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AN AQtJD'I!l US! IN THE SOtJ'I'IfWEStsRH PAiT OF 
m LOUIS'fiUS AW, nJfTUCKY 

By WiUiD H. llalbr 

.ABSTIACT 

The 'IDCGIIMlldated ADd ud crawl tt.poaita al-e the Ohio Riftr at 

Loui8YiUe, Ky. CODtain a J.arae quutity or g1'0UIId water. Parta or the 

pi"Hftt tiM great eaphuia ia beiag placed on proper locatiOD, 

deftl.opaeat, ud UM Of growad•water auppllea. The preaent treDd of 

iDduatrial growth ia to the aouthwat or the city iD the Ulldneloped 

ana aloag the Ohio tinr, where the pelda to iDdividual wUe are 

higher aDd relatiwly l.arc• auppllea cu be dltYeloped. The aYerage 

ooetricient or pemeabill ty ad atone• coefficient or the aquiter here 

an 1,600 callou per c1q per ~quare root ad 0.2~, reapectively. 

1 



Theae valuea a r e uaed in t l ia report to eatimate the natural 

diacbarge from t le aquifer to t he rive r ; t : e natural rec arge to the 

aquifer from now t rouan t he valley •all; and releaae of growad -water 

atoraae iD lhe aquifer. In t 1e Wldeveloped area aouthweat of t ne city 

t ., e outflow of aroUDd water to t he 0 ' io River durina i 951 waa about 

1. miUioll aalloaