtlary sanda and (:Jay• . ...... .. .. .. . 

Pt nt ""AkT level .................. . 
600 

1300 

Llght.-t:T"Y abalea..... . ...... ... .... . 

\\'a lt>t .. .•.... , -~·· ...•.•.... ...... U90 

Llcht-gn)'C'lay, '~rycalc-areout ...... . ISSO 

Lljchl"@TA). hat., In pul calco reou.< .••• --

1130 

Dark ball' .....•................ . .... 

.. nuU Amount or water ............... . 
Har•l lim ton~---····· .. . .... . ..... . 
liard sand, At.d 10 -600 .... . .. .. ... . 

""'hale •.........•....•.•...••...•..... 
flllrk hale ...................... .. . . 
liard 8Andatone .. .••.. . •. .. •.•.•..•. . 

• ft, bla.k aha I• ..................... . 

Ltght1hale ... .......•........ . ....... 
liard l!m tonto ............. ........ . 

fLahaltt ...... ...................•.. 

)lard und!lone ....... . ........ ...... . 

g;rr,r.re~~~~: :::::::::::::::::::::: 
Por0\111 undrock ...... ... .... . ....... . 

Sandsl~nc .................. -· · · · · · · · · . 
ray hale, 9 ftet .• . . ............... ·· 

·::.r.::r"'~.~~ :·· ~ [i(\ :[ Mm~ -
F to. 84.-Log of bol'inj! on Rosebud Reser<'ntion. 

·halk ro k of the 'Mi . onri River 
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region. The r lation of tbe under! ino· B nton hal ·,how v r, are 
not so clearly d fined, a the formation appear to inclnd calcar ou 
beds and sandy strata. 

At the pre eut (l pth tbe boring i qui t d p into th akota and· 
tone, which began at about 2,100 feet. con id rabl volume of wat r 

bas beeu found in the and tone b d , wbi h ri ' to within ab ut 00 
feet of tbe urface. The amount h wev r appear to b v ry mu h 
le than we should expect to :fi nd in tbi :£ rmation wbi h furui be 
such large volume in the region adjoining and ea t of th Mi ouri 
River. Po ibly tbe rocks ar b re o tin rrmin d a · to b much 1 
perviou to tbe water . a thi kne of 400 feet of th and tone 
bas been penetrated, and the formation i not mu h tbi k r than thi 
in the foothill of the Black Hill , it i probabl that tb ba alb d 
will oon be reached by the boring wh n iti continu d. A tb ba al 
beds are frequently c ar er and mor porou than th upp r member 
of the formatiou, the chance i gr ater for a h rger volum · f water 
being found in tb m. Owing bowe'"er, to he hi rrb altitud of th bor
ing it i probable tllat tlle bead will n t b uffici nt to giv a urfa e 
flow . Along the slope of th Bla k Hill th Dakota formation i 
underlain by chty and and of Jura ic age, the r d lay u,n l and
stones with gyp urn of Trias i age and th n a grea t eri of lim -
stones a.nd sand tone of the Pal ozoic. The Jura ic and Trias ic 
beds are not of gr at thickne · , and th ir textur i mainly o :fine tbat 
they can ha,rdly be expected to yield a water upply. In th underly
ing lime tone eries, however, the conditions ar very favorable for the · 
flow of water , a tbe lime tone are porou and avernou . The 

tream flowing out of the Black Hill lo e much of their water in pa -
ing over the lime tone outcrops and thi water undoubtedly extend far 
eastward down the dip of the trata. Tbe lim tone thin out in the 
eastern part of the tate, but probably extend with dimioi bed thick
ness under the area in which the Ro ebud boring i situated. It i 
very de irable to te t t heir water-bearing capabilitie a t this point. 
A tbe limestone formation extends much higher up the flank of the 
Black Hills thau the Dakota sand tone, the lime tone water hould be 
expected to have a greater head than tho e of the Dal ota sandstoue, and 
posstbly this difference would be ufficieut to afford a flow at Rosebud. 

:NEW LIGHT O N EXTENT OF ARTE IAN BA IN. 

Some of the well sunk during the season of 1896 have added defi
nite evidence a to the area 1n which arte ian flow may be expected. 
In greater part the e new data have verified the prediction made, either 
definitely or as suggestiou , in the P reliminary Report. The :fine well 
at the Cheyenne agency very eloquently verifie the idea that the arte
sian basin extends up tbe M1ssouri Valley above Pierre, and the high 
pressure of 205 pouud per square inch is indicative of con id'erable 
lateral width in the valley, deep as it is, and grea.t extension uorth-
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ward, doubtless to far beyond Bi mar k . The head indi ated · by the 
pre ur · of 205 pounds .is not sufficient to render probable the finding 
of a flow on tlJe adjoining high land as elevated a Gettysburg, but it 
afford a ba is for predicting flows far up the valleys of the Big Obey
en ne and Mor au rivers. It is believed that the arte ian basin extends 
all tlle way up the bey nne River Valley to the vicinity of the Black 
Hill . The pres ur of th very ucce ful flo'' ing wells at Bellefourche 
certainly indicate a con id rable exten ion of the arte ian ba in in that 

-vicinity. Til uc e of the Crow Ore k and Greenwood well is in 
line with t b known extent aud capabilitie of the arte ian-water 
reso ur · in the M:i souri Yalley. 

The d p boring iu th vicinity of Kimball indi ate that for a con
sid rable ar a along t he ea ·tem margin of Brule County the u ual 
water-bearing horizon on i t · of aud too d n e to yield ati factory 
upplie . Furtb r light on the condition of the underlying bed in the 

vi inity will be afford d when tbe Och ner Brothers continue the deep
ening of t heir bori11 o-. 

I 

Information ba lately been furnished that a very mall flow of water 
was obtained in the d ep boring at Web ter in Day County, which 
may indi a t that flow are obtainable lightly farther up the we tern 
I p r the ot n,u th an would b ·p cted from th pre ure at 
ndo r. but th i do no t wid u tb limi t of th arte iau ba in more 

iu t hi ' v i ini y. 1r. R. W. Parliman ha kindly fur
ni h l om add iti nal data r o-ardin rr thi de p boring a t Web ter, 
mad veral y ar a O'o . Th total d pth wa 1,400 fi t and a mall 
fl w wa. btain l at 1100 n t whi hi ill tlowing ( QO'Q ' t 27,1 96). 

fi und at 000 fi t. It i tated that the principal for
mati n uml rly.iu o· tb drift was bal with orne b d of pyrite , lime-
ton . and a,nd ton . Th boring wa in hale at 1 400 feet. ample 

of om of tb upr r b rin o· w re av d and ubmitt d for 
tion . Tb are a follow : 

l •'c I. 

170 .. _ .. _ .... . ....... . ... . ........... fine sand. 
200-260 .. .... .... ...... .... ........ .. .... mod rat ly oar o, gray and. 

260 ....... . .... .. .... .. ... . ... .. . .... Yery flue, buff-gray nud. 
270-370 . ......... . .............. . . ..... .. moderately fin , gray and. 
37D-JOO ..... . ........... . ... .......... .. motlerately coar e, gra~· sand. 
400-470 .... .. .... •. ..• ..... .... ..•... . . .. "'r ay, very andy clay. 
4.70-500 . . .. ......... .... .............. ... roodemt ly c ar se, gray aud. 

90 ... . ........... . ... ... ...... . ..... fine, «ray and bed Thickn not g tveu. 

,.. 1\r LJ HT :N PRE " URE D HEAD. 

Tl1 hi o·b pr s nr and levatetl h ad of the wat rs of the South 
al ota basin is one of tll mo t impre sive featul'e of the area. Many 

or t!J well have pre !:lure of 1 0 pound or more per quare incb, 
which i quivaleut to a head of from 350 to 400 ~ et. Thi bead and 
pre sure d crea e rapidly, of cotu e, a the lop of th higher lands 
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are a, cended and to t he south a tward, wh 
le ft·ee to escape in tl!e valley of th Big ioux and 1\[i ouri ri v 
In the new well ' sunk in 1 96 om remarkable pr ure h Av be n 
recorded, the most noteworthy being a,t the hey nne Ag n y, wb r 
the amount is said to be 20 pound to tb quar inch. Thi i quiva
lent to a bead of 470 feet, aucl indi ate a quite rapid ratio of increa 
from Pierre, wh re the pr ure wa r port d a Hi5 pound p r quar 
inch. In th new well at Crow Or k Ag h y lt ·lo d pr s ur was 
over 1 0 pounds, whi h wa. a high a the gage on hand w nld re ord. 
With a 2-inch uozzlc outlet the pre, ur wa Gr.: pound , with a 1 -in ·b 
nozzle outlet th pr ure wa 70 p uncl , and with a 1 -inch ontl t the 
pre ure wa 85 pound . Tlti lltdi ate a om what gr at r pr 
and bead than would have been predicted from nr knowl dg 
pres ure at Chamberlain and Pi rre. At the "'ankton A ncy the 
clo eel pre ure of 119 pounds p r quar m h i in aC' ord::w wi h 
other well in the vicinity. It i , ltowevcr reported that th w II unk 
at Fort Randall orne year ago had a clo, cl pr nr of ~10 p und to 
the qnare inch, but thi i not authenti ated. If th h ad of the wat r 
increa e to the we tward, a w ltould xpe t th ar a, in which 
arte, ian flow may be xpected will ompT'is all f the low r la11d . in 
the entral plain region a far a the lop of the Black llill and 
northward far up the \Ti onri. The hea 1 of tlt 
well at bamberlain wa nearly 1,900 fe t abov 
about the 'arne; aucl it i 1,970 feet at the b y nn gency. This rate 
of increa e, if it continue north ward, houlcl b uffici nt to giv a gr at 
flow at Bi marck but to the we tward it i not ufficient to ive a flow 
at the boring on the Ro ebud Re ervation, which i at an altitu1l of 
about 2 'iOO feet, or only 300 feet below the altitucl of intake along the 
foothill of the Black Hill . 

~'"EW LIGITT OX LO TIOX OF BED RO R. 

Several of the wells unk in 1896 are claimed to have reach d bed 
rock, and they have thrown orne new light on its po ition. Otller 
well have been sunk to a great d pth without finding the bed ro ·k, 
and thus our knowledge as to it minimum di tance from the urface 
at these points ha been enlarged. Some que tiou bas been raised as 
to the identity of the bed rock in the well , and while there are ground 
for uncertainty in orne case , there are others which appear to be wdl 
authenticated. In the Preliminary Report there wa given all informa
tion on this ·object that wa. in hand up to the end of 18%, mAinly in 
the form of a contour map showing the altitude of the bed-rock orface. 
The new information obtained in 1896 doe not materially affect the 
eontours on this map, which i reproduced in Pl. X LV, mainly to illus
trate the relations of underground temperature. The lin are, how
ever, extended into the area along the Mis ouri River from Pierre to 
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Yankton, and are slightly modified at a few points. The principal modi
fication is in the vicinity of DeSmet, where, from information recently 
furnished, it was learned that the bed rock was at the bottom of the 
boring at 1,610 fP. t, in tead of compri ing the lower 400 feet of the 
boring, as originally stated. Thi indicates a omewhat greater east
ward xtension of the deep underground valley which passes by Huron 
and Iroquois. 

Information ha been received from Prof. J. E . Todd, tate geologi t, 
that in a well bored at Yankton bed rock was found at a depth of 885 
feet and was penetrated to a depth of 929 feet. The material was said 
to ri3Semble erpentine. The mouth of the well i reported at 1,259 feet 
al.>ove ea level. Further evidence in thi connectiou bas recently been 
furnished by Mr. P . F. Kearns, who state that several years ago he 
bored a well at the ..A. ylum, 3 miles north of the city well and at about 
th arne altitude, and foun d "Sioux Fall quartzite" at a depth of 825 
fi et. These ob ervations are in accord with other evidence of a deep 
underground valley extending from Yankton toward 1enno, and o-ive 
an important factor in the po ition and slope of th e floor of this valley, 
a shown in Pl. LV. 

fr. ""\...E. wan ha kindly furni hed t he log of a well whi h he bored 
at cotland m y ar ago which throw orne li ht on t he relation 
of bed ro k in th north tern corner of Bon hom me ounty. This 
log i gi n in fig. "' ' p. 5 7. Pink andro k and quartzite began at a 
d pth of ~ ~ t and xtended to a depth of 670 f< t . :Inch of thi 
materi al wa v r hard l.>ut th re w r included bed of ofter character 
wbi h w r aid to contain lime. The rock lie on a very bard pink 
quartzite at 670 f< t b low tb urface, which wa pen trated for 6 feet 
' ith gr a t difllculty. It i pronounced by 1r. Swan to be typical 
" ioux quartzite.' 

In th de p t w 11 on record in th southea t~rn corn r of Davison 
ounty it i r p rt d that b d ro k wa found at a depth of 477 feet. 

Thi well i on the farm of fr. L. Lowrie, in ec. 9 T.101, R. 60, and was 
unk in 1 96. The altitud of the land i 1,360 feet, o that the b d

rock nrfac i at an al titud of 83 fi t. TL i i precis ly in accord with 
tl1e contour indicc ted in th map in th Preliminary R port and repro
d u d h re a PI. XL . 

In two well in tb n rth rn part of an on ounty, of which infor
mation ba recently b n rec ived hard rock ha, been fo und to underlie 
the water-b aring and ton , but its nature ha not been defini tely 
prove i. On w U is in ec. 12, T. 104, R. , where the rock lie J 3 
f< et below th urfa . It wa drilled into for 3 feet at great expen e. 

rom some of the t<Ltement mad regarding the material it i possible 
that t he rock may be pyrite , but it is more probable that it is the dark 
granit reported la t year at ad pth of 512 fe tin sec. 14 of the same 
townsh ip. It i thought by the driller not to be the Sioux quartzite. 

Iu the well in ec. 7, T. 104, R. 57, the water-bearing rock was fonud 
1 GEOL, P1' 4--38 
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to lie on ex e ively bard rook at a depth of 510 feet. Thi underlying 
formation was penetrated only a f winch . , bnt i wa tb uo·b t to be 
bed ro k . 

In the arne to\Yn hi] about 4 miles north of Farm r, Mr. 11'. . But
ler, 1>ell driller, made a boring 455 feet l p i11 wlli h th Ia t 40 ~ t 
were in a rock suppo ed to he ~ ioux quartzite. )I o wat r wa obtained. 

In the adjacent northwe tern corn er of:Mc ook nnty t h b d 1· ck 
is reported by Mr. Fred. G. Butler well driller, at ad pth of n5 £ tin a 
well near the center of T.104 R. 56. Th rock wa tY]_)ical ioux quartz
it and it was penetrated for 10 fe .t without finding water. Tld is in 
accord with the rapid ri e of the bed-rock urface in then rtuea. tern 
corner of Hanson County, a hown in Pl. ~~ LV. 

In a well 3 mile north we t of aleru an -inch tratum of hard rod{ 
wa found at ad pth of 240 feet, underlain by dry and. t a point 
4 rous di taut the bard-ro ·k . tratum wa 6 incbe thick at tlt a111 
depth, but there were sand and gravel below yielding a g d . apply 
of water. 

During 1896 two deep boring have be n made in tb outb a tem 
portion of Sanborn County, one of which appear po ibly to ha,' e 
reached bed rock. It i on the A bmore farm, a mil and a half outb
we t of Arte ian. At a depth of 690 feet a moderately bard rock wa 
found underlying 53 feet of hale, in which boring wa di continu d. 
011 the farm of H. . Sprague in ec. 10, T. 105, R. 60 27 in h . of 
very bard rock was penetrated at 497-524 feet, underlying 11 feet of 
bard shale, but softer bed with water-bearing and were found b low, 
down to the bottom, at 625 feet below the urface. 

In Hutchinson County the only new data in regard to the po ition of 
bed rock are from Milltown, where the Hutteri ch Colony have been 
attempting to bore t.hrongh the very bard rock which begins at ad pth 
of 257 feet below the James River bottom, or about 940 feet above ea 
level. They have bored 108 feet iuto this rock, aud have planned to go 
deeper in search of a water-bearing. tratum that will furni. h a large 
flow and a pressure sufficient to run their mill. The material is stated 
to be somewhat calcareou. a11d imilar to the rock found in the A h· 
more well south of Artesian and at Scotland. There i , however, con
siderable probability that it is a portion of ionx Falls quartzite, which 
we should expect to find in about tbis po ition in north-central utch· 
in on County. If this i tbe ca e the pro pect are poor for finding 
water when this boring i coutinued in tb spring, as proposed. 

Mr. Jacob Gie en, residing in sec. 23, T. 100, R. 60, reports bard rock 
at a depth of 350 feet, into which he bas drilled 20 feet with the very 
greatest difficulty. Its altitude above sea level is 875 feet. 

It i stated t hat in the DeSmet well tbe drillers struck bard rock at 
a depth of 1,610 feet and could make no mate,rial progre. sin it. The 
log of thi boring, kindly furnished by 'lr. J . J. Miller, who was chair
man of the waterworks committee, i. reproduced in fig. 85. 
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There is some evidence that the wells in th ea tern portio11 of Brule 
'ounty abou t Kimball are down neal'ly to F•"· 

the bel r k, which was thou ght to hav ~~~~·:~::~Y:::: :::::::: :: Jill 4 
been itleutified at White Lak , in the •"" .......... ..... .... 

44 

adjoining county. Th e que tion i., bow-
ever, till an open one, but probably the 
de p ning of the boring of the Ochsner 
BrotiJer will de id t he matter one way 
or tb other. The oc ·urrence of bard rock 
in the Plankinton, vVhite Lake, and other 
well inAuroraOotmty,ba been upro ed 
to indi(·ate an xten ion of an underground 
ridge of t he ioux Fall quartzit we t -
ward from :\litche!J, and if tbi i the ca e 
it 110 doubt bould b expected to under
lie Kimball, probably wi th omewbat de
crea eel altitude, a , IJ own in Pl. _ LV. 
In this ca ewe may accoun t for the climin
i bed fl ow in that vicinity by the idea 
that th be 1 whith •onta in abundant 
wat r uppli , and uth 

oarkaha!e ..••. . . •... .. •• 

Caprock . ..... ~···· .... . 
abut again t th uud rgr UJid ridge of bed +--...,...-:-:~-:~ 

ro k and tha th ' ir edg ' do not ext nd 
to Kimball. On th ther hand h up- · ~~~k,_"' 1'h water .. 

po ed bed r k may be imply au area of 
akota caud ' tone, lo ally 11101' compact 

and I 1 erm able to water than it i. in 
t l• adjoining r gion . Tbi · i an import
ant ]Jra ti •a 1 problem which can b de-
id d only by furtb r boring in the doubt

ful ar a. 

paeone .. . . . . ... . . ....• 

SAndrOck with water to 
--10 f'ef,&.. • • 

. . . ·.· :.· . 

Very bard rock.. .. ... . ~izz2zzl~ 

andr-ock wilh water to 
-20feet. 

· . · .. · · 
.. ·.·· 

• .. . . ... 

F ig. &.- Log of bnri11g at De 
very outh Dakota. 

1.456 
1,..&70 
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evident from the altitude of tb Dakota and · toll i' a, 

ste p downward lope from hamb rlain to Pi rr , a ' hown in I. 
XL\'. The Rosebud boring al o indicat · tha to tb w ' t and outh 
we t the floor lies much lo,Yer titan a,bout Cbamb rlaiu. 

I t hink the mo ' t doubtful vid nee of the cutT n ·e of b d ro k i 
at Fort Ra,ndall , wher it ri than ''ould 
be xpect d from tit well at Greenwood and in th we t rn rner of 
Charle Mix Coun y on ither id , whi ·b fail d tor ach bed ro kat 
much greater depth tbau tlle Fort Randall ~ell. Th vid nee f tlle 
pr ·en· of the ri<lo-e whi h ext nd to Wol y north of Hnr n do 
no re t on the eviden e of tb r ported oc urr n e of b d ro k in the 
Wol ey well, but upon the materials from th udlon w ll north of 
Hitch ·ouk, which wer clearly boring from granit , bowing a tat d 
in l a~t year's rep rt, feld par, quartzite, and mica in an alt g th r di · 
tinctive manner. Tb reported pr ence of th bed rock in tb w II a t 
Wol ey accord very well with the v ry defi.nit vid nee north of 
Hitchcock. 

In preparing the contour map of the bed-ro ·k ·urfa all tll calcu-
lation were ba ed on the known altitud of th m nth of tb well 
abov ea level. 

orne doubt having be n expre ed in regard to tb identity of the 
ry talliue ro k at .Aberdeen, a careful examination wa made of the 

boriug from the lower part of th w ll by everal of the geologi t of 
the United States Geological Surv y in Wa hington. Two ample 
were furni, bed by Mr. Griffith from the section pre, n d in the High 

chool well a·t Aberde n . They were both clearly of a granitic nature. 
The uppermo t material contained fragment of quartz, f ld par, and 
mica, together with round d grains of quartz, sand, and hal . om 
of the fragments of quartz w re sharply cry talline, with om feld par 
adhering to th m and in one or two grams mica al o. Th and 
grain.., which were mixed with thi matenal were un loubtedly derived 
from a tratum farther up in the boring by the jar or attrition of the 
tool . In the d ep t boring the rock wa omewhat harder but of 
preci ely similar character. The angular feld,par was unmi takable, 
and in some case it is attached to quartz fragm nt . This ort of 
material could be derived only from the bed rock itself. The Dakota 
sand tone, o far a ha been obser~ed, does not contain feld par, nor 
angular quartz detritus, aud the large amount of the cry talline-rock 
material in the boring precludes the po ·sibi li ty of a chance bowlder of 
crystalline rock in the Dakota sand tone, which in it lf would be a 
most unusual feature. The prese11ce of the rounded quartz grain , 
together with the admixture from above, is to be expected when the 
conditions of the drillin g are considered. Progre in the bed rock 

· was slow, and the casing did not completely shut off a small influx of 
sand from sedimentary beds of the Dakota sandstone above. Of course 
these statements do not preclude the po sibility of bowlders from the 
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urface drift having been thrown down the well, but it is believed that 
there a.r no good grounds for urgiug this a a probability. 

lRRI 'l'IO:N BY AR'l'E I :N WA'l'ER I - 1 96 . 

· In ea t rn South Dakota iutere ·t iu irri ation by artesinu -w ll waters 
i · t adily increa in g as the great value of this re ource i b enn ing 
more generally appreciated. A large part of the fanning district of 
the tate i. underlain by wa,t ers which will flow iu large volume from 
well of moderate depth but Ia ·k of capital and of knowledge of irriga
tion methods ha r tarded the utilization of these waters. 

The ea on of 1 !)6 having been comparatively rainy in many ec
tion , there ha been le ' irrigation than in the previous ea ·on, but a 
numbee of new wells have be n unk and re ervoir and ditches pre
pared in readine for the next dry sea on. At thi writing it is 
probable, from the very heavy snowfalls and rapid thawin g in the win 
ter of 1896-97, that the ground i~ ufficieu ly moi t,ened to with tand a 
dry UID\)ler and that irrigation may not prove uece ary in 1 91: 
Every farm r po e ing- an irrigation outfit. however honlG. feel great 
ati taction iu having mean:-; t a. ur rop. in oth r dry a on . 

AURORA COUNTY. 

In thi county ther i artesian-well inigation, 
altbouo-h th rear onl aD w farm r 110w engao-ed in irrigation. The 
following informati n ha be n r c iv d in regard tor ult : 

1 r . full n Brother , n ar White Lake, r port th following 
r >tu rn from irri at dcrops in 1 96. Twentyacr ofpotatoe on ground 
irrigated dnriua th winter yielded100 bu bel · per acre; 4,000 cabbage 
av rag d n pound, each; on -fourth acre of tomatoe were very good, 
aud oth r kind of a-arden veg tables yielded large return . 

1\'fr .• T. . Barton ha. a w Jl for irrigation on the W. i sec. 8, T. 103, 
R. G3, w.ltich was compl ted in July, 1 95. It is 755 feet d ep and 
flow 150 gallou · per mil10te. It ost 1,000. He has a 1~-acre res
ervoir which co t 60 ,Ln l l)lan to irriaate SO a re . There ervoir ' ' . hold 5 fi et of water ha a lop of to 1 iosid , and it bank do not 
wa ·h. De i plann ing to ·on trnct an ther re ervoir of 4 a res with 
which to irrignt an ndditional 0 acres. The main ditch i one-half 
mil in 1 ng·tlt 3~ fi· t wicl and 18 inche deep. It co t wa 10. 
Hi ouly irriga,~io~t o far ha b en in a garden, from which for several 
y ar 1.1 ha obtaiued most atisfactory re ul ts. 

fr. 0. 1~. Auld, of Plankinton, rai eel 20 bu hels of potato from 9 
row 120 feet long irrigatecl from hi artesian well. . 

Mr. Philip Eyer, iu T . 103, R. 63, 5 miles outhea t of llaukmton, 
had a well unk to a depth of 705 feet in 1896. It ha a flow vf 200 gal
lons per minute, which will be used for irrigation. 
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BEADLE COUNTY. 

Th re ar sev raJ farm 

BONHOMME COUNTY. 

Irrigation intere t in thi couuty ar gradually ularO'ing and the 
wat r are 110w in n.'e at everal l caliti , mainly, ll wev r ~ r gard n 
and mall crops. 

Hon. John Brown, r iding ins c. 5 T. 93, R 60, ba r ntly made 
exten ive preparations for irrigation. Ile ba 1L n w 79~-foot well 
whi. h flow. 1,800 gallons p r miunte. cnpie 4 acre , 
and i built against the . ide f a bill. Part of tb wall on tlJ lower 
ide of there ervoir i 10 fe · t hiab with in ide lope of 6 to 1 feet. 

The main ditch i ~ mile long, 6 feet wide, and 2 £ t d p, with a 
width of 3 feet at the bottom which i about 1 fo t below tb urfac . 
Th co, t of tbi ditch wa 2- entR per rod. 'rhe total o t of re rvoir 
and ditche is . tated to have been 600. 

Durmg t.be ea on of 1 !)6 there were irrigated 10 acr of barley 
wllich llarve ted "'5 bu bel per acre, and about 1.'50 acr of corn, which 
yielded 7- bnshel s per acre. Ten acre ' of alfalfa, ju t tarted, wer 
irrigated tl.Jree t1mes, and on two mowing yielded 2 tons per acr aclt 
time. It i planned to irrigate 500 acre on thi farm . 

At the Hntter1 cbe Colony n ar Bonbomme, some irrigation ba 
been practiced in previou year With excell ent re nit , but there Wll 

sufficient rain for all the crop in tbe urumer of 1 96. 

BRULE COUNTY . 

There have been several important additioM in 189(j to the many 
exten ive irrigation plants in thi county, and other well are in prog
ress or prQjected. 

'rbe tw nty-five well now available for irrigation have a capacity of 
about 18,000 gallons per minute, Ot' nearly 26,000,000 gallon per day, 
or sufficient to flood nearly 80 acre 1 foot deep every twenty-four 
hour . Individually their flows vary in greater part from 800 to 1,300 
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gallons, but there are notable exception , both greater and le s. The 
smaller flow are in the vicinity of Kimball and northeastward for 
some mile , where, o far as now explored, they are le s tbau 100 gal 
lon , only 40 gallons in tbe uew Ochsner well, and le s in other town-
hip well fartber ea t and north. Po ibly larger flow may be found 

in deeper boring ·. 
Information iu i'egard to irrigated crop ba · been received from a 

number of farmers. 
At tbe irrigation farm of Bon. J. M. Greene, in ec. 13, T. 102, R. 70, 

the re ervoir i 6 acre in area and ha banks 50 feet wide at ba e, 8 
feet high 8 £ t wide on top, and cov red with willow which have 
grown in such a mat a to afford perfect prote tion from wa b. There 
are 8 mile of ruaiu ditch G feet wide and 1 incbe. deep. 'o t of well, 

3,000; of re ervoir, 1,500, and of ditche , $200 per mile. Arrange
men t have been made to irrio-ate 640 acres and then there would be 
con id rable water to pare. During the pa t sea on 400 acres were 
irrigated, but operations were not begun until June. The crop were 
wheat, at , barley, and corn . It wa found that the irrigat d crop, 
yielded about 30 per cent more than tho e of nei o·hbor~ who did not 
irrigate and 011 pr i ly imilar land. Thi i notwitb tanding a fairly 
rainy ea on. 'Ib averag wheat, rop in th neighborhood wa ' about 
1~ bn h 1 p r acre. 

Mr. . L. Willrodt located in c. 21 T. 102, R. 70 has inigate l to 
xt nt. H ha a large flow of wa,ter from hi 1,190-foot well. 

rvoir i 31 a r in extent witb wall 5 feet high in ide, sloping 
7 to 1, and feet wide on top. Tbi re ervoir co t about $300. It ba 
two ate . The main ditch from one gate i 0 rod long; the ditch 
from the oth r i 160 rod long. Til ditcbe are 12 feet wide and 1 foot 
deep. They o t abou 200 per mile. During the ea on of 1896 Mr. 
Willrodt irrigated about 120 acre with gratifying re ults. Eighty 
a re of wheat yielded 2 bu bel per a ·re; 30 acres of oat yielded 50 
bu ·bel ; hi orn produced 40 bu hel aud his prairie hay 3 tons per 
ar . 

Mr. W. A. Carpenter, of hicago, has a large irrigation farm in ec. 
35 T. 10-!, R. 10, near Pukwana, in charge of Mr. J. . Sanborn. A 10-
inch w ll ba re ently been uuk to a depth of 907 feet, which flow 
1,3 6i o·allon p r minute. Co t, 5,200. A 7-acre re ·ervoir ha been 
built with about 2 mile of main ditch and 4t miles of lateral . It is 
propo ed to irrigate 1,170 acre . 

The ity of Obamb rlain i planning to pipe water from the new well 
to tbe top of the blu:ffi to ftll a. re ervoir for u e iu irrigating the bottom 
below. Engineer have been at work on tbe plans. 

Mr.l\Iartin Smith bas r centlycompletecl. arrauO'ements for irrigating 
a farm in c. 25, T. 103, R. 69. He ba a well which furnishes a large 
volume of water, and plan are p rfected for reservoirs and ditche for 
extensive irrigation. 
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The well of Mr. Fred hereda, in ec. 18 T . 101 R. 6 i for irrigation. 
It wa sunk in 1 96 ha a lepth of 900 feet, and flow 200 gallon per 
minut . 

1\fr. L. H. Willrodt near Ohamb rlain, u e water from the town hip 
arte ian we!J, taken by ditch a,nd pump d up to hi ·arden by windmill 
power. He raised egetable for hou ehold u e only but r port that 
everything raised ·bowed a wonderful growth b ing fully doubl in ize 
and yield over nonirrigated garden in the vicinity. 

DAVISON COUNTY. 

Of the numerous mall flowing well in this ounty th waters of 
many bave been employed for irrigation for everal year with mo t 
ati factory r ult . In mo t ca es the irrigated area are mall, but a 

uumber of farmer have faci lities for floodin · from 40 to 100 acre . 
Some of the re ult of irrigation reported for 1 6 are a fo il w : 

Mr. Everett Smith sec. :?6 T. 104, R. 61 , irrigated 15 res in corn, 
pumpkins, oat , and truck, and had large crop of all. 

Mr. John K. John on ec. 3, T.103, . 62 Mount ernon irrigated 100 
A r('s clireot from bi s 6d6 foot w ll, "00-gnl lon flow. .A. ro r ir uf 10 
acres i now under con truction . Hi mall grain i report d to have 
been good and hi garden crop very fine. He plan · to irrigat 400 to 
500 acres. Some of hi ·r p yielded a follow : Wheat 34 bu h ls per 
acre; corn, 4 bushel ; oats, 73 bu bel ; potatoe 210 bu bel . 
not irrigated in same ection went: Wheat 7 bu hels per acre· orn, 
be t, 8 bushels; oat , 22 bu hels. 

:Mr. Ira Frazier, ,ec. 27, T. 104, R . 61 irrigated 40 acre . i oa 
and corn were reported to b particularly good, and garden products 
were al o very sati factory. 

Mr. George Schlund, s c. 27, T. 104, R. G2, irrigat d potato s and 
tla.x with good re ult . 

i\lr. Oharle F . Raymond, ec. 2, T. 103, R. 62, Mount ernon, il'ri
gated 10 acre of corn and garden. Crop were all g od . 

Mr. Casper Kerr, near 1\fitcbell, reports that portion of his corn 
which were irrigated yielded 38 bushels per acre, and tho e which were 
not irrigated yielded only 15 bu bel . 

Mr. H. Heidinger, sec. 31, T. 102, R. 62, irrigate a garden from hi 
642-foot well . It· flow is 20 gallons per minute. 

1\fr. E. D . Watkins, c. 20, T. 104, R . 61, irrigate garden and trees. 
He bas a 420-foot well with 22-gallon flow. 

Mr. A. B. Seaton, in sec. 8, T. 103, R. 60, has irrigated from 5 to 10 
acre of various crops, including garden and truck. No detail were 
furui )Jed, but the results were very satisfactory. 

Mr. "ick. Dondelinger, ec. 17, 'r. 104, R. 60, has a small well from 
which he irrigated 4 or 5 acres in garden and truck. He reports that 
the products all doubled by irrigation. 
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Mrs. A. J . Smith, ec. 18, T. 104, R. 60, is arranging to irrigate 20 
acre during the s ason of 1897. 

ir. :Martin lea on, ec. 5, T. 104, R. 60, irrigated 40 acres with most 
encouraging re nits. 

Mr. J. Au tin Olark, sec. 35, T. 104 R. 61, irrigated 5 to 6 acre of 
potatoe , corn and garden which proved a most satisfactory experi
ment. 

Mr. F . D. Tyl r sec. 34 T.104 R. 61, irrigate 40 acres and is greatly 
plea d with the result. 

Mr. Alex. Tragier sec. 33, T. 104, R. 61, made a trial of irrigation with 
40 acre with such encouraging ucce s that h will irrigate 0 acre 
next season . 

Mr. Henry Schlulld, sec. 26, T. 104 l. 62, near Mount Vernon, reports 
that during the winter of 1 95-96 be flooded about 40 acre of his 
farm. Excellent re ult were reported, but no detail are given. Iu 
hi gard n be raised over 300 bu bel of ugar beets and mangolds 
from a half acre, and about 75 bu bel of tomatoe from a quarter of 
an acr . Other vegetable yi lded large returns. 

Me r . Hatch Brother , ec. 15, T. 103 R. G2 have a 406-foot w ll 
ancl r Tbe irrigate ... 0 acre and a garden and have irrigated 

T. 102, R. 62, ha a 160-foot well with 
0 acre of wheat and corn and re1 ort 

45 -foot well with 
Potatoes went 150 

coru. 
1r. im n Ralver on, sec. 10, T. 103, R. 62. Teu acres. 

Mr. M . rad , c. 25, T. 101 R. 61. 
Mr. J. M. Schmidt, sec. , T. 103, R. 61. 
Mr. a than obl , e . 25, T. l 04, R. 62. 
Mr. F . W. lowell , sec. 11, T. 103, R. 62. Ten acr s. 
Mr. . . Young T. 104, R. Gl. 
Mr. Jake Johnson, sec. 9, T. 103, R. 62. 

as 

potatoes and 
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DOUGLAS COUNTY. 

In thi~ county there ha been but li ttle ext n irriga,tion in 1 96, 
but many farmflr and town p opl bav irrigat d ga.J:d 11. and mall 
area by way of exp riment. Th y have btained most gra,tifying 
re ult . 

Mr. . T. Chandler, 7 mil 
land in the wint r of 1895. Th 
au<l bay yielded ton per acr . 
20 bu bel. per acr . 

rmour, fl od l 30 acr of 
orn yi lded ov r 40 bush 1 p r acr 
~oru on adjoining land yielded only 

Mr. Jame . Wilson, . e ·. 35, T. 99, R . 63, 11 ar rmour rer ort 
that during 1 96 he bad th following re ults with irrigation: Eight 
acr of potatoe ou ground flooded the pr c ding ov mber yi lded 
100 bu bel per acre with cbeap ultivation and light ding· 50 a ·re 
of wheat on ground imilarly flooded produ ed -5 bu bels per a, r · 
17 acre of oats on ground flooded 1ll the winter of 1 !>4-95 pr du d 40 
bushels of good quality. He find that the benefit. during t il ond 
yea.r after flooding are fully a gr at a durina the fir t rop. B ts, 
cabbage, turnip tomato , and all v g table produc d fin gr wth 
wherever the water wa u ed. 

On the farm of Mr. . E . Hu ton, near Armour, portion of 4 acr 
were irrigated. There were 2 acre planted in potatoe which bar
ve ted 400 bu bel about double the yi ld from unirriaated land. The 
other 2 acre were i11 weet corn of which the preci e yield wa not 
a certained but Mr. Hu ton i ati tied that the irrigat d porti11n 
gave more than double the crop the unirrigated portion did, and of 
much better quality. From a mall area plan ted in pie plan t, a para
gu , onion peas, and other small garden tuff the re ult wer most 
sati factory. 

The irrigating plant con i ts of a 12-foot windmill with an 8-inch 
pump by which the water i lifted 1 feet into a re ervoir 100 fe t in 
diameter, which can be filled to a depth of about - feet in the c nter. 
The water i pumped from the ditch that carrie the water from th 
artesian well at the mill. 

HANSON COUNTY. 

Very little irrigation is practiced in this county, but a th results in 
adjoining regions are becoming known, orne i nterest in the ubject bas 
been aroused. Several small trial of the water have been made in the 
northern townships of the county with most sati factory re ults. The 
only definite information obtaiu:tble wa from Mr. George Knapp, 5i
miles north and 2 mile west of Farmer. He bas a reservoir or wide 
ditch about 60 rods long, 30 feet wide, and 5 feet deep, to be u ed for 
irrigation. In the autumn of 1895 he flooded 20 acres, and the flax on 
it in 1896 yielded a large return. A small irrigated area of potatoes, 
squashes, strawberries, and raspberries yielded large crop . 
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HUTCHINSON COUNTY. 

1\'fany garden and small area are irrigated by arte ian waters in 
tbi county a.nd the u e of the water iu this way is rapidly extendin g. 
Th following i a li t of some of tlJo ·e who irrigate : 

ir. Jo eph Oberembt, ec. 10, T. 100, R. 6 1. 
1r. :J\1. berembt, sec. 10 T. 100, R. 61. 
1r. Matt Korter ec. 22, 'I. 100, R. 61. 

J\Ir. Jo eph Schoenfelder , e . 21 'f . 100, R. 61. 
1r. Paul choenfelder, ec. 26, 'I. 100, R. 61. 

Mr. J.P. Puetz, Rec. 14, T. 100 R. Gl. 
Jr. Jobu Schumacher, Rec. 20, T. 100 R. 61. 
1r. Theo. Bmmery, . ec. 33 T. 100 R. 61. 

Mr .. JolJn Holm, e . 27, T. 100, R. 61. 
Mr. ll . E er Rec. J3, 'I . 100, R GO. 
Mr. L . Bower , sec. 24 T. 100 R. GO . 
. Mr. J. W . Slraur ec. 1, T. 99, R. 61. 

r. Frank Fritza, ec. 9, T . 99 R . 61. Te11 acres. 
'Ir. Henry Ri·ike, e ·. J.l. , T. 9!) , H. 61. 
fr. 'arll adke, e •. ~4 T. 99 , R . 61. Potatoe . 
1r. '. l a ugu ·t c . ..,2, T . !)9 R 6 1. 
fr. Jobu L. clJmidt, · . ...,0, T. 99, I . 61. 

Mr. J hn Ti d e . 27, 'r. 9!1 R. 61. 
Mr. rg Rei in g r aud '1'. Il ising r, e ·. u, '1'. !J9, R. 61. 

11'. Fr d ug r . 7, T. 99, I . GO. 
Mr. T. ll . Ben on, c. 2 , T. 9fl, R. 60. 
Mr. · L - ei ing r, e ·. 7, T. 9::~ , R. GO. 
'Ir. H. B u on, c. 34, T. 99 H. GO. 

Mr. barl F rg n l ark to o. 
Mr. Jolm l aac . 4, T. 99 R. 59. 

<.: . Hi, T. !) , R 59. 
r . J ak 'toebn r ec. 30 T. 9 , R. 60. 

Mr. Jlenry toE>bner, c. ""9 •r. 9 , R GO. 
1r. :S. . MorrL , sec. 20 •r. 98 H. 60. T hirty-five acre . 

Mr. Dan J. oth, s c. 11, T. 9H, R. GO. 
Mr. J. \Vud I, e . 3, T. 9 , H.. GO. 
Mr. G. Koeni g, , ec. 5 T. 9 , R. 60. 
Mr. Wi ll iam Tied , c. 1, T. !J H.. 61. 
Mr. J. Tiede, ec. 1, 'I . !J , R 61. 

lr. John Hein z, s c. 3, T . 9 , H.. 61. 
{r. ' . 1 Ialit, ec. J, T. 97, R. 60. 
ir. W . T . ci.Jmidt ec. 30 T. 07, R. 59. 

Miss An na Iloeffer, ec. 31, T . 99, R. 56. 
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JERAULD COUNTY . 

r rvoir 

Mr. F. B. Brayton, near A lpena, i arra.n..,.ing to irrigat fr m hi 
well. The farm i the W. i ~ ec. 30, T. 109 . G~. r. W. ll. ::\rill r 
i the manager. The well i 835 f, et de p and i ' aid to afford 350 
gallon a minute. The re ervoir cov r 3 atre and it ba wall 6~ 

feet high. peration have been very limited o far and n d tinit 
re ult, could be reported. , 

Mr. . H . Albert, near We ington pring , wet hi land vdt!J arte
sian water in the fall of 1 95, and in part al o during th winter. lie 
report that wheat yield d a littlo over 30 bu bel p r acre No. 1 wh at, 
while on adjoining farms not irrigat d the yi ld wa only from L to 1 
bu b 1 per acre, and .~: o. 2 in greater part. Very ati factory r snlts 
were al o obtained with potatoe , corn, an d beet . 

SANBORN COUNTY . 

A few of the farmers irrigated in 1896, mainly garden or mall truck 
patches. Care bas to be taken not to apply the cool w 11 water of the 
shallower wells directly to the growing plant . Su ·h over igbt lla 
often resul ted in damaging the irrigated ar a. 

Mr. H. W. Crawford, of Letcher, reports that be has u ed the water 
from the town well with marked benefi t on hi garden and truck patch. 
Many experiments were tried and various result obtain d, but they 
were all eminently sati factory, except in on e or two ca es where too 
much water was used while the crop was growing. The yield of pota
toes was particularly large. 

Mr. W. E. Ryan has continued to irrigate on his farm near the town. 
Owing to the rainy sea on, however, operation were les exten ive 
than in previous years. He irrigated portion of his corn and oats 
with very marked results. 
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SPINK COUNTY. 

Irrigation by artesian-well water ha been practiced exten ively in 
thi ' couuty with mark d succe s. The waters lie quite deep, but they 
ar e in large Yolume under the greater part of the county. Irrigation 
operations were less exten ive in 1896 than in the two previous vears . ' 
owing to tile more rainy eason and the clogging of one of the most 
important wells near Redfield. 

Mr. . J . Glidden continued irrigation on hi farm near Hitchcock. 
Owing to the abundance of rain in the early part of the ea on wheat 
and oat in thi vicinity uffered considerably from ru t . In the dry 
weather whi h followed he irrigated about 30 acre of wheat, which 
yielded 15 bu bel per acre, while wheat not irrigated yielded only 
about 10 bu hels. Other yield were as follows: 4 acres of barley, 45 
bu bel per acre; ~O acre of corn, 40 bu bel per acre; 2~ acre of 
cabbage, 12 ton ; 6 acres of potatoes, 00 bn bel ; one-fourth acre of 
onions, 00 bu bel ; one fourth acre of tomatoe , 150 bu bels; 10 acres 
of prairie gras , 1z ton of bay p r acre. everal other ve<retables were 
rai ed in the garden with th as i tance of irrigation with mo t ati fac
tory returns. ottonw od and willow cuttin gs planted in the spring 
and ar fully irrigat d h wed a growth of from 3 to 5 fe t while tho e 
wbi b w r n t irriga d fail d to liv . 

On tb Ilunt r farm n arM ll tt the irrigated crops were riou ly 
damaged by hail. 

Mr. Loren u w 11 near ~onde, reports that during the past four 
ear he ha rai ed mo t ati fa tory crop of garden truck by means 

of art ian irrio-ation. During the la t ea on hi crop were eriously 
damag d by tl1 rava e of cutworm , and the product was thus greatly 
r du d. 'I h ar a under irri ation i about 10 acre . It i tated 
that floodino- prov dun ati factory for strawberTie the young plant 
of which app ar to b come chok d by the diment which the water 
arri . 
From th ll and :M~-er farm near Redfield, now owned by Mr. 

John .J. ly r , it i r port d tha,t 110 crop wer irrigated in 1896 owing 
to logo-ing up of tb w II. It is tated, however, that the iufiueuces 
of pr vioa wetting' of the land were t rongly mark d in th e crops 
rai ed. Thirty-five acre of wheat averaged about 0 bu hels per acre, 
wbil nuirri <rated land genentlly in the ame neighborhood yielded only 
about 6 to bn b 1 to tb acre. 

Mr. F . W . agm n, near Redfield who depend on the Hassell and 
My r well could not irrigate in the eason of 1896 becau of the 
failure of that well . couple f acre flooded the previous autumn 
yielded an imm n e crop of wh at, which is estimated to be at lea t 
thr e tim as much a that 011 adjoining farms. 
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YANKTON COUNTY. 

Mr. George H. Whiting-, of th nor erie near Yankton, r port a 
follov. : For the greater part of the ca on there wa an abumbuc of 
rain, o that but very little irrigation was n ce sa.ry. R did, how ver, 
water a portion of hi nursery took and garden a couple of times, n,nd 
there. ults w re mo t promi ing, but July 31 a Yery , v r ltail torm 
pas ed t!Jrough t!Je regio n and de t.royecl the greater part of th grow
ing plants. 

·wATER '. 

The wa.ter from the deeper arte ian well in th Dak 
a clecicleclly t hermal character. Thi · is notably the a, at Pi rr , 
where t!Je great pool of warm water at th anitarium i applied from 
an artesian well. Here the temperature i 92o. Tbe !Jigh t temp ra
ture recorded is from th e Wbll at arold, 94.90. In many of thew ll 
in James River Valley the temperature of the water i about 70° · at 
Urow reek and Chamberlain it i n o; at Fort Randall oo, aud in 
many wells from Yankton to Krmball and Woon ocket th tempera
ture ar from 11 ar 600 to 700. 

All water ' from deep- eated sources are warmer than those from 
~hallow well , for the temperature of the earth increa e. gradually with 
increasing depth . In the fir t 40 feet the ternperatur i found to be 
tllat of the mean annual temperature of the region, but theuce down 
ward the rate of increa e in many portion of the earth i about 1 o for 
ea-ch 50 feet. Arte ian water flowing in fairly large volume brino- to 
the urface the underground temperature of the trata from which they 
are derived, o that with a,u increa 'e of temperature of 10 for each 50 
feet a w ll 1,000 feet deep would yield water having a temp rature of 
20° above the mean annual tem1 erature of the urfac . In the gr ater 
part of the arte ian basin of the Dakota the amou11t i ~ und to be 
greatly more than this, which indicate a much high r rate of incr a e 
than the normal. On examimng the distribution of the wells it i fouud 
that the rate of increa e of underground temperature indicated i eli -
tributed in a very regular manner, with a rapid rise to the outh and 
west, notably in the Fort Randall district. 

So far a our present observations go th culmination i reach d at 
Fort Randall, where, although the temperature of the water is only soo, 
or possibly lightly more, the depth from which it i derived i only 576 
feet, indicating an increase of temperatnre of 1 o for each 17 ~feet. Thi 
is a very phenomenal feature, and is quite exceptional among records of 
high underground temperatures outside of volcanic region . A.t 
Chamberlain a rate of 1 o for 21~ feet is indicated, and at Pierr 1 o for 
24~ feet. To the north and east these amounts decrease, but over a 
wide area the amount of increase is 1 o for every 25 tp 35 feet. 

From various sources the writer has ueen able to obtain records of 



DARTON.) TEMP E RATURE OF ARTESIAN W ELLS. 607 

observn.tions on tbe tem peratures of waters of many of the well , o 
cattered over tb artes ian basin as to atror<i tbe mean of formi oo- a very 

definite idea as to tl.l e areal distribution of the underground tempera
tures. The data are brougl.lt together in tbe ac ompaoying table, 
and th yare represented graphically in the map, P l. X LIV. 

Table of data bem·ing on artesinn-well temJJeratures in til e Dakotns. 

Locality. 
D pth of be<l 
yielding the 

wnter. 

-I 
T em e I Menn utm~ of. Fl.ow per annual 
flow. a. I mmute . temper· 

ntnre. 

Aberdeen , city well Ko L. 

Andover · --- --.-- - - -- ---· 
Armour ____ _______ . ____ _ _ 

Britton _____ ____ --- _- ----

Chamberlain: 

Mill .. ·-- ------ · - -- - --
25 miles southeast __ _ _ 

heyeune Agency ___ _ . ---

row ' r ek --- --- ·--- ----
olnmhi>t -------- -- - - ___ _ 

Doland . ___ ___ . _________ - -

Ellenda le ______ ___ --. ----

Fort Rauda.Il __ __ . _. - ----

Feet. ° F. 

1, 077-1, 100 66. 9 

1, 070-1, 075 71. 6 
696-757 68. 3 

976-1, 000 64 

5 5-600 7l. 6 

851-937 70 

1, 337 79 
760-7 0 

Fr d ri k · ----- ----- ----- 1,045-1, 139 69 

Faulkton----·-·--·- - - --- l 032 ~ 74. 5 
Or nwood_ ___ __ _ ____ ____ 641-651 70 

r t n, ·l mile north . ___ _ 0-9·i2 63 
B arolcl ____ . __ ___ . . _ _ _ _ _ _ _ 1, 435-1, 451 94. 9 

Rltchcoek -- ·· ---· _ ·- - - -- 9-o-9~3 70.1 

Huron --- -- ----- ----·- --- { 
960 70 

36 65 

Ip wich·----- ---- -------- 1 000 ~ 71-6 
lroq u o i _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50 55 7t. 4 

Jamestown . . --- --- --- - --- 1,458-1 476 76 

Kim balL ... ·------------
Lak Andes ------- ----- --
L tcbe•· __ __ __ . ________ _ --

M ll t t<': 

9 - 11 06 I 66. 9 

725-773 70 

570-577 1 5 

Gallon•. 

400 

300 

1,500 

600 

4,, 000 

1, 09 

500 
Many. 

940 

370 

700 

600 
135 

100 

, I 
3
·: I 

I 
84 

1,260 
2,250 

360 

Many. 

1,000 
460 

185 
1,500 

80 

O F. 

42 
42 
44 
42 

45 I 

45 

42 
42 

40 

47 

41 

42 

47 

42 
43 

42 
42 
42 

42 
42 

37 1 43 

45 
42 

42 
42 

42 I 

42 1 
42 

Rnte of 
tempera
tur in 

oren e to 
10 ]!'. 

Feet. 

4,1, 

36 
30 

45 

21! 
36 
39 
28 

45 

33 

37 

17t 

39 

30! 
28 
43 

28 

34 
3•1 
36 
34 

29 

37t 
42t 
30 

36 

39 

41 

39 

EJ 
a T emperntnroa m~>rkod , lll'llJ!h -en by Prof. J. H. h pard, onth Dakota Experiment 

No. 41. '!'hose ma rke<l N •u-e l>y Colonel N ttJeton. 

tation Bullea.in 
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Table of data bea1·i11g on artesian-well temperattwes i ll the Dakotas- ou t inued. 

Locality . 

Mill r. ... .. .. . . ... . . ..... 

Mitchell .......... ....... 

"orth·dlle .... ... . . . .... .. 

Oake --- --· -- ------ -----· 
Pierre ...... .. . . . . ... . .... 

Plankint on . . ....... ... . .. 

Redfield . .. ..... ... . ... . . . 

priugfield . .. . . .. . . .. . . . . 

Tripp ...• . .. . ... . . ...... . 

Tyndall.. ....... . .. .. .... 

Wbite Lak e .. ... . . .... ... 

Wols y ----------- --- ----
' .V oousocket .. ... .... . .. .. 

Yankton ...... . ..... . . ... 

I y::~·~~~··· ~·,k· • 

D pthofbd 
yieldi ng the 

w·at r. 

Fett. 

1,115- 1, 139 
530-54 
95 -9 0 

937 
1, 150-1 170 

740- 745 
944-9&! 
530-592 

f 15 I 

604-725 
4.89-595 
432-455 

Temper
nlnr of 

flow. 

op. 

79. 
"6 

62 
91. 
62 

65 
63 

76 
61.5 

2 
60 { 610-615 1 62 

600-672 64 

450-500 1 64 N 

:M llll 
F l. w p r n.nnnnl 
nnnntl . tempur

ntnre. 

Oa.llon1. OF. 

363 42 
43 

1, 900 42 
17 39 

900 45 
225 43 

1, 2 0 42 
3 292 46 

700 4-

1, 000 <l6 
150 43 
330 42 

1,150 42 
1 4;}0 46 

330 46 
0 46 

165 46 

1 300 46 

Put. 

30 1 
tUi 
40 
41 
24+ 
39 
34 

-9 
44 
4.3 
40-t 
25+ 
36 
:54 
32 
3 
35 

2 

The observations of temperatnr s given by P rofe or hepard are 
very accurate, and they have been employed in place f fignr given 
by Colonel Nettleton; but in roo t ca es the dilf r nee were unimpor
tant. The Doland water, reported at 64° by ettleton, th edfield 
water, at 64°, and the Woon ocket water, at 650, are the priucipal exc p
tions. The figures for the Huron well were given by the well owner . 
The Cheyenne Agency, Crow Creek, and Green wood well were reported 
by the United tates Indian agents at tho e point ; the well 25 mile 
southeast of Chamberlain wa reported by the driller, Mr. Kaufman, 
and the Tripp well was reported by Mr. Ha tt, of the towu board, 
a "about 630 ." 

The mean annual temperature which have been used for the com
pari ou are based on observations which have been made by the nited 
States Signal Service, as follows: 

Degrees. 

Jamestown, orth Dakota .... ............ ·----· ··--- · ·- - - -· 37 
Huron, South Dakota ...... ··--- - .... --- --- ..... . .. _____ ___ 42 
Kimball, South Dakota------· - ---- .. . ... ---- ... . ·- -- -- ___ _ 43 
Fort Meade, South Dakota .. ___ _ . ___ __ . ____ ....•... ____ . _ . .. 45 
Fort Randall, South Dakota ...... .. ··---·-- ---- -· ____ ··---- 47 
Fort Sisset on, South Dakota .... - - ------------ ·- -- - ·- --· ____ 48 
F ort Sully , South Dakota·- - -- - ____ ____ . .. . __ __ --·· __ __ . . .. 45 
Webster, outh Dakota . _________ .. . __ .. ______ _____ .. . __ __ . 43 
Yankton, South Dakota __ _ . ___ ____ _ . _ .. __ .. _____ .. ___ ... ___ 46 
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For the other points, I have a sumed what appeared to be the most 
probable mean tem})eratme in comparison with the localities at which 
the ob ervation were made. It is reali zed that there i , of course, 
some chance for error in this procedure, but the small differ nee does 
not greatly affect the final product of the calculation. In roo t ca es it 
ba been pos ible to take for the depth the middle of the water-bearing 
bed as far a pier ed by the well. The rate of temperatur iucrease 
bas been cal ·alated from the urface down to the middle of the portion 
of the water-bearing bed penetrated by the well without deducting the 
u ual40 feet at the surface, a has been done ometime in making uch 
calculation . In coo iderino- the data, I have only taken wells over 400 
f, et in d pth and yi lding large flow~ . Tb well at Highmore was 

x luded on account of it mall flow, for in ucll ca e the water lo e 
much of it b at before reaching the urface. The temp mture of the 

iglnoore water, however, i , 720, according to l\ettleton. The flow i 
9 gallon . and the source i about 1 550 feet below be urface. 

The difference of rate in the in Tea of tempera.tur in tb well at 
hamberlain is thou ·ht to be due to the r lative po ition of thee 

well . The city well, with th maller rate, i some dis tan e ea t of the 
mill w II which may account forth ditrerence, a it is in lin with the 
diminution e:-~ , twanl to 10 in 41 f, et. at Kimball. At b rde none of 
th arli r •it.r w 11 wa reported by ttleton to yi ld water witll a 
t mp ratur of 6GO from a d pth of 90- to 91 feet, wlli b is at the 
mte of 10 f, r ea b 3 f, t, om what Je than in the deeper w ll re
, rd cl in t b table. I pr fer, however t take th fi ll'Llre of Profe or 
h pard for thi d epcr w ll for her the condition app ar to be more 

d fiuit ly l t rmin d . 
In th w ll at -ankton the di~ rene of actual temperatmes of the 

wat 1· i no great but a the d pth of the well vary ousiderably, 
th ratw ot temp rature 111crea e vari from 33 to 3 fe t for each 
dcgr . It i probable tl1at in a a e of tbi ort the water may all 

m fr m one , tratum, nml if tb minimum d pth of this be taken t.he 
rat of' 10 for aeh 33 feet i obta.in d. In the cement work , 4 mile 
wet f Yankton, au in rea' d rate i iodi ated. 

It will, of ·our ·e be obviou that where und rgrouud draimwe is cir
culating r:tpidly a flow of arte iau water in horizontal beds would retain 
th am temperature over IJUite a wide area, under high land and low 
land alil\e; consequently, if a well were unk on high lan l the rate of 
increa in fc t toad gre would be a very much larger figure tban in 
the adjoininO' low land , ~vhere the water would b r acbed at much 
l d pth. T have weigll d tbi ugge tion in tile reO'ion in question, 
and x ept po ibly about Tyn<.lall, Yankton and prinO':field, believe 
t hat its infl.u nee is praotica.lly nothing. We must bear in miud in this 
connection that underground water move at an extremely low rate of 
speed, probably in the and of th Dakota formation at not over a 
mile or two per yea.r, and under the e conditions tbe water represents 

1 GEOL, P1' 4--39 
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very nearly the underground temp ratur at th bottom of th a ing 
of the well. Of cour e, in tb ca of a well with Ja,ro· flow t he tilll of 
transit from the bottom of th ,.,. 11 to tlle top i · a. very f w e onds, for 
tll rei no impediment. 

The areal relation of the wat r tempenLtur aud rat 
tme in rea ar hown iu Pl. XLI . Fortuuately th data a,r so 
di tributed as to o er tllc district without lon g int rvals b tw n tit 
well , and th rc ult of tllo ca l ulation ar UI'}Jd ingly a· ordaut. 
Tbe roo t 11 ta.bl feature· ar : Tbe trip of hi o-Lt t mpera ur along 
the J\li ouri Hiver· Yalley, beo-inuino· n ar i rr and xt nding to 
Yankton with it culmin:ttion at Fort Randall; th lon o- ar a of mod
erately thermal di tri text ndiu o· ea'tward alono- th lat itud f Pi rre 
throuo·h Miller, ol ey Huron and Iroquoi · tb :tr a of r lativ ly 
cool uud r o-rouud condition extending w tward a a tongn through 
Mitch 11, Plankinton, bite Lake, <Lild Kimball ::wd , outb ward toward 
Tyndall and the imilar oblong area ext uding t hrough ritton 
toward Aberde n. In co n idering the data it wa at on ob er d 
that the e features of areal di tribution wer lo el imihr to th con
figuration of the bed-rock urfa · . ccordingly I have r pr duced in 
Pl. ~LV a ontour map f thi urfa e £ r c mpari on. Th cool r 
und rgrouu l condiLio11 fr m litcll 11 to .1\ imball will b en to b 
almo t coinciden t io area with the underground ritlge of quartzite 
hown in l. XL . The area of l.Jio-her t mp ratur ju t nortll i 

approximately coincid nt witlr tiJ bottom of the vall y wbi h xtend 
from Madi on tllrough Huron and outh of \\"ol ey. Beyond th 
very trikiug feature there emblance are uot n t w rthy, but tho e 
above pointed out are uffi ien tly triking to tron"'lY uuge t that the 
cooler area from Mitchell to alem i in Rome way due to the pre nee 
of the ridge of cry talline rock beneath the urface. 

This bring u to tlreque tiou of the cau of tue thermal 
the Dakota artesian ba in, but no , ati factory olution ba a J t b n 
sugge ted. o far as we know, tlJere are no metarnorphi p ro e es 
or orogeni~ movement in progre in tbi r gion which would giYe 
unu ual underground beat. Oue uuge tion wa that the oxidation of 
pyrite might produce heat, and a the formation are all highly pyri
tiferous thi sugge tion at fir t eemed to contain some degree of 
plausibility. It eems, however, entirely incompetent to explain tlJe 
peculiar di tr1bution of the beat a hown on P l. .... CLIV, and it could 
not be expected to heat uniformly the very large flows whi h are fur 
nished by most of the wells. Of course, all the water pa ing under
ground in the in take region in the high laud westward from wh ich 
tLe waters are d rived carry oxygen, wbi h would oxidize iron pyri tes 
and produce heat. It is known, however, that usually oxidation of 
this sort does not take place below very moderate depths. Then, again, 
th e waters are not sufficiently ferruginous to accoun t for much oxida
t ion of pyrites, although they contain considerable amounts of various 
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sulphate . It may be, however , that too-ether with tbe oxidation of 
tbe pyrite· there would be a reaction with alkaline earth . which would 
precipitate the iron a oxide and give ri e to water c~ntaining ul 
phate of tlle e replacing ba e . 

Anoth r , ugge t ion offered to explain tb relation of the thermal 
condition to t he flow of tll e artesian ba in is that t !Je cry..,talline bed· 
rock has been deeply chi lled l.Jy t !J e pre ence of t he glacier and stiU 
retains sufB ient. of tlle chill to in a mea ure uet1tralize a o·eneral tiler
mal condi t ion distribute(} evenly from below and pr erved with greater 
inten ity in the great ma of sha,le and sandstone . 

IIEl\U AL ANALYSE . 

A there is mu ·h intere. t in the compo ' ition of the arte ian waters, 
an eudeav r ba been mad to obtain all avai lable information on t!Je 
subject. There h as r cently appeared a further contribu tion from the 
chemical department of t he agricultural coil o-e at Brookings, eutit led 
''Shallow arte ' ian well of South Dakota; b.r P rof. J. IT. Shepard. In 
tbi valuable vap r analy e are given of the water of the hallow 
well s in a basin in Grant 'ounty t lle Hurley basin, the Turkey Ridge 

r k ba in, a nd t h a,nborn ba,~ in. 
Tb wa,t r ft'Om th thre fir .·t- mention d ba in 

to hav h bara t r f urfa e wat r ' hich give trong confirrna
ti n to th hypoth . i that tb y arc d rived from lo a l bed of and and 
grav 1 in tbe drift formation . In the anborn ba in analy e were 
made of~:> veral well with th e followino· re ult , alculated to alt . 
Th dep b of thew ll a r al o O'iven: 

. Ina lyses of nl'le ian 1cakt'S j1·om tit an born basin, onth Dakota. 

[Princi pal salts-parts per 1,000.] 

, . o<lium Magno· C 1 . 

J.o alit y . 
Sod•~•m sulpbnt sium 8 0 1

" 0 1 Cal inm 
Jhlond (Glnu· snlphnl o su lphate carbonate D pth. 

( o-mmon. _ uer's ( psom - (gyp· ( balk). - --' Rnl t). sail s). salt ). sum). 

Art s ian, ' an born Feet. 

'onnty -- · - · ·- - · · · -· · 0. 1123 0.39-ll 0. 2687 0.6739 0.1 0 120 

B aver, l\Ii oer (' uoty .. 0.2449 0.427l 0. 4917 0.7684 0.1496 430 

Red s to n e , Han s on 

onnty . .. ............ 
1 

0.1 910 I 0.4493 0.4659 0.7451 0. H46 4 0 

T he ·e a ualy <'S. llow clo e resemblance iu character of the waters to 
that of tl! d ep well of the ma.in arte. iau ba in, and confirm the opin
ion that they ar all clerivetl from on ource, the water of the hal
lower w 11 · coming near to the urface with th ri e of the a,r te. ian 

tra,ta and beino· prevented from e caping by the clay beds in the over
lying drift formatiou. 
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.Arrangements are in progre s foe analy e of the tream waters 
which are uppo ed to supply tu arte ian ba in, nnd it i hoped that 
by this means a more definite idea may be obtained of th nature of 
the sali.ne iogredi nt which are deriv d fr m the strau thxough which 
the water pas . The sample \rill be collected al og- t he footl•ill 
of the Black Hill and Rocky iouota,iu , along tho zoo in whi ·h t he 
water ink into the Dakota and ton a11d unclerlyill o· eclim ntary 
formation . n analysi ha be n ecured of \1 at rs of tlu~ lUi ouri 
River from the vicinity of Great Falls, wb rea on iderabl volum of 
river water i believed to pa und rground in tb Dak tn. formation. 
There are a.I o giv n t w analy e of wa,ters from til ' iant pring, 
which is an ouilet for water that pa s into the formation a.t hi gh r 
levels. 

Min eral analysis 1 of wat111· fron~ tile ~lfi som·i Rir r· at a point about 500 f t abore the 
Giant ,p,·ing, 5 miles below G1·eat Falls, ,\fontana. 

il ica .................. .................. ............ ········· · 
Carbonate of lio• e .... ........ .. . . . ........ . . ........... . ...... . 

Carbonate of magn ia .............. _. _ ....... _ .............. .. 

odium and pota inm chloride ...... .............. .. . ..... __ .. 

odium and pota ium nlphate .... .............. ____ ........ .. 

Grain~ per I 
gallon. 

l. 308 I 
3.520 

3.02 

1.90 
- . 936 

~-----T-o-ta_l_._·_- _--_·_·_--_-_-_- _ .. _-_· _··_·_·_--_-_-_--_·_-_-·_·_-_-_--__ ·_· _-·_-_· _· ·_-_- _· _·-_·_· _··~'--15_. 772_j 
1 Mn<lo D~cemb r 2, 1895, by Edgar and ::\1nrioer, D earborn Drug an(l Cl1 mica! Work~, Chica,tto, 

illinois. 

..:lnalysis 1 of water f•·on~ the Giant 1Jrir1g, nettr ;,·eat Falls, Jlfontmw. 

l Grnina ;:-J 
gallon . 

nlphate ofl ime ............. .. ............. _.. . .. .. .. .. .. . . .. .. 14. 04 
Carbonate of lime ................ _ . . .... . .. __ .... ___ . . .. . . . .. . . 4. 38 

Carbonat~ of magnesia ........................ __ .. .. _ .. _ .. __ .. 4. 98 

Sodium chloride ...... __ .. .......... __ .. _. _ . .... _ ... . . .. _....... 0. 56 

Salts of potassium and lithium .......... ... .......... __ ........ Trace. 
Borates ... _ .... _. __ .. _ ...... _ .. __ .. .. __ .... __ . . . . .. .. .. . . . . .. .. I ight tr. 

Total ............. . .. _ ......... . ... . ___ . .. . ..... _. ___ .. _.. 23. 96 

Hardness, 28 degrees. 

Reaction neutral. 

Gases, none except carbonic. 

1 Made May 15, 1891, loy James A. Dodge, professor of chemistry, University of Mi.nnesota, Min
neapolis. 
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Mineral analysis' of 1Vale1· from the Gi.ant Sprin y, aihta led on th11 south bank of the Mia· 
aouri R i.ver a.bout 5 mi les below Great Falla, Mon tana . 

ili c:~ . .. . ... .. . . . . . . . . .. . ..... . . ........ . . ... . . .... . ... . . . .... . 

Oxide of i ron· nncl aluminium . . . . . .. .. .... .. ...... ..... .. . . ... . . . 

arbon nte of Jim ....... . ... . . ... . ... .. ... . .... .... ...... .. ... . 

arbonate of magnesia ....... . ..... . .. ... ..................... . 

Slllpba te of li m .... . .... .... .. . .... . .... . ...... . . ..... .... . . . . . 

odium an d p otassinm chlori de . ...... .. ..... . . ... .. .. . .. . . .... . 

odmm an d potns. ium carbonates ... .. . .. .... . .......... ..... .. . 

I 
Total ... .... ... .......... ... . .... ... .. . .. ..... .. ..... . . . . . 

Grains per I 
gallon 

0. 71 2 
0.05 
5. 201 
5. 367 
. 256 

0. 990 
0.556 

21. 14~ 

t ~lnde De em her 2, I 95, by Edga r and Mari n r , Dearborn Dru g nnd Cl)emical ' Vorks, Chicago, 
Ill inois. 

Information has been received from the War Department that an 
analy i of th e water from the well a t Fort Randall, made in 1 6 by 
W. W. l\few, bowed over 87 graiu per gallon of alin ingredient . 
Of this at lea t _Q <:rrain were carbonate of lime. 

n an aly i of th wat r from t he well at Highmor , 1 made ·everal 
year a o-o i. a follow : 

.A nalyaia of 1cate1· from the 11'ell at H ighnt o1·e, outh Dako ta. 

-

.A ika liu sulp ba tes . ...... . ....... .. ...... ................... .. .. 

a l ·ium ca rbou a.te ... ... . .......... ..... .... . .. ..... .. ......... . 

~~l cium ulphate . .... .......... ... . ... .. ..... . . ..... · .. -- .... .. 

Ma:;n sium arbouat . .. ...... ... . . .. . .. .. . . .... .. ..... .. ..... . . 

Iron alumina, and ilir a .. .. ... .. .. . . ....... ... .. . ... -- · .. ---- .. 

Total. .. .. .. .. ......... . . ... . .. ....... .... . ... ... ........ . 

YOL 1E OF FLOW. 

I Grai ns per I 
gallon. 

2 .04 
69. 09 
1. 92 
0.46 
1. 69 
2.33 

103.5:J 

In th artesian ba in of the Dakotas the deep well present con ider 
able diver ity in th am unt of their flow~. Some of the apparent 
variation are due to ditl'erence iu t he diameters of the well , t he 
numb rand ize of perforation where they contain perforat d tubin<:r 
at their bottom , and various local features at the bottom of the well 
whi h are often known to cause partial clogging. It is to be expected 
that in any formation of uch variable character as the Dakota sand
stone we hould :find frequent and rapid variations in degree of per· 
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meabili ty to the underoTouud wat r. whi h would tron 1 modify the 
volume of flow. Ou carefully tndying t h flow of th prin ipal w 11 
evidence of this ort of th ing i oon di ov r d, but o far i l1a 110t 
be n found prncticable to r epre nt on a map r ~rional Yariation in 
poro ·ity. Intlt fir tplace,tb cl<taarenot nffi i ntlyr liable, and 
in the econd place it wa found on apr liminary trial that ariation 
are probably aJ:>r upt and local, o t hat it would r quire a v ry laro- . 
scale map, an l many area would hav to be left b lank betwe u the 
well . 

Data iu r gard to the flow of \'r 11 
Fr quently th information which i ent i ba d n mere gu work, 
generally with much e ·aggeration and u ually if m a ur m n t ar 
made they ar not accurate in them lv , nor do th y r pr ' ut tl1e 
flow of water from the entire bore of the well work in ·with ntire fre -
clom. When there are impeding valve or con tri ' ted outlet f wbi h. 
the ratio of con tr iction are not a curately known it i impo ibl to 
e. timate the volume of nuim1 eded flow. Oft n we hav no know I dge 
of the ize of tlJe inu r casing which of cour e tend to in •r a c the 
apparent re, ource of tb w II. Data areal ·o fr qu ntl la ·king a to 
the number and ize of perfornti n wh 11 the wat r nter th ca in 
by this mean . If th perfol'ntiou 11re small au<.l. infrequeut and tile 
ca ing i · clo ed belo' , a maller volum f wat r would nter than by 
the wide open bottom of th ca ino-. f reov r well are ft n m re 
or le s logged at th bottom by bale and otb r mat rial which ba 
fallen into a cavity formed by an d arried out by the wa.ter and 
the ·e condition greatly impede the gre of the water from the water
bearing bed, ·o that th procl uct of a w ,11 of th i ' character i Jtot a fair 
indication of tbe re ource of the water-bearing horizon . Th n agai n, 
orne well do not go nffici ntly l ep into th water-bearing b d to 

obtain a maximum flow, but either are contented with on of h upper 
flow , or, owiug to ~ orne mechani ·a l difficulty can not be ·unk d, p r. 

To illustrate the variability iu volum of flow, I have lected anum
ber of well in pink ounty, wh re the ·on lition ar ery favorable 
for compari on. Many of the wells a re 4 .~ inche in diameter and are 
unk deep into the Dakota sandstone, u.early a thou and fe t below 

the level prairie urface. 
Nmeteen wells, eit her 4~ inches in diameter or calcula ted to that bore, 

yield 2,000, 1,660, 1,3:.0, 1,313 1,2GO, 1 ~:30, 1,0 O, 1,000, 800, GOO, 550, 
350, and 75 gallon per minute. omo of the e figure. are no doubt 
somewhat rough ly approximate, but with a ll clue allowance they at lea t 
exhibit a very wide range of flow . 

The pressure in the ·e well ho"· con iderable vari ation, whi ch indi
cates t hat the waters are not obtained from preci ely the same lJorizon 
or from a contin uous heet of permeable wat.er- bearing saud tone. 
Now, flow i volume, and the principal factor of volume in a restricted 
tube is pressure. Under a pres nre of 150 pounds, a bout three t im s 
as much water will pass through a tube of given size as at a pressure of 
50 pounds. For example, in the reports of tbese Spwk County wells I 
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:find that the 4~-inch well which yield le s than 700 gallons per minute 
bav Jow pre ure, with a few exceptions. The following list will illus
trate thi · : 

Well. Gallons. Pounds. 

)!otley ___ . __ __ . __ . _. _____________ . __ ____ _________ __ __ 75 87 
Ash ton No. L . __ ____ __ ____ _____ _____________ __ ______ __ 100 60 
l:lndJong -- _. __ ______ ____ ______ ____ __ ________ __ __ ____ __ 150 125 
Doland No. L ________________ ______________________ __ 370 122 
G 1 idde u ___ . _ •. __ ___ .. ___ .. • _. _ •... • _ . ___ ___ . ___ _____ _ 550 50 

670 JU 633 3 

Bird _______ ____ . ____ . ____________ __ __ __ ____ ______ __ __ 

Ashton "No. 2 ____________ ____ ____________ ________ ____ __ 

The e variations can be explained only by variation in th e under
ground condi tions-mainly, no doub t, n .riation in permeability. Iu 
the ca e of the A hton well , the dee11er one bas tbe greater pre ure 
and volume of flow. 

A th ere i much lemand for information a. t o how much water ma.y 
be expected from a \r Il of given ize in various part of the artesian 
ba in, a map l.J a ' u 11 prepar d (Pl. XLVII) in which are hown the 
r ela.tive volum · of flow of well 110w flowino·. \Vel! of ize other 
than 4:!- inclt b re at the bottom or inner tnbing have been al ulated 
to that capaci ty for tb purpo e of compari on. Where t here are 
ev ral w ll ' n ar by, t he cl epe t and be twa ele ·ted for it repr -
ent t he ondi tion which can probably b duplicated in the immediate 

vi i11ity by well unl to prop r depth and with adequate precaution. 
The data hO\Yn do not in all in . tance indicate the utmo t re our e 

of th water -b a.rin g . trata for in mauy case the well have not been 
uffi ci nt ly d p to te ·t all the bee!.. 011ly in a 'D w of the well. ba 

b d ro k b en rea h d and it i not until w have gone through all of 
t he Dakota a nd ton tha.t we can fe I a uretl of having obtained the 
maximum flow. It i · no t in every case however, tllat the largest flow 
i. 11 arr ·t th bottom but in more tl•an two cases out of th ree the laro·er 
flow ar· from tlle deeper w n in th sa.me r gion. Thi ~ i notably the 
ca e in mu h of D<tvison, ea tern Aurora, Rutcbio on, and Yaukton 
counties. t th city well in ankton , which wa r cently deepened, 
the ex eptional conditio n 'ra indicated , for no iucr a e in flow was 
found in t ll e de p r portion of tb Dakota formation. 

It will be en from Pl. XLVII tha.t om of the well having great 
flow ow th eir volume mainly to their Iaro-e clia.m t r . Many mall 
well. indicate that if they were of tbe same diam ter their tlows would 
b qual to or murh o-reater thau tho from larger wells with nota.ble 
volum . 

The large volume of water in Brule Oounty are due in uo small 
m a ure to the ize of the well , with the exception of the immediate 
vicinity of ()bamberlain, where the flow are phenomenally large. 
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RE ER' OIR FOR IRRIGATION. 

BY JA:'IIES D. SCH YLER. 

INTROD C'l'ION. 

Throug·hout a large portion of th regions where irrigatio·n i neces-
ary to the ucce s of aO'riculture tbe tream are lowe t during tbe 

irrigating ea on, and tll flood water mu t be tored in artiticiallake 
or re ervoirs, to be drawn upon a ne ded in order to d velop the full 
mea ure of their u efulne s. Even were the tream uniform in their 
flow throuo·hont the yea.r. the neces ity \YOuld still xi t for con er atiou 
of tiJ wat r duriog month wh n irrigation is uot practiced. 

Th r ar fi•w localitie wh r all the water flowing in th tream 
utilized becau e th r i uch a wide fluctuation in th total 

run -oif' of any tr a,m from on a on to anotb r, a variation betwe n 
maximum and minimum which on laro-e river may be in the ratio of 
12 t 1, aud ven gr at r on waller , treams on notable tream in 

ali.fornia ba ino· bown e ·tr m of 70 to 1 during ten year of ob er
vation . 'Ih r rvoir wlli h might be provid d to catch all th flow 
of ordinar y a1" would cca ionally be overwhelmed by fre bets o 
xtraordiuar a to Jill them many time ov r. For thi rea on it i 

not pra ti abl to h ld the total dLcharg of a ,tream, and it i neces
ary to provid larg pillways for re ervoirs whetl.t r large or mall 

f, r th great t flood i. as likely to come when the reservoir i full as 
at any oth r time. 

Th importanc of re ervoir con tructioll and water torao·e ha been 
g nerally recoguiz d within comparatively recent tim ', and it i only 
during th year. sin ·e about 1H 5 that apital ha been exten ively 
nli t d in . u ·h work , ex ept for city water supply torage. With 

a few pro min 11 t, example of sue e ful achievement in that line a 
prec dent , however the subje t of water tora.ge ha awakened' id -
spread aliteution, and a h year it app ar to be atliracting deeper pub
lic inter st. Th mountain region of all the arid We tare comiug to 
be regarded a valuabl , not only for their timber, stoue, and precious 
metal , but a1 o for tlte water which they will o'ive forth, due to their 
greater altitud and heavier precipitation and teeper lope -tl.Je 
high rand mor rugged ani rocky the mountai11 · tlte greater their pro
ductivmte in tl1 element most n eded by the tbir ty plain below. 
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The mountain upply not only ll wat r but u ually tb b t ite for 
r e ervoir to impound it wl.lil tll fore t and nn l rgrowtlt that lotbe 
the mountain side ltav m r than a comm rcial valu wl1en fulfilling 
th ir be t function in the wny nature provide a mean for retarding 
and on erving th water np]lly and preventing it too rapid fiow into 
tb tream au lout to th vall y an d th a. 

tt ntion iS JJ Owbein o·paidtoth xt uta,nd chara t rofth water-
heeL that are xpe •ted to fu rni sh wat r upply for proje ted y t m 

of torao·e reservoit' , and raiu gage and otber mean of r c rding pre
cip itation on mountain drainag ar a a.re b in o- tabli h din comt c
t ion with tream gaging and record of tr <~m flow. Tb i · work, 
carri d on not onl by National and tate authoriti , but al o by 
corporation and individual ·, i corning- to b r ogn ized a of prime 
importance. Thu , with the gradual, y temn.tization of t it ntire irri
gation que tion a tendency ba be n clevelo1 cl toward a mor thorough 
tuly of the producing cap~·teit of water h cl of liff r · n t area , xpo
m e , lope , and l va,tiou t}1e precii itation upon them, and tbe 

clegr e with which their urfa e i lo thed with 11atural v o-eta.tiou . 
Thi method of ta,kin g an acconn t of s tock iu wat r re 'our· c prior to 
con. truction of work i iu gratifyi ng c ntra t with tb haphazard 
way of th earlier tage of cl \elopment. 

ince tbe publi ation of tb Twelfth 1mual Report of th nit d 
tate Geological tu ey 1 91-9~ wh r in a general r view of th 
ubject wa made by Mr. Herbert M. "Y\7 il on, ' . E. , ·ub tantial prog

re ha been made in the cl v lopment of ·torao-c throughout tlt 
W e t, and there are few irrigation proj ct r ently pr po d wbi h 
hav not one or more torage re ' ervoir a vital part f tb ir plau . 
It i · the purpo e of t-hi paper to make note of ach work a hav 
come within the knowledge or ob ervation of the writer in the our 
of hi profes ional practice, des ribing in a gen ral way their cha.rac
teri tics a re ervoir , the re ul t which have been a ompli b d by 
t hem, and the method employed in the ou truction of the clam · 
whi h form them. t tbe am time data have be n gathered coucern
ing a large number of proje ted re ervoir , w!Jich will be pre ented in 
convenient hape for r eferen ·e, and ca11 110t fail to b of int re t a a 
demon tration of the rapidity with which th at 1 articular department 
of irrigation science i developino·. 

It may be taken for granted at the out et that storage re. ervoirs ar 
a necessary and profitable adjunct of irr igation development. Tber 
is litt le que tion that they are an expres ion of the higbe t type of th at 
development, and that in the fu ture much more land will be irrigat d 
from stored water than cau ever be from the direct normal flow of th 
.. treams. As equalizers au cl regulator · of floods they serve a roo t 
useful purpose, and indeed it may be said that an irrigation supply 
depending upon a reservoir is in general much more satisfactory, even 
though it may be more costly, than one derived from a fluctuating river 
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that often runs lowest wbeu most needed to mature crops. The one 
objection which may be rai 'eel, and al ways will be rai cl a long as 
dams continue to break, is the po . ible failure of a struct ure upon 
which everything depends, re ulttog 110t on ly iu t he immediate loss of 
crops a nd orchard , but in the weeping away of tbe entire inve tment, 
a well as serious damage to everytbin g lying in the line of t ile relea eel 
water., and pos ibl e lo s of life. Th e ecul'ity of a dam from collapse 
or failure i , however, quite as susceptible of alJ olute attainment as 
the tability of a building or a bridge, and while every tructure of that 
natured volve a grav re pon ibility upon it de igner a.ncl the engi
neer in charge, perfect t ability requir . only intell1gence and paiD -
taking care commensurate with its importance m ev ry stage of i ts 
construction . TLe nece ity for rigid governmental n11ervi. ion of the 
erection of dam ·, and for the appoiutmeut of a board of control in 
every tate to approve all plans pror o eel for ncb work , with power 
to order t hem altered and uuilt upon safe Ji11 es or not at all , i empha
sized with every such fai lure that takes place. 

ESCONDIDO DISTRICT DAM , CALIFORNIA. 

Many proj e t cl ut rpris for toraO'e res rvoir throughout the 
W · t lw v been delayed and co n tru ction po tponecl on account of the 
geu ra l f111ancial triug~n y the 1 w price prevailing· for all farm and 
or hard produ e, the la ·k of activ d mand for farming lands and the 
l1 itan y of capitali t to inv tin ·uch ent rpri e during the preva
lenc of : hanl tim .' In alifornia parti ula l'ly progre lt a b en 
hamper cl by th JonO' clela.y in ecurin o· final adjudication ansmg 
under the Wrin·ltt la w-a w ll-known mea ' tue intended to promote 
irri gation eli tri t orO'nui zatiou-n.ncl th e con ·eq uen t discredit of t.he 
bond of he d i ' trwt form d m1der tlli Jaw by rea on of the uncer
tainty a to h ir validity or valu . 

a.lifornia, is furtlJer hnndicapp din all water development, wb ther 
for city and town waterwork or for public irrigatiou uterpri e involv
iug tbe iuve tm ut of ·apita l for the upply of comm uni t ie with t he 
el ment n eel din irrigation, by a proyj ion which was mgrafted into 
b r new con . titution in 1877 l>y the" a nd lot" element controlling it 
permitting county boa.rds of supervisors once each yflar to fix uch 
water rate as they may se fit for the ale of water under any system 
wi thiu their juri ·diction. 

The law not on ly perm it this, but it i mandatory, requiring the rate 
to be fixed anew during t he month of February each year. The books of 
th companie ar t llrown open to publi c examination at such time , and 
the supervi ·ot-. bold a public hearing, wberem aU the i tem of expendi
t ure made by tile company are publicly reviewed and cri t icised, and 
t.hen t he rate are fixed at any amount which the supervisors may ee 



62 RE ERVOIRS FOR IRRI ATI N. 

:fit to impos .All water compani mercy 
of men elected to political offi and have itlt r to c n(rout h n ce . 
sity of purchasing a majority of tlte board of sup rvisor ' very y ar 
or accept the po . il>ility of b in u· comp lied to funli It water at ra te 
which are too low to gi\·e any r turn upon tlte •apital im ted. n 
amendment to the con titution limioating tlti obje ·tiouabl a11d 
ob tructive feature of th fundam utal law i £ l t to b an · . ity for 
tb equitabl prote tion of cap1tal, th inv tm nt of whi h th tate 
need to en ouraO' by all fair and bonorabl mean . 

Fto. 86.-~ap of Escondido Irrigntion District ond s.vetcm of works. 

Notwithstanding this uncertainty, one of the '\Vri<Yht law di trict , 
of 13,000 acre 'area, organized at E condido, San Diego County, ha 
ncceeded in con tructing a notable and iutere ting storage-re er oir 

dam and. di,tribnting .·y tern, which, although not entirely ompleted, 
is sufficiently connected to lta.ve been in ervice for two years pa t-
1895 and 1896-accompli lting the irrigation of about 2,000 acre , chiefly 
planted with orchards of citrus fruits. The district (fig. 86) 1 in a 
valley surrounded by mountain , and the dam is on the on Segern 
branch of San Elijo Oreek, which pas es through the town of E condido. 
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It i about 2 miles east of the ueare t line of th eli trict and at an ele
vation of 1 300 feet above ea level, or about 650 feet above the town. 

Th immediate water h d tributary to there ·ervoir mea ure about 
square mile , which in that region affords in uffi.cient run-off to fill the 
re. ervoir. H nee the main supply i brought to it from the an Luis 
R ey Riv r the near t tream to the north, by a conduit whi h tap the 
river at an altitude of 1,600 feet, in a w1lcl canyon which i almost inac· 
ces ' ible by r ason of its roughne s. The conduit bas a capacity of 28 

econcl-fe t and i 15.G mile long, con i ting of G7,2 7 feet of iitcb (see 
P l. "" L III ), 14,142 ~ et of flume, and 806 feet of tunnel. 'fhe intake is 
mad l.>y a tu nll el 356 feet long, heading in the river 3 feet below low
water level, while at, the other ud tbe nm of the reservoir l.>a in i 
pierc d l.>y a tunn 1 -!50 feet long to convey the water to a Ha tural cl.lan
nel leading to the dam, 31 mile below. The in take tunnel i through 
olicl g ra11ite win hi excavated below grad e at its lower nd to form 

a settling ba in in which sand accumulate at the rate of 1,000 cubic 
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feet daily, and from wl1i hit i lui ed ba k iuto tl1 river by th op n · 
ing of a i le outl t gat . 

The upper ,000 fe of th conduit on i t of a f1um supported on 
po ts on the lope of a ruo-o· l canyo n. Tb lumb r for thi .' t lum wa 
lJ au letl by a ron nclabont road to a bluff on t h pposi t id of an<.l G 0 
feet above the river bed, wh nee it wa tran ported by a wire cable 

Fro. 88.-Escondido irrigation dam, looldng north , ijbowing Spillway 

with a span of 1,500 feet by means of a trolley manipulated by band 
windlass and rope. At other point the lum ber wa hoi ted to tlte line 
by horsepower by mean of a car and portable wooden track, everal 
hundred feet in height. The flume are mamly 4 feet wide by 3 feet 
deep, and the ditch i excavated with a bottom width of 5 feet and side 
lopes of 1 to 1, the minimum excavation on tbe lower s ide bemg about 

3 feet. The formation throughout that region is granitic, partially 
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decomposed, the di integnttion formino- a few fe t of soiJ, from which 
protrude laro·e bowlder of very harrl granite embedded in the softer 
rock in situ. 

The total co, t of the conduit wa "116,3-<~8.60, or 1.2!) per foot for 

FIG. 9.-Det•ils of gato of Escoudido dnm. 

construction and eno-ineering, b side 12 cents per foot for right of _wa:Y, 
commi ions etc. The conduit i, ca,pable of filling the reservoir m 
sixty day when running to it full capacity, while the immediate water-
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shed of the str am flowincr to there rvoir om time yi ld urn i ut 
to fill it without any other a uxiliary. 

Tlle dam i of t he ordinar.) typ of loo rock-ftll 
facino·-a type wlliclt ha g iven ati fa tor 
th mining rccriou of' 110rth rn 
a a omewhat temporary d vi f r a comparativ ly limited p ri u of 
u e, becau of tlle p ri llabl Jlatur of tb wood n kin d p nded on 
for water-t.igbtn s. Tbi tru tor app ar to bav be n built 'vitlt 
unusual care, and thouglt racro- d and unfini h din app aran , it i of 
ample dim n ion for tlt pr ur it with tan l. <W l i r a ouably 
water-tig·bt. It i 76 feet Jlicrb, 0 £ et I ncr on top 100 f, too bottom, 
havino· a ba e width of HO fe t. and a top t hi kn · of 10 fe t. spi ll 
way ba been x avated at the north nd in olid rock ,25 f, t wid , it 
bottom being at the 70-foot on tour. Tbi i left p n and unob tru t d. 

The lope · of the dam ar ~ to 1 on th water fa· and on th back 
1 to 1 for half the lJ ight, the lower half Ratteniu cr to 14: to 1. Tlt 
cubical ontents ar 37,159 cubic yard of which G 000 yard w r band 
laid in cour e of drymbble ou th fa , th tbi kn of the wall b ing 
15 feet at bottom and 5 ~ et at top. Th r maind r con i t of loo , 
ano·nlar granite block np to 4 ton weio·ht lumped from ca r · and 
hnndl <1 t ~uUie xlenL with d rrick ( e I 1. L). o ·mall quarry 
pall or earth wer u eel and th re ult i a cl an ro k-fill whi ·h ba 

not ettl d mor than in be ince it final ompl ti n. ... o larg 
ledge ' affording well-defined qnarri of any c n id rabl ext nt w r 
uncover ed in tbe cour of th work, and all tbe material wa tak n 
from . atteriug bowld r and protrudin rock ma e on ei h r ·id of 
tbe anyon n.nd aboYe n.nd below th dam for a di tan of 00 f t . 
Tramway w relaid at different level n either id , o arTancr d a to 
permit the car. to rnn to the dam by gra,·ity, the mpty ·ar b ina 
hauled back by bor e . Th e tra k were ca.rri d , ro . th dam on 
elevated tre tle.' , tbe po t of which remain buri din he embaukm nt. 
Tbi metlJOd proved ex pen ive low, a11tl in ·om·eui 11 compar d with 
more modern y tem of' cal>leway tran portation of n ·h rnaterial . 

In tripping the foundation , bed rock wa found about 4 feet b low 
tbe b cl of the creek, and it wa nearly 1 vel aero the canyon. The 
top oil was removed over tbe entire base of the dam and the tilling of 
rock placed directly upon the g-ranite foundation. The bed rock wa 
of the character of eli integrated granite, holding harder bowlders 
indiscriminately through it-a formation cbaracteri tic of south rn 
California and frequently met with. Into thi b d rock a trench was 
excavated at the upper toe of the dam, fwm 3 to 12 feet deep, and wa 
filled with rubble ma onry 5 feet thick, laid in Portland cement, which 
serve to connect the plank facing with the canyon wall . Redwood 
6 by G inch timbers, in verticn.l line , 5 feet 4 inche apart between 
centers, were embedded in the ha11d-laid face wall to a depth of 4 
incbe , and to the e timbers the plank were piked. A each row of 
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plank was put in position concrete was rammed iuto the 2-inch space 
between the plank aud the face of ti.Je wall, giving a full bea.riug for 
ti.J e plank throu ghout. Ou tb e lo wer third of t he dam these plank are 
3 inche thick, on the middle third 2 inche , aucl on the upper third I~ 
mche , doubl e throughout. Joints were broken a far a po ible, both 
at ti.Je eud aud ide, by tb e econd layer, the joints being calked and 
meared with bot asphaltum. 
Sprmgs of water were developed in t he exca-vation of t he foundation 

to ti.Je exteut of 3 to 4 min ers iocbe coo taut flow . These w r led 
out by pipe - to the outer toe. The maximum leakage throuo-lt the dam 
when filled to t he 57-foot level wa founu to be miners iucbes, exclu-
ive of tlle spring . 'rbi leakage remains quite constant, anu it i 

doubtful whether it i percolation under the clam tbrough the di in te
grated granite or leakage throu gll th e j oints of t he facin g. Whatever 
may be i t orio-in, it i entirely harrnl s a far as an be seen and i 
not a source of anxiety, although the amount of it-100,000 gallon per 
day-is an aunoying lo at time ' hen uo water i n elled for u ·e. 
Vi bile thi am unt of leakarre would be dan o-crou to an earth dam 
and in a ma onry dam would be an JDcli cation of t he exist nc of an 
UJ ward pres ure on tb joint that mi crht l>e f<:lta l to it ecurity if thc 

C' tion w r too li bt, y in <t work of tbi nature tbe dminao· i .. per
fe t l>elo\ th inuer kin of plank, and th gravity of the ma is not 
redu d by upw, rd pr . ure tran. mitted through the "body of the dam. 

Tb fa mg plank ha be n earri c1 up 3 feet higher t han t he top of 
th . ton fill. a a wav prot tiou, o th;tt t h ultimate r st is 9 fi et 
alloY tb floor of the pillway a hown in Pl. ~-LIX. 

Tb utlet wa origiHally d , ign l to b COil trolled by mean of a 
tower th foundation of wbi b w r laid at t be upper toe of the clam 
on th . ontll id · "but the plan wa changed and a grating pla ed ov r 
th ba. of t h tow r a few fe t above he gate covering tlle outlet. 
Th gat i. tat the in ·line of th 1nner lope, and i ontroll d by a 

adino-upth inclm toaworm g arplacedataconveuient beight 
l1 e top of t he dam. (Fi o-. 9.) The ontl t pipe i U incbe iu 

diam ter,ancli v itrified ewerpipe ofordmaryw ight la1cliuatreu h 
and rnb clded iu COJt cret , whic!J cover ' it 12 inches Ill d ptb. 

'rhe total o t of tb dam u1Hler the contract wa' ( 6,946.:.1 or 27. 2 
p r acr -foot f re ervoir capaci ty up to the floor of the p11lway. Tbe 
land for the it cost in nddition 23,112. 8, including clearing, malduo· 
th t tal 110,059.09, or 38.41 per aere-fo t. Til e pnce paid will "be 
re ·ogui~ed a unu ually high for such work. Tbey are as follows, tbe 
co t being given per cub1c yard: Eal'th excavation, 30 cents; rock 
e cavation, . 1.10; rock -fill , 1.50 ; dry tone ma onry, 3.75; rubble 
mn, oury inc ment, 8· concrete, 14; lumber, $50 perM. . . 

The detail of tbi. work is g iven with pecial fu llne s as 1t IS tl1e 
fir t rock-till dn,m yet constructed in Oalifol'llia for irri o-ati~n torage, 
aud 1s of a type _w hicll is likely to be repeated mauy t1mes w the near 
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future iu localitie 

F IG. 90.-Pick·up weir at head of d is tl"ibu t.i og system in Escoud1do lrr i~ntiou Dis trict. 

ofopenditche - a total of 31.- mil · aid from 15 miie ' of ~· iocb and 
4-inch pipes iu the town of E coudid , which is a part of t b irngation 
district and is provided with water by ti.Je di trict in the a me ratio a 
a simjlar area of farmjng land . The y ·tern co t 85,727. 0 which 
includes 9,000 in boud paid for the town waterw.ork to tb e pdvate 
company owning them when the distri ·t wa organized. In thi · pur
cha. e the dt tri t obtained, be. ides a lined anu covered re rvoir of 
800,000 gallons capacity, a Worthington pump of 500,000 gallon capac
ity per day, three ~0-foot brick-lined wells 20 feet deep, and tw nty 
2-inch driven wells. This auxiliary supply, though small in a.mouot, IS 
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very conY nieut to draw upon for d omestic , ervice in the late summer 
and fall when the water in the reservoir becomes foul with d ecaying 
a lg, ' . 

Tbe fir t i ·ne of bond by t lle district, out of t h total amount of 
350 000 anti• rized wn 344 500, " ·hi ·h realized 3J3 7-o, a ll of which 

wa expe nd don fu-. t constru ·tion, and the proceed· of the r maining 
5 500, togetl• cr w it h ~ 500 aclditioual were expend din t ll early part 

of 1< '97 in linin g tb main di t rib n t iu g di t ·h s with cement pla. ter to 
ave th xee" iv los. b y percolation . The irri gators n ing water iu 

1 96 were 150 in number ultivating 2,000 acre:, the average h olding 
being 13 acre . In addition to the::;e t be towu con ' umers number 140, 
i . . t l1 e tap on th e sy tem ar e t hat number. 

Th an nua l co t of op ration i, abou t -!,000, which, added to the 
int re t on the bom1 , ~ 1 ,000 brings t h e total ann ua l cost p r acre
foo t of tora g capa.cit.j to about althougil takiu o· i11to accouut tile 
Jo e · by vaporation in the re rvoi r and ·eep::tge from the open 
ditcl• and :flumes in tran si t t he o t of water a tna lly availa.ble for 
u e on tl1e Janel ' i s about $12.50 per acre-foot. 'l'h average r quiL'e
ment for adeqnnt irrigation is estimat d at about 1 acre-foot of water 
per a ·r . Th total annual exp n e divided by the total area of the 
eli tri ·t "'i an nY rag of about 1., 0 p r acr . The a e ed valu

di ·tri ·t i about G77,500, and t h e irri aation tax rate is 
. tl1 b t land i a e d at +0 p r ncr it i I.J own 

on that ba i tl1at th av rag t t the ow ner i but 1.4 per acr , 
whi IIi ' a low rat if i would in , ure him a ~ ufl'i ci n t npply for tbe 
ini ation of hi s la ud bnt a ' th' pro,·i ion tim far mad for the di -
trict i, le. t ha n onc·fourtb of tb water n ed d forth 

0 11 

t h 

varion. m th 
($10 to 2G p r acr -foot), a,nd t bi 
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a,nd inadequate upply, cau ed mauy of til out id r wh had not be n 
incorporated in the area of tlt di trict to k qual 
term with tho iu ide. evcral bundr d acre tak n in 
after tlJe work had be n complet d to tll ir pr nt tag upon pny-
m nt of all back charg pro rata. From tll fa t that h co t of 
water in th di trict i a turLll 11 carly 4 ·ent per 1,000 gallon , and 

that thi charge was deemed preferable to previous ro t ltod !:! of upply, 
the co t of pumping may be surwi ed. 

The re idents of the di tr ict realize that their works ar in au incom
plete tage, and that to secure a n adequate upply it i nece ary to 
carry the torage dam 40 feet hi gher, giving it a capa,city of 11,335 
acre-feet. Tllis is contemplated in the near future, and b e ides it is 
proposed to secnre a mall additional torage on th~ river above the 
head of the main feeder canal to serve a· a regulator of the flood flow, 
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th e normal low-water flow being the property of th e Cuca Indians and 
otll r tribe living below t he bead ~Yorks, and depeuding upon it for the 
irrigation of tb ir crop . A very apaciou. re ervoir site exi ts at 
Warner' ranch, 15 miles above the head of the canal, where the drain
age of 210 quar mil e of watershed may be impound d. The co t of 
a n ea,rth d am, 36 feet hi gh, to bold 30 feet depth of water and impound 
6,400 acre-feet, form in g are rvoir of 740 acre , b a been estimated at 

45,000, in lud iu · laud o ·cupied at -!0 per acre. Tb e co t of in crea . 
iug th rock-fi ll dam to its ultima.t height of 110 fee is estimated at 
$110,000. W l1 en the e improvem ent are made it i beli eved t hat the 
entire di ' trict will h:we an a mple upply for future need at an a.ver
age annua l cost of 2.50 to 3 per acre and a total outlay of about 40 
per acr . Th e work were planned and th eir con ·truction wa uper
vi eel by E . F . Tabor ' . E ., of E ·ond ido. 

LOWER OTAY ROCK-FILL STEEL- CORE DAM , CALIFORNIA. 

One of the mo t intere ting and remarkable dams now under con
traction i locat cl :?0 m ile - ·outbea. t of an Diego, California about 

10 mil • ua ·k fr 111 tl1 11 Otay r k ( PI . LII and LUI). 
tream h r uts tlJrouo·lJ the gr•at porphyry clik which traver e 

an Di go onnty from nor th t on th n nrly parallel with th e oast 
lin . 'Ib dik i ' event! miles in width and i cro cl and cut into by 
all tl1 tr am. of th ·ounty t hat reach to th oc a u, afford iu g ite for 
t it ~ "- twat r ttnd th La l\1 a tl a m , alr ady buil t, a nd others farther 
nor h tim ar proj ted. Th dam i · lJ in g buil t to tor . water for 
irri ati 11 and dom sti · ><llpllY on oro nad B a h and th regi u south 
and n t f th head of t he Ba of an Diego. Its ultimate height ' 
abov th tr , m b d i to 1.J 130 fe t, a,nd i t wi ll be completed arly in 
1 97. [t i :t impl mbankm nt of loo e tone, lnmp cl in, wi thout 
any p rtion of it bei1w laid b hand a a wall , and depending for 
wat r -tightne on a • ntral cor of ·t el p late' riveted together after 
Lh fa hion of a hu n- tank fo rmin g a ' ell-pla te aero t he canyon from 
wall to wa,ll fillino- Lh nti r cro-- . tion . It wn originally in tended 
to bui ld a masonry dam at th i l)]a , aucl a foundation wa laid for 
tl1 at purpoR 6~ f et th iek at tb b tt e. 'I hi masonry r each es clown to 
a d pth f 31.4 'C•et b low z r c ntour, into an irregular "pothole' 
xcav:tt rl itt t h , oft r portion of t he b d rock uncl r t he tream bed, 

a nd it wa carri d up to .6 t t above z ro before the plan wa changed, 
itl:l 1 ngth being nbout 100 ii tat t hi ' level. The up tream ideoftbi 
rna. onry was bui l t n a n ob use a ngle of a.bout 164° , aud on this foun
dation and 6 fe t back fro m t he fa t ll lin e of teel p lat was begun, 
following t he am central angle a tb rna onry foundation. Th 
plat were 5 feet wide au t 17.5 ~ et lou o·, aucl tbe three bottom 
cour e were 0.33 i11 ch thick. From 2 to 50 feet b ight th Y aJ.·e one
fourth iuch thick, a ud above 50 fe t t ltoy are 8 feet wide and 20 feet 
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long. The plate 'vere rin~ted in posit ion , ·hipped nnd nlk cl , :11 1d 
afterward~ smear u with hot asphaltum n.ud v r tl both ,' id e:-; wi th 
burl ap :;.aturat din the ame mat rial. 

tar t in g at t he foundatiou, a rubbl e- masonr wall' n buil up each 
~ i de of the I late , 6 fc t tbi k at bottom battcri ng up on both c id . in 
a beigbt of feet to 1 foot, which thickn •ontinue<l to t he top. 
Tbi ma oury was orne\\' bat in t!J ll atur of oncr te, a: i t wa.~ r::unnwd 
in between a. mold of planks and boa rds pla ed 011 ae l1 :i<l of t u 
plate, 'ri th large ro ·k, oft n the full tlti ·ku s of th wall , mbecld cl in 
th e mortar. It fuw·ti on wn vid nt ly to . til'f'en an d :teady thew b· 
plate and prot ct it ft'O JD injury from th lov ' e ro 1· piled H"'ain:t it. 
At t he end t he ph1.te wer carried in t a tren ·h excnvat d in t the 
olid rock, aud fa ten d t an 'hor bolt t into th ro ·k, tb mn onry 

being expaud ed to a great r width for a few £ t at tb :id s. Th 
depth aul wid th of tlw tren h '" · re qui te irr gular d pending upon 
the di1·e ·tion a ud po ition of. eam iu the roek . Pl. LIV ·how be 
tr n b OIL the right bank a bout <tt tbc 40-foot co n tour. 

'J' he ex pan ion of t he pla tes aft r they w r rh 'ted tog th I' gav 
them a very irregul ar ali g nm ent, and before th y had rea ·lied tb .30-
foot level t he an o·le in p lan bad almo. t di ~appenr cl and t h . h <>t wns 
in a practically traigbt, but wavy, line from ·ide to id e. In order to 
traighten up in this way t he lleet mu t be in lin l from th v rti ·al 

at, ome point and this inclination may b <> a great a 7 feet in tb 
totall1eigbt. The pos iblc ffe t of the ettlement of tb great ma of 
tone in the ruptutin g of the plate wh n the resen ·oir i fill d and on e

half of the wall is euveloped in water mu t be regard d with ·ome 
measure of concern . The uncertainty as to the ·train , et up in th 
central core and the impo. ibility of calculating th min ad an ·e mtvt 
be urged again. t thi innovation in dam con truction, althou uh the 
e~periment will be watcbeu with genuin intere t by t he engine ring 
profes ion. 

Tb ·tone wa quarried immediately below the dam on the right 
bank, and wa tran ported by meau of a Lidg rwood cableway, t he 
cable having a. diameter of 2;!: in be and a pan of 9-l feet betwe n 
tower eros. ing the canyon at an angl e of about coo with the axis of 
th e clam. The head tower was 100 feet high , the tail tower clown t rcam 
wa 40 feet in height, and a direct line bet\Teen them cro ed the site 
of the clam 2130 feet above the bed of the ·trealll,. The cableway ba a 
maximum ·apacity for carrying 10 too ' weight, under which load the 
deflection i.s 88 feet. It ha therefore uot been nece ary to move the 
cable during construction, from tiJe t ime of it erection in the fall of 
1 94 till the completion of the dam. The distribution of the rock either 
side of the line of the cable has been made by powerful derricks, and 
latterly by a small auxiliary cable tretchecl parallel with the line of 
the dam and anchored to cars movable on parallel tracks on either side 
of the valley. 
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In dumping the rock brougllt fro m th quarry t ll e largest were placed 
below the center core, and the smaller ton n,n<.l earth abov . 1lle 
quarry being near the low r toe of the dam tbe fir t laro-e bla t :fil led 
in the toe with large rock rna ses, ome of which weio-l.Jed 50 tons and 
upward and a ub equent fr het, pouring over and through tb ~ 
rock, coure<.l out the and beneath t hem so a to settle t hern well to 
bed ro k whicL wa a fortunate occurrence. All of tho rock ha · be n 
loo ened in the quarry by \ery heavy bla t, tb fir t of which wa 
mad by driving a tunnel 50 feet into the face of the wall, from the end 
ofwhicbtwolateraldrift 1 and2 feetlongre~pect1v Iy weredriven . 
In the Iir t, 4,000 pound of Jnl on powder un ler a depth of 70 feet, 
and in tb . ond, 000 pound und r a, depth of 5 fi t were exploded 
imultaneou ly, which resulte l ir1 loo ening and thr wing out about 

30,000 nbi c yards, at a cot of .6 to 7 ent, per yard ( ee Pl. L\T). 
A 11umber of such bla ' t ba>e b eo required to complete th ' ork. 
The co t of loo · nin o·, breaking into portable izes, hoi , tiug- and 
onv .) in o- to the dam wa about 50 euts per cubic yard bank 

measure, alth uoh there was th <.li adyantage of havin g but one 
quarry to work from, lo ·ated at on nJ of t h ·ableway and all th 
rock had to b hoi ted to a con iderably greater height than would 
hav lJ en r qnir d fr rna quarry entirely above the tor of th dam. 

'l'll total volnm of t l1e dam to th~ 130-foot line, "-ith top '-rirlth of ~0 
f t nncl ide lope of 1 to 1 on e~ ·II i le, i api roximat ly 1 '-0,000 
·nbi Y<ll'd . r1. LliL illus trate the g n ral plan bowing a lon o-itu
dinal , ction of the it of t he dam and detail of the out! t tunnel. 
Th on ly outl t to th re rvoir ha be n m9.d by means of a tunnel, 
J 150 £ t long, tlu·ourrh a. gap in the riel e 1 000 feet we t of the dam. 
The bottom of til tunnel is at the 50 foot level. 'l'he material encoun
t r din th um1 1 wa' hardp<lll and cern nt d graY l, bone dry. For 
500 fe t f'r·om the inn r heading it wa lined with concret to a clear 
ircular diarn . ter of 5 fe t, th oncrete being from 12 to 1 inche 

tltick, ::1 nd pla. t r d with c m n t mortar. At the Dll of tl.ti section a 
haft, 104: ~ t in d pth r acb s to the. urfa to admit of the oper-

ation of a gat a ro, tll ondnit. Out id of the haft a 4 -in h 
rivet d t l pip i laid to tl1 e out id ; tbi, i urroundecl with 1 foot 
or more of Portland c m nt on r te, filling h pac between tho 
pipe and th itT o·ular t'lnrfac of tb tunnel, with collar of concrete 
ev r ...,5 :fi t and 1 to .J £ t c1 ep a ll n,round th pipe. There nre uo 
pipe or opemng, of' auy ort through the dam. 

Th wa t way i to b lo a ted on t h left bank, orne hundred of 
~ t away from the dam aucl li cbargtn o· at a afe eli tan e below the 
foot of the embankment. T he dam is t he property of the Southern 
Ca.lifornia Mountain Water ompauy, ami ha been d s1gned by the 
pr ident of th . comr any although the ex cution of the work has been 
under tb supervi ion of Mr. . . Rnssoll , engine r in cbar·ge. 

The water heel of Otay Creek abov there ervoir i about 100 quare 
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miles in area bu t a i t av rao· r 1,500 fe t tbe pre. 
cipitation is li o·bt and the run -ofl' in . ufl1 ·i n t to fill t h re rvoir exc pt 
in o ·a ional y ars. ln dry ea on th r i no t-low w lmt v r. To 
mak up for tl.Jis hortag and to flll th re ' erv ir r gularly th om
pany i plannin g o eli' ert wat r from otton w o l re k a larg- r an<l 
more reliab le tr am on tb uth and lym o· n xt to i[exica11 t rrit ry 
by a condui t 13 mile in length from tl.J div rtincr weir at wl1at i 
known a tbe "Barr tt da m to Dulzura Pa ' wher th wat r will 
drop ov r into th Otay drainag . In ord r tor o· ulate til fl w f th 
tream and tor an additi nal upply for la nd. high r thau can b 
nppliecl from th L wer Otay dam, a w ll a , £ r th city of au 

Die rro, th ame company i ngag d in lo iu o· a11otb r re r voi r by 
the er ctiou of another ro k -fill lmown as th :Morena clam. 

MORENA ROCK-FILL DAM CALIFORNIA . 

The locatio n of thi , tructure i on 'ottonwoocl Or ek, a tributary of 
Tia Juana Riv r, 7 mile north of tl1 international b uu lar a nd abont 
50 mil from an Dieo-o ( 'l'e Pl. L I ). It i at an 1 vatiou of 10 feet 
above a len'l and i::; 11l:tC' don th brink of apr cipi tou fall OL' cata· 
ract , wber the tream tak a plung of 1 500 fe t in a mile and ba 
rod d aY ry narrow deep gorge in tb ro k, ba k f t l1 brink, which 

ba, b en filled tu tb pre en . urfa e by large b wld r . TIJ 
wall ar of dean, hard rrranite, , in rrn larly fr e from fi nre and am , 
and but 0 fe apart at th e r ao1 b d and 470 feet a the h iO'l1t f 
160 feet above. Had tLe pla ne of th ' id lop contiuu d un 1 r · 
neath the mface till tb y m t the d pth to b d rock would l1 av beeu 
but 30 :D et, but when excavation wa undertak n for th t~pp r to 
wall it ~a· found n ce ary to cro to a d pth of 112.5 f et, alth twb 
be width for the low r half wa ' only from 4 to 10 ~ et b tw eu the id . 

Tbi toe wall wa made 30 feet thick at ba e and 1G fe tat to p. In t h 
top of it a g-roove wa made 1 £ ot deep tor ceiv the fa ·ing of a pl1alt 
on ·rete wlli his to .xtend up th inner lope and form tb water-tirrbt 

. kin of the dam. This facing i to b laid o,·er a dry wall, 5 £ t thick, 
carried ii:om bottom t0 top on a lope of 1 to 1. Th body of tiJe dam 
i to b a loo. e fill of toue, placed imilarly to that in the tay darn by 
mean · of cable,,ay a nd tea m pow r. 

Tbe dam i expected to be carried to. a. height of 160 f et and to bold 
a maximum depth of 1i30 £ t of watf'r, and will contain 256 00 cub ic 
yard . Tbe co ·t of this work i con idembly 1 than that at the 
Otay darn, a t he rock i :-> obtained from quarrie · on each ide and above 
the top of the embankment aud can therefore b mor peeclily lJandle<l, 
while much of the material may be thrown in to place by t he use of 
explosive . The fir t bla t of 100,000 pound of powd r xploded 
D ecember 26, 1896, was reported to have moved 150,000 ton of rock. 
A secoud blast wa fired five day lat.er, in which 0,000 pounds were 
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ex]Jloded doing good execution, and on March 24 the explo ion of 
70 000 pound i · nitl to have loosen ed 100,000 ton . 

The ou tl t to the dam is placed at the 30-foot contour, and con i t 
of a 6 by 6 foot tnnnel GOO feet lon g, in solid rock, in which are to be 
laid two pipes, each 24 inche. in diam eter, and one of 12 inche , all 
b ed d ed in concrete. Th e e will conne t in ide with a teel intake 
inclined well or pipe, 36 in che in diameter, running up the side of tbe 
canyon at the toe of the lope of the dam and fitted with 36-iuch 
i11tal{ es every 30 feet in h eight, with valves at each controlled by rods 
pa in g up th lope to the top. 

The dam i being built und r a contract with tbe city of SanDi go, 
by which the company undertakes to deliver J ,000 miner' in ·h of 
water, continuou flow (12,960 000 gnllon daily ), nt a point designated 
a the " Meter Hous ite," about 11 mile soutbwe't of the nearest 
limit · of the ity. The ervice' of an engineer ha•e apparently been 
consider d uperfluou in the onstrnction of thi work, and aside from 
an occa ional vi it from the city ngineer of a.n Diego it has had prac
tically no engineering supervi ion . Between the outlet level a.nd the 
120-foot contour the re ervoir ha uffi cien t ca pa. ity to upply the 
, gr d am nnt of J ,000 inchc flow fol' on year and under the •on
tract o much of tb re rvoit· i onYeyed by d eel to the city, while 
a ll t h land abo ,· th 120 - ~ ot le,· l i re. erv d by the company, 
tog th r with the privil a of uuil1lin g th dam to a g reater heigl1t and 
stori u o- wn.ter for it own u and for al to other pal'ti on top of the 
c ity ~ rc rvoir. 

n adcliti n of 30 f, et to the r ervoir beight will in rease it apac
ity 200 p r ut givilw t h ·ompany about 30 000 a re-f< et of water 
wit h nt makin g d du •tio11 for evaporation , or po ibly 25,000 acre-feet 
n t. Thi i on the a umpti n that there. rvoir will fill ev ry y ae, 
whi hi n t a.n unr a ouaule a nmption , on id rin()' th area of the 
wat rsb d (135 qnnre mil ) and its hiah altitud .aud h a ,·y precipi
tation . The r ervoir would b filled with a run-oft of 20 pee ce11t of 
32 inch of precir itation. 

Tho M ren a r - rvoir it wa~ originally nrveyed in 1 9"' by the 
writ r for th Ota.y Irrigation Di tri ·t., formed und e the Wright law, 
a nd oYering the Otny and an l\1i o-n l mesas\ the Otay Valley, and a 
part of th .~: ationnl Han ho, mbracina in all 44,000 acre. . Tbi dis
trict i now in proce: of di incorporation, and tqo territory in it will 
be irri "'at d fe m th private ~, tem now under on tru t iou by the 

outhern California Mountain Wnt r Company, a 1le criu d abov . 
arion complication have arisen reganl i11rr the on tru tion of the 

-lorena dam. T he qn tion of the val idity of the contra ·t enter~tl into 
by the city council wi h t he company, a well as the validity of the 
city b011d vot d forth waterwork., 1s in litigation, and the city engi
neer all ege extraordinary n gligeu in laying the foundation, or toe 
wall, which wa said to have be n completed 112.5 feet in h igbt iu the 

18 GEOL, P1' 4--41 
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unprecedent d time of eigllte n day , while m f th r vi e w re 
alleo·e 1 to be filled only with o·unny a ·k . 

Water relea •d from the Morena da.m will flow down tl1 
channel of Cottonwood r k for mile to th Ba.rr t dam it 
it will be carried to the Dulzura Pa, by the am 
mentioned a ' the ii der t tb J"ower Otay dam. 'fhi 
planned for a capacity of 190 ond-fe t, i ' t · o ist f m nt-lio cl 
canal and flum , and will be 11.75 mile iu lengtl1, in luding th 1,500-
foot tunnel through Dulzura Pa, . Tbi.' pa i 12 mil above Otay 
dam, aul here the wat r i.· di•ided the larger part <lr pping do\vn into 
the channel of Otay re lc A onduit of (30 . ond-f et cn,pa itJ will 
tart three-fourth of a mil below tbe pc and foil w a o-ra le lin 26 

mile J ng to the afor aid "Meter ll u e itc ~ ' wb r ~0 ond-ii et 
is intended for delivery to th ity pipe lin and tb remaind r t be 
u ed in th irrigation of tlle high r mesa and to f d the pp r Otay 
re ervoir. 

UPPER OTAY RESERVOIR, CALIFORNIA. 

Thisre ervoir,apartoftheabov -nam dcompa11y s toraae, 
i on tl1e we t fork of the tay, and i. a l'nt>lt an 1 ntion thnt fh 
higb-wat r lin of th Lower tay re ervoir will touch the f, t of the 
dam of the upper one. The dam . it i in a porphyry-rock rr rrr , nar
rower than tb Lower Otay it , the witlth betw n wall being but 20 
feet at ba e, althourrh the ba in above i not n al'ly o eapaciou and 
at 100 feet height tb lenO'th of dflm i ' much greater. t tb 120-foot 
coutour the reservoir will have a urface area of 452 a re and a 
capacity of 15,300 a re-fe t. Ibe foundations bav alr ady been laid 
for a dam at thi point, but no work ba been done on it for some time. 

BARRETT DAM SITE, CALIFORNIA. 

The pick-up weir at the Barrett dnm ite -(PL LVli) on, i t of a 
rna onry wall 72 feet in lleight from it ba e 22 fe t below tb tream 
bed, to it top, 50 feet abov , and j 14 feet thick at bottom and 5 fi et at 
top. The length aero trea-m i but 7 feet at ba e and 30 f et at t he 
crest. It rest on solid granite tbrourrhout. It wa originally intended 
to build tbi dam 150 fe thigh a a storage-r ervoir dam, but on mak
ing excavations above t"he 0-foot on tour on tb left bank a rna of' di -
inteoTated, rotten granite wa uncovered that was regard d a an unfit 
foundation for a bigh rna oury clam. Tbi · ite, together with 560 aeres 
of there ervoir ba in , was purcl1ased by the Jamacba Irrigation Di -
trict for 105,000, an amount whi.ch was suppo ·ed to buy a title to 
water rights in the tream to the extent of th reservoir capacity in 
addition to the land. It i. · under tood that the dam site which has 
cost the di tnct so dearly i. simply to be u ed as the diverting weir of 
the Southern Oaliiornia Mountain Water Oompauy in con ideration of 
an arrangement by which the people of the district expect to be served 
with water by the company. 
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CHATSWORTH PARK ROCK-FILL DAM, CALIF ORNIA. 

A structure of more than common interest as an example of "how 
not to do it" was erecteJ. ou 1ormon Canyon, in the we terly part of 
t he an Fernando Valley, 'alitornia, near the tation of Chat worth 
Park, in t he winter of 1 95-96, for impounding water for irrigation 
and to serve as a diverting dam for a condLtit to carry the flood water 
of the stream to a , econdary re ervoir· of much larger capacity a short 
di tance away to the south . Two failure of earth dams erected at the 
same site had already occurred prior to the building of the dam in 
question, both l1 aving been over topped and carried away by reason of 
in ·ufficient pill way capacity. Th la. t one wa . wept out hortly 
before beginning work on the rock-fi ll, as there ult of bad managemen t. 
Tbe pill way bad b n fi ll ed Wlth and bag. to make th re ervoir bold 
a li ttle more, an d when the flood came there wa no one here to remove 
th m. Wheu the att ndant fina lly arrived the lui e gate wa stuck 
and could not be opened, and before anything could be done the water 
ro e over tbe top a nd qUJckly wa !Jed it away. 

'I he pre ent rock-fill dam i 41.33 feet high abo e the creek bed, is 10 
~ t wid on top nnd lope at an anO'l of 60° on each ide or 1 verti
cn l to .0.37 boriz uta! wl1icb giY a ba '"'idth of 60 fe t. Tbe length 
on bottom i 100 .f >t and at top 139 f et; nbi al ontent , 6,025 ubic 
arJ · · ar a of wat r fa 7 700 quare :D et, overed with Portland 

c m nt c n r t from to 16 in ·be t lnck. Tb ro k n eel for the fill is 
:l oft and tou , quanied on t l• liue of t !J e dam at one nd 500 fe t 
away and 75 to 100 £ t hi gher than t ll e top of t ll dam. The quarry 
fa wa 30 to 40 f et hi gh. li ght tre tie wa ' buil t on a harp incline 
fro m the quarry to and acr , tbe dam and a aule, pa ing over a 
drum or pull y at t p and with a car at each end , was. t he mea,u 
employ d fo rtran porta,twu the loaded ar fetchin O' up t b empty one. 
The mnt rial was dump din pia ·e promi cuou ly and without ele tion. 

ome fit di in tegeated and crumbled into sand wb u bla ted or bam
m r .d or dro1 peel from a few fe t in h io·ht, and a everything· loo ened 
in til qunrry wa put in to the fi ll tb proportion of and and earth is 
v ry large aud 1J anO') of repo of t he rna i much fl atter than 
that of rock alone, and fl a ttei' t han the lor es propo ed by the plan . 

T lt p cification r q uir d tl1e lope to be laid up for 2 feet in thick
n 5>. a, a dey wal l of un cour d rubble, but tbi wa done iu uclt an 
111cldf reut manner that withm two week after the contractor bad 
mov d off the work mor than three-fourths of the lower face wall fi ll 
or lid down, and wa followed by o much of the fi ll behind it as to 
I ave the concrete facing- practi ally nn upported and spo ed to view 
for ev ral feet from the top down . 'r be dam wa not of much value 
for water-tio·b tne , a it leaked considerably with but 10 feet of water 
behind 1t. The work was don e uy contract, a,t a total cost of about 
$9,000, part of which was payable in land. After the work was done 
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the contractor took advantage of tho failm of th ompany to mply 
with th aliforni a Jn, ,,-r qnir in o· ontra ·t to b r onl d to mak t it m 
valid and br ngh t uit to r o 
pri . ile ucce d d in ()' tting n, jury to g i\· jmlO'J tl nt for a,bont ·W 
per cent addition11 l, while th ow n rs haY 
t lt dam. Thi i beitw don n illu trat d in fig. !)J th 
being hand-laid to a t hi ·kn of -b ti et and cover d with a masonry 
wall 6 feet thick . Thi ~ i belieY d to b t h first ca eon re rd of a 
dam fallin g do1m before the water pr ur had b n appli d t it. 

Th watershed i about 15.5 quar mile in area, and fl'Om 1 00 to 
3, 00 feet in elevation from whi h maximnm noo<l . of "00 to 00 cond-

l-"10. 92.-Sketch of r econstruction of Chatsworth Pnrk rock-fill dnm. 

fi et may be expected-suffieient to fill tlte reservoir in t hr e or four 
l10urs, a th capacity is not in exce s of 200 acre-fe t. 

The dam bears ome resemblan ce in form of co n tmction to t b 
astlewood dam in berry re k, Col0rado, ab ly de cnbed by fr. II. M. 

vYil on in American Irrigation Engiueerin()' I exc p th at the facing r 
the Ca tlewood clam i much thicker, being 13 feet at bot tom au<l 
feet at top, while the lower fare i in st p · of 1 to 30 i!t ch , , tlte 
masonry wall being from 5 to 7 fc t thick. It is somewha t higher, 
al o-63.5 feet- 5 feet wide at ba e and 5 6 feet long on top, while 
the water ide is reenforced by an earth emba.nkment., added after the 
facing wall wa built, and extending about half way up to the top. 

' Thirteenth .A.nn. Rept. U.S. Geol. Survey, Part Ill, l 93, p. 303. 
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PECOS VALLEY ROCK-FILL DAMS, N E W MEXICO. 

Iu the foregoing pages five distinct types of rock-fill dams have been 
de <;rib d but tbere i. · still another which has been mo t boldly exem
plifi ed iu the Pecos Vall ey, ew Mexico, in two large storage reservoir 
built aero the valley of the l~io Pecos one of whi ·lt i G and the other 
15 mile above the town of Eddy. Tbey differ from the others in the 
u e of earth alone as a facing of the rock -fill for the stoppage of leakage, 
and tiJ y app ar to have beeu em inently sncce ·ful. 

'.rl.Je principal dimen ion. of the lower dam are a follows: Length, 
1,3 0 feet · maximum l1eight, 4 feet; outer lope of rock-fill, 11 on 1; 
width of rock ba e lOG feet; crown 10 feet. TIJe earth facing ha also 
a crown width of 10 feet, making the total width 20 feet. The lope 
of the earth embankment i 3 on 1 which is covered with a pitching of 
loo c tone for wa>e protection. The dam wa built in 18 !3-901 aud 
wa in service until Augn t 1 93, when it wa r uptured by a flood wave 
that wa in (\Xee s of the pillway apacity--the old story connected 
with dam failure . The water poured over its ere t, and a this tyle 
of dam is not calculated to with tand uch an overflow it spe d ily 
wa bed out a brea h of over 00 feet in len()'th. This wa immediately 
repair d and built 5 f, t hi b r, at a total cost of $ 6,000. The pill· 
way apa ·ity wa in r a ed to tb following: 

Sooond·feot 
Throngbh adgntc ofmainontl t anal ................... ....... .......... 3,200 
Th rong b wast -weir •at ........................ .......... ...... .... .. ... . 14,500 

v rtopofwa t gat • ........................ ............................. 2,400 
Through Rpillway ' o. 1, w t nd of dam ............. ...... ........ ........ 5,600 
Tbrong h pillwo y o. 2, on -half mile we t of No.1......................... 7, 300 

Total . . .. .. ............... . ........ .......... . . ................ .. ... . 33, 000 

This amount of di harg i e timated to take place when the water 
i 7 te t below th top of the da.m. 'l'hc reservoir ha a capacity of about 
7,000 a ·re-:D E>t, and erv t!Je double purpo e of an auxiliary tora.ge 
dam and am an of rai in and diver-ting th water of the Peco to the 
main canal at a safe lev I abov th . tream beyond the reach of floods. 
This canal ha a car a ·i y of 1

1
300 econd-~ et for 3.3 mile , t thejnnc

ti n of th South rn and Ea t Side canals, the width on bottom being 
45 f t, der th of wa.t r 7 fe t, and grade 1 .. 1 feet p r mile. The second 
s ctiou, of 9 miles ha the ame grade and a capacity of 6 0 ecoud-~ ct. 
On tbi section th caua l i arri d a ·ro the river in a flume 2J feet 
wide and 6 f< rt d ep, suppor t don high tre tie bents. 'I he third ection 
L 4-.2 mile lono·, and ha a capacity of 400 econd-:D et. Then follow 
2 mile with 3 .) ond-feet capacity, and 21.6 miles in which the maxi· 
mum apa ity is but 215 second-feet, t lH.} width on bottom beiug 14 :C et 
and tb depth 4 feet. TIJ tota l leu o·th i 40 mile . TIJe East Side Canal 
is 19.6 mi le long a11d ha a capacity of 224 econd-feet. 

In 1893 the upper dam wa cou tructed in imilar manner to the other, 
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e.xcept that the rock-fill wa mad 4 fe t wider at top and the earth 
facing 4 feet le in widtll, th lope remaining b am . Th inn r 
face of the rock-fill again t which the arth re ts ha a batter of~ on 1, 
the wall being laid up 2 ~ et tllick by band. It r quired 10--,40 ubic 
yards of rock, 103 GOO yard of arth, 3, 00 yard of dr-y retainiug 
wall, and 6,200 yard of riprap. It t i g iv n a 170,000 ompl t . 
An auxiliary embankm nt, 5 200 feet l ng and 18. ~ t hi ab wa tllrown 
up to lo e a gap at a, co t of $10,000. It wa mal ntirely of ar-th, 
faced for 5 feet with tone to prote ·t it fr m wave a ti n. 'rh main 
dami 16 6feetinl nath,52~ tinh ight 20fl3etwideontop aod2 0 
feet wide at ba e. In the fall of 1 !)5, when vi ited by the writer, it 

FIG. 93.-~ketcb mnp of dnm nt bead of P ecos Canal. 

showed no ign of leakage or ettlemeut or any form of weaknes , 
although the reservoir was more than half full. 

AJ?. out let canal 1,100 feet long i cut through olid lime tone at the 
ea t end of the dam, to a maximum depth of 35 feet below the top of 
the embankment, in the upper end of whi ·hare placed ix gate , each 
4 feet wide and arranged to open to a height of feet by screw . The 
gates are of wood, 6 inches in t.hickne , ub tantiall y ironed. They 
con titnte the sole mean of controlling the discharg from there ervoir, 
and the water is uing from them is carried back to the river channel 
below the dam and thence flow to the lower re er voir. The canal is 
30 feet wide, and required t be excavation of 68,000 cubic yard ( olid 
mea nrement) of rock, all of which wa used for the rock-fill of the 
dam. The canal head works cost $20,000. The gates have a maximum 
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discharging capacity of 4,400 second-feet, and t he maiu spillway is 
aid to have the excessiYe capacity of 200,000 second-feet. This is 

throu gh a natural gap over limestone. The re ervoi r has a capacity 
of 8~,G40 acre-:D et, covering ,331 acres. It is loca.lly known as "Lake 
1cMillan." 

The co. t of t h torag-e ba been at the rate of $2.05 per acre-foot 
stored. ThePeco. lUver i r ported to baye carried a maxim um volume 
of 42 500 secbnd-feet in 1801 and a minimum of 202 second-feet in the 
month of Augu t of that y ar. 

Thi particul ar type of rock-fill dam appear to baYe every element 
of afety o long as ufficieut pillwayi provided and to be particularly 
well adapted to the conditions found iu the Peco, alley, where ledges 

Cu. Yd$. 

~ ::.:-_:~._-_: :_ :::-------_-: !:_-- Z60 '- --------- ----- ----------+-

Cu. Yd.J. 

------------_-_-_ :.".:'--- - - Z80 ' -" ----- ------------- ·----+-

FIG. 94.-Croee sections of Pecos Valley reservoir dnme. 

of lime tone cro ing tb vaJI y com to tlJe nrface a t interval , afford
in n· r Iiabl foundation for dams, and where an ~bundance of suitable 
em·tlt i available aud where the dam are low and the mmtry i o 
op n a to make ' t h f;; ite a ily a ce ible from all .., id , conditions 
wbicb do not prevail in mountain canyon , or in pla e wl.l ere con tr~c
tion is cramp d for room and a rtby matter i carce and l1 aTd to obtam. 
A heretofOI' mentioned, tho upper anu higher dam doe 110t leak, :mel 
it i said that the low roue i al o imperviou , although a pond of water 
Gtands at its lower toe and flao·s are growing th ere in oozing water but 
this is said to come from spring. which i sue from th e limeston along 
the river bank so abundantly as to afford a.n additional upply between 
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the dam and th town of Eudy of about 0 nd-£ t. Thi i u 9-
for pow r at the Eddy "pow -r dam" aucl for irrigation fhrtll r clown 
the dver. 

PROPOSED LYTLE CREEK ROCK-FILL DAM , CALIFORNIA . 

While on the subj t of ro k-fill dam it will be of intere t tom n
tion a dam propo ·e l by F. ' . Finkl , . h, ngiu r of tll rapeland 
Irrigation Di 'tri t, for torao·e of flood water h1 th anyon of Lytle 
Creek at the "Low r arrow wltich i Jtovel in on re p ·t--the 
l>uiluiog of the rock-fill dire tly upon t h bowld r bed without xca,·a
tion to b d rock, whi h i of an unknowu d ptb but probauly more 
than 50 f t b low t he , urfac . 'rh expen f t bi excavation would 
bo very considerttbl , and a th bowld r ar of laro· size anl firmly 
packed with g ravel, it i · l>eli Ycd that it w uld l>e <tfe tor ly up n tb 
proce e of nature forth , ilting of tb b c1 f th r rv ir nntil it 
became ab.' olutely imperviou . Som r -liance i pla d upon th on
clition of tl1e low-water flow i ~ uing from tbe Xorth I•ork, wbi h com 
bearinrr ·o tro ng a oluLion of arbon at of lim as to c1 1 o ·it h -a., ily 
over the bed of any haun 1 "b r it flow fol' a, hort tim , Plll uting 
the grav 1 and forminrr an imperviou linin g wlli ·h remain intact 
until broken me banica11y by rolling ton carried in flo d. 

The theory of thi con truction is that- the lime a cr tion, torr tb r 
with the . ediment brought down by the watet', will fl'ectually stop 
leakage throuo-h the gravel untler the dam by the pr t brou o·!J 
which every filter eventna,lly become clogged and imp rviou . It i 
argued that whatever leakaO"e there migbt b at the ut. et would be 
powerless to endanger tl1e dam becau of tbe ize of the uowld rs and 
the compactne with which they are plac d togeth r. Th dam pro
posed would be about 125 feet hi gh, 2 6 feet long at ba e- and would 
impound about 11,400 acre-feet. To arr t the flood flow of uowluers 
down the canyon, an auxi liary clam above the reservoir would have to 
be constructed of timber and stone cribs. 

'£he rock-fill dam t l1 at have b en ited a. tbe prototyp . of t bat cla s 
of con tructiou iu the We tare hiefly to l>e found in the hyclrauli ·min
in()" di trict of north rn Ualiforu ia, and are roo t ly on tbe water bed s 
of the Yuba, American, and F a.tb r r iver . In general tl1ey have 
been made a large t imber crib , fi lled with stone, aucl faced with two 
or three layer of pine plank. 

The following is a table giving data of tbe capacity of the principal 
mining re er voirs of tbe di trict referred to, the area of the reservoir , 
and the height of clams constructed. Tl1ey are mo tly located at the 
1te of natural lakes, whose surface h a been raised by the ~rection of 

dams at their outlets. 
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Capacity of the ]J1'incipal mining 1·eseruoirs of the hydrau lic minit1g dis t1·iots of 11orthem 
California. 

Nat.ne. Company. apacit~· of 
reservoit·. 

Cubic f eet. 

Bowman .... ... Nor th llloomfield 900,000,000 
l in in" Co. 

hotGuuLake . .. ... . do ......... . .. 3,423, 000 
lnlandLake . . -- ..... do ....... . . . . . 

) Iidd le Lake . . . ..... du . . .... .. . .. . 

HoundLake . ....... . do ....... . .. . . 

\\"en,verLake .. . Enreka Lake Min-
ing o. 

Eureka Lake ........ do .. ...... .. . . 

Fan cheri eLake ..... . do------ --- -- -
J acl< on L ak .. ..... do ...... . .. . . . 

23,02 ,000 

2, 395. 00 

2,907, 700 

150,000, 000 

661, 000, 000 

5' oo, 000 
15,000,000 

'mnller lakes ........ do.. .... ...... 50, 000,000 

English dam .. . l\l ilton ?-lining Co.. 650, 000,000 

Fordyce dnm . .. outh Yuba Min-

1

1, 075,525,000 
ingCo. 

)Jt•adow Lak .. ..... rlo . . .. .. .. .. .. 107 950, 000 

Sterlin g Lake ..... .. clo ....... ... .. o3,975,000 

m ga . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 000, 000 

L 'alifomia .......................... 
1

1 070,000 000 

.A rea. 

A cres. I 
"'00.0 

26.2 

48.8 

10.3 

3.5 

337. 3 

90. 0 
20.0 

...... -- --
::!95.0 

1,200.0 

262.0 

---------· 

Height of I L ength 
dam . of dam. 

F eet. 

100. 0 

10.0 

12. 8 

3.0 
21. 

5.0 

--- --- --- -
131.0 

T.O 

2 .0 

30.0 

Feet . 

425 

250 

-- --- - -· 
331 

650 

500 

300 

HYDRA T .... I D AM TR TION. 

LA M E SA DAM , CALIFORNIA. 

nov l and ex eedingly iutere ting typ of dam ( ee P l . LVill
LXT) i that u tnt ·ted in tlt , prin o· of 1 !)5 by the au Dieg Flume 

ompaoy forth purpo of. tori no· t he fl ood wat r of an D i go River 
iu wint r H t tb lo w r nd of the fl um a~ well a to provide mean of 
cat lling tlt e ta il water ot· wa,;te fr m the lower end of tha t condui t. 
The da m ,...,a d ign d a nd c II t r-nct d uy J. 111. Howell ' '. E. , pre i-
d nt of t h an D i go F lnme ompany, and is located on the mesa 
mil northea t of a n Di go a,t an el yat ion of 433.5 feet above ea 
l ,. 1 at ba. . l t i a n ar th nod ro k-im dam, u6 feet high, ... 51.5 ~ et 
t hick a t ba e, a nd 20 ti t wid at top, the materials for which were 
t ra il. ported a nd depo it d in plac uy flowin g water, by the pro es 
known to min er. a "ground sluicing" the surplus water from tlt e 
fl ume being used for thi i< purpose aud at t he same t ime stored in tbe 
re er voir as it wa beiug form d back of tl1 dam. 

The da m site i in a narrow goro·e cut through porphyry, who e walls 
are but 40 ti ct a part a t th stream uecl and tand nearly ver tical on 
oue ide for 40 feet in height. Tbe ite was regarded as a particularly 
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uitable one for a rna oury or rock-:fi ll dam, a tb foundation w rc of 
the be t character aud the material at band ntir ly uital>l , a-nd wi th 
the e a-clvantag iu view the first plan mad wero fot' a rock-fill wi th 
pla11k facin g, the tructure to have the f Uowiu o· dim n ion : Tor 
wid th, 12 feet; lJeigbt, 55 ~ t; length on top, 470 feet; ha width, 110 
feet; upper lope,~ to 1; lower lope, 1 to 1; tl1e volum to b a,bout 
15 000 cubic yard . Bid. w re re iv d on tb 1 htn t!J lowe t of 
which wa1:> 99 cent per cubic yard fo r tb ro ldlll and 2.0 for dry 
rubl>lewall,price whi bar but5-toG p rcent ftb ontraetpri 
1 a.id for the E. coodiclo dam. Th total o,t of t hi dam und r th e 
bid would ha,·e be n -0,260 exclu iv f faciug and th outlet pip 
aud gate . The hydra-nlic lam wa bow v r gi n the pr fer u ·e 
by the company on a guara-nty of a mat rial r do ·tion of co t giv 11 by 
the engineer, l£r. How 11 , and it wa :finally completed for ubout 
'"'r,ooo, includin O' plant, excavation of foundations and pilh ay out
let gates culvert amlstn ndpipe paving of tor , tc. 
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F to. 95.-CrosH st•clion of La ~J esa dnn1. 

The volume of mat rial handled wa 3 ,000 ·ubi yard , wbi ·h l1ad 
to be brought an extr me di tance of 2,200 feet and tripped from an 
area of 11.5 acres to a mea.n depth of 2 feet. liad the material be n 
as abundant t hroughout con trnetion as it wa up to the tim one_ 
fourth of it wa in p lace, it is though t th entire dam could have b en 
:fini bed for ~5 or 30 per cent of its ultimate co t, but unfortuuately it 
was found that below a depth of 2 fpet from the urfacc tb gravel and 
cobble of the me a, were cemented together so hard a tore ist further 
wa bing, and thi drove the engineer to the uece. ·ity of u ing horses 
and craper to bring tbe m~Lterial to the sluiceway , at greatly in
crea ·eJ. co t. The re ult , consid r ing all the unfavorable condition , 
are au indication of what .can be accomplished by thi proce-s where 
surrouuJ.ing circum. tances are more au piciou . The surface soil an d 
sand contained in the cobbles con tituted less than one-third of the 
mass, and consequently the dam can more properly be termed a rock-
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fill dam with an earth core. Tb e gntvcl i of all grades, from egg size 
to large cobble 8 to 10 inches in diameter. On the outer lope the 
large t of the~e are laiclnp in a dry wall of uniform pitch and urface. 

Iu beginning the work a trench wa excavated in the bed rock from 
2 to 5 feet deep, 20 feet wide at center , and tnperi11g to 5 feet at the 
end , the materi al being t.hrown out each side and afterward incor
porated in the emban kment. A ulvert wa laid on the bed of t he 
gul h up and clown stream to reach entirely through the clam at it 
wide t'poin t. Tbi con~i~:;tecl f aclouble line of 24-in h cat-iron pipes 
extending 72 feet in from the lower toe and connecting wi,th a concrete 
conduit, 4 inche wide ancl30 incbe high, which reaches to th e in ide 
of there ervoir. The walls of thi. conduit are 12 inches in thicknes . 
Four s tandpiJ e connect with th i culvert at interval of 35 feet from 
the inside end. They cons1. t of U-inch vitrified pipe , surrounded 
wi tlt concrete, aucl are now u ed a outlet pipes to the re ervoir at four 
difl'erent 1 vel but durm g con trnction they perform cl the important 
fun ·tion of conveying th water into there ervoir af'ter it 1Jad drop1)ecl 
it load of gr avel a nd climent onto the surroundin g embankment. 
They were built ur a joint (2 feet) at a time, as t !Je work progressed, 
and were fim heel off at t he top with n. bra rin"' an d flap valve, the 
latt r b Ill"' coutroll d by rod reaching up the lope through the 
wat r to th ud'a c. ( e P l. LIX.) 

Th wa r u d wa.' from 0 to 400 min r' inch -6 to ecoud-
f t-wht h wa all that eould be pa red fr m th flume after upplying 
til d m .:- tic con ·umption in San i go and along th line a nd the 
litrle irriO'at10u wb t hi kept up, ev n in WJnt. r, when th e rain do not 
com jn t rio·bt F rom tlt eud of the flume (which terminate on the 
m " 10 mil from an Diego) tb water wa iphon cl a ro sa deep 
r av in by a w d n ·tave I ipe 3,000 f< et long and 36 inc!Je diameter, 
empt ing into a litcb 1.5 mll lot g ext ncling to the top of the ridge 
ov rlookm o- tb d am ite on th outb. From tbi main d itch atva.riou 
polllt Ja.t ml were carri u down the lope of the blll toward tile clam 
on grade of 6 per cen t di idtn O' t !Je ground into in gu lar zon of 50 
to 100 fi t 111 width by overa.l hundred fe t mlength: reachut g back 
to the top of th ndg . l11 luiciug, the, divi ion were tripped off 
cl an to bed r ·k , beginnm o· next to the dam and working back to the 
head dt tch, tL e watet· bemg t·arn d alono· t he upp r ide of the t rip 
to the low r td aero t lt end of the d tvi 100 where th e ground 
sluicing wa progre tl!O'. 

The fall from the upper lin , or clear-wa,t r cl ttuh, to the lower stde 
of the zone was a gr at a t h lope of the ground would admit of
tne gr ater th fall t he mor rapid the ·lmcmg. The work done was 
higbly ati ·factory a Ion a a t1J1 lope wa not flatter t han about 1 in 
4, but a t he hill rounded off toward the top the velocity of t he water 
in the dttch be ame le enecl , unt1l1 t wa Ill uffietent to ero le tlte mate
rial from ilis bed, and 1t had to be a is ted by use of picks or plow 
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wh r the ground wa. not too oft for team to g t ov r it. Thi addi· 
tionallabor, of cour e, increa d th co t. 

A the tream ecur d it load of a rth or gmvel, with or without 
such as i tauce, it was conv yed along . the line of th lO\Y r dit ·It by 
24-inch wooden tave pipe n11 il d po it don t h emba 11km nt. A uout 
2,000 feet of this pipe wa u din the work til fh· t c t of which wa · 
90 cents p>r foot not iuclutling th c . t of linin C)' with trip of Rt el 
in ide to re i t weae and teat'. 1 twa made in tion of 10 to 14 fc t, 
loosely plclce.d too·ether and con 11 ted by , teip of anva wound arou11d 
the end of ~batting joint and h ld in place by an ingeniou tourni 
quet of tarred rope placed back of the la t r und band on the nd of 
acb sectiou, the twi ton on beino- 111ade by a lono- nail and Oil the other 

by a n 8-i11 b ectiou of one-fourth -inch rra pipe tbe nail lippin · iuto 
the end of tho ga: pipe and o pr ve11ting both rope fwm l o e11ing 
oe uut,Yi ' tin g. The end of the, u pend eel portion of th pip , ct· 
inn· the canyon to th farther ide of the dam, were b ltl in line by 
mean of loo e tt'aps of iron ou each ide bolt d to tll pipe , " ·hich 
kept them in place, aud the wat r in ide the pip would ··11oot a •ro 
tbe gap without materiallo . It was n ce ary to u p nd them for a 
part of th ir way aceo, the dam to maintain a o-rade, and for tlli pur
l o e a cable 1~ iu ·be in diameter and 900 feet loug wa n ed. Pl. LX 
illustrate the method of u pen ion and hows tho dam when ·oll-
teucted to about the 30-foot contour. The pipe '"er found to wear 

very rapidly, and wer ltned fie t with trip of wood and then wi t h 
strap ieon or tire teel. Ca.-t .irou I ipe i found to be preferabl{' for tbi 
sort of ervi ·e. 

The work on the da.m '"as beo·uu February 14, 1 9.3, and during the 
fir t thirty working- day "'1,000 cubic yards were put in au average of 
700 yard per day, altbou gh under favorable condition mor tha11 
double thi amouut wa placed iu twenty-four hour~. The fore of 
men employed vaJ·ied from 27 to 45, working in thr e eigltt-lJOur llift . . 
Two men were kept Oil the dump directing tile tream of mat rial and 
building up the outer edge of the lopes to the proper line , while tho 
otller were chiefly 11eeded for ground Juicin g. Wi t llloo r or deep r 
soil, or under collditiOIJ permitting the u e of a jet of water under 
pre. ure, the co t of loo ening-, which in tlJi ca e wa the hi f item 
of cxpen e, would be reduced to a nomina.l amount. Tbe 11ece sity of 
taking all the matenal from one stde of the d am only was a dt ' advan 
tage IU this case, wb1ch might not apply to other localities where tbi 
method of con trnction 1 appli able. It i:s appareu t that au embank
ment built 1n this maunee Is compacted aH thoroughly a 1t cou ld be by 
any process of rolhng, and i 110t subject to furthet• settlement. It 1 

also mamfest that the fiuer materials are by thts process precipitated 
m the interior of the fill, and that the particle are in a general way 
graded m size from the outside toward the center. 

All of the standpipes are inside of tile center hue, as shown by the 
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section of the dam (fig. 95), and therefore more of the coar e a,nd l)er
meable bowlders au<l. grav ' l are placed on tl1e out ide where tbey 
attordrea,dy drainage to the percolation that mi gllt:fi.ud it way through 
the dam; thu the failure of the . tructme throngh the ordinary proc
e of uper aturatiou and the lougl1in g of t be outer lopes is ren
dered highly imr robabl if 11 0t impo ·sible. A dam built iu thi way 
i · te t d a ' i t g ro w by t he poud of wa,ter tandino· on top of it and 
tll e rising lake behind it , aucl if any \Yea lm s xi ·t it i. ure to be 
tliscovered a.n<l. remedied by the peration of natural let'" . Tbi dam 
i no t entirely fre from 1 akage, and will be faced with a, l aye~· f 
cement or a ·phalt concr te, a.lthough a the water comes throngh p r 
fectly clear it au e no anxiety. The leakage mea ure 100 gallons 
per minute, with th 'rater at gag-e 5-! feet, b <tvin <,. in creased fr m 23 
gallon per minute when the water , tood at the 46-foot lev l. The 
upper 12 to 15 feet of th dnm wrv fini. hell off by hauling in material 
with wa,gon . 

Tile re ervoir ba in i sufficiently apaciou to impound 1S, !JO a re . 
feet at the 140·foot contou r , aud th con 1pany is .ow contemplating 
plan forrai , in g the dam to that height the trn ture to contain 6 3,000 

ubi yard , . \. dam 130 feet hi crh wonlcl require -!33,000 ubic yards. 
It i propo, d to exeavate t h mn.terial from be int rior of there er
voir, onv ,ring it t th dam by th hydrn.nlic method and th re 
hoi tino· itt th top b p cially d sign d elevati no- machin ry. 

'fh conduit on11ectin o· th r s n ·oir with tlt 15- iuch t el main 
from th rHl of the fiulU t an Di go i · a, 24- in lt wooden ·tave pipe 
6,500 ~ t long. 'I hi i ' banded 1\' ith half-in ·h ronucl t el rod · pac cl 
to with tallll n, rnnximurn pr ' ur ' due to a head of 1 0 feet at the low-
stpoiutin th lin . Ih ndjoint ar rna<lewith tougue ofooe-fourtlt

in·h nk tintotb IHl · ofth st~w 1t in ·he . . Thepipeislaidon 
wooden ·adell s on top of the Tou rHl to pre. rve the metal of tbe 
bauu fr rn orro~don, whi ·h, in t h me a oil of tbi ect ion, quickly 
de troy ordinary pipe. . rh l cation and 1 vation of the coun ction 
of thi pip with tb lJ.in h . t el main ha pra ·tically determined tb!1 
43-foot contour in 11 reser oir as th low e::~t I ,·el to wbi h the water 
will ordinari ly b dra.wn. 

PINE VALLEY DAM, CALIFORNIA. 

The an Di go Flnm ompany Ira r ently purchased a re en·oir 
it' in Pine n.ll ey, in th Lao·nmL Mountain , on the northern fork of 

the Tia Junn;L Piver, at an levation of 3,700 ~ t, wher i t i propo eel 
to bnilcl a noth t' hy!lmulic dam, 130 fe t bigb, \Yith lopes of 2 to l 
in iu , 1 k to 1 out ide top wirl t.h 30 f et, to store 30,000 acre-feet of 
wate1·. 'fhi re ervoir will be onnected with the mainline of flume by 
a conduit to cany th water acro·s the in tervenin g drainage ba in of 
the Sw ctwat r, and will afford a much -needed addition to the o·eneral 
supply, a tbe tributary dra.inao- area i some 45 square miles, or four 



654 RESERVOIRS FOR IRRIGATION. 

times the area draining into the uyama a r ervoir. The water to be 
used for luicing will have to be pump d to a b io-ht of 400 f t iu ord r 
to rea ·h th rlepo it ot material available for Juicing, but the ugin r 
e timate that ven t hi high lift i fea ibl and profi.tabl , and 11 
exp ct to incr a e the duty of ' at >r u · l from about 5 p r 11 t of 
solid conv yed ( h maximum a compli h d nt La '[ ·a dam) t ab ut 
20 per ent of solid or 13 ·ubic yard per miner's inch of tw nt -fonr 
bour . 

If thi duty can b maintaine 1 an l t he o t of pumping b a . umed 
at a maximum of 5 ent p r 1,000 gallon , t h o. t p r yard for wat r 
will be ab nt 5 cent - with but little additional co t for loo nino-, on 
a count of the loo er onditiou of the mat rial a th y lay haYing 
been eli integrated. from tile ro k in po ition and not depo i t cl aml 
packed and cemented tog ther by water. 

LAKE HELENA DAM SITE, CALIFORNIA. 

The same compauy has projected a torao- -re rv ir lam aero th 
San Die"'o River 1 mil above th pi k-up weir at tb b ad of the 
flume, wilich i de ' ianated the 'Lake ll I na, ·it . dam 1 ~5 f t 
high will impound 15 00 acre-fi t and ontain 7 0, 00 cubic yards, 
with 2 to 1 lop and 25 £ et top width. I wonld l>e 1 100 f t lon g 
on top 190 feet at ba e, and have a bottom thi ·knr . of G30 fi t . 'I hi · 
site i co11 ider cl f:worable for bydrauli con trn ·tion because of tl1 
abundan e of material on both ide and th po ibility of u ing wat r 
under high pr ure from the Uuyamaca dam to loo en the matcrinl 1Jy 
powerful jet from hydraulic mining "o-iant . This r ervoir would 
have a catchment of a.bout 0 square mile . 

DAM AT TYLER, TEXAS. 

The experience which led up to the con truction of the La Me a dam 
and the planning of the other tructnre de cribed wa obtained by 
Mr. Howells by the building of a dam in Tyler, Texas hy the ame 
method, in 1 94, which d veloped o many interesting feature that a 
brief account of it will here be given, as it ha never been de crib din 
print befo're. The dam is 575 feet long, 32 feet high, and ontain 
24,000 cubic yard , the inner slope being 3 to 1 and the outer .:J to 1, 
with a 4-foot b rm on the in ide 10 £ et b elow the top . This impound 
1,770 acre-feet, covering 177 acre . Tile maximum depth is 2G £ et. 
All of the materials used in the darn were Juiced in from a 11eigl1bor
iog hill at a co t of 4i cent· per cubic yard, including the plant and all 
the appurtenance of t he re ervoir. TlJe water was pumped through 
a 6-inch pipe from tbe old city pumping station situated on. the oppo-
ite side of the valley from the hill which supplied the material. . This 

llill is 150 feet high, an d the pipe terminated about half way up from 
its base, where a common fire hydrant was placed, to wbich w.a 
attached an ordinary ~-incb bose, with a nozzle of 1~ inche diameter. 
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From this nozzl a tream wa directed against the face of the bill 
under a pressure li mited to 100 pound per square in ch. The washing 
was carri cl rapidly into t he bill on a 3 per cent grade, which oon gave 
a working face of 10 feet or more in crea. iug gradually to 6 f, t in 

. vertical h ight. By maiutainmg the j t at t he foot of the cliff it was 
undermined a rapidly a it could be broken up and carri ed away by 
t!Je water. 

The material found in tbe bill consi ted of a oft, friable and tone, 
infi ltrat d with ocher of varying ' hade -yellow, hrown aud red-alter
natin g with clay and a11d, t b whole overhin by a sandy loam soil 
from 2 to 6 feet deep. Experiment and ob rvation led to the conclu
sion that 63 Jl r c nt of the entire mas wa Led into the dam was sand 
and 35 p er cent clay. 

In be inning the work a trench 4 feet wide wa · ex avated through 
the urface oi l d wn into clay ub oil , ad •pth of. everal feet, and t hi 
wa fir t fill <1 with . lected puddl cla y , Juiced in by the tr am. 
Then the form of the clam wa outlin d by throwing up low sand ridge 
a the slope line , which were maintained n the dam ro in height by 
men "·ith bo . A pond of wnter was thu ' maintained O\~ r the top of 
th cbm th wat r bei ug drawn ff ft·om tim to tim ith r in to the 
r scrvoir r nt,•td a pr ferr d. Tb mat rial wa trau ported from 
the bank in a. J"-in h .·b t-irott j)ip "itlt loo ejoint tovepil fa h
ion xt nding fr m near tlt fa or th blufPwh re hej twa. operat
in g:, a ros.· th c nt r line of the dam. 'Ihe o a-rranged a to be 
easil un on pled a,t. any point, a to clirect tbe depo it wb r required 
tobuildupth mbankm ntun i~rml . Itwa foundtha.tthequantit 
or . licls br ncrltt down by th water varied from 1 per cent iu olid 
·lay to 0 p r nt in a nd. 

liRJ'P and tlo · not tl w a r a.uily as round l and or gravel and 
i improv din deli r by an admixtnre of •lay and tone . The utire 
am unt of W<Lt r pumped, om put (l by the p rc nta O"e, of olids o·iven, 
must ha c b n 1 tbau _o 000 000 (Tal lon . The limitation of the 
nozzl ]JrC nr to 100 pound p r sqnar in b i t hought to have 
re trieted lh luty of th water u d to on ideral.>ly les than migut 
bav be n ac ompli !Jed with hi o·h r pre::;sure. The entir cost of tbe 
dam wi hall its ace orie. is giv nat 1,140, which run t be r garded 
a a marv 1 of cheapue and give an average co ·t per acre-fool; of 
torag capacity of re ervoir for med by it of G5 cent . The dam i 

report d to bav uo arpareut defect, and giv ati factory servic . 
Mr. L. W . v'\ ell wa e nO' ill er a nd foreman in char ge of the work fro m 
who em morn nda, fur ni b d by 1\ir. Bowell , consul ting ugineer, the 
for CTOing d cr iption ha b n compiled. 

SAN LEANDRO AND TEMESCAL DAMS, CALIFORNIA. 

The hydraulic pro of building up r ervoir mbankments ha been 
employ d in a small way in the mines of alifornia from the earliest 
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day of hycl rauli minin g, and wa larg-e ly u din t he on, tnt t ion f 
t he torao·e-r servuir dams of Tem al and an Lea1tdro, which yi ld 
a part of tl1 e water . npply of Oakland a city of GO 000 inhabitant . 
Tbe, e cbms w re cou truct d by th ir principal wn r J\fr. A . ' !Jabot, 
who had b en a practical l1y<lraulic miner. Tb T 111 cal dam wa 
built in t 6 . It i 105 fe t hi o- h, J feet wide n top, with ide lop 
of 2t to 1 both above antl b low, which ha,,- been gr atly in r ased 
and flattened by th mat rial luiced in from y ar to year ub equ ntly. 
The wa,ter being limited in npply to a f w day aft r ·torms the work 
wa continued for a numb r of ea -on a, an conomical m t hod of 
increa ing the volum of the da,m, which form rvoir f 1 . I': acr , 
with a capacity of 1 ,000,000 gallon . 

Temesca!J Elevat/on. 

0 

SanLeandro, Sect/on. -

E 

Fro. 96.-Plans and cross 

The San Leanuro dam wru built in 1874-75, and l1 a a height of 120 
feet above the stream bed. It is locateu 9.5 mile eas t from Oak land, 
11- miles above tbe village of San Leandro, at an eleva,tion of 115 feet 
above tide. The total volume of t he dam is 54.2,700 cnbic yard , of 
which lGO,OOO yard s were clepo itecl by the hydra ulic proces . The 
water was brougi.Jt 4. miles in a ditch , and tll e s luiced material were 
conveyed in a flume, lined with sheet-iron plates and laid on a grade of 
4 to 6 per cent. The water used was 10 to 15 second-feet, and the 
ground-sluicing method was ·alone employed, as it was not convenient 
to get water under pressure. The cost was estimated at one-fourth to 
one-fifth that of putting the earth in place with carts ot· scraper . The 
entire cost of the dam' proper was about $5-"5,000, but tb e outlets, waste 
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ways, and improvement of variou · kinds about the reservoir have 
increa ed the total to over ·noo,ooo or about $68 per acre-foot of t<torage 
capa ity_ The resen-oi.r cover 335 acre :md has a maximum capacity 
of 13,270 acr .feet, or 4,323,446,000 gallons. 

Th area of tlJe water bed tributary to the re ervoir i ~o quare 
mil es, from which the rnn-off i. generally in exce s of the storag 
capacity, aud con . id rable diffi ult.y was experienced in di po iug of 
the urplu , without wa hing away the dam until a waste tunne11,100 
feet long with a apacity of 2,000 econd-fe t, discharging into the 
tream half a mil e below th dam. wa opened in 1 8 . 
Th plan and section of the e dams are hown in fig. 06, in which 

are represen ted tb re training levees or bank · for holding the luice l 
material depo ited on the outer lope · the d po it on the in ide wa 
made by imply dumping the contents of the flume into the water and 
allowincr it to a ume it own lope on the urface of the embankment. 

HYDRAULIC FILLS ON THE CANADIAN PACIFIC RAILWAY. 

Further example of th e ucce ful employment of hydraulic-mining 
prin ·ipl to t h work of building mbankm nt ar to be found on the 
J?a ·i fi oa ·t, but non 111 re in tru t i ve than the xten i ve hydraulic 
fill mad by t he a11 adiau Pa ific Railwa,y in Briti h Oolumuia, where 
t r tl of err at It ig h t are b in(J' npplanted by eaJ.'th and 0 Tavel 
mbaukm 11t mad by th ag ncy of water alone. The methods 
mployed. dift r mn,terhLII from bo de, ·rib d. in the foregoing pages, 

but "·ill don b tl ~ · find. f•· qu nt application lsewher in irrigation-dam 
con trnction. t tre tie "o. 374:: n ar rth B nd, iu Fra Pr River 
Oanyo11 110 mil ea tor ancouv r, t h r i required to fill the chasm 
an embaukm ut - 31 feet in xtreme height aud contaiuiug 148,000 cubic 
yard·. v b 11 n by th writer ,in lilovemb r 1, 96, the fill had reached 
a h i o·bt of 167 feet and ontain d 70,000 cubic ya.rd~, all of which hal 
be uputinpla byhydraulicprocc . Tbeplantu dcon istedof1,±50 
f t of double-riv ted h t- teel pip 1 i.uche in diameter 1,200 feet 
of luic box. or tlum about 3 feet wid and the sam depth, one 

o. 3 d.oubl -joiutcd 'giant" monitor with 5-inch nozzle, and a larg 
d rTick fitt d with a P !ton wheel con ue t d with the wi udin o· drum of 
the derl'i k and. operat d by div rting the jet of water u eel in pi]Jing 
be bank upou h wh el when loads were to be hoi t d by tbe derrick. 

'l'be grav l bank where the material wa obtained wa 1,130 feet dis
tant from the cent r of tlJ track, and from thi l)it the pipe wa laid 
to an adja · nt . tr arn, l ,450 feet, in which I ugth the fall wa U5 feet. 
TlJe slui ·e boxe were laid ou a grade of lt per ceut for the .first 425 
feet, incr asincr to 2J pel' ut th e re t of tho way partl.v upported on 
high tre tlo ·. The e box were pav cl with wood block on the lighter 
part of t he g rad and with pieces of old railway rail laid close together 
lengtlnri e f the fium where th grade wa heavie ' t. 

1 GEOL, P1' 4-- 42 
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One of the mo t erious difficu1ti e here n ouut r el-and each local
ity de \-elops H p cia! probl m-wa th fact that about 50 p r cent of 
the materials in t he g rav 1 pit were u h a t b Ia . e l a cem nt d 
gravel, 30 per c nt a loo, oTavel aud 20 per c ut coo ist d of larg 
bowld r , whicl1 h atl to b lift tl ont of the way auu ha nd! u by ad r
rick, alt!Jough unavailabl a · :fillino-, becan of tb ir gTeat bulle, wbi ·b 
render d it impo sibl e to t ran pert th m. "ot"·ith tan din o- t bi s di · 
advantage, the result whi ·h hav been ac ompli h cl ar qui t remark · 
abl , a the entire o t of the work, inr.ludino- t he plant, wa bu ;1,0 9, 
an avet·age of 7 . .A c nt p l' ubi yard. The entir fore mploy d 
consi ted of men di posed a follow · : 1 pip rat th monitor, 1 at the 
head of the sluice boxe and in the pit,· "' alon o- t he lui drivin g" 
t lt mat rial along 3 men on th dump and makin rr bru h mattr e. 
for the lopes and 1 man, a car pent r and foreman of til gang, repair· 
ing the flume. The tim o cupied wa . a foll ow : Sluicin , 95.3 <lay · 
removing bowld rs from he pit, 50.4 day · r pairing flum and plant, 
13.5 day ; total, 159.2 da ' of th e ent ire force. The actual working 
time wh en luicin o· gave au actual workioo· p rfor mance of 73 Ctl.bi 
yards per day of ten hour , or at the rat of 1,7'i1 yard p r tw nty 
fonr-honr rnn. Th wn,t r us d wns n,pproxim nt ly _Q s cond f< t, r 
1,000 miner inche , th duty performed b ing 1.77 yard p r twenty
four-hour inch. 

Had the pit been free of the large trouble orne bowlder , the w rk 
could have been done i u two-third of the t ime a tually upied; an d 
bad t !Je pre ure been greater a nd the grav 1 all been loo e, iu tead of 
being half cemented , r equiring the u e of explo ive to ·om extent, 
the duty of water, on the high grades available for t he fl ume, Rhou d 
have been increased more than fourfold, a the ratlo of olid arri d 
wa le s than 3 per cent of he volume of water u d . Au un_d r tand
ing of all the e conditions sugge t what migh t b accompli l1 ed by 
this method with a perfect combination of circum tance , viz, water 
under pre ' ure of 400 to 500 feet head, loo e material for washing, 
and heavy grade to the dump. In this ca e the water wa allowed to 
pouT over t he face of the embankment, the lope being prote ted from 
~rosion by brush and tree top woven in alternating layer along t b 
-edge~'! of the fill. Old track tie and poles were al n d to some 
~xtent with t he brush. In addition to thi protection it wa ncce sary 
to exercise care to prevent the water from con ·entl·ating in channels 
{)r from r eaching to the sides or flowing down th e bill ov r t he natural 
surface. By ke ping the sides of the fill a nearly level a po ~ ihle the 
water was spread in a thin beet over tbe fac and reached the bottom 
of the lope without washing or doing injury. T he lopes are re.mark· 
ably true and unlform, and the embankm nt was packed very bard , 
particularly near the end of the luice, where the gravel dropped from 
a great height to the dump below. 

The device employed for h andlin g t he bowlder in the pi t by water 
power was ingenious and effective, and wa imi!ar to those in common 
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u e in hydraulic mine , where the tream i uing from the nozzle i at 
will d fie ted upon a tangential water wh el with peripheral bucket . 
TLi wheel being attached to a winding drum, the wire hoistiuo- rope 
leading from the derrick i rapidly wound up and tbe load handled at 
will. A frict ion brake with long lever gave the operator perfect con
control of the load and enabled bim to lower it a . wiftly or as gently 
a de ired. Sharp turn in the flume were made by a vertical drop of 
2 feet at the turn, aud two ano·Je of !)0° each were thus succe sfully 
made. Bowlder . with 1 or 2 quare feet of face would ometime top 
rolling and if not quickly started would cau e a jam and overflow, 
endangering the flum e on th e gravel hillside. For thi purpose it wa 
nece ary to detail two men to patrol the portion on which the grade 
was lighteut, to k ep all ucb tone m continuous motion, but on the 
25 per cent grade no ncb attention wa nece ary. 

At the eros iug of a tream called Chapman Creek tbe railway com
pany in the summer of 1 94 made a similar fill of 66,000 yard , at a 
total co t of 7.5 cent per yard, of wbicb. 3.2 ceuts was for plan t. The 
actual wotk of sluicing co t but 1.7 cent per yard. Some difficultie 
were encounter d, audit wa neces. ary to use a quantity of explosives 
in tb e p it for br akiu g up the material and preparing it for wa bing. 
Th ompany i pr parin()' to make ano th r high :fill in the lkirk 
Mountains by th am m tbod in tb a on of 1 97, tbe out nts of 
which will b 400 000 cnbi ard . The work ha been executed under 
direc tion of' IT. J. hi f engineer Paci:fi divi ion anadian 
Pacifi Railway, anJ hi bi fa si tant engineer, Edmond Du ·he nay, 
of \-ancouv r Briti h Columbia, by who e coarte y the data have been 
upplied. 

HYDRAULIC FILLS ON THE NORTHERN PACIFIC RAILWAY. 

'\ ork of a pr ci ely similar 11ature ha been in progre s for a number 
of y ar 1 a t on the lin of the North rn Pacific Railway, where 
ev ral high anl dangerou tre tl have been replaced by hydraulic

made mbankro nt of eartlt, gravel and loo e rock. Special activity 
in tbi dir tion l.la b n di played during the current year (1897), 

l have been filled requiring from 6,200 to 108,500 
cubicyanl. fthi amount377,000cubicyard ineightoftbetrestle 
were mov d and put in place at a total cost of 18~052. 70, or an aver
age of 4.79 ent p r cuuic yard. Til detail of the cost of this work 
i of pecial int re t to tho wllo may be contemplating imilar under
taking , aud is given a · follows, per cubic yard: 

Slui iug and build ing id lov cs . ... .. .... . .. . . . .. .... , . ...... -- -- ----- --- -- $3.85 
Hay used m SHl 1 v es ... ... .... . ...... .. . .. . ..... ..... . .. . . . .. ... ... - -.- . -- · 09 
Tools ...... ...... ..... . . . .... .... .. . . _ . . . _ ... .... .. . . . .. . . . ....... ..... .... - . 08 
Lumber andJlai ls . . ...... .... .... . ..... . . . ... .. .. . . . ........ .. . . . ... . ....... .22 
Labor building flumes . ..... . ... .. . . . ..... . ... . .. . .......... .. .... -.. . ..... - . 44 
Eugiu ring and sup riut nd n e . . .... . ..... . .. . . . ... . ..... ·· · · -- ··· ······· .11 

Total .............. . ... . .. . . ... .. . ... . . . ........ . ..................... 4. 79 
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In all tbe above work t.h water wa borr w pit and 
tbe luicin o· done by oTavity . In on en ·e, l1ow ver pumping- wa 
re rted to and 42,250 cubi c yard w r moY l by water t bu lift d, at 
an average o t of 13.5 c nt per cubi ya1·cl. 

By courte y of K ll. 1c1J nry bief' tw ine r and 
clivi ·ion ngiu er, ortb rn P a ·ific Railway, th ·writ r ha · b 
ni h d the e interesting ftgnr of co t and the foil win 
d . cription of t be work und r date of eptemb r 17 1807: 

There nits have been very grat ify in o-, both n to co nud ·hururt•r of the fills 
marl . \Y ar u incr, or tryino- to obtain, about 100 iuch of water fot· each nozzle, 
u with a l c quantity th rocky character of the mutonal mo,•od io s not giv 
good r snit . In ome ca <'S w haYe been abl to obtaiu water at the bridg with
out then ces ity of buildiuo- any consi<l r ubl l ng th of flum . In ot.b r en e we 
bad to constllJCt e ru l mile of flume for Lh wat r supply . Th o flum • are 
constructed iu the mo t temporary manu r , of iJJ ch ancla qua r ter lumb r , lG to 1 
inch SJU:l re. \Vher tb locali tywouldpermitw ba,· lui edtb dirttoth plac 
of deposit, a di tancc of ovct· half a mile. '' u c hay for ke ping up a I ,. on the 
out ide and wooden frame , whi ·h ar ea ily lllOYed, to deft ct the m:lin nrr nt 
from tb l evee . The wast water is carried ofl' throu gh a w a box, which is taken 

- up through th body of tb fill an d built up a· the fi lliu , increa in h ight. By 
adjustin•' the hei.,ht of th wa t g:~t alar" r or mall r amount of Hne material 
cuu IJu rctuiuet.l iu tbc fill, as t.lesiretl. In bnlltlin ., np the Iii! na untlly ~t;; pnrnt10n 
of tb o matenal take place. Th coar er m at rial is dcpo itcd right under the lni ce 
box s, while th fi ner material is carri d alon", th e fin st particles of arth being 
<lcposited in the v icinity of t!.e wa t gate in th(' hape of mud. For lar rr r fill · it is 
therefor nee ary to have veral wa te g-at s, so that oar er material may be 
depo itecl, from time to t ime at tho 11lace, and tlle accumulati )\ of too ruu h of 
th e fine material a t any one point may be a\"oided. 

The plant required for the wor k i rather inexpen iv . Accorrling to locality, one 
nozzle would requ ire from 300 to 1,000 feet of light beet-iron p ip , co ting f~bout 27t 
cents per foot, and a Xo. 2 Giant, costing $9- . Out ide of thi Jtotb in g is requi red 
except pick , hovd , lJc,es, and ax s. 

The character of the material that we have available i not very favorable. The 
pits ar very rock·, and the banks o,·erlying bed rock, whi ch can be loo ened by 
the water jet, artJnot" ry heavy. Tb cost given i n tlte table for moYing earth and 
building levee m clude all cost of cleanng. From fiv to ix rucu arc required w ith 
ea('h nozzle to butld the levee, move the sluice boxe , and do everything el e con
nected wi t h the work. 

HYDRAULIC CONSTRUCTION ELSEWHERE. 

Except in the manner of loo ening the material aml puttin g th em in 
motion, the methods of hydraulic dam con truction above described ar 
quite similar to tho e u d in tlle reclamation work in progre by tbe 

eattle and Lake Wa bington Waterway Company, altlwugb jt l1as a 
totally <lifferent object, namely, the opening of navigable tidal cban
nels by dredgin g and the reclamation of tide land adjacent to th e 
busines, enter of tbe city of eattle, Washington, by :filling them with 
tbe fin e black sand dredged from tb e chaunels. Two powerful dredg·es 
ar u ed, each with a capacity of G,OOO to 7,000 cubic yards per twenty
fotrr hours, which is pumped from the bottom of the cbaunel through 
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1 -incll pipes a di ·tance of 2 000 to 4,000 feet and depo ited to a depth 
of 1 to 20 feet over the area to be reclaimed. orne 3G,OOO,OOO ubic 
yards a.re to be hanl1led in t ln · way a.nd 1,500 acres fi lled in olidly t.o 
a h eight of 2 feet above lngb t1de . . About 1,000 000 yard had been put 
in place January 1, 1 07, tJJe cost of which was 1G cent per yard by 
con trn. t. The mean velocity main ta.ined in the d livery pipe i 13.5 
feet 1 r econd and th di charge is U econd-feet, o that when the 
work is at a maximum the percentage of ol1d carried by the water i 
9, a l though te t have shown a high as 20. The bulkhead along the 
channel. which hold the sand in place i made of bru h mattre ses, 
while the temporary cro · levees or bulkhead are effectively formed 
by the use of oarse hay, . traw, or wamp gra along the margin, 
imilar to the way in which brush wa n ed in the 'anadiau fill before 

de cr ib d. 
Tn the c:om· e of a omewhat xtencled experi nc in hydraulic min.ing 

on the Eto,rah ]{iver in Georgia, Col. Latham Ander on, l\L Am. Soc . 
. E., demon trated-and hi experien e leads him to write-that 'grav

elly hydrauli c tailings could be depo ited within harply defined limits 
and in any ha.pe de ired, limi ted only by the condition that the lope 
l1ould not b t per tban the natural angle of repo e of the materia.!.' 
'rh xp rim ut Iliad by 1 rofe or Fortier, of the tah Agricul-

tural 'oll rr E p riment tatiou on the m1xture of various aggregate 
for n in con tru tion of earth n dams how that gravel, ~and, and 
clay will o upy 1 , pace and b com mor ompact wh n I oured into 
wat r, mix d ther with, and allow d to drain and ettle than by any 
pro S~ of tamping, eitb r moi tor dry.' 

' I m n IT r chel M. m. . E. ay 2 that ' pure grav I , ju. t 
a it om from the gravel pit, will make a water-tight stop, ·wl1 n u. ed 
b twe n plaukRor in auyother po, itiooforwhich puddlei l1 d,a 
far a my xp rienc rro ' , better than clay or a clay mixture ever did." 

The llolyoke dam aero th ,onn cticut l~iver, a timber crib true
tore 1,01.7 £ t long , nd 30 feet high, wa r con tructed and flll d with 
a ma of pndd l d rrrav I by Mr. Herschel iu J 5, the gravel being 
wa h u in and puddl d by hydra ulic , tream , of which he write : 3 

'' o 
part of th \VOrk gav le anxi ty and mor ati faction than this from 
t h day it wa tarted.' 

The e itation ufficientl illu trat the principl and methods that 
may b e mployed in many localities for the con truction of dams by 
tb powerful and onv nient aid of flowinrr water. 

l\1.A 0:1'\TRY D ~I . 

The clas of tructure for water torage which appeal mo t effect
ively to t he mind and imao·ination of the majority a safe and uffi-

'Earthen dutns, by nrouol Fortior : Bull. tub Agricultural College < o. 46. November, 1896. 
' Tmns. rn . ·,w. 'h·il !in g ., \7ol. X.X I , p. 6 4. 
3 Ibid ., Vol. XV, p. 5G . 
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cieutly endurino· to with tand th pr ur tending to o erturn or 
de tr y i t i nndoubtedl th olid masonry dam, laid up wi h good 
cement mort~tr, aud even though in ertain a s it may n t in rea.lity 
be o able to re i t t ile force acting again t it a om other form of 
barrier, mad of ear th or loose rock y t it alway look tron CT r and 
safer and i invariably fir t in popular favor. nd ubt dly :D w r fa,i l
ure have oc urred in rna onry dams th an in tho of any oth r typ 

HEMET DAM , CALIFORNIA. 

Doubtle t he rno t rna ive and impo in n- trnc ure that ha thu far 
been erected in the W e t for irrigation pnrpo e i tl1e dam built by 
the IJake llemet Water ompauy in Hem t \alley River ·id ounty, 
California (PI . L"" Il and LXIII, fig . 97, 9 ' , 99). It i built of granite 
rubble, laid in Portland-cement c n rete, and i now 12,.5 :D t abov the 
creek bed, or 13-.5 :D t abo\· l we t foundation and i ' to b carri d 30 
fe t lli O'h r. It i 100 feet thicl · at ba , an d ha a batter of 1 in 10 on the 

R.!£ 7p. 6 S . R . 3£. 

:E'JG, 97.-Map showing location of Lake Hemet, the main conduit, nn<l irrigated !nuda. 

water face and 5 in 10 on the lower side. It present ere t i 260 feet long, 
while the length at bottom i but 40 feet. The dam wa carried up 
with full profile to the height of 110 feet above ba e, at which point 
the thickness is 30 feet. For the exten ion to t!Je 122.--foot level an 
offset of 1 feet was made and the wall reduced to 1.., feet at base and 
10 feet at top. A notch 1 foot deep and 50 feet long was left in the 
center for au overflow or spillway, although it is anticipated that 
extreme floods may pass over t!Je entire length of the wall, as they did 
to the depth of everal feet in January, 1893, when the dam wa 107 
feet in height. The dam i arched up tream, with a radius of 225.4 fe t 
at its upp r face, on the 150-foot contour, and ba a more sub t antial 
appearance by reason of this urvatur . 

The location is in the au Jacinto 1ountain , at the foot or outlet of 
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Hemet Valley, whose altitude above ea level is about 4,200 feet. The 
South Fork of the San Jacinto River, which passes through the valley, 
drains the southern :flanks of 
1ount an Jacinto, one of the 

bighe t peak in southern ali
forni a (10,987 feet), and ha a 
water bed area above t h dam 
varian 1) e timated at 65 to 150 
quare mile , although no trr

vey have been made to de
termine its boundarie . 

The outlet to the alley is 
a nnrrow canyon in granite, 
with pr cipitou wall , through 
which the tream plunges for 
9 mile to it j unction with 

trawb rry Fork tb lo ation ~ 
of the pick-up weir diverting ~ 

water into a flume at an eleva- h 
0 

tion of .-,20 fe t tb d c nt s 
from the dam b ing about "'' 00 ~ 
~ et. Th dam i loca,terl at ~ 

tlt h atl of thi. canyo11 at it 2. 
~ narrow t point. '" 
t-' 

Th en terpri wa proj ted ;;. 
i11 1 (; "dt n th t ck1tolder. ; 
of tb Hem t Land Company ! 
owning a tra t of 7,000 a r in ~ 
tb anJainoYalley e urd S 

0 

th water right in tb tream ::;· 
and di erted water to th ir 
land by m an of a 13-inch irou 
pipe laid from tll weir at tbe 
mouth or uth Fork do"n tile 
canyon and out to t l1e tract. 
The torao- dam wa not then 
b gun, but wa in ontem-
plat ion. vertltele F; it wa 
found tha,t pnrcba r w re 
. kepti al of the water supply 
with m rely th normal flow a 
th onl y vi. ible ourc , and 

· though the land wer all tltat 
onld be de 'ired otb rwi e. 

--~z 

th ey w r practically unsalable un til the company began the actual 
buildiug of the re ervoir and had fini bed i t so far as to be able to 
store a considerable body of wat r behind it. 
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Th site eemed to be mo t uitable for a ma onr tructur be ·au. e 
of the excellence of tile fo undation , t he a bun lance f tb material at 
hand, and the narrowness of the canyon for it lo ation. Hter due 
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:E'tG . 99.- Hemet dam, Rh•er i<lu Cou nty, Cn lil'ot'llia. 

consideration of all alternative possibilities the writer was directed to 
prepare plans suitable for the maximum height to which a dam could 
be built to advantage at this ite, and in the ummer of 1 90 the plant 
was assembled. aud. excavation begun. The tripping of the fonnda-
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tion o cur ied several month with the aid of a cable way for convey
ing and dumping tbe wa te below th da.m, as a large "pothole" ,,a 
<l veloped, 1 feet deep, direct!) und r the base of the dam. Thi wa 
tlwroughly cleaned out, and a center trench was r-ut in the rock a ll up 
the ide n.s a key or ancborn.ge to receive th e masonry. Considerable 
t ime wa al or quired in ha.uling tl.fficient cement up the mountain to 
make a beginning and it wa the 6th of J anuary, 1891, when the first 
tone w-a laid. 
'rhe work proc e 1 cl t henceforth until J auuary 24, 1 92, when evere 

weather and flood compelled a uspension of construction at the 45-foot 
contour. aud fotu· mon ths elap d before it could be resumed when it 
wa carriecl to t h 107-foot level without e atiou; but on January 9, 
1 93. th workmen wer driven off agai n by a torm &.nd f e het that 
filled there ervoir o rapidly that many of the buildino- an d tool were 
ubmerge 1 and th e water ran over the dam in a ·he t several fe t d ep 

for a short time. on trnction wa not r e umed after the torm, and 
the work r mained at this le,el until th~ fall of 1 93, when t he dam 
wa carried up to its pre ent height and all machinery and tool 
r moved . Tb da m tlOW contain 31 105 cubic yn.rd of rna onry all 
la.id in 'Portla nd- ment oncr t , the number of barrel of cement 
b in tat d at ar 1 roximately 20,000. Th co t of the ·em nt deliv
ered n th ground wa about. 5 per barrel as It bad to be haul d up 
the mountain J3 mil fr m t h near . t railroad tation, Hemet, 0\~er a 
o-rad f 1 p r c nt maximum and an el vation 500 to 600 feet higher 
than t h da m. Th and u cl wa clean a nd harp, and wa accumu
la t din a 1111 orar log clam re ervoir a it wa brought down by the 
flowing t r a m and ronv y cl to t h mixing platform by au enclles 
wire-rop carri r with +rin1wulnr bucket placed at int rval of - 0 feet, 
pa sin over drum~ in th r c iving box below and on the platform 
nb v whi h l1oi, ted it 125 ~ t v rtically aucl carried it 400 feet 
horizontally. 

Th ton wa all quarri ed wi thin 400 ~ et of the dam, on both ides 
or the c<w yon both :1 bovc aml b I w, and ''a hoisted and conveyed to 
th wall by tw ·abl ways each about 00 feet lon g and 12- inch in 
di a m t r. 'Ib ~:~ were pla eel up n,nd down tb tream Cr<? ing the 
dam n arly at right angl ' ith t h ·hord of the arch, but diverging 
from each oth rand auchorecl to con nien t trees on either .:ide of the 
gorg . 'J'hea· po ition wa ldom changrcl exc pt to lift them higher 
np in to the tre. top and to er ct ' A" frame on top of tile_ masonry 
to ' npport the cable , hen the wall ltnd reached u h a ll et~ht a to 
requir it. J;oad of 10 ton could b hoi t d aucl handle l with ea e, 
and with tb aid of two derrick , one n.t ench end of the clam, the rock 
br ll"'ht by the cable wa p lac don the clam where reqt~Ir_ecl. The ~ar
riage traveli ng on the cn.ble and the devices for u. tammg th e hOI t
i ng "fall" a tl1e 1 ad moved back and forth were clev1 eel on the ground 
an l operated ati factorily . 
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The derri k were op rated with wat r power obtained from a 36-in ·11 
Pelton wheel, propelled under a h ad of 75 t t, by <1bout . 0 min r's 
inches of water, brought from th tream i11 a flum and tb nc in a 
13-inch pipe, whi h wa aftel'ward mbe 1<1 d in th of tll 
dam and can be u d a the lowe t out! t of th r rvoir. 

The concr tc u ed to mb d th block of ton wa mix d in t!J 
proportion of 1 of em nt 3 of . and, and 6 of br k n tone, ru hed 
to pas throu o·h a 2~-in h ring. Th tone w r plac d 6 inch apart 
at the neare t, and the pace b tw n th m w r till d with on r t 
and maller ton , a ll well ramm d into pla with iron tamp r . Thi s 
u e of concrct enabled un 'kill dlaborer t do much of t h work, n.nd 
stone ma on w re mployed only in th facino- which w r laid in 
mortar, mixed ri her than the oncrete and well point d at tb joint . 

FlO . LOO.-Reme.t clttm construction plant. 

The mixing of both mortar and concr t \\~a don by machinerY, 
which i undoubtedly uperior to hand mixitw in the quality of tb 
output. Fig. 100, from a photograph, bow the plant for crushing the 
stone and mixing the mortar, and one of the en gin of the cn.bl way , 
a well a a 1 art of the and conveyor. A 'tre tie from the mixing plat
form carried a tramway along the face of the cliff, some 300 feet, to the 
line of the dam at the 0-foot level, and when th~ dam reache i that 
level an el(-'vator wa' built to a higher line of trestle. 

The outlets to the dam consi t of two 22-ioch pipes, at the 45-foot 
and 75-foot levels, on the upper nd of which are elbow turning 
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upward and :flaring ontward to 30 inche diameter, lo eel by emi pher
ical cover , manipulated by a wire rop passing over a pulley and wind
la on a frame resting on top of t he dam. The e cover are ordinarily 
removed and replaced by a ftsb creen standing on the valve eat of 
the pipe from which water i being drawn, and th e main control i had 
by gate valve et at the lower line of t.he dam, from which the water 
fall fre ly to the rock below in a fine spray, collecting in a pool a hort 
di tance below and pa ino· over a weir for mea nremer:t before beo-in 
nin g the pl unge down the canyon . 

ben con traction began, the reservoir ite was well covered with 
pin e tree , and a it became n ce s.ary to clear them from the flowage 
tract they were awed into lu mber, of which about 1,000,000 feet was 
u eel for buildings and stao-ing about the dam and half a million 
wa hauled to the valley for :flume and tre t les. The main conduit is 
pa.rtly built of this mountain lumber, aud, although knotty and inferior 
lt1mber for general purpo e , it ha. rna l a remarkably t ight and erv
iceabl flume. 

This co1 tduit is 3.24: mile in length from the pi"k-up weir to the 
mouth of tl.Je canyon where it connect with a 22-incb pipe 2 mile 
lon g, froru th 1 wer ud of wbi •h an open ditch, lined with rna onry 
and pia. t r d with m nt mortar 5 mile in I 1wth deliver the water 
to a eli ·tributin o- r rvoir overing 20 a ·re at the high t corner of 
tlt tra t. This re ervoir ba a capacity of about 90 acre-feet, and from 
it i di tribnt d tb upply to the lateral ditche , cov ring t~:e tract 
irrig-ated. Tbe anyon flum is 3 inches wide in ide by 1 ~ inche deep, 
and ha a grade of about; 140 fe t per mile. The joint are battened 
und rneath and calk d in ide with oakum, whil a tria.ugular trip i 
pla eel in the orn er and be wbol in terior i mea.red with asphalt 
the _out. ide being whitewa ·h d with lime. The lini no· lumber i 1} 
incbe in tlti kn 

The ditch lining con i t of granite cobble of 10 inch maximum 
diamet r, laid in li me-and-cem nt mortar, equal part of each, and 
pia ter d with Portland- em n t mortar. It is 2.T feet wide ou bottom, 
7 £ et at top 2.75 feet dP.ep, and has a capacity of 3,000 miner's inche -
60 second.-£ et. 

The distributing y t m on ist of mailer cemente!l ditches, fl umes, 
and pipe , of whi h t here ar 30 mile altogether, covering the tract. 
The lop of tb land i. auont 40 feet I er mile from ea t to we t, which 
facilitat the eli tribution of water in conduit; of small ize. 

Th lam of the di tributing re ervoir i of earth 300 feet long, 14 
£ et hirrh, and fe t wide on top. Th reservoir i u ually .fil led to 
within a foot of th top of th dam. In coustru tion, a trench 10 f et 
wide and!) feet deep was xcavated under t he center lin e, iu the middle 
of which a tight board fen e was er cted , reachin g to t he top of the 
dam, to prev nt the burrowing of gronnd squi rre-l and gopl_terR, a func
tion which it effectually perform ·. The trench was fi lled w1tlt pudd led 
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ide of tho fenc and the puddle wa al o brought up to 

The apportionment of water by th wat r-righ ontra t gi 
the deeds to the land i at th rat of 'one-eighth of 1 min r' 
perpetual flow from prj] l .; to ov m b r 15 f ach . ear for ea lt a r 
which i eq ui val ut to 46 224 cnbic fe t, or l.OG acr -£ t · and tb W<tt r 
rate of 82 1 er acr would th r for b qual to 4.3 nt p r 1 00 
cubic feet, or 0.57 c nt p r 1000 uallon . . at pr nt wbil th r i 
an abundant upply no attempt i. made to re tri t tb u of wat r to 
tl1e exa ·t stipulation of the contra ·t, aud th refor no p cial ·ot1omy 
i practic din it application. lt i till. m< tt r f un rtainty as 
whether the apportionm nt tim giv n by tb ontract i offici nt t 
thoroughly irrigate the lands, planted to the rop wbicb will th re 
be grown. The consumption lurinu th a on of 1 !:16, or th amount 
mea ured out of there ervoir by the weir at tb f, ot of th main lam 
wa 111,600,000 cubic feet-an average of 10..., 0 ubic f t p r a r 
irriuated tb mean depth of application b mg appar ntly 2.34 fe t, 
or over 2 lllche . Tili i not a v ry exa ·t determinatiOn, a it doe 
not take iuto account tbe log e · by leakage and evaporation in th 
conduits and di tributin u re en·oir, aml a it i not known whether 
there i a lo or a gain i 11 the flow down the mam channel of the canyon. 

The mea uringweir at tile dam i al o imper£ ct, a lthough til velocity 
of approach wbwh wa, neglected in the omputation, would tend to 
increa e the total volume stated. The e figure indicat in a g n ral 
way, howev r, tilat unle s tbe irrigator are wa-sting water v ry xtrava
gantly, now that they are free to u e what they like, the apportionment 
to which they are legally entitled under th ir water-rigl1t co11tracts i 
entirely in ufficient, and that the probabtliti are that the duty of the 
re ervoir when fill d annually may be taken at about 1 acre for every "' 
acro.feet of reservoir capacity. At the present height of dam th 
capacity of storage i approximately l 0,500 acre-feet. 

The winter freshets of tila stream are count don quite reliably to fil l 
the reservoir before the irrigation sea on beuin ·, and ordinarily the 
summer shower on thi water bed may be relied upon to materially 
reenforce the volume of the reservoir, and sometimes to completely till 
it. With the normal ummer flow re ·koned as probably offi ·etting the 
lo s by evaporation, the supply may be regarded as about sufficient for 
the 7,000-acre tract without further increa em the beight of the dam. 
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The cost of the works i with held by the management, for rea ons 
aff cting t he public policy of t b company an d question of taxation, 
water rights, tc. 

SWEETWATE R DAM . 

This trn ture, located on t he w twater River 7 mile from its 
mouth, on the bore of au Diego Bay au 112 miles outhea t of th 
city of a n Diego, alifornia, has been so frequently del:>criu d, i so 
ea y of acce ' , aml i o generally well known, a it i vi ited by many 
tbon and of touxi t annually, that but a brief general account of its 
con ·trnction i nece a ry in thi report . (See Pl . L -rv -L:XXI. ) 

A originally de icrned th dam wa to be a slend r ma. onry true-

l •' to. lOJ .-Pht n of we twttter dam. 

ur fa, bion d aft r the B ar \ all y dam by the arne engineer who 
built the latt r, aDd wa to be but 10 feet t hi ·kat base, 3 fe tat top, 
an l 50 fe thigh, ba ·k don th W<Lter face by an embankment of earth. 
W b n tb tru t ure bad r ac!J d a h icrbt of 15 to 20 feet at tbe hicrbest 
part and it outliue a,nd d ign wer fully realiz u by the manage
ro nt, t b. plan was disapprov d and tb a,ntbor wa en gao- · d to con
·trn ·t a. more substan tial ' ork on t he am s it , utilizing the ma onry 

a.h·eady iu p lace. The n w plan wa drawn to have au extreme h ight 
of GO f t, and the n w worl en v lop d th e old. This · tmcture is 
hown n arly compl ted iu P l. L r yr and it profi l i hown in fig. 

102. I t wa bu il t in s p on the back with a view to addi.ug to t he 
height, a was ub equently doue. · 
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The dam had a maximum thickn at ba e of 5 fi t and wa 5 fi t 
thick at the top. It wa fortifi d by an m bankm n t of lay and grav 1 
50 feet wide, 10 to 15 fe t hi o·h plac d again t th upp r id and w II 
tamped in place. 

hortly b fore it complet ion autb ri ty wa o·iv u for an 
the dam to 90 fi et in l1ei ght, on the r mmendation f t h autbor, 
11ho, e surYe r eal d the fa t tllat th capa ·ity of tbe r "' r oir 
could be increa d n arly fi fold by u h addition of 0 £ t t th 
height. ccordingly, ex avati n wn r n w d at th low r i 1 for an 
exten ion of the width of t he ba and work pro d d n he final 
plan without int rruption unt il th ompl tion of the ntir tru tur 
in pril, 1 . The ·ou trnction occupied ixte n montb in all, having 
been begtm in Novemb r , 18 6. 

The rna onry i a rough, uncour d rubble of porphyry rock and 

PROFILE AIVO SECTIONAL II'IEW 

( 

SCALE 
lOriiOII,JO ti(J 40 

PLAN FEET 

l! IG. 102.-Profilo and sectional 'io"· and plan of waste-way tunnel, 'wectwator dam . 

Portland-cement mortar and ha a total volume of 19,750 cubic yard , 
or, includin g· the tower and other ac es 'ories, 20,507 cubic yard , cost
ing in all $234,074, and requiring the u e of 17,5G2 barr 1 of cement. 

Protracted litigation followed the building of the dam, ov r the on
demnation of a tract of land at the upper end of the reservoir, sub
merged by the impounded waters. The land wa comparativ ly 
worthies , but a jur.v gave an exorbitant judgment of it value on t ti
mony given as to its utility for reservoir purposes in a dry .country dur
ing the height of the southern California "boom." This litigation 
la ted several years, and was finally compromi ed, but the effect of it 
wa quite di astrous to the progress of the country depending upon 
it for irrigation. During the progress of this litigation a tunnel was 
cut around the outh end of the dam, at the level of 31 feet above the 
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lowe t outlet, by means of which the ftoodiug of tlt e land could be pre
vented. In obedience to an order of the nited States circuit court, 
Lbe r e ervoir, which bad been filled, wa ordered emptied and an enor
m us volum of water wa thu wa ted when it wa needed for irrigation. 

With tbe efa ·t in mind, a ummary of re ·ult achieved in irrigation 
de,·elopmcnt by rea on of the existence of the dam can not fail to be cf 
intere. t. Including the I eriod of retarded growth during the progres 
oflitig<ttiou, the dam ha been in ervice niue years, during which time 
tiJe wat r Jt impound. ha created value aggregating everal millions 
of dollar reckoning all the improvements made in the di trict directly 
dependent upon it for water supply. The area irrigated from it i now 
4,5 0 acre , biefiy planted to itru fmit , of which the greater part is 
devoted to lemon . population of 2,600 people is al o dependent. 
upon th reservoir for dome ti water. The di tribution for irrigation 
a well a for dome ti u e is entirely by pre ur pipe , and the agri
cultural community i a well equipped for fire pres ure and general 
water upply a the average meric::m city of 100,000 inhabitant . 

The on umptiou of water, as determined by the lowering of tbe 
re ·ervoir, after dedu ting evaporation, which i carefully mea ured 
amouut to 500 000 to 550,000 gallon per acre irrigated a the average 
of th wb 1 , wbi h iu lude tlt ratb r mall dome tic u , and is 
qnival nt to 1. 4 to l.G9 a r .f, t p r a r . Wb re wat r meter are 

u d a variati n i r ord d of 175 00 to 600 000 o-allon on me a oil , 
and upward of 730 000 gall n on the andy bottom of the Sweet
wat r · all y. 

E timatin .... th o- ueral avera.g u e a 5-o,ooo gallon per a r , the 
total aunual ·on ump ion would be ""' -20 000,0 0 gallon and tbi 
run uut divided iut tb total trr r evenue for 1 96, which f given 
at ..,9 077.34:, w uld o·i a mean of 1.1 5 cents per 1,000 gallon on-
u m tl or G.35 I er a r ieriga t >d. Tb i i' not, however, a fair tate

m ut f th iuigati n o t a a on iderable part of the r venue is 
I l'iv d from tb dom ti uppljT of the town of .r atioual ity, as well 
a from th farm r who have to pay for dom tic wat r independently 
of the irrigation rate . The o rate are 4 per acre per a,nnum for 
or lt ard in National ity limit and 3.50 for robards out ide; 7 
p r a r for nnr eri alffLlfa., and market gard n , and 2 cent per 
1,000 gallon wh H m a ur d oy m t r at the option of the irrigator , 
hem t r b ing fluni b d by the company and maintain d at a r utal 

of 5 c nt por month by th farm r. Th tap on the sy tern number 
1 017, fr m 4 inche diam ter to ou -balf inclJ, and there are 4 meters 
in u e of all iz . 

Al\10 1' F WATER U ED. 

The amou nt of water r quir d for the irrigation of tree and crops of 
all kind und r tb i y tem prove by experieoce to be very much 
greater than wa originally expected, and the dllty of the re ervoir is 
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r es tri ted to a \ 

pla nted to ora ng 
h avin g a dri r climat 
t han lands along t b 

Table of watm· 1tBed in irrigation in Ril'l:nitl , alijontin. 

Year. 

·----· · -·--· . .. . 

Are:\ 
irrigated. 

Jeres. 

6,000 

6,000 

6,000 

6, 000 

'000 

'000 

'000 
,000 

8,000 

'[ ' I th Wnt~r n eel I D l h 
\ V teruee<l .. eaJ<.cp inlrri«nt"ol ep .aP· 

~ · rtpphd I <> 
11

• pb!<lm 1 clurmg entire durine; en- en on, )lay irri)!JUio,o 
cal ndar year. tir year. t~ 0 tob r, seaMun . 

lD ChtSI \"C. 

Acre-feet . Feet. Acre-jut. Ful. 

10,3-1.5 1 72 9, 196 I. -3 

12, 490 2.0 ,4 2 l.H 

12,540 2.09 10,590 ]. 76 

11,515 1. g_ 10,3-10 - 1. 72 

13, 1 5 1. 52 10,790 1. 35 

14, 3 l0 1. 79 11,730 1. 47 

15, g-o 1. 99 11,345 1. 1!2 

13, 7 0 I 1.60 11,935 1. tJ9 

16, 943 2. 12 11, 5 1. 49 

R N -OFF. 

in 

of 

The volume of supply furni shed to irrigators under th e weetwater 
y tern bas never been re trir.te<.l to a definite amount although con 

stant care and watcbfulne are exerci ed to prevent waste. Tbe a rea 
of tributary watershed is -1 6 square toile , rangin g in levatiou above 
·ea level from 220 feet, the elevation of the top of the dam, to a bout 
5,500 feet. The extremely variable n ature of tiJ e run-off from thi ·, bed 
is well exemplified by the followin g t able of t he mea urecl r ults 
obtained since the construetion of the da m. 
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Tctble of meastt?'ed 1'1ln-o.O; '·weetwater drai1tage basin. 

ason. 
lhin fnll nL Estimated 

weet- mean raiufnll 
water dam. of en ti ro 

wat r s locd. 

Jnchu. Jnchu 

1887-8 ..... . ..... .. ---- -· .. .. --- --- ··· ·- -
1 - 9 .. .. ... ------ 13.53 21.00 

1 9-90 . ...... · -- -- · 16.52 25. 71 

1890-91. -- -- -- -- -- -- 12.6- I 23.4.0 

1 91-92-- --- -- ------ 9. 17. 14 

1 92-93. -- -- -- .. - -- . 11.62 20.00 

1 93-94 . -------- -- .. 6.20 11.76 

1 9-1--95 . -- -- .. -- -- -- 16.19 27.14 

1 95-96 .... -- .. -- - .. 7.29 16.00 

Means .... .. . 11.73 1 20. 64 

--
Total ru n -ofl' 
n..'S mea ured 
at tlo e dam. 

p rccntasre , . j 
of run-ott' Ruu -oO m 

to es fi· second -feet 
muwd me:u1 per R~ unre j 

rninfnll. I mile_. _ 

A cre-jut. I 
7,04 ------ -- -- 0. 05 

2", 253 12. 0 0. 19 

20, 532 1 14. 0 0.15 

20, 432 9. 0 0. 15 
6, 130 4. 0 0. 05 

15,970 . 0 0. 12 
1,377 1.0 0. 01 

70, 625 26. 0 0.52 

1,007 0. 6 0.007 

1 ' 708 !J. 3 1 0.139 

Of this period of nine years the run-off for five ea on exceede l the 
apa ity f tbe r r oir bu during the oth r four it wa o fa r below 

a to ju t ify t h r orum udation made by tbe writer on the completion 
of tb da m t hat one-half t h re rvoirful b b ld over eYery year a a 
re ' rv for po ible drou bt. It i a ingnlar oincidence that the 
mean annual run-off iu e th b uil din of the dam i alruo t exactly 
qnal to t he torag apa ity of t l1 re en.-oir. One notable feature of 
h r . ul t indi a ted by thi table i th remarkably mall nm-otf from 

th 'w t r h d and the mali p r · nta o- of mean rainfall o repre ented, 
in v i w f t h m untainou and r ky cbaract r of a on itlerable part 
of t h drainag ba in. The onclusion to be drawn i tbat in sea ons 
wh 11th rain fall iu the lower part of tlJ heel doe not exceed 10 to 12 
in ·hes tl1e run -off i pra •ti ally onfiu d to about one-third or one
fourth of th e total area o riu o· the higher levels where the precipita

x e of 1 to 20 inch : . Thi con lu iou i ju titled by a 
ompa,r i n wi h be re ord kept during the arne period of catchment 

i11 th nyamaca re ervoir who e wnt r hed adjoins that of the Sw et
water as howu by the fi 11 wino- table, compiled from data furni bed 
by courte y of F . yd re iden t ngineer of the San Diego Flume 
Company. 

] GEOL, PT 4--43 
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Table of 1·ainj'all, 1'1111·0.0; evapont.Uon , and Merage rkafl j 1·om the C~tyama oa 1'eB61'VOil'1 

an Diego ounly, Ca.lifonlia. 

I CMoodM '~'· I Percent - }~vaporatlou. A v rag I 
draft f•·orn Rain autl nge of r rvoir· 

melted I J~un -otr. run -ofrto for ir riga-now. precipi - Total . I Average tlon and I ta tion. per dny~ ci ty 8U Jlply. 

----
I nches. A.ore-jeet. Ft. In. Inchu. , A.ore-feet. 

24. 05 3, 076 21. 75 0. 3 9. 5 0. 316 ··-··· .... 
52. 3 5,568 17.91 4 5.0 0.250 2 ~3 

62. 91 6214- 16.79 3 9.25 0.20 
1891. .. ..... 64. 96 7, 735 20. 24 3 . 75 0.203 
1892 ........ 42.56 5 163 20.62 0.6-1-7 3 6.75 0.241 

41. 51 0.513 5 3.2- 0.303 - 65 
' 24. 90 0. 255 7 1.0 0. 341 2, 939 

I 5 . 52 1. 436 5 3.7- 0.317 6327 
26.44 0.145 1 5 

•. '" I 
Means . .. 44.29 0.676 1 4 4, 331 

Oomparing the two foregoing table of run-off from the weetwater 
and Cuyamaca water hed it is en that the latter with 11 quar 
mile of drainage, ha an average yield of 491 acre-feet p r quare 
mile-the tenitory being all above 4, 00 ~ et in elevation and below 
6,500 feet-while the mean of the Sweetwater wa but 100 acr -feet per 
square mile, or one-fifth that of the uyamaca,. The mean elevation 
of the Sweetwater drainage ba iu i e timated at 2,200 £ et. 

ENL.A.RGEMEN1' OF D.A.l\f. 

The original con truction of the dam wa of the be t cla of on
coursed, rough rubble rna onry, laid in a riel! mortar of Portland cement 
and sand, and founded n a bed rock of porphyry, which wa stripped 
and cleaned with the utmost care, while very tone that went into the 
work wa thoroughly wa bed and scrubbed with hand bru ·hes. This 
paiustaking care resulted in a structure which bas succes fully re i ted 
the normal pres ores of a full re ervoir for many years, and on the 17th 
and 18th of January, 1895, with tood a te t far more severe than is 
usually imposed on re ervoir walls of such comparatively slender dimen
sions and beyond any previous calculation or expectation . On tho e 
dates the re ervoir was filled to overfiowin (J' by a flood re ulting from 
a rainfall of more than 6 inches in tweuty-four hours, and foe forty 
hours the dam was overtopped to a maximum depth of 22 inches over 
the parapet wall. Thi was 5.5 feet higher than the water was expected 
to rise in extreme floods; it was not considered possible that water could 
ever reach so high as to flow over the parapet. 

This extraordinary freshet, which within a week produced a run-off 
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of nearly three time the capacity of the reservoir wa gra.tifying in 
one respect----,it demon strated the ability of the dam to cope with such 
emergencies, as not a stone of the masonry wa disturbed or moved 

SCALE 
0 I 2 3 4- ~ f5 7 8 FEET. 
w w w L;;;;J--; 

F IG. 103.- Dotajle of tower of Sweetwater dam. 

from place, although o much damage was doue ~o the pipes an~ sur
roundings <LS to ueces itate cou iderable expenditure, not only m the 
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draw off lt rc ervoir, iu 
ircuit ou•·t in th famou 
in tlt res rvoir ba in, an d 
·tly iu front of the pilh ay 

channel and not only th approach to thi t unn el, whi h wa an open 
cut, 25 feet or more in l ngtb, but tb rock , urrouudin · tiJ tmm l 
it.. elf for about 30 f et wa t rn out and u off' by th fore of he 
water , hortening the tuun l by that eli tan . 

It was e timatecl tl1at not l ·.· than J 0 000 obi yard ofth ck 
on th at ide were loo en cl and wa h d down tream . The b mbard m nt 
of the e tone upon tb pipe lin r tina on one <ide f tb ·any u, and 
covered with ma ·onry de. troy d it for a on iderable di tanc d wn the 
tream. .All of the r p<tir o ca. ioned by th flood were ompl t d in 

the ·uwmer follo' i1w a-La ·o t of 30,0001 uull ' 1' t,lJ ·apal>J <lir •diuu 
of Ir. H . N. avage of Nationa l ' ity ciJief ngiueer, tb writ r a ·ting 
as coi1sulting engineer. The work con i t d of' (1) rai in n- tb parap t 
wall 2 feet an d strength ning it o a to admit of perman ntly holding 
the water a high a i t cr st, if d e~ired l aviug 200 ~ t in tb ent r 
a a weir, 2 feet de p arr anged with iron frame arryina fla hboard 
to be removed in extreme floods, a hown in Pl. L _ L · (2) ext nding 
the pilhvay by adding four more bay a h 5 f et wid an d carrying 
all the bays up to the level of the new re ·t of the cl, m; (3) adapting 
th e nnn ed tunnel , 8 by 12 feet in ize, to th purpo es -of adding 
further waste-way rapacity t o t h extent of 1,500 ec:ond-feet, by laying 
four pipes througil i t-two 48-inch and two 30-inch diameter-all ar
ranged with valve cover at their upper end , wher a haft, r aciJing 
the surface, gave means of control , an d gate valve immediately b low 
the bulkhead of rna onry aero t he tu nnel th rough which th y all 
pa ed; (4) covering the face of the rock lope below tbe waste way with 
a grillage of iton rails embecld cl in concrete; (5) erecting a concrete 
wall, 15 feet high, concentric with the urvature of the clam and >O fe t 
away from it lower toe; (G) replacing the main supply pipe and pro· 
t ecting it through the canyon by means of concrete collar and pur 
walls. 

The effect of rai ing the parapet wall in the manner described i 
virtually to increase the beigbt of the surface of the r eservoir 5.5 fe t, 
which increases its capacity 25 per cent, or from 1 ,053 to 22,566 acre
feet. The clam haviug shown its ability to with tand thi increa ed 
pressure, it is now propo eel to make tbi addition to the reservoir 
capacity a permanent feature of the work . 
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On e of the int re ting ph nom na of the overflow durin..,. the fre ·bet 
wa th fleet tba t wa. ob erved upon tb cl •bri at tb foot of the clam 

' which bad been piled up there after con ·tru tiO!J to the depth of 15 to 
20 feet. The beet f water falling !JO feet, and in a volume weighing 
Rome 10,000 ton per minute, cleared the toe of the dam about 20 feet 
and xpcndecl it ener(Ty in excavatin g a deep hoi in tl1e loo e debri 

. ' thn making for itself a water n hion ; although the excavation did not 
reach to bed ro k. It wa noti eel tbat th . lJOck of the falling water 
cau. d t l1 e windows to rattle perceptibly in the keeper' bon e, 600 to 

00 feet a way, for everal hour. when th rattliu(T cea ed , presumably 
wl1 en t he I it bad b come deep enongh to make a offi ci >nt water 
cu bion to t ak up t h earth tremor. Profit ing by thi ugge tion a 
wall wa con ·tructed below til dam aero · the canyon which will 
form a pond 5 to 10 feet de p in time of overflow and ave the pos ibly 
iujuriou eft' ct of uch tr mor upon the rna onry. 

Ooncr te wa used in all th ne"- work, a preferable to rnbbl 
rna onry b cau e of t be grea.ter ease wi th which all the material can 
be handled. and the work performed by uu killed labor. The ·oncrete 
was mixed by machin ery, a nd one engin e performed all the work of 
ru bin g th ton r volving t h mixer, and hoi ting th concrete to 

the top of t h dam wll r it wa di:,;tribute l by wbe !barrow . Iron, 
in tb form of old rail an 1 rap bar of all ize wa embedd ed in 
th n r t wl1 r Y r it would add to tb ·tr ogtb , a in the G-ioch 

of on •r t O\ riJw tb wa t wa.y and panning the - foot pace 
n pi r · in the ro f of tb gatebou e over th ·haft in the 

t unn el fr m wbi ·h th bea,·y gat u perJ d · in th thin con rete 
buttr • cl wall 10 to r f, hi o-h and 1 inche thi k, forming the 
auxiliary wat r- u hi n dam, and in the inclined aprou of the wa te 
way. Thi on tructi n i ati factory, a the rat of expan ion of 
iron a nd f <'Oll r t ar Ira ti ally identi al. o that there i no epa
ration of th two !om n ts b t he a tion of ·hange of temperature, 
and th ir u uppli tr ngth to the combined ma which it 
could not oth · rwi 

PROF IL E AND FORM F DAM. 

Th profi.l been r garded with particu-
lar iut re t. by nuin er be au e it i o mu 1.t more lender than 
th tandard tb or tical tYl1CS of hi gh ma omy dam· resulting from the 
formnl ro of Sazilly Delocre Rankin errm~Lnn and Fteley, although 
by uo m a11 o racli al a d par ure from he tbeoretica.Ily correct 
form a i t h famou Zola dam or Fra.nce or tl1 Bear alley clam of 

aliforni a. both of wh1ch d pend wholly upon t b ir a rched form for 
tl1eir ability to with tand th wa.ter pre nre again t them. In the 

w etwater dam the line of pre ure with full re ervoir, prior to the 
recent addttion of 5.5 feet fell about the c nt r of the outer third, 
wherea tb th 01·etical r quirement for a clam wbich hall bo table 
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FJ0.104.-C<>mparison of profiles of Zola, "weetwa r, and Bear Valley dams. 

top down to some neutral point wher gravity alon nffi e to resi t 
the pre sure. There hav never be 11 any rack in the ma onry f tl1e 
dam, nor any E!pontiog leaks to indicate tb tran mi ion of an upward 
pre. ure through the masonry of the ligb te t moment. 'Ihe l a ka()" 
was never of con iderable amount, and bas ·tead.ily dilnini bed , o that 
the wall i practically dry over mo. t of jt outer fa e. Tlri re ult ha 
been accompli heel in part by carefully r epointing the in id fac a far 
down as the water was lowered in there ervoir and applying uccessive 
washe of oap a1Jd alum. 

While it can 11ot be proved to a demon tration that the weetwater 
dam owe its pre ent exi tence (after the flood of 1 95) to it arched 
form , there appears, after that experience, to be very good rea on for 
congratulation that it wa not built on traight lin , and, without 

. attempting in this paper to di cus the moot que t ion between engineer 
as to the relative merits of . traight and crtrved darns, it will be of inter-
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est in thi connection to quote the argument in favor of curved reser
voir wall advanced by Profe or Forchb imer, of .A.acben, Germany 

. ' jn eli mdng tlle erie of paper on "Impounding re ervoir " above 
reD rred to, a follow : 1 

' Of v n more importance than uplift in dams 
is th mov ment due to variation of temperature, e pecially in countries 
ubj t to limat i · extreme ." R ferring to a dam 2 feet high pla . 

ter d and r nd red ov r with two ·oat of asphalt, built by Professor 
Intze, in Rem 'cheid, Westphalia he ay : 

A backward and forward movemen t, amounting to ln inches, occurred during the 
filling and emptying of th re ervoi r, and the movement due t o temperature was 
almo t a great a th i . The latter wa duel to the t emperatur of t he ai r than 
to direct olar radiation . The or t of thi dam was 4.60 feet long and was arched 
with a radius of 420 feet. ne side wa xpc ed to the sun lon ger than the other, 
and th e more e:!c--posed part moved to and fro ven-eighth of ao iuch in the cour e 
of lhe year whi le t he oth r part moved only one-eighth of an inch, the ere t e:!c--pand
ing on nine-th ou andth of i length, or Jive- ighth of an inch. In arched dams 
such mov meot do no harm, bu t in traight dam these phenomena are objection
abl . As dam a r usually built du ri ng the warmer asons of they ar thema onry 
ha a tend ncy to contract in the cold r weaih r . In a cur ved dam this can take 
plac by mov m n t of the stru ture without racking but not in a strai"'ht dam. 
• * * If th temp ratur i Jow r d 10° . (1 ° F. ) and it is not free to con
tr t , t n ion amountin r to b tw n 1-!0 and 2 0 ponnd per quare inch i t~ et 
np, which i $(r at r than th mortar will taud. That a straight, or 
almtl t tr i~ht, wall in nfti c·on id rnbl dang r of .Cractur i hown by pra t ical 

'-Pf'ri n•· . Th dams of II a bra. rand - h urf:t and ig in Algi r have broken, 
and in tha of ll nmiz a t nr o<•rurr d during the fir t filling. The Habra dam 
br k in Dtc mb r t\11<1 th rand - h urf:ts aud i dam gav way in t!Je month of 
F brnnr . Th B tuloo dam in Au t ralia :~1 o d vclopod a crack ne- i o-bth 
ofau in b wid in th midll of winter without an.r app,-eut oau e. 1 he i\Ionche 
dam, ll nut ~tarn , a strn tur 1346 fe t long and ab nt 100 fe thigh exhibits 
learly tb dan r attending t ra ight dam . ln t ho wint r of 1 0-91 when the 

temp ratnr vari db tw n - 1 . and - 20o . (140 to -4.° F. ) and tbewat rsurfnce 
wna 10 ~ in b s b low tb normal le,·el, even v rticnl ra ck appear d in the 
dam , situated t•t uniform di tone of about 1 ' 0 f; t apart. They w re wide t at 
th top and di d out about 37 f(' t lJ low tb n rm al water 1 vel. Their aggregate 
br adth w 2k in b . Til ro ks ~radnally olo ed a tb t mp ratur rose, and by 
the ud of Fobrn ar , 1 91 four of t b tu ba.d completely vani h d, while the others 
had perceptibly contracted. 

• 0 D IT. 

Th m~tin onduit leading fTom the dam to Chula i ta is 30 inches 
in diam t rand ha a minimum ·apacit. ford livery f 1,260 miner' 
inch (25.2 e ond-fi t) at an ele ation of 90 feet a,bov ea level, which 
i hi h nou gh to cov r the larg r part of tll s ttl ment. Thi pipe 
wa fonnd to b inad qnate to th demaud upon it, b cau e in prac
ti th maxi mum rate of con umption wa about double the mean r[Lte, 
a11d for tb furth r rea on that tile compan iuadv rtently became 
committ d to tb d liv ry of water to tract on llin-her 1 v l than the 



6 0 RE ERVOIR FOR IRRIGATIO 

EV.A.POR TIO . 

The subject of the percentaO'e of water lo t in 
evaporation is an inter tiug aud vital on , a i t i 
though ubje t to wide variat ion, du to differ n · 
surface to volume tored as well a to dill' r n · 

A cr -C t . 
After the flood of .January, 1 95 th sea ou started with a full re ervoir back 

of the dam, or. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 , 000 
Catchment of stream flow du.ring irrigation season, ancl r eturn water from 

atnrated lopes of reservoir ... . ..... ......... . .... .... .... .. . ______ ..... . 1,850 
Catchwentdnringwinter ea on, 1 95-96 ........ ..... ............... . ..... . 1, 000 

Total resources durin"" two year __ ........ __ .. . .......... __ ..... __ ... 20 50 
Los by evaporation in two years, sa.y 30 per cent ....... ... ____ ...... . 6, 256 
On hand at end of 1 96.. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . • . . . . . . . . . . . 3, 422 

-- 9,678 

Amount used in irrigation in two years. __ . . . • • .. .. . . .. . .. . . .. . . . .. .. . ll , 172 

As the mean area irrigated during thi period was about 4,340 acres, 
the result of the above calculation shows that a mean of 1.4 acre-feet 
per annum per acre was used on the laud, which is not far from the 
estimate previou ·ly given (see p . 672) of l.G acre-feet as the mean 
obtained from mdependeut data. 
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ffect of t b in crea e in torage capacity of there ervoir will be 
it eff cti ,-e duty to t h irrigation of . omewbat over 5,000 acre , 
du t in g a lllo ' and in urin g a co11 taut uppl y, a follow· : 

Acr -feet. 
Total capa ity of r e en·oir a eula r cr d .................. . . . . . .... .. .. ...... 22,500 
.A.mou n below the 30-foot <:o ntonr r quir d to lJ 1 ftto maintain pr ure for 

del ivery to hig h land . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 1, 6 0 

Balanc avallabl for u e .. . ......... . . . .. .. ... . .... .. . . .... ..... .. ... 20, 20 
Deduct vaporation duriu atwoyea.rs,say30per c nt .... . . . . .... ......... .. 6, 246 

N thnlau e · ··· ···- · ··------ --············ -· · · ···· -····· ··· -· - ·· ----· 14,574. 
Min imu m ann ual inllow . . .. ... . .. .... ... . . ... ___ ____ . __ _ .. ... .. .. . . . .. . .. . . 1, OOi 
R turn water from atnra.t d ides, aylOper cent ......... .. . .. .. . .... ... . 1,457 

Total n t npply f r two year,;' irrigation .... . ...... ... ... .. . . . .. ..... 17,03 
Total n t n ppl y for one rear. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , 519 

~ F.DlME T TlO 

ba, i for tb following , t im at 
Acre-feet. 

4 a<·r at upper nil of bn in filled 5 f t <l •ep .. . ......... . .. . .. . . .. ······ ··· · 200 
52 nn !lnho,· ga cr SOf• t with1mav rag depo itofone-!Jalfiuchp r num1m 

fo1· eight~- a rs . .. ............ . ... ... ...... .. .... ........ . ... ....... . . . .. · ··· 143 

Total ........ ..... ................... . ....... ........... .. .. ... .... . ... . 34.3 

1 'I' he cons tnH' tion of the weotwnt r <111m : Trnu•. Am. oc. id i E ng .. Vol. XL'\:, P· 21 ~. 
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BEAR VALL E Y DAM, 
CALI F ORNIA . 

Pr bab ly th mo ·t wid 

Ea. t m in 
Europ di a -
trou financial failur of 
tb eoterpri.' ba call d 
p ial att ntion to! and 

pr vok d mn h nnf, v r
abl e comm nt, to t b di -
cr dit of irrigati n de· 
velopm n ti n g n ral. It 
i not within t he provin e 
of l.li p ap r to di ·cu 
t l1 e financial policy of he 
company or h condi ion 
wbich brougl1 t alJout its 
embarra m nt,butitmay 
notbcou t ofpJac to refer 
to tbeenterpri ·ei 11 g n ral 
a a notableexample oftbe 
creation of grea,t valu w 
landed estate from the 

storage of water that had hitherto been flowing to waste. 
The settlement of Redland ·, Crafton, and Highland - among the 
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cboi e t of t lt orange·growing region of California-and the irrigation 
district of Al andro and Perris are the outgrowth of thi water stor
age. Prior to the con. truction of the da m, in J 3 and 1 4, the nat
ural tr am of t ile San B rnardino Vall y ltad apparently r ached the 
limi t of their irrigabl duty and all the water in ight wa · appropriated 
and u. d. Tbe cr ation of lJ re ervoir bas more than doubled the 

, 
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FtG. 107.-Plan and elevation of Bear"'" alley dum. 

sand bag to rai e the water abov the 1 vel of th floor of th pill
way, a device whi h wa afterward r plac d by movabl fla hboard , 
arranged in four bay , parated by uitable framework. Th on ly 
outlet or means of control of the water drawn from there er oir is an 
iron liding g~.te moving on bra s bearing and lo ing a rectangular 
opening, 20 by 24 inche , leauin o· to a culvert nt in t h b d ro k. Tbis 
trench i · 2 feet wide and 3 feet bigh arched over the top with. con
crete, flat on the bottom. Tbe gate i operated by a tem pa ' ing np 
through a 6- inch pipe tandiltg v rti.cal in the water next to the dam 
and reaching up to a wooden platform placed at the coping line. 

The top of the dam is not fini bed to a t rue level line, a the coping 
stones have been omitted ov r about one-half the length , and t his 
portion is 2 to 3 feet lower than the fini bed crest. It requires cou id
erable nerve to walk over the top of the dam, because it i o narrow 
and ha no side railing or parapet of any kind, and not many vi itors 
attempt the feat. W ater bas stood for a con iderable time wi thin a 
few inches of overflowing, although it has never ac ually pa 'ed over 
the top, a the pill way ha thu far been capable of carryin g the surplus 
flood water. The maximum amount stor d in the re ervoir thu far 
bas been somewhat over 40,000 acre-feet , and in ea ons of exce ive 
precipitation the run-off has exceeded the reservoir capacity. In order 
to be able to impound the entire amount f run-oft' from the water hed, 
or at least to greatly increase tl.Ie du ty of the r eservoir, the company 
at one time contemplated the erection of a higher dam, to be built 

• 
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immediately below the existing tructure, or not nearer than 200 feet 
from it. The new dam was designed to arry water to the 75.foot con
tour, at wlJich level the computed capacity of the reservoir ba in is 
80 000 acre-feet, flooding a surface area of 3,060 acre to a mean depth 
of 25.3 fe t . Thi trncture wa designed a a rock-fill dam aud wa to 
be 80 feet in height above the ba e of the UJ)per dam, uut never was 
fini b d beyond the foundation , which were laid in a sub tantial man
ner in 1 93. It wa regar l ed as impo sible to safely add another foot 
to the height of the pre ent darn, a ud no eno-ineer cared to ri k tile 
re ponsibility of excavating at th e toe of the wall for uch an addition 
to it a would nable it to be rai ·ed to the height de ired; h nee it was 
deem d be t to go a afe di tance below to avoi d jarring or di turbing 
the fragile wall , and tb re begin an eutirely independent tructure. 
This would n t ha e b en nece ary of cour e, if the reservoir could 
have been emptied for a ea on, but too many in terest are depending 
upon the tored water to• I ermit u h a deprivation. 

Tb watershed tributary to the Bear a lley r eser voir, as determined 
from the be t avai la.ble map , i approximately 56 quare miles, the 
maximum elevation of which i about 1 500 feet higher than the valley, 
or about 7,700 feet abov ea le el. On the nor th and ea t the shed 
b rd r n tb d 1·t and t h pr ipita.tion chad off to a on icl rably 
l amonllt I hall i r ordecl at h dam. Following i a table of the 
annual rainfall and m It d now fT m th r('cord k pt at th dam from 
1 3 to 1 !) t h year iu each ca beo-inning S pt ro b r 1: 

l ochcs. 

---- ......... .. ............ !) 1. 60 

65.51 
24 . 00 
62.30 
46. OS 

ll>()he . 

i\lea u for ten yea r . .. .. . .. .. 57. 46 

Tb dry y ar wbi ·h hav o curred inc 1 93 must undoubtedly 
reduce thi mean very cou id rabl al thouo-ll t he record i · not at band 
to gi th pr ci e amoun t. 

Whil t h ompan and 1t r pr nta.ti v a re eiver are reluctant 
to gi out th~ta f n tualmea ured r1m-off in the past for publication, 
it i beli , d by tho e wlto can mak a hrewd gue · that the miui
mum i abon t 1-,ooo an d th maximum 100,000 acre-feet per annum, 
and that by rectin g th new dam to tor water to th 75-foot contour 
hnp nudin g 0,000 acre-feet, a m au a.m1t1al draft of 25,000 acre-feet, 
after d du t ing pr ba,bl lo e by evaporation could reasouably be 
xp cted to b mn,in tained, ;10d no more. Tlli would be eq uivalent to 

about 4, 60 s1 ·- mont h min er 's inch s. Tb n.nuua l lo from the re -
ervoir by r eason of eva.poratwn may be approximately estimated at 15 
per ceut of its total capacity. 
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LAGRANGE DAM, CALIFORNIA. 

Thi · tru ture (fig . 10 <tnd 109), r t d on tb Tu lumn Riv r 
California, b · th Turlo k and Mode to irrigati n di tri ·t j inti. in 
1 90, and om time all d the 'Iurl ck d< m, i de igu d simply aK 

a diverting weir for the two ·:tual which bead at tb d:11n n ach 
si le of tb , river. lt i L:3 ~ t high and !)0 ~ t tbi k < t ba , with a 
ere t width of 2-:lo fe t tb length of which i but 320 fl t b we n th 
canyon \rall . 

Thi tructur i al o amono- th cla ' of cur ed dam f ma onry 

FIG. 108.-Upper fac'l of Lagrnngo dam. 

in which the ar ·h i oppo ed to the direction of the water pre ure, 
tbe radius of the ar ·h being 300 feet. It i built throughout of rouo·b, 
uncour ed rubble ma onry, laid iu Portland·cem nt ·oucrete in prac· 
tically the arne manuer a that de cribed in the con tructwn of the 

emet dam. The work wa done by contract, the di trict furni hing 
the cement. It is believed to be the hi ghest overflow dam in the 

nited tate , con 1dering the volume of water wbJCh pa . e ' over it 
in flood, which amount at time ' to 100,000 second.feet. 'Ihe canyou 
re ervoir back of the dam i of no value for storage and is expected to 
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fill with detritus to the top of the wall, no under Juice having been 
provided. for drawing off either water or .,ediment below the level of 
the canal grad ·. 

F O LSOM DAM, CALIFORNIA. 

There are many thing about the Fol om dam, on the American River, 
in California, which o-ive it pecial iut re t to engineer an d all others 
who bav een it, one of ,,;rhich is that it wa built enti rely by convict 
labor, being near on of the State pri on of California, which was 
located at thi it for the pnrpo e of erectiug thi dam and thereby 
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F 10. 110. Hydraulic jacks for rai sing sbutt rOil Folsom dam. 

the bead of the canal by a cable way of unu nal con t rncti.on, in that 
two cables were u ed side by ide, like a u p nded rail way trallk, 
in tead of one, a i ordinarily employel1. The troll ey wa. a 4-whe led 
~.Jarriage which carried the loads n pended from it and trao ported 
them to their de ' tinatio n. The canal leadio o- from the dam on the left 
bank through t he prison groundf:; pa s through a power hou , where 
a drop of 6 feet is utilized by turbine wheel for creating power. 

SAN MATEO DAM, CALIFORNIA . 

Doubtless the most enormous mass of masonry in one solid body in 
the We t, if not on the American Oon tioeut, i the great concrete dam 
erected in 1887 and 1888 11ear Sa.n Mateo, Californ ia, for the Spring 
Valley waterworks, upplyin g San Francisco. It a lso rank among the 
bighe ' t and most costly dams in tlw world, being now 146 feet in lleigbt 
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aud d ign d to be rai eel to a lleigl.Jt of 170 feet wl.Jen finally completed. I 
It ba · a tb ickue of 176 feet at tl.Je base, and i to be 25 feet thick on 
th crest when fiui bed to the top, when the length '"ill beG 0 feet. 

It is arched up trE\am with a radiu of 637 feet, and is built through· 
out with artificial Portland-cement concrete. Tbi mat rial was chos n 
because of the diffi ·ulty of ecuring rock in the vicimty suitable for 
rubble ma onry. Tile tone at band was quarried in small irregular 
nodules, frequ utly coated with clay and erpentine, and requiring to 
be thoroughly wa bed before it wa fit for use, even for concrete. After 
ern hing the tone wa pa. ed through revolving cylindrical tumblers, 
wlt r it wa washed by meaus of a on taut stream of water, the tail
in gs pa ing off through a flume an d dropping to t ile stream channel 
helow the dam, where the depo it wa o gr at in amount as to cover 
several acre to a con iderable depth, partly hown in Pl. L VI. 
The and u ed wa brought from an Franci. co. It wa loaded into 
car at the and June of North Bea ll , hauled a mile and dumped 
in to barge , th n towed 25 mile up the bay to a lau diug opposite San 
Mateo and thence llauled in wagon G mile to t ile dam. 

The concrete wa mi.xecl in a battery of six cubical iron mixing 
macllin , revol ed by team power, and it wa d livered to the work 
by a donbl -tra k tramwa and mall car pu bed by hand along a high 
tr tl bnilt half\·vay a ro tb canyon to the top lev 1 of t he dam, as 
hown in P l. LX~ II. rti al irou pip , 16 incbe in diameter, were 

pla d at int rval b tw u th rail of the track , e ·tending down to 
platform, pia· d from tim to time at a I vel with tlte top of the work 
a it pro r , d and It concr te wa dr pp d down the e pipe , t rik
in on t 1 plate , f1·om whi hit wa bov 1 d into wheelbarrow and 
wbe 1 i to th plac of u e. Th height of tbi · drop wa ometimes 
a great a LO ~ t, but no inJury re ulted to the concrete or to the 
men !Jo ling it a it f 11. 

Th concr t wa m lded in huge blocks of 200 to 300 cubic yards 
ach, with numer u o1i''et in genion ly dovetailing the blocks together, 

and very p 1ble I reca,ution wa taken m ~be joining of tlle succes
iv portion to secure an ab olute bond and mplete monolithic con. 
trnctiou tbrou (Thout. There ult ba beeu ry ati factory; the dam 

i almo t. ab olut ly water-tight, although orne moi ture does find its 
way tlJrou o-h and appear m pot on the lower face. No settlement or 
expan Ion ' rack are V1 ibl , and the work ha tll e app arance of being 
ab olu tely homog neous. PI . L III and L r rr "' show the general 
method of forming the block and preparing t llem to receiVe fresh con
cret and Pl. L " is a general view of the top of tlle dam a it I · at 
pr s~nt tak nat the timo of the vi 1t of the American Society of Civil 
Engine~r in annual convention July,1 96. Plan ·andsectionsofthis 
dam are hown in Pl. L X I. 'The reservoir at tbe.170-foot level Will 

Pl&ns and cro~s sections on 

4.4 
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have a capacity of 31 000 000,000 gallon , or 9:.> 140 n 
at it pre ent height it ubmerg tb old tal 
and dam the latter b ing an E'arthen 
for many year, located in the onth Fork of an 1ate 
the orth Fork of til tream a ma]] r r en oir that form rl uppliecl 
the town of an 1ateo i obliterat d from vi w whil the water 
extends near] to the ba e of the an ndr a dam. 

R N-OFF OF THE PRI G ALLEY W .A.TE R ITEDS. 

The Cry tal Springs re er oir had a, wat r ' h d tributar to it of 14 
square mile in ar a., and durin o- the i o·!J t year from 1 ~ t 1 G it 
yi ld d a mean annual run -otl" of 0.4-t econd-foot or 31 a r -f t, per 
square mile, a the re ult of am an rainfall f 34.95 in •b . 'Ibi 1 

equivalent to a mean of 1-±.4 p r c nt f the ra infall, th ma.xnuum 
being 34 perc nt and the minimum 0.5 per ·ent. 'l'lt ilar ·ito and 
San Andr a water h d adjoining with an ar a of L .. 3 quar miie 
but with a more direct expo ure to th aturated wind curr nt fr m 
the ocean, r orded a ru an anuual pr cipitation of 4".4-1 inchc durin o· 
the arne p riod, re ultin g in am any arly run off of 1.1 second-feet, 
or 8GO acre-feet p r quare mile. This run -off i 34.2 p r c n t of tit 
m :tn rainfall, til ran ··e b ing fr-om 23 to •11 p r nt. Til 
yearly run-off did not, however ceur in th y ar f gr at t rainfall. 
although the minimum wa naturally in a on of J a:t pr ·ipitatiott 
whi h illu trate the variabl nature f the r lation u twe n rainfall 
and run-off generally and mplla. 1z th fa ·t that wh n torm come 
gently, with interval of dry w ath r b tw en th m, t lt perc ntag 
ab orbed by the earth and vaporate!l i very much bigller tbau wb n 
a erie of oaking rains follow ooe auoth r in quick nee ion, tltough 
the total precipitation of a a on may be le. in the la ter ca e. 

Th e water beds are partially wooded, undulating, pa tur land , 
covered with deer oil a,nd clothed with the nat1v gra s of ali
forma that pring up annually from eed and have httle . od. The 
re ult of tbe measured catchment from the ' area ind1 ate that in 
general terms, on water beds of thi character, from 20 to 35 incbe of 
rainfall i annually taken into the ·oil and ab orb din plant growtll and 
evaporation. Pl. L XII i a di agram, call d tbe " ew ll Ourv ,'' 
expres ing the relation b tw en m au rai_nfall and mean ruu off, a~ 
deter mined from the mea urements of a large number of streams by 
the Geological urv y, upon wh1ch have b en I lattcd a number of 
actual measurement· of run-ott· on alifornia watershed , a nd. orne 
others, whiCh will be of convenience for general reference. 

LITTLE BEAR VALLEY DAM AND RES ERVOIR, CALIFORNIA. 

The Arrowhead Reservoir Company, of San Bernardino, has in proc
ess of construction a dam of large proportions which is to sto•·e water 
in a mountain valley at the headwaters of the Mojave H.iver-water 
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that now run to waste a nd iuks in the desert, but which is to be 
diverted acros the San Bernardino Mountain. and utilized for irriga
t ion in the au Bernardino Valley. ( ee Pl. LX T III. ) Thi dam, of 
whi ·h the foundation only have been laid, is de ·igued to be carried to 
a height of 17 5.5 feet above tbe l>ed of the t1·eam at e1e dam ite, or 160 
feet above the bottom of the outlet tuunel, at which height there ervoir 
will impound 60,179 acre-feet of water. Tbi will cover a surface area 
of 4 acres to a mean depth of 6 feet . The dam is intended to be a 
monolithic tructure of Portland-cement concrete, arched up tream, 
and having a strong gravity profile of modern type. 

Tue company ha be nat work ou the maiu conduit leading from the 
re ervoir iuce 1892, tb ir effort being directed chiefly to the opening 
of tb principal tunnel on the line, of which there are a number. The 
longe t of the e is t be outlet to t he re ervoir, 4,957 feet in length (exclu · 
sive of approacbe ), which wa made l1eGe ary a au alternativ to 10 
or more mile of mountain- ide canal, to round a long ridge. This has 
been compl ted, a well a· two otller one 1, 44 the other 1, 792 feet 
lou g . 

The total length of conduit required to turn the water over the urn
mi t of t he mountain divide i 13 mile . Thence the vertical de cent to 
the grad of th 
2 i 0 ~ t 

farth r w t. The main anal i planned to have 
a ·:otpa ·i y of G,OOO mi u r· in ·hes-120 ecoud-feet-w hich i the amount 
h ompan y b li v it i rtain to obtain and d velop. To deliver 

thi: a rao· fl w ~ r i month will draw from the r '~ervoir 43,440 
n r .f, t. 'l' h d termination of tb volume of upply which can be 

old from th r t m and t h r ultant iz of tbe conduit for 
<"arry iuo- th am h:w b 11 the r nl t of ix year of ontinuous 
m a, ' or m nt of tream :tlow and pr cipitn,tion. Tb company main
tain · 26 rain ga.O' , located at diffi rent parts of their wa,ter lleds, and 
a numb r of lf-r e"' isteriog d vic fol' mea uring the d pth of over
flo' on tu ir w i1' . o ' U h ystema,tic and in telligent study of the 
probabl avltiJn,ble water upply fl'om the atchment of flood run-off 
prior to tb con tructiou of work ha ever before been attempted in 
the W t, and u ·h pr •liminary are can uot but yield satisfactory 
re ult ·. 

Th area of the wat rsh d dire tly tributary to the Little Bear Val
ley re ervoir i but 6.6 square mile , and the entire area from wbi h t he 

npply of the sy. tern 1 to be derived i 77 square mil . Tbi is aH 
above 5 000 feet in altitude on a mountain ere t, :wd i amon g tl.te mo t 

' ' productive reas in outbern California in run-off. The greate t pre-
cipitation and yield of stream flow com s from the drainage basin of 
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73800 

Arrowhead System 

Little Bear Valley , 
Reservoir , ,-

19-HJO 

_Baseoi"Oam 
FIG. 111.-Comparison of contents of Little Bear Vnlley, Hn ton Flat, ancl Gross V alley reservoirs. 

it of 24,753 acre-feet. Thi dam, being n ar the line of the conduit from 
Little Bear re ervoir, which would pa s the dam ite at an elevation of 
nearly 300 feet above the 175-foot contour, could be built advantageou ly 
by the sluicing and hydraulic j t proce , a an abundance of mat rial 
for the purpo e can be had conveniently on both ide of the canyon 
where the dam would be located. To utibze thi re ervoir will necessi
tate a tunnel outlet 5,900 feet long, and it ba been propo ed to make 
thi tunnel a part of the main conduit, by which mean 4~ miles of canal 
would be saved, the co t of whi h would be about 60 per cent of the 
co t of the tuunel. The e plans are, however, still omewhat indeter
minate. The co t of the entire ystem, not including the Hu ton Flat 
re ervoir dam an"d outlet, is estimated in round numbers at $1,600,000. 
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PACOIMA DAM , CALIFORNIA. 

One of the mo t novel and intere ting masonry clams erected for im
pounding water in Cali fornia, where so many novel t ie and experimental 
works have been carried out, i a slender little reservoir wall built 
aero Pacoima Creek in t he San Fernando Valley, for the purpo e of 

PROFILE SI.IBMEii'GED OAM 
L001f/ N6 1/PSTHEAM 

-· - -550: .. 

PLAN 

SECTION OF WELl-

7 

,.,.. "ocJr .. 
SECTION OF WALL 

F10. 112.-J' Iu.n nnd profile of Pa oimf\ <lam. 

• 

forming au underground re er oir, whose torage capacity consi ts 
solely of th void in the grav l bed filling t he valley of the tr am. 

Tbe creek drain s a, at r lt cl who e area above the mouth of the 
anyon where it i ue from t l1 e mouuta111s i 17 square mile ' . At tbi 

point 1t 1iows o er exposed bed ro ·k, and the normal ummer flow, 
which diruini he gradually from about 100 to 15 miner's inche , is 
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entirely div rted by a pipe lin <llld used .for il'r ig-atiou in th vall y 
below. The dam i, located :..:t mil b low th h ad of t l1i s pip at 
a point wb er the va ll y is Oll tracted b a lcd o- of -ctndstou 
wid th of 550 feet th led o· cro ino· t it 
Betweell til e dam and the lUOll th or th 

• 
FIG. 113.-M n.snrin g box u ed by :.U:a 11\y Rancho 'Y nte r 'ompany . 

diamete1~ reaching from bottom to top; a11d leadin g to th w 11 fr m 
ea ·h ide ar placed three line of dra iupipe , and 10 in ·h in diam 
et rand molded of asphaltic ·ement, with 01 n joint , again t the in
ner face of the dam the function of wbi ·hi to gather th water and 
feed it to the outlet leading from tbe well . The are 14-iuch pipe. , 
placed about 13 feet below !Je top, ea ·h connecting w1tb a main leading 
to the pipe-di tributing y tcm supplyin o- the irrigated land . When 
there rvoir i drained down to tb e level of the outlet , further draft 
from there ervoir is made by pumping, which is carried on for about 
one hundred days duriug the ·ummer and fall. 

The dimensions and capaeity of tbi novel r ·ervoir have not been 
definitely determined, but in ronud numbers it cover an area of JUO 
acre· and ba · a mean depth of 15 to 20 feet, and, although it l ie on a 
slope of 100 feet per mile, the water pa se down throuo·h the gravel so 
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slowly tbat it i ved the yi ld is equivalent to t he volume of voids 
in thi ar a to tbe l ptli ment ion d. As the gravel appear to be loose 
and ratlJ r coar e, the void · may be coo idered a a bout one-fourth 
of the en t ir volum , and the r ultaut capacity about 1,300 acre-feet of 
water. The dam i not ab olutely wa ter-tight, and appears to have 
b n a p i •c of amateur work, built without engineering advice, but it 
erve ' au .· fui purpo e, a nd i a type of dam which may have applica

t ion to otber lo alit ie . In fact th J\Ia ·lay Ran cho Water orupany, 
th owner of t bi dam, i · contem1lating th erection of another imilar 
on e on t l1 Tejun o·n, wa b , "'or 3 mile onth in a lo ality ::tlmo tidenti 
cal al t lJ ouo·h a longer d am would ue r quired. 'l'be co t of tbePa ima 
dam i g i o at '!50,000, or a b out 3 per a ·re-foot of probable torage 
b hind . The volum e of ma onry i onl y about 2 000 cnbic yards and 
it would m t hat th co ·t tated i om what large, a all material 
w r f\ at hand xcept e m nt. F lood water pa e over he dam unob-
trncted, a bown in Pl. LXX..\:V. 
The en tir ar a irrio-ated under tb y tern i !JOO acre chiefly orange 

and olive orch ard . but a- part of the upply, pos ibly 4.0 per c nt, i 
deriYed from arte ia n well a nd tiler onrce . Th e inigation water 
rate ar equivalent to 9 per acr -foot, or 3 cents per 1,000 gallon . 
Tb e m a uring d vice n d for apportion in the water to the irri o-ator 

impl and m r tha n ordin arily ac urat a, a modul e for water 
d liv r cl in pip uud l' pr Ill' . It on i t fa box, ei ber fixed or 
1> rtc1bl 1 Ia 1 und r t l1 with a lot at on end 

u und('r pr s nr . Immediately above 
a wa r bamb r om1 teu with th main par t of the bo • 

by a f w hoi in tb b ttom throu g h wbi h tl.t water pa o that 
it tand pra ·ti ·ally f]Hi t in th chamb r a ud a gao-e ou it ide 
bows th vo]nm • di h nrrring tllrOn rrb t h rifi ' b low til o·ag being 

gradua d b previou t t · with a tandard water meter (fig. 113). 

AGUA FRIA DAM , ARIZONA. 

of ma oury dam r ted or nuder con ' truction in tbe 
not fa il to m ntion he nt rpri e of the gua Fria. 

om pan , of PJm uix Ariz na whi h ba in contem 
nntlin g- of flood wat r of tb gun. Fria Hiv r for irri 
il a Ynlley, b g innin o· om e 20 mil ' w t of Phcenix. 

I t i prOJ>O d t hnild a . tora.ge dam a,t tbe Frog Tauk site, some 3 
mil .· abov t b north rly lin of h vall y, wbicb i ·to b 120 feet l1igh 
above th bed of th ·t r a m. 'rb wid th of the canyo n i her 298 feet 
at th l a,n 1 but at top the dam will be 1,160 feet in length, 
a shown in fig. 11-J.. ound in o-1:1 1Hwe be n made ov r the gr a,ter por
t ion of tl1 e width of the river chann el anu what il'l nppo ed to be b d 
rock ha b n found at d pth of 9 to 15 fe t, but for a pace of 50 feet 
no bottom wa found with 24-foot rods. A tl1e grea te t depth to bed 
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rock at the di er ting dam below wa· fonnd to b bu t .J-0 fe t, thi d pth 
ba been a umed fo r the maximum of th un xr lored 50 fe t at tll 
upper it , t lm makin g th maximum height 160 feet from low t 
foun dation . 

There er oir closed by thi dam will be 5 mil in length and wili 
cov r an area of 3,:WO acre , impounding 10 ,000 a r -fe t . ith a 
gra0ty profile of dam ll ~t in n· a br adth of L-1 £ tat ba and a top 
·width of £ t, the volL1me of rn a onry requit·ed i cornr nt u at L ,650 
cubic yard . The enterprise i de ign d for t ll e irri o-ation of 50 000 
acre ofland in t he YaJley to the nortbwe t of the ntiguou territory 
irrigated under the canal of th rizona Impro ement omr any, and 
for that purpo a main anal 25 mile lon o- with a apacity of 300 
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F:o. 114.-Cro s s ction s of A.gna. Fda. <lh·erting dam and storag re rvoi r dam, Arizona.. 

econd-feet, i required. I t was decided at the out et to begin this 
canal 1! mile below tlle re ervoir and at thi point to recta pi k-up 
weir of masonry, upon which about 100,000 bad be o expended at the 
time work was u pended, in the fall of 1 95. This work h a been done 
on the Jines of tlle ections, fig. 114, and i · well along toward comple
t ion, a ·ho.wn in Pl. X -v (p. 70) of t he report on Irrigation near 

. Pbrenix, Arizona, by Arthur P . Da\ i .1 

'rbe maximum height of t his w ir when completed will be 80 feet, 
and its length ou top 640 feet. I t bas a ba e of 6.3 feet, and will be 
10 feet wide on top. When finished it will ontain 17,200 cubic yards 
of ma onry, and will have cost in the neighborhood of $150,000-a 
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ver large outlay for a work who e only fu11ction is to save 1t mile of 
conduit, extending up the canyon to the storage dam proper, which 
dam mu t be built before the cheme i of any value. The rea on 
which led to thi error in judgment were, fir t, ami ·apprehension as to 
tb de1 th to bed ro k at the lower ite, whc3re the on truction wa 
apparently a irnple aDd inexpe11 ive work, and a cou iderable expendi
ture had been made before the extreme depth to bed rock that was 
finally reached was lmown or u pected, when it wa too lat;e to aban
don the work; and, econd, the onfiden t expectation that the amount 
of underflow that would be thrown to the urface hy the dam would 
rea h from ' 500 to 1 000 min r' iuche /'which, 1f realized, would have 
enabled the manag ment to u ·e the canal at once in the reclamation 
of the de ert land entered under the nited tate de ert-land act, 
before the reservotr could be made available. Th i " uncler.flow " devel
opment wa a ore di appointment, as the flow, when finally secured, 
amounted to le thau 15 miner's inche . The cro - ectional area of 
tbe two chann I in which tbe underflow wa pa iog beneath the tlr
face i approximately as follow : 

Square feet. 
Ea tcbannel. ..... ...... . . . ... ...... ...... .. .. .. ...... .... .... .... ... . .. .... 504 
\>Vest channel. ................... ... .......... . ...... .... . ... ... .. .. . . . ... . . 2, 635 

Tot.'ll ... .. . .. ........................... .... . ..... . .. .... ... . . .. . .. ... 3, 139 

with wbi ·h the bannel are filled be 

flow througl1 an d. 
Tb haract r of rna oury u din the diverting dam i arouo-h rubble, 

fa d with our ed a !dar laid in a mortar of hydraulic lime of good 
qnality,manufaeturedabout20mile di taut. ( Pl.L-" ~ I.) For 
a p rt.ion of the worl· a mall amount of cement made in Coltou, Cali
fornia, wa u d. The r ck wa hand! d by a Lidgerwood able way 
with a pan f 700 t et. Tbe xcavation of foundation , amoru1ting to 
abo ut 12,000 ubic yard wa accompli hed by t am and craper , the 
wa · r being lJaudl d by ntrifuo-al pnmp k pt constantly run11iog. 
Th larg amount of water thrown by tb pump may have led to the 
extravagant , timate of und rtlow, but a the di charge from the 
pump wa l rd but a hort tli tance b low the dam a considerable part 
of it returu d through tbe and to the pump pit. 

Th area of wat r hed tributat'Y to the Frog Tauk re ervoir i 
approXImately 1,400 quare miles, extending north and a t of Pre cott 
aud draining the ea t lope of the Brad haw Mountam , who e ~n: 
mit •1 vation r ach 6 000 to 000 feet. Wtth a mean annual precq . .n-

' ' - l.t tation of 16 in hes and a run -off of 15 per cent. of the precipitatwn, t e 
flow of tl.te stream would fill a re ervoir of twice tlte capaet&y of the one 
propo ed. 
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>:econd s ite, !) mile abov the Frog 'lank · dam , Ira b ('JJ 

by tb company for fn ur u tilization of' th wast • wat r f thi 

CONCRETE DAMS OF TH E PORTLAND. OREGON , WAT E RWORKS. 

Among rec n t con trurtio n of oner t ma. onry tb 
are three dams erect d 111 J '94 for the formation of li , ributinu· re. · 
ervo'ir in the y tem of wat rwork ' lll)plyrng t h ity f I> rtland, 
Oregon . Tit y are thrown a ro · ra ine a nd mttura l d pr ' ion F; 
or embay ment , in t he hills which wer ::wavatcd b hincl th da rn t 
true line and lope and cov red ,,-ith ::1 con r t !ruing for· wnt r-tiglrt
ues , and to pre erv t lt e lor e. . On of th dam (P l. r,_-~r r Il), 
whi ·h clo e reservoir o. 1 on tlr 1d (' 1\[ount 'J:auor i 35 f t 
high and 300 f et long, an l im pound 12,000 000 gall 11 of 'rater. ltR 

ba~;e i 1 fe t wide, top width 6 feet, a nd b lriod i t i · all a'7Y embank 
ment of earth and grav l ex avat d from tlt int rior of th re er voir 
having a top width of 100 fi et. Thi ' is .- u ·han immovabl barri r tbat 
the bief fun ction of t b concr te ' all i a a retainin"' wall ~ r the 
inner lope of the eruba1 rkmcnt. R rvoir o. 3 ha a <lam 200 fe t 
lon g which i arched up tream again . t t he wat r pre ur wi h a 
radiu of-300 fe t. The hei gllt of t lli dam i 60 fe t; ir i 40 -} t 
wid at base and 15.5 fi et at to1 , wh r it arrie. a driveway of t h 
'ity Pm·J, iu wlliclt 1 i · locateLI. '.rhi lam i th only n f tlH' 

three which i ur ed, and the Ollly on wbi h do xhibi t om 
li gh t expallSion crack . The dam t 

which impound 17,700,000 e.-allon wb u fu ll i -o fe t high 35 :fi t 
Jong, and 40 feet wide at ba e. The face of the e darn (.r o . 3 and ,~ 

in tlte ity Park PI . LXXXVII and LX r:XVIII ) ar mold d and 
·hi eled to rc emble tone, and con id rabl . oruaru utation ha b n 
done on the parapet and about the gatehou e , to wllich t lr e concr te 
and iron con trnctiou lend it lf to good atl v<.tn tag 

EAR'l' JIEN D )1 . 

CUYAMACA DAM , CALIFORNIA. 

In the foregoin g pages a full description ha been gwen of LaM a 
hydraulic dam, bmlt by the San Diego Flume ompa ny, and of the 
oth r con traction of the ame type that have be n proJected by t he 
arne company for addin g to the general torage ·upply; and under 

tbe l1eading of eart!Jen dam of a drfferent type frou1 any heretofore 
de cribed, attention hould be called to the Cuyamaca re erv ir, which 
for uine yearl:l ha be n the main ource of dome tte wat r upply for 
t he city of San Diego and the chief reliance for th e irrigation of th e 
me a Iandi:! traversed by the fl.unr e. Tbe en t ire , y tem of ·torage and 
di tnbntwu has been described by :Mr. H . 'L Vilson.' Since t he pub-
--- --------- --- - -----------

'Tbtrtecnth A uo. Rcpt. U . S. Geol. !>ur vey, Part 111, 1 93 , p. 184. 
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lica.tion of that p::~per the dam l1as b en increa ·ed in height from 35 to 
41.5 feet a t a cost of 3,400. Thi needed addition l1 a iucrea eel the 
capacity of the re ·ervoir to 11,4.10 acre-feet, ·overing fin ar a of 95!) 
acre to am an depth of n arl y 12 feet. Two pillway , of 41 and 90 
r et width, h ave b en xca.Yated at itber ncl of th e clam tl1e floor of 
\\'hicll are at th e 35-foot contour. 

1{ ferrino- to th ta-ble (p. G74) of pr cipi ation and a.tchm nt on the 
water heel of tbi r ervoir, be re ident engin eer, Mr. F. . Hyde, 
ex1lain t ba.t a. the rain gao·e i located a the dam b t iYeeu t wo high, 
'' od d pe.:'1.k , , ·wb1clt act a conden er of t he moi turc-lad n loud , 
the r corded precipi tation iR undonbted ly far heavier than the averao·e 
of tb e wat r· bed, whid1 a D w mile ea t of the dam border on the 
de ert. wh r the rainfall i lmown to be much l e~ . The correctne 
of thi opinion i borne out by comparing tb re ultl of actual •atch
men t with tll ".r well urve of run· off, which wonlcl ind·icate tbat 
il' the pre ·ipitation giv n were a, m an of the entire area the yield 
Rhould be very mucl1 great r-from two to three time a great. Thi 
' nyallla ·a re ord of r a i11fall i ' frequently but erroneou ly, used a a 

cr iterion for tb general preC' ipitation of thll mountn in region of San 
]Ji eO'o 'ouuty, although in reali ty it probably repre ent a maximum 
appli able only to t he hi o·he area and t ho, e mo t directly expo eel 

> tl1 clir ction of the atura.tecl wind urrent. flowing in from the 
m an run -off of thi . vrn t r bed a w •Il a the menn rat 

r ervoir i a matter of 
the pr cipi tat ion, uul s the 
o g n rally over he drainage 

bn. in a to b fc 1rl · r pr ' ntative f tll m :111 r ainfall· for rb rea on 
that mu lt of hat moun ta in r gion whi ch i. to b more Jn,rO'eJy drawn 
upon in fntur } r th wat r npply of a Jarrre area of bighl.v fertile 
lallll mR y b xp te l to yield ,. 11 a larg r av P.rag run off tban th • 
Ill an of th uya,ma, a of 500 a ·r . [' t per qnar 1t1ile th minimum 
b ing _oo and the ma imum 1,000. The fiO'lll'e give b tter data for 
. timn.t of l'Ull ·Olf on acl.JaC ut wat r b cl f imilar haract r than 

any po , ibl ollcction of rainfall tati tic without ncb mpirical 
know] tl O' ofac nal yield in tr am flow prodnced by any given rainfall. 

' nyama < r erYoir doe. no t afford t he nt ire npply of the F lume 
omp~Lu y t m a i t: i not dr:MHI npon durin g th win ter and a rl.y 
prinO' until th r gular flow of an Di eO'O Ri,·er at the pick- up wen· 

it'!, o dimini h d a to requir it. 'rbi may often be a hte a .April or 
May on . eq neutly th effe ti\' e clu ty of the tor c1 wat r can uot well 
be d t rmin •cl for thi . dam a it a.n be for the Sweetwat r dam. 
Th annual draft from tl1 r ervoir ince its n t ruction iu 1 7 bas 
be n from ~ 53 to 6,327 acre.feet-a m an of 4,331-wbile the mea.ll 
run .off ba b n 5,3D7 acr -feet. Th differ nee b twe n ~hese ~gure ~ 
or 1,0GG acr .fe t, repre nt the mean an nual evaporation, or 19.7o 
p r enti. 

• 
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Th area inigated by the sy tem i not d finitely known but i, e ' ti 
mated at 5 700 acre t iJ ba i for th e e timate being th amount of 
water sold and d hvered to irr1gator , which ha r a 'h d a total of 3 
miner's i11Ches. Part of tbi i used at t he rat of 1 iuch to 10 a r 
and part at th rat of 1 in b to 20 ac re , the mean of 15 multiplied l> 
380 in be delivered ancl n d o·iving 5,700 acr a th total irrigat d. 
A cou , tant flow of 3 0 inciJe for one year woul<l am uut to 5 r<QO a ·r . 
feet, or O.OG5 acre foot per acre. Tlli i Ollly about GO perc nt of th 
water u ed per acre nod r th w twat r y . t m, an conomy whicll 
i doubtle due to th exa tne. witll wbiciJ the trrigator ar re~trict d 
to th alJowaor.e ailed for by th ir ontra ·t . The e wat r-riO'ht on
tract permit a ontinuou ilow to b drawn throughout tb y ar, and 
if a mao buy an iucb of ' ater i i , uppo d to flow in p rp tuity o 
long a the rental are pa.id mianuually . Ea h irri o-ator (witll f w 
e ceptions) ha a small re ' r oir of 10,000 to 150 000 gallon apacity 
into wbiCh his quota is allowed to run wb n h i not a tually irr iCYatin g. 

The water right are sold at GOO per inch for ·wat r taken dtr ·t ly 
from the flume line, and 00 per ineh if deliv r din pipe beyond th 
reach of the flume or from the l--1nch co nduit leading from the end of 
tiJe flume to the city. Some of the riO'bt ·a rry an anllual rental f :~0 

per inciJ, which applie to omeof h earli tright 1i po ed ot dunn o
con truction, but tiJe majonty of the rights old ba a r ntal of . 110 
au11ually, aud. a fi w pay a high a 120 per inch . Tbe inch i p ifi l'<l 
a 1,72 cubic fi et flow iu twenty-four hour . Where water right · ar 
not old the annual rate for water furni ·bed are 1 cent p r 1, 00 
gallons in the country n-nd for all water fnrni h d to the an Diego 
Water Company for city cou umption a rate of 5 ent per 1,000 o-allon 
i collected. The latt r ompany charge G cent per 1,000 gallon for 
irrigation on tra ·t exceeding 2 acre . 

The annual co t of maintenanc of th Cnyamaca re rvoir i about 
600 per annum, including watchman'.' salary, and the co ·t of main

tainiug the 37 mile of main flume i tat d a 2,700 per annum. 'J'he 
amount of water .,upplied to the city of an Diego in 1806 averaged 
144 miner's iuche , of which 9G inche wa ·supplied from tbe flume and 
48 inches wa pumped by the city wat rwork pump f1·orn wells. 

The delivery of 96 inches to the city and, 3 0 incbe to th ·ountry 
throughout the year would require a, total of G, 90 acre-feet of water 
and a the draft from there ervoir wa but 5,777 acre-feet, the dif:l' r
enee of 1,113 acre fe t must have been upplicd from the stream below 
the re ervoir. 

M E RCED R E S E RVOIR, CALI F ORNIA. 

The higbe t a nd longest earthen dam clo ing a reservoir chi fly 
devoted to irrigat ion in California i that which forms the so-called 
'Yo emiLe reservoir," 5 miles 11orthea t of the town of Merc~d, con
tructed in 1883-84 by the Crocker -Hoffman Land Company a a part 
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of its gen ral system of irrigation, by whi~;h some 150,000 a res of val
ley land are commanded for irrigation. The dam ha a maximum 
height of 54 £ et, and i b uil t entir ly of earth, compo ed of a sandy 
clay, with inside , lope · of 3 to 1 and outRide slopes of 2 to 1, paved 
with 12 inche of loo.·e r o k fo r 15 f, et d wn from tlte top on the iu ide 
for wave prot ctiou. The ntir 1 ngtlt of the da-m i 4,000 feet, of 

1 wl.licb 1,400 feet i l · than 10 feet in h •ight. It was built up iu thin 
layer by s ·raper team , without any puddling or moi ten iug of the 
mat r ial or the making of anythin g like the conv n iona,l '' puddle 
wall,' to which Eugli h eogin er appear to be so wedd din construct
ing re ervoir bank . The ba e width i :lOO feet and the top 20 feet. 

The re ervoir cover · a urface area of 500 acre and ha a capacity 
of 15 000 acre·£ t of which about ~0 per cent i annually lo t by evap
oration. It i fed by a canal 27 mile in length, leading from a diver
ion weir placed in the M reed a hort eli tance above the town of nell

in o·. F or the fir t . 7 mil t h canal ha · a maximum capacity of 1,500 
e ond·feet which mak it the large t in California. Mo t of thi 

water i ' diverted into lateral and u eel in irrigation of lan d lying to 
thew tward of the canal befor i t reache the re ervoir which act 

fe ding t here rvoir i th 

BUENA VISTA LAKE RESERVOIR, KERN COUNTY, CALIFORNIA. 

Of va t ly gr a ter ar a and capa ity, ~tlthough of less mean depth, 
than theM r ·eel res rvoir is the lar<Te torage tauk formed of Buena 
Vi ta Lak outh nt nd of t be au Joaquin Valley by the con
stru ·tion of a. dik or 1 v 5.u mile in lenot.b on the to,mship line 
pa, ing the a · tend f th old lake bed, and between it a.ncl what wa 
formerly K rn Lak befor jt bed wa drained and cultivated. Tllis 
re ervoir now rec ive all the urpln water of Kern River and the 
waste at the tail end of all of t be Kern Island canal . The water thus 
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tored i of 11 0 beuefit to tlie irrigat d di trict around Baker field nor 
to the arid plain north outh and ast of that plnc , but th r ar 
larO"e area of arabl laud wllicli ar low nouo·h in 1 v~•tion to b 
reaclled from it and part of wltich are being irrigated to th extent of 
0,000 a re . Thi ar a i · incr asing from year to y ar. It i · d ol d 

to alfalfa aud oTain and i · located in th b I of ' wa.mp and ov r · 
flowed lands' lyiug b tw en Bu na i ta aud Tular lak that wa. 
periodi ·ally o erfiow d prior to tli ta bli lnn u t of th xt u i ,. ys
tems of irrig-atim1 which now ab orb th major part of th water befor 
it can go to wa te. 

Tb maximum heio·ht of the dam i 15 fe t, tap riug out to 11 tbiug 
at either end. Tllis levee i 1.., C t wide on top and ·1 p 4 to 1 i 11 ide 
aud 3 to 1 utside, the top b ing 4 fe t abo o tb hio·b t wat r lev I of 
the re er oir when full. On ~ count of tb cowtant l'O ion of tb 
wa,ve ao·ain ·t thi · banl it wa found n ce ary to riprap tll fact with 
tone o r a long ection from th outh end northward wh re tb re 

were no tnle g1·owin"' to rve a a br akwater to 1 ffe t of 
wave action, a wa. the a e at tl.t' north en l for a on id r:tbl di -
tan . narrow-gage railway wa laid om 10 mil to the monntaim; 
on the onth to procure th mat rial for thi • riprap the t of whi ·h 
brouo·ht the entire con tru ·tion ac ount up to about l50 000. Tlw 
re r oir wa :tir t fill din 1 90 and ba b en in n. e vet· in 

cornpromi e of the mo t ext n ive and co tly litiO'ation over wat r 
rig!Jt that ha ever ari en in California-the famon a. e of I ux: r. 
Haggin-in whi ·h the supreme ourt of alifornia by a majority of 
1, e tabli bed the E ngli b common-law doctrio of riparian right a 
applicable to the trearn of California-a do triu which i believ <l to 
have been a eriou lra wback to irrigation development in hat tate. 

The bottom of the outlet anal i 10 feet below hig!J water mark, and 
tb volu1De which can be drawn out is appro ·imat ly e-' timated at 
170,000 acre-feet, coverin o· 25,000 acre to a m an depth f n arly 7 
feet. Tbe annual lo s by vaporation from the ·urfac' of th re rvoir 
will probably exceed 120,000 acre-feet, which eem au euormou wa t , 
but is due to the va t area of surface expo ed to the a tion of un and 
wind. 

'Ihe re·ervoir i. filled generally from about May 1 to July 20 clnrino· 
the melting of the snow , after w bicb time to pt m b r 1 th inflow 
is about uffi cient, ordi.narily, to off et evaporation . Thu during the 
five hottest month , when nearly 70 per cent of the evaporation of the 
year take place, the lo i upplied by the river, and therefore, if tll 
flow i ufficient to fill tbe reservou by eptember 1, in addition to 
the evaporation, the net amount available for irrigation would approxi
mate 125,000 to 135,000 a re-feet. Even if thi be the ca e, alr,hongh 
the data are not at hand to determine that point, it i: unfortunate that 
tbi. storage could not be tran ferred to the mountain ites, where the 
enormous loss by evaporatiop. could be saved or reduced to a minimum. 
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PROJT<}C"l'ED RE ~ERVOIRS. 

KERN RIVER RESERVOIR SITES, CALIFORNIA . 

A number of avai lable ite for impounding a con ·iderable volume 
of t b flood water of ern River have been , urveyed in tbe mountains 
near the ources of that nobl 1'\tream-the "Rio Bravo of t he outh ' 
a it wa known to tb native Californian ·-the large t of which i in 
the Mana he Meadow , on tbe outh Fork of Kern River, at an eleva
tion of ,200 feet above ea I vel (fig.ll5). A rock-.fi1l dam at this ite, 
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1•' 10 115.- Mnp of ~ fnnn ho ~lt}ftdow~ rrscrYoir. 

e timat d to co t 150 000 will reat a re ervoir of 5,830 acres aud 
impound 24 , 50 acre-fe t, from wbi II it 1 appar nt that tile ite takes 
frou t raul{ a.mo ng t b mo t apa iou ites tlJat have come to public 
11 otice in t he t. Tbe lo a lity bas · tlJe appearance of havin g been 
a la rg lak in a comparati ely rec nt g .oloo-ical period , a ud the ba iu 
i o fl at t hat it wa ·Ia eel, a nd ha been surveyed and seg-rega,ted, a 
" wamp and ov rflow cl land." Tb e highest p aks in the catchment 
area ar ov r 13,000 fee t bi o·lt , and Mount Whitney 15,000 feet ~n alti
tude, i drained on one ide by Whitney Or ek, the water of whwh can 
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be diverted into t b re er voir by au in xp n:iv cut. Th nr a of 
drainage naturally tribo~'lry is 15- -quar mile . 

The dam ite (fig .116) bow olid I dge of granit on and 
ounding · indicate that bed ro ·k but to 10 f t b l tufac 
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.FIG. 116 .. -Map of Manache Meadows dnm aito. 

aero s the canyon bed, which i but 160 feet wide at the bed of the 
stream and 460 feet wide at a height of 8.J feet. Lime can be burned 
for u!'ie on Whitney Creek, 20 miles distant, and there i a great abun
dance of timber which clothes all the surronnding monntains. 
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If t he d uty of t he reservoir be e"' timated as equal to the deliverv of 
50,000 acre-feet to the vall y in the neighborhood of Bakersfield after 
allowing for all lo , e by evaporation in tile lake and en route a well 
as th e comp n ation flow r !)Dire i to be t urned out to maintain the 
right of t he prior u r.' :-wd at propriators in the South Fork Ya1ley 
in the mountain , where a large area is i rri<rated, and t he irregularities 
of precipitation and run -off which would be equalized by a re rvoir 
so much b r g r in apacity than the estimated duty, aud on the ba is 
of a use of ~ acre-feet per acre i rrigated, there ervoir may be coo icl
erecl a car ~tb le of adding 25,000 acres to the ar a. irrigable, at a cost 
of ·6 p r a r for con t.ruction, a ide from the cost of the land for the 
r ervoir i te. 

'Ihe mountaiu valley of tb 'outh Fork above it junction wi th the 
North Fork, has an altitude of al.lOut 3 600 feet, and contain. orne 
25,000 acre f o·ooll arable land, of whi h about 15,000 acre nre irri
gated, chiefly for alfalfa. There are 30 ditche , each from 1~ to 3 mil 
in length, 5 to G fi t wide on bottom, anti carrying l to 2 fe t depth of 
water. The r , en.-oir in th .Jfanacb Meadow. would interfere \\'ith 
th , npply to t he e ditche only durin IT the la t hnlf of July and the 
months of Augu ·t and eptemb r. During th remainder of th year 
the tream b low the .ut:cado \1' are ad quate for this ervice. In fact, 
th fana('h i>' but onL··fifth tho total ar a of tLr South Fork drainnge 
abO\' t h outh Fori· f:cu·ming 'OHtmunity and probably doe, not np
pl m.Jr than 40 l r · ut ot tit ilow of that tream. 

'Ilt main hara tcristic ' of tit ~Torth and outh fork of Kern River 
ar a wid ly tlifl.' r nt a,· though tlt stream· , .. rere in eparate 'tate . 
Th N rtlt F rl· ri. in y .ry high nw r d and precipitous mountain.,, 
on which th now li • lat in ·nmnt r. It anyon i a deep narrow 
gorg thr ughout it. n tir leno-tlt from it ' otu·ce to K rnville near 
it junttion with outh Fork, with nly h re and t iPr a narrow trip 
f m 'ad w land along tit tr am, not in any way re mbling the 
xpan i\· m adow Hltfl open plain wlti ·h characterizetlfe onth Fork 

~ t· o gT :tt a 1 art of it· l·ones . 'l'h North Fork drain· 1069 nncl the 
outlt Fork 'i.).J. , f)n:-u· miles of water ·b d but tlte pre ipitation and 

run -ofl' of tit wo heel va ry o gr·eatly t hat t it norlll al flow of the 
former i" t IT t' ater than the latt r at their poi nt of 
jun tion. relati\' ad vantage of t he two forks 
re p tinn- it for to rage em to b iu inver e ratio to their volume 
of flow a nd capacity fo r fi llin g resen ·oi r . 

On of a larg unmber of ite surveyed in 18 1 by the State engi
n ring d partment of Cali~ enia i at tlte' lake' on North Fork, where 
a laud ·I ide has fi ll ed t lte canyon orne 20 feet and created a pond 40 
acr i n area. Thi p lac has been viewed with t h idea of con ·truct
in g a high rock- fill dam, to b formed by a few ltuge bla t fi·om ~he 
clifr t ha t t ower a lmo t verti ·ally above it for 2,000 to ,000 feet. 'I be 
ca pacity of a re ervoir at t hi place would be 46,GOO acre-fee t at t he 

1 GEOL PT 4:-45 
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220-foot level, covering- abont 600 acr . Th outlet would b made by 
mean of a tunnel of ufficient capa 1ty to carry th ri r during con
struction of the dam. The plan ugge ted contemplate filling the 
canyon for everal hundr d fe t with uch an enormou ma of r ck 
as to g-ive it unque tionable tability, and, after i t i thrO\YD down , to 
lay up a dry wall on it upper face and ov r it witl! a. phalt concr te, 
excavatinO' a spillway entirely around th da.m ocr ated. Th canyon 
width at the sit i but 100 fe t nt b ttom and 400 feet at a height of 
230 feet. The work i timated to co t 2~~",000 . 

One of the advantage of th re n~oir iu thi lo ali ty would be that 
it could be fi lled twice a year or often >r. Exp rience ha d mon tntt d 
that the u ual ltortag in upply to th Kern all y anal o ur 
twice each year-in F brua,ry and March and in ugu and S ptem
ber. In the e month. a r cnforcemen of th tr am i v ry much 
needed. Between each of th ' e peri d th orth Fork re rvoir could 
be filled and it contents ma,d available for tbe next low tao·e. 

It may be con idered therefore, that the re rvoir if built and 
operated in the manner . ugge t d would practi ·ally add 46,000 a re 
to tb irrig-abl ar a. of th valley, at a co t of about 5 I r acre. 

Located on almon r k, a bran h of the .1: orth Fork f Kern iver, 
at a point known a Big Meadow , i a ite wh re a dam of 75 feet 
l1cin-ht will form a r rvoir of 870 acr tllat would impound 31,150 
acre-feet of water. Tb dam , it i in a granite canyon with clean bed 
rock on bottom and side , th wi<lth at bottom betw n wall b ing but. 
25 feet while the top width at th e 75-foot level would b 390 feet. rock
fill dam i ' e timated to require 26 000 nuic yard of material, and to 
cot 0000. Theareaofwater hedi e imatedat1 to25 quar miles. 

Throug-hont the higher ierra Nevada are innum rabl lake of con
siderable a,rea and capadty generally o high a to b above tb timber 
line, which can be utilized a . torag re rvoirs at mall ex:pen . e. 
Th y may be co\lllt d by the hundred on tbe headwaters f Kings, 
San Joaquin , Merced and Tuolumne river, , although it can not be aid 
that any of them are o ext usive or capa ion a. to be di tin tly notice
abl or require pe ·ial descrii tion. Preparations ar being made by 
people living in Vi alia utilize two uch lake. on the h adwaters of 
the Kaweah River cluring the ea on of 1 97 in a omewhat novel man
ner. By mean of a number of 10-inch pip . they propo e to sip lt n 
t he water out of tbe lake to a depth of about 20 fe t, and a one of 
tl!em c::tll d Moo e Lake is about 300 acre in area,, it i:; xpected to 
draw from it in tbe. ea on of greate t hor tage about 5,000 to 6,000 acre
feet of water. 'l'be other known a. < Big Lnke," has almo t as large 
an area. This method of ntilizing the lake without the expense of 
building dams may ha,\'e more than a local application. 

On tl1e ea, ter-n lope of the Sierra, near the town of Independence, 
a hi gh mounta,in lake of this ort bas been tapped by a cut al>on t 10 
feet in depth, which ha given a :flow, a reported, of everal hundred 
inches more tban cust.omarily came from it before. 
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SOUTHERN CALIFORNIA RESERVOIR SITES. 

The la t few year have been fruitful in the projection of numerous 
storage enterpri es throughout the arid region which are yet awaiting 
tb nece ary capital for their construction. The map of San Di ' go 

ounty (Pl. L XXIX ) bows the position of a number of capacious and 
favorable sites which have been urveyerl , in addition to those already 
de cribed, for toring the storm water of that region. The topography 
of the country i more favorable for storing water than many parts of 
the State better upplied with permanent stream . Oro s ections 
of everal of the e sites are given in fig. 117 and tabl of capacity of 
the reservoirs to b inclo ed by them will be found in the Appendix. 
The Linda Vi ta Irrigation Di tri t, covering an area of 44,000 acres, 
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ross s ctions of dnm ~ilcs in nn Diego County, nlifornin . 

embracinc:r a part f tbe.corporat limit of an Diego, owp the Pamo, 
anta faria, and Dye all y ite , and has projected rock-fill dams for 

each of t h m. Tb Pamo i on idered moo:st favorable for immediate 
con tru tion, a it i al o t he most cap a iou . 

In River ide Courity a ma omy dam ha been plann~d to I an a nar
row canyon on tbe Pan ba Rancho at the outlet to a large valley on 
Tern ula Creek whi h drain a catclnnent area f 372 square miles. 
Tl1 elevation of the dam is 1,350 feet at the ha e, and it commanrls an 
ext nsive t erritory of valuable agricultural and horticultural lands. 
The dam is proJ cted to a height of 130 £ et, at which it will have a 
capa ity of 61 500 acre-feet, covering 1,214 acre . Its co t ba been 
e timated at ~400 000 and the 2 mile of canal for di tribution to 

<;> ' ' 40,000 acres of land at 230,000, an average cost for the system of 
about $1G per acre. 
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'l'be apa it.r of h ' drain ~w ba in for rnn ·of:l:" ha. be n d 
in a ·triking way on t"·o notctbl occa io n wh 11 flood fr 
t ion d troy (1 th onth rn ali lomia Haii\\Tay thr u «h tit Tern eul a 
Canyon , cau , iug enorruon · lo ' s antl d tnt ·tion of property. Th tl'a ·k 
ha not been restoretl i nee t he Ia t tim it wa ' destroy d, in 1 90-91. 

VICTOR DAM , CALIFORNIA. 

Doubtle t capa ·iou: r s rvoit' pr~j e t din 
of tb olmnb ia oloni ziltion 'ompnny. locat don tlt }fojav Hiv r in 
San Dernardiuo ounty at th ( T pp r a rro\r , , 11 ar th town or 

(fig. 11 ), on the line of the Soutu rn Californ ia, Railway which now 
pas es through the ite of tlt chto, ancl will have to be rebuilt for 5~ 
miles to clear- the re ervoir. Tile pa ·s at the N an·ows i in a granite 
ridge, which affords 010 t admirable bnttres ·es for a rna onry dam, and 
i a remarkable one, favorable in all respects for such a tructure. The 
width at the tream bed i · but J40 feet, while at the height of 150 feet 
the walls of th e canyon are but 360 feet apart. Soundings have been 
taken with teel rod driven through tlte sand which bow the maxi
mum deptil to what is believed to be bed rock at 52 feet. Fig. 119 is~ 
cro s ectio n of the ite, howing the oundi ngs, and P l. XC ic a v iew 
looking up ·tream from the county bridge tilrough the dam ite, the 
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stake ,·hown in the water m~trking the po ition of tbe \arious onnd
ing . There ervoir ba in is bown in Pl. XCI; anu fi . 118 is a O'eneral 
map of tlle water ·bed and the lattd, proposeu to be ilTio·ated. 

As planned the dam will contain about '"'0,000 cubic yards of ma onry, 
including the filling of a Harrow gap in the rim rock above the 105-foot 
contour, orne 500 feet we t of the <lam prOJ)er. On tbe oppo ite ide a 
natural pill way of ample dimeu ion exi ts at a, It ight of 145 fe t, by 

Cr~sr of ro os~d lklm J58 F~~f' 

:F10. Jlfi.-Ct·o s sec t iop of \' ictor dnn: •ito. 

which the wa t will be returned l>aek to t lle cl1ann I at a afe di tance 
below over a J dge of' olid O'ranite. 'l'he re ervoir at the 145-foot con-

"' d 1 .... ca [)aci ty c timated at tour cover an area of 7, 71 acre au ta ,. ' . 
17,000,000,000 ubic f et, or 390,000 a ·re fe t, tl te m.eau depth bemg 
501 fe t or 34:.86 per cent of the maximum. The ra.t10 betw~eu m~an 

2 
' d' , o1r ba tn wht ·h and maximum deptll in nll large, eommo tons re erv 
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have a fairly uniform lope of stream b d from tlJ dam it up, and do 
not show a erie of rapid for a di tan· abov the dam, i found to 
range from 32 to 3 p r cent aul it is o!ten cu tomary on pr liminary 
e timate , aftet· determining tbe area of th hio·be t contour mbraciug 
th re ervoir, and before making detail l urv y o.f tb interior of the 
basin, to apply uch a p rcentage of th heigllt f the clam for compu
tation of contents a be engin r may cou icl r afe wi bin the e limi t , 
taking into coo ideration the gen raJ topography of the i . u h bas 
been the method of d terminiog tlle capacity of th re rvoir iu qu · tion. 

The water heel area drainiuo· out tbrouO'll thi dam it i omewhat 
indeterminate from la k Of , Ul'V y in the astern part UUt it ha b n 
roughly computed a 1,250 square mile , of whi 11th drainage from the 
greater portion of 77 quare mil on th mountain ere t may b div rted 
by th work of th rrowbead Re ervoir ornpa uy. Tbe pr cipita
tion ha a wide rang of Yariation from 60 in he and upward on the 
summits of the mo1mtain. to 5 or G inclle at the dam. l ea ur m nts 
made by F. W . Skinner, civil engin er, betw n Jauustry 1 aULl n~u t 
1, 18D3,I gave a maximum eli charg of ,500 e ond-feet aud a miuimnm 
of 38 econd-feet, fl'om whi h the mean fiow from .A.ugn. t 1, 1 !)"",to 
.A.ugu t 1,1 93, wa computed a ~5 c nd-fe t. 'Jhi would b equiv
alent to an aunua.J run -off of 507,3 0 a.cr -£ t, or n arly doubl tbe 
propo eel re ervoir C<tpaci y. At the ame tim , it wa not d by h ap
pea.rance of the drift along the bank · aud the tatement of the r . i. 
dents of ictor, that. the bigll t flood of that : ea u la keel veral 
fe t of reaching the bigh-wat r mark of previou . y ar . 

In onnection ~ith the laying of tbe found ation of the dam , it is 
interesting to con ider the probable volnm e of underflow in the stream 
at thi point. The area, of cro ' e tion hown by the OLlnding: b low 
the surface i approximately 4,160 square feet. Tlle rat of p r ·ola tion 
determined by the .A.gua Fria dam con tructiou (p. G97 ) if appli d to 
thi area, would give an undertlow of 11 min r' inche , and ven if this 
were multiplied by 10 tlle flow to be haudled by pump during ·on
strnction ~onld be but little more than 4 . econd -feet, which is not a. 
formidable amount to contemplate taking care of. 

The land to be irrigated from tl.le re ervoir lie we ·t of the river, 
between the Southern Oaliforuia Railway and t he tlantic and acif:ic 
Railroad, and north of the latter. The area of good land in tbi region 
requiriug water is greatly iu exce of the probabl water upply. 'I be 
cost of the entire sy tern of storage and eli tribution, including canals 
and laterals delivering water to 200,000 acres, i estimated at 1,742,000, 
or $ .46 per acre, although the comp~tuy state that it ba ecured bids 
from reliable contractors which will greatly reduce the e figures of co t. 
It appears to be an enterpri e which would reclaim so laro· an area of 
the public domain that is now a desert a· to entitle it to be cla sed 
among those which should be carried to ucce sful completion. 

' Bull. U.S. Geol. Sur\'ey No. l40,1896, p. 318. 
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VIEW OF A CORNER OF THE BASIN OF ALPINE RESERVO:R BEFORE WORK WAS BEGUN 
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ANTELOPE VALLEY WATER COMPANY, CALIFORNIA. 

Piru Ore k i a tributaTy of the Santa Clara H.iver, iu Venttua 
ounty, alifornia, whieh clraiu.' a reo·iou of high mountain watershed 

in the Coast Range and who e water flow to the ocean unu eel. ave 
a. wall amount flowing in umroer and are nna.vailable for irrigation 
except by the construction of torag reservoir . The Antelope alley 
Water Company ha projected two re ervoir iu the immediate drain
age lin of the ere k in Lockwood Valley and at the mouth of H.ays 
Creek, to serve a reO'ulator of the flood flow. From the , water 
will be r lea cl into the chauuel and picked up again at a lower point 
in the can on, where a canal of 240 ecollcl-£ et ·apacity will conv y it 
12 mile ' to two otber re ervoir , which wil l col) titute the main torage· 
The e are located in eommanding position. ou the summit of th livide 
eparating the Piru Creek drainage from Ant lope Valley on the a t 

and fr m an Joaquin Valley on the nort!Jea ' t-On of them uppl iug 
t.l.le land at the we tern end of Autelope Valley and tbe other the 
loping foothill plain in th fro t ie s thermal belt soutbea t of Bu na 
i."ta, Lak , at the head of an Joaquin Y alley. 
The ummit re ervoirs are both natur~l ba in which have a, large 

apacit for t rag that can b utilized by imply providiug outlet 
unn li~ at th prop r l v 1 but wlli ·h r quir dam of about 50£ t 

m:tximnm h igl1 t nab! h m to tor th full flow of the str am 
with tb pr p r am nnt of re J' upply for yea!" of drought. The 
mat rial a aih1bl fir the bnildiug of the dam r uder them more 
r ·adil and ·heaply on tru ·t d by the hydraulic proce . The dams 
of th e r ulating r er oir in th •anyon of Piru reek are planned 
a ro k-llll., of th type b retofore d urib d, viz with a water-ti()'ht 
kin of a phaltum con r t . 

Tb f wat r h d a' ailabl for tbi ' enterpri e i about 200 
quar mil in iru r k and otn 40 or 50 mile additional from 

adJoining drainag lin ' from whi hit i comr uted a ufficient upply 
may b gat.l1 red to yi ld a m an flow of 125 econd-feet luring the 
irrigation s a on of ix month , •na,inta iniu o· a r ·erve of 75 per cent 
in tb re rvoir · in addition a a provi ' ion for dry y ars. 

ALPINE RESERVOIR, CALIFORNIA. 

In th am n io-ltborbood a that htst mention d i to be found an 
int re tinO' xampl f th type of re ' ervoir formed by utili zi ng natural 
basin.- (w hieh are 1 s fr f]Uently to be een in California t~an on the 
Or at P lain f the ea tern Rocky Mountain lope) the proJect of t he 

outh Autelop all y !rrigation ompaoy completed i? May, 1 ~6, 
and put into ervice in tb pring of 1 97. This r servou ba special 
intere t, not only as the first one of any mao·n it~cl e complet~d oo the 
lojave e ·ert oe nt lope Vall y side of the 1erra l\1adre 1_n outh

ern California, but becau •it lie directly in the lin of what I known 
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as" he o-rrat arthqna.ke ra.ck ' of thi r g ion , wltich i DJ arked by 
a seri s of imilar ba ins behind a di t inct rid g t hat appears to have 
been th e re tll t of t lte gr at ei ' mic di turban 

'!'hi s remarkable lin of fracture can be tl'ac d for nearly 200 mil es 
through San Bernardi no, Los An gele , K rn a nd ~an Lui Obi po 
conn t ie , a nd deviate but sli glt t ly It re and ther fro m a, dir t cour e 
of about . 600 to 6:)0 W. There <tppear to have be u a distiuv t 
"f~tu l t" alono· tile line, the portiou l:iu o· sonth of the line havin g 
sunken, and that to t he nor th of it beingrai ed in a, well -detinedrid o· . 
In many place alon o· th e great crack p nel s and springs make their 
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appearance, and water can be had in wells at li ttle deptll anywltere on 
the south . ide of ti.te ridge before mention d. A tough, plastic, blue 
clay distingui shes the line of the b reak in this portion of i ts cour e, at 
l ea~t, and where t l1 e line cro ses Little Rock Creek the blue clay l1 a 
form ed a ~ubmerged da m, whieb has forced the underflow near the sur
fa e and created a '' cienaga" immediately a ove i t. After crossing 
the. line the water of the creek drops quickly away in to t-h deep gravel 
and sand of the wash. 'Ihe same effect is noticeable at other treams, 
an~ it has been uggested a the probable cause of the very distinct 
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CRAIN LAKE. LOOKING \IORTHWEST. 

One of the reservou t1tcs of the Antelope Valley Water Company. 
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rim marking the lower margin of the San Bernardino Valley arte ian 
ba iu a.ncl confining it' wa,ters within well-defined limit , a this rim i 
nearly on a prolongation of th line that i traceable on the north ide 
of t he mountain -the break having CrO ed the mouutain · tbrOU<Tb 

0 

tb Uajon Pa on the line of wartout C~wyou . 

One of the large t deprc sions on the earthquake line i the ba in 
near I pine or lla,rold tatiou on the Southern Pacific Railroad which 
ha ::tlway. held a ·mall amount of water, upplied by the rainfall oYer 
the lllall catchment of G or 8 quar mile above it, but which is now 
tran formed into are ervoir, fed by a canal, 8.6 mil lou g, from Little 
Rock r ek. Tl•e rail way pa es through one ide of the ba in and 
cro e the outer l'im near the outlet tunnel. A low levee or dike, 
ab ut 4,000 £ t loug, will have to be built along ide the track to enable 
there ervoir to be filled to it maxi mum depth of 34. feet, for w·bich it 
ha been plauned. At this l vel it will'cover 263 acre of urface and 
impound 5,o00 acr -£ t of wat r. Tbe ba:in will carry 15 feet of water 
without ubruerging the track and for JWC ent purpose a dike lower 
than that which i plann d for a full use of the ba in ha been b uilt 
top rmit the torage of 21 fe t i<'pth of water. comer of the ba in 
i shown in Pl. ..;rcrr as it app ared b fore beginniu(T work. The view 
is tak n lookin o- ea t aet·o~s the railroad track toward the m untain 
our c of UJ ply. 

Th • ~ , <l r anal from Littl Ro ·k re k con i t~ of 2 mile of flume 
UJI(l tbut and 6~ mile of arth canal, includiug t\TO pond or ·and
. ttliJl o- b~ .' in 1 GO anc.l1,±0 feet lo11g. The lo ·ation of the ·onduit, 
aft r ,... tting- out of t11 canyon f the r ek i directly on th ear h
quaJ.: Ji11 forth t' :.tter part of th way the traiglJtne of the line 
b ing notic abl 011 th map fig. 120. The canal b ad at an elevation 
of3J::3 fe tab v. al v I anditJ•a atotal falltothe urfaceo.ftbe 
r f; rvoir f 317 ~ t, of whi h tb anal grade required but 70 fe t. Tbe 
·npcr.fl.uon fall was t~'Lk u up by a rie of inclin ' or chut , down 
whi ·h th wat r flows with (Tr at velo ity. Tb y ~u-e 7 in number, and 
ba,· a total I n o-th of 4,600 fe t . 

Th ·a11al Ita a ma imum capacity of 250 to 300 econd-feet. nder 
normnl ondition it is expected that the re rvoir an be fi ll d twice 
or more ach a on and by irrigating fr el in winter aud early pring 
tl• tluty of tl• r . rvoir and anal y t m may be increa ed to accom. 
pli ·It tb irrigation of a g t· at an ur a a tllough there rvoir were of 
doubl tit capa ity. The tra t which tl •e company hope.s t~ snp~ly 
from thi · otu e cov r about 10,000 acre a part of whlCb J bewg 
planted in oli\ s. 

The wat rsl• ed of Littl Ro k Creek, a l.Jown by the be t map to 
be had doc not exce d 61 square miles, but a it l1 ead in one of the 
hiahe t peak of tb Sierra Jadr and dram the tJOt.tb .. lope of tbe 
mountain the ruu -off to be xpeded from it may ordtn :.n· tl~ r each 400 
acre. feet per quare mi le. 'l'h normal flow of the tream, wlltch reaclles 
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a minimum of 2 econd-feet, i di r d at th befor -mentioned earth
quake ci uega by a ditch upplyin o· the Little Ro k Irrio-atiou n · tri t, 
the outline~ of whi 11 are hown ou tiJe ·k tell map (fig. 120). 
quently tiJe outil ntelop · all y Company mu t d pend 
upon the surplu flood water after the di ·tri tis ·uppli d. 

Inciden tally it wm b of interest in hi conn ction to m ntion t hat 
a careful m a urement of the uuder:fiow iu the grav l b d of tb tr am 
o erlyino· the blu clay of the eartltquak era k, mad by Mr. J. D. 
Lippincott in June, 1 96, re ulted iu th on ·lu ion tbat tb rate f 
flow of the percolating water pa. i.n g tllrough tb and and grav I of 
the channel wa .... . 16 feet p r hour, or 3.53 mil p r annum, ~ hi ·lt i 
extremely low, but much greater than that noted at the Agua Fria 

JZ 
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FIG. 121.- D tails of tunnel out! t of tbe L\ lpino reservoir. 

Riv r, Arizona (p. 697), doubtless beca.u e of tbe greater coar ene of 
the gravel at Little Rock. 

The outlet to the Alpine re er voir (Pl. CII and fig.12J) i made by a 
tunnel750 feet long, in which a 36-inch riveted steel pipe is I aid fur irri
gation supply alone, and a 10-inch pipe of the arne character i placed 
above the former for dome tic purposes only, both being surrounded 
with concrete, filling tlle 8-inch space concentric with the pipe to the 
wall of the tunnel. The pipes extend only :200 feet from the interior 
to a gate shaft, and theuce the main pipe di charges into a flume placed 
inside the tunnel timbers. This flume is 2 feet deep, 3 feet inche 
wide, and deliver the water to the distributing ditches rQnmng east 
and west from the mouth of the tunnel on SQitable grade l ine . A 
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wooden platform on a trestle built over the inner end of the tunnel 
serve as the place from which to operate tl.1e 36-inch gate valve at the 
bea i of the p ipe and three 10-inch v~lves on a tandpipe at different 
lev ls controlling the domestic supply, which is taken under pre ure 
to the town of We t Palmdale. 

The entire co t of tl1e enterpri e i not definitely stated, but i is 
thougbt to have omewhat exceeded $100 000, or over $10 per acre for 
tl.tP. tract to be upplied with water. The cost per acre-foot of re enoir 
capacity wa probably 18 to $~0 t he chief expen e having been for 
the canal. The work s were plaun d and built by Burt Oole, a civil 
engine r re idiug in the di trict. 

SANTA ANA CANYON STEEL DAM , CALIFORNIA. 

One of the novelti 

on th 

TONTO BASIN RESERVOIR PROJECT, ARIZONA. 

othing o va t or o pretention, in th way of dam con truction or 
wat r tor::tg ha orne to public notice in the arid r gion a the scheme 
of the Ilud ·on Canal aud Re ervoir Oompauy of ew ork for cou
v rtin the gr at 'J.'onto alley on pper alt Riv r, rizona, into au 
euormou 1· ervoir overin()' 14 200 acres and impouudino- l,O~W 000 

' b ' . I acr -fe t, with a dam that will be 200 fe t high above the ordmary. ow-
water 1 v 1 of t b tr <ttn. (Pl . 0 aud OVI.) The ex~eme hewht 
of the dam above i t fonudation ba will be 250 feet ~LIId Its length on 
top will be 647 feet, measured on the ar • of its curvature upstream,. 
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whi •b will be on a radiu of 1 2- feet. Til d ign of til dam (Pl. 
-cyrr ao 'l fig. L~) i , for a ma onry tructnr<', laid in Portland c ment, 

with a. gravity profile of modern type. It i~ to u provid d with a 
pillwny channel on Lhe north ide 250 fe t wid , and with no 150 feet 

in 'riu tll on th oppo ite id of the river. 
T l1 e ftr t con truction i in t uded to be an i d 1 0 f< et above low

water level, and th dam fin i hed off a an ov d low w ir, p rmittin o· 
floods to pas freely Y r it rc t . Iaximum f1 od. ar t irnat d to 
r acb a depth of 1Gt £ et ov r the top of th w ir til 1 n o-th of whi ·b 
willb 500 feet. t tlle 1 ' l of b re t th rc !'l rvoir will impound 
303,900 acre-feet, covering an ar a of G 5/U a ·r . 'Ib outlin f the 
re. crYoir (P l. ~- Y ) i mapp d only to the 1 0-fo t 'Oil tour and the ulti
mate lJ igl1t of t he water level will cover a much gr ater urfac t han i 

IJO·F"t. W e1r Oam ~15 ·rt Oam 8" compl~t~d 

Sec/ /Onso/ 
c , n)'On and W~SfeW6f 

Elevation ol D1m . 

shown by the map . Mr. A.. P . Man, chief engin eer of the company, by 
who e courte y the pla11 and maps ba e been made available for this 
paper, fu.rni lles information as to the hydrography of the basin, from 
which the following data are compiled: 

Tlle area of the water bed above the dam i G, 2GO square miles; the 
elevation of the ba e of the dam at low-water level i 1,925 feet above 
tide water, the maximum altitude of the watershed being about 7,000 
feet, upon which a mean precipita tion of 23 inches per annum is e ti
mated. The run -off for seven years ha been comput d as follow : 

1 9 ........ ...... ·· · ··· - - ----
1890 - - - - - . - - - . - - - - ... - - - - - - - -
1 91 . .. . --. - -- .. - - . . · -- .. . ---. 
1892 ... - - . .. -.-.---- . --. --- - .. 
1 93 .... ...... · · ·· · · - -- - .... .. 

A r.re-feet. 
1, 111, 790 
1, 659, 726 
I , 999,092 

6G3, 025 
99!), 72 

Acre- fc t. 
1894- - - ... - - - - - - - - .. - - .... - .. . 297' 704 
1895--- . .. . - .. -- .. . ---- . . .. --. 1' 124, 196 

Meun ....... . .. ... ... .. . 1, 125,466 
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The mean of t h e even years would r epre ent about 15 per cent of 
a mean precipitation of 23 iuche. . The maximum flood yet recorded, 
that of I• ebruary, 1 91-1 0,000 second-feet for twenty-four hours
would fi ll the. pilh~·ay phwned to a depth of 22 feet, while the dam is 
intend d to b 13 f• t lngher than this maximum flood height. After 
making allowances for eva porati nand other lo es the pro111oters of this 
great enterpri r ckon on being able to increa e theirrigable area of the 
Salt and Gila river valley uffi ciently to uring th total up to G50 000 
acres. As there are now irrigated so me 210 000 acre -150,000 on the 
north and120,000 on the outh ide of the Salt River-the reservoi r 
would t herefore be expected to add 3 0,000 acres to the Ire ent duty of 
th river. Iap of tbi region are given in Pl . XU II a11d XCL~ . 

Tb cana,l urv y ma(le by tbe company commands al.JOut 525,000 acres 
al>ove and beyond the reach of e.xi tin g canal including about 250 000 
acre of the ~acaton Indian I e ervation. Th canal lin e began in the 
canyon of alt Ri er, J2 mil above it mouth a.nd i 115 miles 
in length to tbc r · ing of the outbern Pacific Railroad, cro ing 
tb Gila Riv rat tbe ixty-third mile. 

P ROPOS ED RESERVOIRS ON RIO VERDE, ARIZONA. 

'rh Rio Yerde which ha a water hed of 6,0UO quare miles above 
it: junction wi h th al J iver of rizona , uppli a large urplu· 
tl od flow whkh th l{io '\yerde anal Company is organ iz d to utilize 
aH far a~ p - ibl . 'l'h princir al re L'\' ir ite i lo a ted ome 40 or 
mor mil abo th mouth f th tr am and L ailed th ' ilor e-
ho r s n ·oir' wb r a, dam 170 fi et iu heicrht will clo e a reservoir of 
~05 000 a ·re-feet apa i ty (Pl. C) . Th 1 ngtlJ of this dam will be 1,-50 
~ et n t p th 1 n o-that t ll tr am l>e l bcinO' 3u0 feet. onndings 
tak n along th lin e of tl.l dam indicate tb~Lt the greatest. depth to bed 
rock is .24 fe t b low low-\Yat r lin , wlli ·h will therefore make tlle 
extr m lt iO'h tof dam194feet. spillway] OOOfeetlong,ov ra olid 
ro ·k 1 t away from the dam i a. commendable 

top ·ontour of the re lTOir i 2,05 .... fe t above 
a.n area f 3,402 acr s. vi at r relea ed at the 

dam will flow down tb riv r chann el for 25 miles t a diverting· dam, 
70 fe t l1 igh a nd 4 0 fe t louo- at th, ere t lin of which the el vation 
i l,G14 fi t abov a level. Both dam are of the ame type-rock
fill with a facing of aspbaltnm con rete. canal with a ·apacity of 
00 ond-fe t tarts at t il e lower clam and skirt t he northern edge 
f tb Salt l'{.ivet· \ a,ll 'Y I m ·tically parallel with the \..rizona anal, 

but e ·teud in o· far b •yond th lower end of the latter. It is to be 69 
mil iulengU1, of whi ·h 25 mil e from the mountains to ave Creek, 
at pra·tically cornplet d. 'The ontlet tunnel to tbe Hor.e hoe res~-
voh·, 71:.> feet Jono·, throu rh, olid O' ranite rock i al ·o fi lll bed. It 1s 
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propo ed i 140 feet; xtreme leugth 1,594 feet. A. spillway 800 feet 
long and 10 feet deep, 
will be exca.vated i11 
tlJe ere t of a ridge of 
rock a t of the dam. 
The computation of 
content i mad from 
a contour Jiu run at 
114 feet above the low
water level at the 
dam, or 1,430 fee 
auove tide. Bed rock 
i expo ed aero'S the 
itewith theexc ption 

of 200 feet, wher 
oundiug locate it at 

ad ptlJ offi·om 1 to 22 
feet below the urface. 
Plan for the dam have 
not be n definitely 
adopt d and no e ti
mate of o t have 
b n mad . 

BUTTES RESERVOIR 
SITE ON THE GILA 
RIVER, ARIZONA. 

A. ·ompl ted 
tion of thi 

.E. ha , b PDr c ntly 
publi h d, 1 from whi h 
it. :.tpJ ears th a, t a 
rna onry dam 235 f, et 
high above it founda
tions Hi7 feet thJCk at 
baR and 13feeta,t top, 
with a•length of 800 
fe tat top an d a ba e 
len th of over 300 f, et, 
is propo ed for the Im
pounding of 207,795 F;;;~;:;~wer por tion of :McDowell r eservoir . 

f1 I the Ptma and other Indums on the Gila 
I R port on the Irrigation luv •stigntion for tllO bome" _to n dro apher: Senato Doc. 27, 54th Con. 

Rlv r I nd um R aorvation , Ar~zon a, by rt,hnr P Da 18, Y gr 

gross, 2d session, l 97 



720 RESERVO IR FOR I RRI ATION. 

acre-feet of water, covering a urfac area of 3,602 acre . Tb maxi. 
mum depth of ex ava.tion to bed rock i g iven a · G5 feet; bcu · the 
dam 1roposecl will b' 170 feet h igh ab v' tb tream bed arrying 
wat r to the 160-foot coutour. The ontl t i to b thr ngh a tmm 1 
1,200 feet long tart ing 300 fe t away from the dam iu id and 0 f t 
above low-water l v 1 in th river. Tbi i to b made larg enough to 
carry th entire ri \ er during th proces of build in g tiJ lam. pi ll _ 
way in two sections, on on ach ide of the dam, and havino· a totat 
length of 800 fe t aml a depth of 10 ~ t b I w tl1e top of th darn, i 
provid cl in the plan to eli cltarg a, flo d volum of 10""1566 coud
feet. Tile co t of the dam and th canal y ' tem for irrigati og the r s. 
ervatiou i ' e timated as 2,244 000, including 23 mil of mn.in canal 
and iJO mile of lat rals. 

The area of drainao·e above th clam i ·omputed a 13,7.30 quare 
mile , from wilich the mea ured run-oft' in L 9-1:!0 wa, 366 593 acre-feet, 
resulting from a rainfall of wiJicll the m an at three tation on the 
drainage ba -in wa 15.52 iuche . Tlt mea ur m nt of 1 95-9G gave 
a total ruu-oft' for that sea on of G"'"' ,OG9 a ·re-feet, during which time 
the mean precipitatiou of th am tllree ta ion w but 11.-1 in h . 

The rainfall record quot d. were kept at Fort Grn,n t an 'arl and 
Wilcox all in the zone of minimum precipitation, and thor for they 
uo uot fail'l r pre ·euL tll 1ucan precipitation of Lit euLi1· water ·!Jetl, 
which mu t b con iderably o-reater, ina mu h a the run-off m asur d 
would be but 3.- "" per cent of tile m an precipitation of 1 9-90 and 
but 7.57 per cent of that of 1 95-96. Th se Gila mea urement of rnu
off compared with those of alt River how on iderably le than the 
latter, the mean of th ila being 36 acre-feet and that of the alt r7 
acre-feet per square mile of water bed . Th differ nee i donbtle ' to 
be found in the o-reater general elevation of th alt River ba in . 

Q U EEN CREEK R E S E RVOIR S ITE, ARIZON A . _ 

The report from whJCh the foregoino- data have b eu compiled affords 
intormation of the capacity of the Queen reek ite, given in the ppen
dh::. 'rhe location is on a. tream entering th Gila River in the territory 
between tbe Salt and the Gila. A rock-fi ll dam for th i ituation i 
e timated to co t 221,000, which include· the cost of ~3 mile of ditch 
an d tl ume to the Sacaton Indian Re ervation . 

Tbe da.m proposed would be 145 feet in extreme height above bed 
rock and would inclo a re ·ervoir of 59,665 acre-fe t ca};lacity flooding 
au area of 1,191 acres. T he greate t dep tiJ to bed rock was ~und to 
be 32 feet below t he. tream bed. Tbe d rainage ba in i no t well defi ned 
on the map , and i varwusly e. t tmatecl at 0 to 250 qu are miles, from 
which a hypotlt etical r un-oft' was computed over a peri od of twenty
three years (1866-67 t o 1889-90) at 1,3!)1 a re-feet as t il e mmim um for 
1 70- 71 , and 91,510 acre-feet as th e maximum, occurrin g t he following 
season. With t hese extremes of run- oft· a nd t he h1 gh r ate of evapora-
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tion in tbat climate it is tbouo·bt that tl.l h' h 
fr tl 

. ' b e 1g e t duty to be expected 
om 10 r e ervon· would be t ho supplying of 10 000 r t 

fi 
· . . , acre-1ee per annum 

or IUlgatwn, or about one-tifth the capacity of the rese · a t l · 11 t th rv01r sugge ted 
~ t sma_ es a.t could afely be built for yield in g the uppl stated 

wtth certa111ty v ry year. y 

NEW WALNUT GROVE RESERVOIR DAM ARIZONA. , HASSAYAMPA RIVER, 

egotiatio n are in pro o-re looking toward the r ecou truction of the 
~alnut Grove dam ( hown in fio·. 124), on the Ha a.yampa J iver 2 
nul~ outh _of Prescott, Arizona, on a. larger scale than tbe original 
rocl-.- ~11 wh1 lt was overtopped and destroyed by afre bet in 1 90. .1: 0 

clefimt plans for the new clam have a yet been made public but it is 

F10. 124.-'Vi w of bock of Wnlnul Gro" rock -fill clnm. 

pr . um <l t hat th le on of the pa tw ill be heeded and a dam erected 
wbi ·h wi ll atisfy a ll tb condi tions r quired for tability and ecurity. 
Th 1 vation f tb ite of th lam is about 3,000 feet above ea level, 
and tbe drainao- basin wid h ha an area of 311 quare mil s r ea he 
a maximum altitude of ,000 fe t. From tbi bed a mean run-off of 
100 acr -f et p r qtuu· mil would give a volum e of 1 100 acre-feet 
to b impounded which i p rhap as mu h a~ ca,n bee onomically 
Rtor d. at tl1e sit , a nd wobably what can be relied upon a th average 
yield f tb ca,tcbm nt area. 'rh water i • in teuded for u e in placer 
1niuin cr ou t ho ba-r and el vat d me :1 of the Ba ayampa Valley, as 
\Y 11 as for irrigation on tbc plain of the Great alley of the Gila, 
which embraces a n allllost un 1 imited area of agricultural hwcl awaiting 
u h toeage euterpri e for its futur development. 

1110 t in teee ti ng a OUII t. of tbe de tructiou of the original cla.m bas 

1 GE L, PT 4--40 
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been given by lVIr. B erber v il n,t tOCY th r wi tlt a d cl'iption f th 
plan and m tbod of co nstruction . As v ry ju. tly on •lud cl by Mr. 
Wil on the failure of thi · cl am, al hou o·b ~ most n,,vful publi di a. ter, 
teachin g emphatic le ons of cauti on and :1re in . u h works, i in no 
·ense a reflection upon th g n ral typo of ro ·k-fill dam for "it 
de truction \Ya laro·ely due to the in , utnm n y of wa te \Yay and a1' -
le sue in the workman hip.' The mo ' t important 1 on to be drawn 
from it is t hat nnd r no circum tan i' it prud ot or p rmis ible to 
allow flood water to flow o er tbe top of a rock -fi ll dam to any xt nt 
and that it i ab oin t ly imp rative to provide c~.mple pill way for th 
great t po · iol di cbarge of the . tream w1 tbon t r achin o- anywh re 
near th heio·ht of th e ·re t of the dam . 

RESERVOIR SITES ON LITTLE COLORADO RIVER, ARIZONA . 

For t he irri o-ation of a portion of tb o-r a t vall y of th e Little olo
rado River, along the lin of the A h1nti c and Pacific Railroad in 
northern Ari zona, near the town of 'IV'in I w, a uumb r of r r v ir 
site · have beeu surveyed by partie intere ' t d. The o·enen•l el vation 
of the valley i 4-, "00 fe t, and it water ·b d ummi extend to alti-
tude of 7,000 feet and upward. Two of the site lect d ar ba iu 
in the bottom lands adj acent to th riv r ·hanu 1 a -£ w miles north of 
Win Jo,,, to be clo ed by art.h dam 20 and 40 feet :Ui o-h, respe t iv ly. 
Re er oir So. 1 ba a capaci y of 6 00 a ·re-feet, and Xo. :3 a capa ity of 
114, 00 acre-feet. 'I bey will be£ d by the draiuag from unset 'auyon 
and Salt Creek, having· a water bed area of about 300 quare mile. , and 
also by a canal from the ri,·er starting at them uth of tb Hio Pnerco 
near Holbrook and taking in on the way tlt water of Ch vlons Fork 
and Clear Creek, t he total l ngth of th canal being ~ 7 mil s to hev
lons Fork, theuce 8 mile to I ar re k, th nee H mile to R e erv ir 

o. 1 · total, 4D miles . . Tbi caual would not only b u eel a a :D eder 
for tlle re ervoir , but for di tribution of irrigation wat r aiong the 
valley from ano her re ervoir, of 5-,ooo a ·re-feet cn,pacity, located near 
t:Ue town of Woodru1f. A rock~fill dam 60 :D et hig h i project d at 
thi · lat.ter ite. 

At Bay Lake, on the bead of Sun et Uanyon a fourth site, having a 
capacity e>f 1;)0 000 acre-feet. ha been 'el cted, wl1 re a darn of earth 
but 20 feet. hio·h and GOO feet long i required . Tbe uppl y to thi re er
voir i to be supplemented ~y a ·hort canal diverting th e drainage of 
tb e upper part of Canyon Diablo. All the dam mentioned ar to be 
5 feet higher than the level to whi ch th ey would be :filled. Other dams 
ar projected on CI ar Creek and Cbevlons Fork, to serve ratheL' a 
diverting weirs than as storage-re ervoir dam . They are to be ·on-
tructed of the sandstone which abound in this region. The minimum 

low-water flow of the e stream i about 10 and 12 second-feet respec
tively and that of the Little Colorado about 40 econd-feet. Tbe entire. 

nt h Ann. Rept. U. . GeoL Survey, Par t III, 1 93, p . 297. 
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sy _tem cont mplate four torage dams and four diverting or pick-up 
w ·1r , th t otal to rag provided bein g about 353,500 acre-fe t, at an 
e t iro ated co t f 357,000. Tlte ·anal for conveying and d i tributing 
the wat r are e tima.ted at 37 ,000 makiug the total co t of the sy tern 

730,000, r a little more than 2 per a re -foot. 
The wat r b d available for tbe purpo. cs of catchment, a nearly as 

can b determined from tb be. t map to be ha<l, are approximat ly 
a follow : 

Square tniles. 
anyon Diablo, upp r part... . .... . ..... . . ... . ............. . ............ .... 100 
nns t any on.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300 
lear Cr k.. .... . . . . .. ...... . ..... .... . . ...... . ..... ...... .... . . .... ...... . 452 
h vlons Forie............. .... . ..... . .......... . ... ... .. ....... .... . ...... 500 

Little olorado, at mouth of Rio Pnerco ....... .. . ...... ... ... . ...... .. ..... 5, 281 

P RO P O SED ROCK CREEK R E S E RVOIR ON HUMBOLD T R I V E R , 
N E VA D A . 

One of the tril>utarie of Humboldt R iver which eaters that tream 
above Ba tl :;\fountnin, yada, i known a Rock Creek. It drain a 
territory of 750 quar mi le , \Yho e altitude range from 5,000 to 13,000 
feet above tide level. A it debouche iuto Humboldt Valley it pas e 
through a narrow, rocky gorge. 5 mill' in length, cut deeply through 
a v I ani rang of lrill -, at th h ad of whi hi a favorable it for a 
d arn formin a capaciou ·torarr r en·oir. Tbecapa ityoftbi r e er-

oi r a th 7.- .fo t ·ontour i 0 00 a r -feet v ring 3 670 acre of 
nrfac (Pl. '1). Tb hara t •r of dam prop dis a ro k-fi ll . for which 

th it i · IJ t adapt d. '1'11 ·auyou i but 120 fe t wid at bottom 
and 30 C et at lt 75-fo t I Yel. On one id the ·anyon wall ri e 
quit abruptl O\' r 250 f hicrh ( Pl. II ). 1'b material ig a hard 
p rphyry at th dam it , •·app d at a C '" llundred feet h ight b a 
Jay r of lava or ba, Hit of con iderabl d pth. 

Th dnty of th r rvoir ' upplern nt d by the normal umu1 r flow 
of ilumbold 1 ,iv r. i xp t d to b th irri o·at ion of 100 000 acre 
of vall y land b tw n Batt! if tlntain :wd iunemncca,. nd r ly
ill g a p r ·ion of this land i an art ' inn l> l t whi ·h ba b en explored 
by a C w "!"lowi ng w 11' in t lr neio·IJborhood of Batt! Iountai n, :Lt t he 
mouth of H Riv r and th o· neral W<tter p lane of t he vall y below 
th i · 110t at a gr at d pth , o that tlJ du y of water in irri
gation is xp ·ted to b rather high r than ou le::; favorab ly itu<lt d 
lands. Jrrig·at,ion iu the valley i contin d to the neighborhood of 
Be waw a nd Lovclocks where xt n · i e alfalfa fi ld are watered from 
t lr e , tr am, a nd th di t,rict in question is betwe n t h e two lo al itie . 
'l' h run -off fi·om th water -bed tributary to the re rvoir i e timated 
at over 1JO,OOO acre-f t p r anu um-an average of 200 acre-feet per 
quare mile-tho precip i t~1t i on varying from 7 inch annually in the 

lower 1 ortio n to ov r 40 in ·hes in t he hi gher mom rtain ra.ng . The 
co tofth d;,mi · e t imat d atabout$1 p racre-footofstoragecapacity. 
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LOS T CANYO N RES E RVOIR SITE, AND NATURAL DAM , COLORADO. 

'l 'b region of Lo t Park ancl J.Jo, t a nyon ou Goos re k , ~ lorado, 
a tributary of onth Platte RiYer, is oue of rugo-e l grand ur, ll ara · 
teriz d by cenery of tb wi l11est im~tgiuab l de crip tiou, aboundino· 
in hi gh cliff · a nd ro k mas e of fanta:::ti hap · a nd lor a nd of 
Titan ic dim u ion. . "atnre ha,.' her mad a,n ffort at ro ·k-fi ll dam 
con tru ·tion on a gra nd ca l by fi lling in tb auyon to a maximum 
d pth of 350 f, et wi t h a n aggregation of enormon bowld r thrown 
from the neighborin g cliff . Tlli r markabl ro ·k-fill i · .:~ ,100 f, et in 
length and i , fai ely w IJ repre nted in a g: ueral ' n by t lJ l ngitlldi
nal and eros ecti011 bow n in fin·s. 1 ~:3 and I ~6. 'Ih max imum h ight 
above the upper to i , a , tated 350 feet, but a tb b l of tbe cany n 
fall l.JO feet in th 1 ogth of tb dam tb h ight of tbe r t i 40 
fe t above th lower toe, wh ere the t.r am C>nH'ro- . fro m und rn eatb 

eyqp~ -- ----- -

tbe bowlder . The extrem width ou top i 4-00 fe , a lthough the bulk 
of the fill i , 1 , ' than 100 fe t in wicltb, and at the botto m tlJe ·anyon 
width b twe u w 11-poli slJ ed wall .· i but 20 to 2:) feet, at , n h plac sa 
it i · po sible to go undern a th and in, pect it. 

orne of the bowld r t l1 a t form the emb~LIIkm nt ar a laro-e a au 
ordinary two- tory dwelling hou e, aud the t ream 1inds it way tb rongh 
t hem with li ttle apparent obstrncti011 , althonn·h tl1e pre nee of a pi! 
of dri ftw ood at the moutlJ of a cave on tbe upper face, 150 feet above 
the bottom i au indication that occa ioually the voln me i ' too great 
to find exit in tb low r pa .·age:; aud is forced to ri e to thi ui g lJer 
outlet. It i po • ible to de ceud in thi cav , by mean of ladder and 
rope , into t he i nterior of t il e dam almo t to the water level. The 
er e ·t of tl1e olid ma of the d::tm proper i at tu 200-foot level, 
although a ~hain of hu ge bowlder , 3:- to 50 f, et high, lying near 
together, e -tend across the canyon from side to side. The entire sur-
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face of the natural embankment i dotted over with large fir trees, 
growing in tlJ e soi l that has lodged in tbe creYice . s the tream 
emerge from the foot of the dam it ha the appearance of a sprin g 
flowing out from beneath an old gla ial moraine. 

Surv y of be site have developed th fact that are ervoir with a 
capacity of 24,000 acre. feet can be made a \ nilable for storage aud use 

' by making natures dam water-tight. ~h i s may readily be done by 
filling the crevices and avitie on the upper face with concrete and 
providing a proper outlet for the water by means of a tunnel. The 

t--- ---- ~o'-- - -----

FlO. 126.- k toll of cross section nt upper ond of Lost Canyon nu.turnl dam. 

latt r has b en project d on the 75-foot lc' l, and will r _qu~e to be 
1,200 ~ t Jo1Tg to rea h a neigltborin g canyon . T it co t of tln work 
ha b ' 11 tnnatect at 104,000 or 4.35 per nere-foot of storage 
apacity in t he r :en ·oir. A n addition of _o fe~t to the top of the 

dam would in •r nse thi ' capae1ty to 27,700 acre.feet, and th e cost to 
144 000 the work to be done in Portland-cement mn.somy. The 

re e:voir ba been in •ontemplation fo r olli e year n a st01:age ~or 
irrigation and dome tic upply iu ancl around Deuv r, from whwh mty 

it is some GO miles lis taut. 
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TARRYALL RESERVOIR SITE, COLORADO . 

The Rocky Mountain park region abound ' in re er oir Rite of m re 
or le · mag ni tude and ntJu e. On Tarryall reek , 11 a r it jnu t ion 
wi t h the ~ontll Platte I iver, a clam a,url re ervoir ·it existl:>, who · 
capacity at tl!e 1GO-foot contour i. 46,000 acr -fe t . Til width f t he 
canyon at the dam- ite i but 0 feet at th e tream bed a ud -1- 0 feet at 
the 160-foot line. The area ·flooded at that level wou ld b 775 a. ,. s. 

The foundation s for th e lam ar of gmnit and the gen ra J COD(li 

tions are "ell a cla.pte<l fo r n, ma om y tructur tile co ·t of whi ·!1 ou 
safe gravi ty lin s i e timated at 350,000 or ab ut 12 per acr -foot 
impounded. 

ANTERO RESERVOIR SITE, SOUTH PARK, COLORADO. 

One of several resen·oir ite.- el eted and urvey d for t he purpo e 
of upplemeut iu o· t he uppl y to tbe irrio-atiou anal - of th P latte 
Valley i · l o ·ated iu the onth Park at th junction of alt r k with 
the South P latte Riv r. t t hi it a dam of a.rth 41000 f; et long 
and 3G fe t l!igh, riprapped with stone, e tim ate l t o t ·l.JO,OOO, will 
impound -0,640 acre feet, the co t bein g- about 2. 76 per acr -foot. 

SOUTH FORK R E SERVOIR SITE, COLORADO . 

Til Deuver uiou Water 'ompany h ave a ·quir d a. r e ·ervoir ite of 
notable ize and capacity on t he South Fork of the outh Platte Hiver 
about 30 miles back in the mountain from the poin t where the ri ver 
debon hes upon the pla,in , and have made plan for the con truct ion 
of a dam of ma onry 211 .. - feet high, wl1i ·h \\·ill require GO 000 cubic 
yard of stone rna onry au cl fo rm a re er voir of 2~,000,000,000 gallons 
capacity. This ite i belo w all of those de cribed in the forc o-oing 
page on t he same trearo, and wat r relea ed from any one of t hem 
into the river would neces arily pa · t hrough it. It · elevation, how
ever, i uch as to make it of , pecia l value for tbe large volume f 
po,Yer wh i h may be developed from it water and tran mitted elec
trically to Denver, tl1e water to be conveyed in artifici al conduit from 
the dam to the mouth of t he canyon or the point wuer , after pas ing 
through the power wheel , the water would nter the main city conduit 
and be conveyed to D enver c·ide by ide with the electric wi re t ran. 
mitting th power extracted from it iu i t ' d.e cent from tue mountain . 
The dam I roposed will be 473 fee t lon g on top; 20 feet on the river bed. 
It ba e ,..,,ill be 170 feet, and top width 20 feet. It will be traight in 
alignment, and the top of tl.le parapet will be 7.5 feet abQve the high 
water line, t he spillway being located on a, lon g rid ge of hard granite, 
which happens t o be of the de ired height, at orne little di t ance from 
the dam on the left bank. 
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'ompany San Diego 'alifom ia; Burr Ba ell, C. E., Los ngeles, 

Cali fon1 ia · E. L. 1\faybeny, mana O'er Lake llemet Water ompany and 
-c<>11 . truct in g uperintendent Tiemet clam, Hemet alifornia; Walter 
J'ame . E ., Baker field, Californ ia · E . F . Tabor, . E. Escon<lido, 

alifornia; \V . E. i ·kl er up rintendent E con dido I rrigation D i trict, 
Escondido California; A . P . Ian . E ., I. m. oc. . E., chief engi
ne r Tlutl ou 'anal and Re ervoir Compa ny, N w York; .J. B. Lippin 
ott, . Jo~., bytlrogra plt er ~ nite<l Stn,te. Geological un·ey, Lo Ang le , 
'a lifornia; F . P . Tr tt, . E ., Phren ix, Arizona; J'. K. Dooli ttle, ecre

tary Rio Verde anal om1 any, Phfenix, Arizona; Pill bury ..., - kin -
ner, civil ng ineer , Lo ngele ' , aliforni a; Bnrt 'ole, eno- ineer South 

nt lope Valley Irri O'ation ompany, Palmdale, California· Capt . 
. H. Tiancock P b ni x, Ari zona; Hermann cllll sler, . R., ch ief 

. nO'ineer prmg Va lley ·waterwork , an Fmnci , aliforn ia; L . H . 
Taylor C. h, hydrographer ni ted tate Geological Survey Ba,tt le 
)fountain ~evad a; E. H. l\'[ Henry, clti f engi neer Nurtltern Pacifi c 
Rai hvay. t. P~1ul , l\f inne ota; harl e S. Bibler, resideut no·iuc r 

.,.. rth rn P a ·ific Hail way 'racoma V\ ashiu gton ; ll. J . \Jambie, chief 
no-i n er Pacific ])i\'i ion 'eutral Pa ific Railway, Vane uv r Brit-t-

ish 'olumbia · Edm und J uch nay, cli vi ion euo-ine r cntral Pacific 
J ai lway, Yanconver Rriti. h olurnbia· Bnrt ole . E. Palmflale~ 

· Hlifornia. 

PPEN DIX. 
).""D AREA . 

E 0 DLDO InRIGATI N DI 'l'JU 'l' RE ERYOU~, ALIFOR ' lA. 

{ Art\ll or lriiJntnt·y watrrRhecl , 8-qunr miles; c1 vatio n of bnso of clam nbo,-o St'a len~l . 1,300 feet..] 

I 

~~ight 1 
n.btH'H bnl'\e Surfnro n1· a.

1 
uf dnm. 

Fut. , teres. 

20 ·-···- · ···· · 
35 .... ---- ··-· 
r;o -··· .... -- -· 
65 . . ... . ·--··· 
0 17<1 

90 ------ ······ 
100 -------- ... . 

ito - 5 

apncity uf 
rcaervuir. 

ACI'tjetl. 

46 
2 

•1,576 

6, •155 

I 693 

11 355 L ----

J.::ernatks. 

ap,city of re n-oir as com pi t din 
l 95, 3,500 a.~re - feet. Outlet of re -
en ·o1 r is 16 foet a bove base. 

I 

I' __j 
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LOWER O'l'A Y RESE RVOIR, C.A.LIFOR IA. 

[Area of tributary watershed , 100 aq uare mil s ; ole,·ntion of base of dam n!Jo,·o •c11 I vel. 345 ft •ot.] 

.--------------------------~---

ab~~t~.~se I 
of dam. 

u rface area. 

Feet. .Acres. 

30 40 
.Jo 96 

50 160 

60 239 

70 276 

0 303 

90 452 

100 567 

L 130 1, 000 
150 1,414 

Capnoi tv of 
rescn .,. Oir. 

A. crt-feet . 

321 

1, 002 

2,284 

4, 2 1 

6, 60 

9,756 

13,530 

1 ,623 

42, 190 

66, 455 

Rem11rks. 

Outlet tnunel 4 f~>et a l.>ove base of 
dam. For cro a section of dam site 
see lig. 117, p. 707 . 

MORENA RESERVOIR, SAN DIEGO OUNTY, ALIFORNlA. 

[ Area of tributary watershed, 135 square mile 

I 
Height 

abo,·e ba• 
of dam. 

Ftet. 

50 

60 

70 

0 

90 

100 

110 

120 

130 

140 

150 

I Surface aroa. I 

Acres. 

46 

73 

111 

152 

225 

304 

438 

624 

850 

1,137 

1, 370 

Capacity of 
reservoir. 

---------

.Acrefut. 

460 

1, 079 

2,029 

3,316 

5, 1 

7,831 

11,466 

16, 804 

24, 107 

34,358 

46,733 

Remarks. -l 

Outlet tunnel is at 30-foot con~nr. 
Rock-fill daro witb a pbalt concrete 
facing. For cross section of daro 
site see fig. 117, p. 707. 

I I 

_j 
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LA ~1:ESA RESERVOIR, SA DIEGO COUNTY, CALIFORNLA.. 

[A. r ea of tribu tary watershed, 5 •qunril miles; elevation of base of dam nboYo sea level, 433.5 fe t..] 

Heij!ht 
abov e bnse u rface area. 

of<lnm . 

Feet. Acre&. 

30 12 

35 1 

4.0 24 

4-5 30 

50 4.1 

5ii 53 

60 62 
6- 70 

70 3 

75 96 

80 113 

85 129 

90 152 

95 1 1 

l 100 205 

140 444 

Cnpncity of 
resen·oir . 

Acre-feet . 

110 

190 

290 

'J,30 

610 

850 

l, 190 

1, 460 

1,850 

2,290 

2,820 

3,420 

4 120 

4,950 

5,920 

1 , 90 

RemRrks. 

Hydraulic-fill dam, completed 1 95, to 
·66-foot contour. Outlet at base of 
dam. 

__ _j 
PINE ALLEY RE E R VOIH., A DIEGO 0 ~·y, CALIFORNIA. 

[ArM of wat rshed, 45 qunr miles; ~levntion of base of dam, 3,700 feet. ] 

]] ight I Capacity of 
nbo,·e bnae . urfac area. rNJervoir. 

of dnm. 

-- -----

Remarks. 

Fett. Acres. Aor•·fr-t. 

40 90 550 

50 160 l , 00 

60 240 3, 00 

65 _77 5, 100 

70 300 6, -so 
0 3J5 9,610 Dam proposed to be constructed by 

90 330 12, 35 bydm ulic process Rs a rock-fill eRrt h 
dam. For oros section of dam site 

100 3-19 16, 230 see fig. 117, p. 707. 
110 397 19,960 

120 520 24,54-0 

125 5 6 27, 0 0 

130 640 30,3 0 

140 720 37, 1 0 

160 784 4'~. 695 
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LA.KE HEMET RE E RVOIR., R IVER IDE 0 'TY, CALIF R I 

[Area of watershed , 65 to 100 s<JUIII'O mil : ol ,-nlion of bas of <lam, 4,200 f t .) 

Height 
Snrfaca area. apa ity uf abo,·o bn o reservoi r. 

of dam . 
Rl' rtlnrk .. 

Feet. Acres. A cr t -feet. 

40.0 2.0 33 
45.0 2.3 73 Lowe t outlet at 4'" fe t . 

50.0 3.0 ,113 

60.0 29.0 332 

70.0 62.0 773 
80. 0 103.0 1,603 
90.0 133.0 2 7 7 

100.0 1 7.0 4, 391 

• 110.0 252.0 6,59 
120. 0 32 .0 9, 512 
122.5 365.0 10, -oo To) of dam a compl t tl1 95 . 
130.0 4 6.0 13,590 
140. 0 601.0 1!1,077 
150.0 73 .0 25, 6 _j 

'WEETW 'I'ER DA.l\'1, ' AN DIEGO OUNT Y, CALIF RNIA. 

[A-rea of tributary wate:shed, 1 6 square mile ; eleYation of lowe•t outlet abo,·e s a level, H O feet ] 

-----< I Hei j!'b t Capncit): uf abo,·e low- Surfn.cearca. I R emnrks. I e t outlet. 
rcservoJr. 

Feet. .Acrek. I Acre-feet. 

0.0 3.5 ..... . ...... 
10.0 17. 1 9<1 
20. 0 7El.2 540 
30.0 153.7 1, 679 
40.0 272.2 3,748 Lowest ontlet is 24 feet above lowest 

foundations of dam. 
50. 0 398. 0 7, 066 
60. 0 539.0 11,737 
70.0 722.0 1 ,053 

' 

I 
75.5 895.0 22,500 

_j 
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LlT1'LE BEAR VALLEY R E SER 01R (ARROWHE AD R ESER VOIR COM
PA Y), SAN BERNARDJ 0 COV"N1'Y, CALIFORNIA. . 

[Area of tributary watershed, 6.6 Sl} uare miles; e1evat.iou vf base of dam, 4,9-16.3 fe t.] 

Height 
nlJo,·e t tUI
ue1 vut1et. j 

F eet . 

10 
20 
30 
~0 

50 
60 
70 

0 

90 
100 
11 
120 
13-

147 

!GO 
175 

I Cnpa ity of 
urface area. reMen·Oi r . Remarks . 

A cres. ..c:lcrt -feet . 

29 . 7 19 
5-. 6Ul 

77.0 1,:! 0 
109.6 2,207 
191. 3,6 0 
236.9 5, 30 
2 6. 0 ' ,114 

336. 3 11,51 
Bottom of outlet t nnn 1 is 15.5 feet 

ai.Jove bed of creek at ba e of dam ; 
395. l:i, 170 lowe t foundations about 15 feet 

457.0 19, -lC 1 low ·r. 

535.0 21, 326 
626.0 30.09+ 
716.0 .JQ 14.1 

00.0 -19,23 
' .0 60, 179 

932. 0 73, 00 

ALLE RE 'EH m LTE ( ARROWHEAD RESERVO'(R 0 'l· 

PA Y) ' 'AN J1ER1 AltDJ ' 0 N'l'Y, O.A.LIFORNIA. 

hl\·ntion of baso of dam sitc, 5,1 .J f t.] 

Hei~th t ubo"e 
bose vf dnm. 

urfaco nr · a.
1 

r •s n'~"Olr . 
Cnpaci t~ of I 

Feet . .A cre1. .4crejeot . 

22 5.4 37 

32 29. 5 196 

42 52. -o_ 
52 72. 1, 225 

62 100. 7 2,090 

72 11 5.7 3, 1 0 

:& 13 .0 4, 460 

92 159.7 5 946 

102 1 0 4 7,632 

112 200. 2 9,5~0 

12:U 210. 0 11, 635 

125 23·1. 0 12,329 

ro 30 1. 8 19,010 j 175 1.7 27 547 

--- -
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H "l'ON FLAT RESERVOIR (ARROWHE AD RE ER\TOJR COMPANY), .AN 

BER ARDINO COUN'l'Y, CALIFORNIA. 

[E Je,·ation of creek bed nt dam s ito, 4,450 feet . J 

Height abo,·e 
base of dam. 

F eet . 

I Cnpa ity of 
nrfnce arcn.

1

_ r_ se_r_'' _oi_r._J 

Acre.~. . l cre-j .. t . 

20 . 0 60 
30 20. 200 
40 4 6 
50 55. 047 
60 74.5 1,595 
70 93.5 2,430 
0 112.7 3,459 

90 135.6 4,700 
100 157. 1 G, 150 

110 1 0.5 7, 616 
120 206. 0 9, 76~ 

130 234. 0 11, 975 
ao 257.9 14 411 

~--~~----~~-9_: _: _ __ ~~: ~~3 
PA.UBA RESERVOIR ITE 'AN DIEG-O CO UNTY, ALIFURNIA. 

[Area of tributary waters bed , 372 sqnare miles; elevation of bas of dam, 1,350 feet .] 

I Heigl~t 
nbo,·e base Surface a ref\. I 

of dam. 

Feet. A.crea. 

10 10. 7 
20 62.3 
30 110.5 
40 190. 7 
50 2 2.8 

60 340.7 
70 447.0 

80 584 .2 
90 689.4 

100 805. 9 
130 1,214.0 
140 1, 441.0 

Capacity. of 
re:JervoJr. 

A c1·e-jeet. 

54 

441 
1,262 
2, 760 
5, 150 
8,250 

12, 200 
17, 355 
24,723 
32,200 
62,496 
75,770 

R marks. 

Ma:oLimom depth to bed rock about 25 
feet in ceotet· of channel. 

__ _j 
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WARNER'S RANCH RESERVOIR 'I'l'E, SA.N L UIS REY RIVER, SAN DIEGO 
CO -'TY, CALIFORNI A. . 

[Ar "of tribn tary wate r·~herl , 210 square miles; ele,·ntio rt of base of d am, 2,613 feet. For ross section 
of dnm ite sre fig. I Ii, p. 707.) 

SA N'l'A l'rARIA VALLEY 1:1!: ·ERVO ln 8 [1'1!) , ' A. ' DIEGO COU N'l ' i · , CALl· 
F H:\'U ... 

1.\ rt.•ll of trihntnry wat r~hed, 60 squnr\'\ mil "' ; d \Tntio11 of bn:, of u:un, 1. a00 feet. ~·or cro 
of <lnm si to see fl~;. 117. p. 707 .] 

H eigh t ob"'·~ Surfnc·t· :t rua. Cnpa.rit .': of 

1 

" ""'' of dnrtL rt:se-rvOl r. 

.Fut. ~4.cre.~ . Acrc·fee t . 

20 7.6 ·15 

30 :?3.2 199 

40 4 I. il 522 

5 0.3 1, 10 

' 60 154.3 - so:.; 

I 70 2 .- . D .J. 500 

L 0 561. 3 , 73G 

srction 
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l:'.A.l\fO VALLEY RESERVOIR I'l'E7 '.A. T Dl.E GO 0 N1'Y, ALU<ORNIA. 

[.A.r a of tributary wa tershed, 125 ·quur miles; cloYnt i n of bn,co f dum, 03 feet .] 

H~i ' ht . C:npn ·ity of 
abo~o baso Sntfo.cenrcn. rcscr,·oi r. R marks. l of dam. 

Feet. 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

-~ 

.Acres. 

1 .... .... . ... 

·---- - ·-- ---
---- ------ --
·-··· · ------
---- ---- --- -
· - · ·· · ------
---- -· ----- · 
.. . . .. ------

401. -~ 

476. 5 

614. 

70 

---- . . .. ---
. . .. .. . ..... 

A ere-feet . 

204 

43 

766 

1, 242 

2,().!9 

3,305 

5,0 3 

7, il74 
10, 42-

14, 127 

1 ' .-27 

24,065 

31, 700 

3 ' 300 
49, 100 

Out ! t of resenoir to be Itt th 40-fooL 
level. Fo r cro~ ctiou of dntn it 
see fig . ll7, Jl . 707. 

DYE VALLEY RESERVOrR SITE, .A.~ DIEGO u NTY, CALIFOR TA. 

[ .l.roa of tributary watershed, 5 qunr miles; ele ,-alion of base of dam, 2,200 fc t . ] 

H eight aoo,- Capacity of 
base of dam. l_ r_e•_e_rv_o_ir_._ 

FeeL A.cre-ftet. 

0 4, 00 

ll morks. I 
-·-----1 
To be fed by diversion of Santa Y abel reek, drain

ing 30 squar mil s of mountain territory. 
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CUY AMA A RE ERVOIR, SAN DIEGO COU TY, CALlFOR ' lA . 

[A r·cn of tributary wat.e rshed, 11 .03 sqnare miles ; ele ,·nt ion of dam, about 4,850 feet.) 

B eier hi. n.paci t~: of I I abo,·e base nrfn. nreSl. Remarks. 
of dam . resen .. Olr. 

---- _I 

I 
I 

---
.:r.'eet.. AcreM. A cre-feet. 

I 10 6 12 

12 44 60 

H I 106 200 

I 16 17 490 

1 900 

20 1,520 

22 2,290 Top of dam, 41.5 feet ;•bo.-e bas . 

24 519 3,240 F loor of wa ·te way a t 35- foot con-
tour above base. 

26 60~ 4, 360 

2 6 4 5 650 

30 768 7 100 

32 ' 4- , 71 0 

34 919 10, 470 

35 959 11 ,4 10 

DA U RETT HESERV I R I TE, N DillGO OUNTY CALIF ORNIA. 

( A n of tribut a ry wntersh d, 2.>0 ~qunr 

------
H eight 

abo,· bn e 
of dam. 

Feet. 

60 

70 

0 
()0 

100 

110 

120 

130 

140 

150 

160 

J70 . 175 

T . I Cnpncity of 
ur1a nroa. r 8 rvOi r. 

------ - _: ____ _ 
Remnrks. 

.Acru. A crtj ttt . 

70 - 6 

97 1, 412 

147 2, 611 

1 3 4, 312 

231 6, 322 
setl o n di vertiu ,g dam, to the h eigh t 

2 - ' 975 o.f 60fe t , for di ver tiug Moreua re11-

36ll 12, 123 cn ·otr wn t r to t be Lower Otay res-
crvoir. F or eros · ectiou of dam 

469 16,345 ' ito s e fig. 117, p . 707. 

576 21,530 

662 27, 35 

784 35, 160 

7l 43, 440 

9B6 47,970 

L--



736 RE ERVOIRS FOR IRRIGATIO 

UPPER OTAY RESERVOIR ITE, SAN DIEGO CO NTY, ALUOHNIA . 

(Area of tributary wnterehed, square miles ; !ovation of bns of dam, 4 0 ~ t . .For cro s section 
of dam si te see fig. 117, p. 707.) 

r;:ight nbo,,e 
base of dam. 

f I Cn paoi ty ~ ur a.ce nrea. re en·oi r. 

Feet. Acres . Acrr·f eet . 

60 9 643 

o 17 3, 236 I 
!00 293 7, 71 

.__ __ 1_2_o__: ___ 4_5_2 ___ 15.~ 

BEAR VALLEY RESERVOIR, A BERNARDIN 0 NTY, LIFOR IA. 

[A.rea of tributary wntRrsbed, 56 sq uar~ miles ; el ,·a lion of base of dam, about 6, 200 fe t J 
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SOUTH A::-lTELOPE VALLEY !11-RIGA.TION COMPANY'S ALPI:Z..TE 11-E ER· 
VOIR, LO ANGELES '0 NTY CALIFORN IA. 

[A.ron of t r ib utary watershed, 6 sqnn•·o miles ; ole'' "'tion l>ottum of reservoir. 2,779 foot.] 

--,..--------------------, 
H eight 

abov bas 
of dam 

Feet 

6 
5 

16 
21 
26 
31 
36 

orface nrca . 

.d.cru. 

106 
HO 
170 
202 
2_ 

252 
277 

Capac ity of 
rescr~oir. 

.d.cref eet. 

415 
1, 031 
1, 07 
2,73-t 
3, 0 

5,008 
6, 332 

Rema•·ks. 

Filled by miles of conduit from Lit-
t ie Hock ' reek, wi th drainage of 61 
quare mile . 

_j 
VIC1'0R R.E ERVOIR ITE, AN BERNA.RDINO COUNTY , A.LIFORNl.A.. 

Height a bo,·e 
base of dam. 

Fu t. 

145 

.Acre1. 

7,71 

feot. ] 

• ... ~~ I 
390, 000 

A ' LE ' DRO RE E RV [Jl, LAKE HABOT O.A.KLA~D W AJ.'ER"\"\ ORKS, 

A.LIFOR ' lA. 

lA ron. of tributary reservoir, 50 square miles; ele,•nlion of bnse of dam above sen Je,·el, 115 feet .] 

H cight 
nbov bas urff\.OQ a roo. 

of dam. -' . 

• 

Feet . 

3 
50 
70 
90 

110 

130 

Acre& 

· ···-- ---- --
2 

165 
259 
355 
46 
576 

apn ily of 
r c Crt"OJ r . 

.Ac•·efret. 

0 
1, 1M 
3,635 
7, 6 

14, 03 
22,290 
32, 7 0 L 150 

17~-- ~-- 45,740 

18 GEOL, PT 4-47 

Remarb . 

Outlet I vel. 

II igb-wa.ter mark a.t present, 10 . 5 
f, et above ba ; capacity, 13 115 
acre-feet , or 4,274,000,000 ova!lons. 
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M..AN..ACHE MEADOW RE El~VOlR SI'l'E, 0 'l 'll F ORK I ERN RTVER, 

..ALIF R:N I .A. 

[A.reo. of waters hed , 155 squ nro mi les; elenttion f dam silo, ,200 fco, L.J 

lieigh t nllo,·o I ' urfece nron. -~ npncitj• of 
bas of dam . re ervoir. 

Feet. Acres. Ac>·e-jut. 

10 :.2 110 
20 146 !r4 
30 12 63 
4.0 1, 65 1 ' 27 
50 2 599 -!0, 732 
60 3, 254 69 5 
70 3, 1-1 105,236 

L o: I 
4-,420 

' "· 419 I 5, 30 24 52 

BIG MEADOW RESERVOIR I'l'E .AL ION ·FORK KER 

C L IF R NI.A. 

mil s.J 

Height above 
base of dam. 

Capacity of 
r eser\"Oi r. 

Feet. A cres. .d.cre-jeet . 

20 1 409 
30 46 3, 17<! 
40 603 530 
50 723 15, 169 
60 02 22, 7 
70 70 31, 14 
80 930 40, 036 

100 1, 020 59, 311 

RIVER 

NOR'l'H FOR K L..AKE RESERVOIR I'l'E UPPER KERN RIVER, 

C.ALIFOR I.A. 

(E levation, 6,500 feet.] 

Height 
Surface area. CnpA.City of above base R marks. 

of dam . reser voir . 

-
Fttt . Acre~. A~>re-jeet. 

20 46 --- --------- Out. 
70 104 3,763 

120 189 11,101 
170 318 23,770 
220 598 46,614 
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BUENA I STA LAKE RE ERVOIR, LO\V"ER KER RIVER, C.A..LIFORNIA. 

[EleYaiion abo<"e sea level, 260 ~ t.) 

Height Capaoit):" of I abo,l'e out· u rfaco area. Remarks. 
let. rcservotr. 

.Acre~. .A<>rejeet . I [5 23,570 

I 
0 }A d•pth of 6foot b•low th• bottom of I 

0 25,000 170,000 outlet canal i never drawn upon. 



740 RE ERVOIR B FOR IRRIGATION. 

QUEE N L~.EEJ' RE ER OlR I TE, .ARIZONA. 

of clu111 , crcok bod, 2,050 f t.] 

~---

Hei~:ht 
Surface area. Remarks. abo,·e base 

of dam. 
I 

l'eet. ilc1·es. .Acre-feel. -, 
20 :.2 190 
30 52 560 
40 D2 1.3_0 

50 209 2,9 5 
60 :.79 -, 4~5 
70 356 '600 
0 4.!5 12,60- Heigllt of dam utge ted, 115 fe t, 

wo uld flow to tl.J igb t of 110 feet. 
90 538 17, 5:.0 

100 630 23, 361) 
110 757 30 795 
120 94 39 050 
130 1, 019 4. ,615 
14.0 1, 191 59,665 

BU'.I.'TES RESEl.tVOHt SI'l':E, GiLA. J: 1 .ll:R, ARIZONA.. 

[Area of rributa ry watersbocl , 13,750 square miles ; le,.ation of base of dam (low water), 1,600 feet. ) 

Heip;bt 
above base 

of clam. 

l'eet. 

10 
20 
30 
40 
-o 
60 
10 
0 

90 
100 
110 
120 
130 
140 
150 
1.60 
170 
180 
190 
200 

I 

I 

urfnce 81.en I Capacity. of 
· reservo1r. nemnrks. 

.Acre6. I .Acre:feet . 

20 100 
71 550 

229 2, 050 
397 5, 1 0 -
533 9,830 
741 16,200 
928 24,54.5 

1,105 34., 710 
1,329 4.6, 880 
1,566 61,355 Height of dam proposed, 170 feet , will 
1, 769 78, 030 I carry 160 fe t depth of water. 

2,029 97,020 
I 

2,367 119; 000 
2,746 14.4,565 
3, 149 174,040 
3, 602 207,795 
4,118 2J6,395 I 4,609 290,000 
5, 133 33 ,740 

I f\,651 392,660 
I 
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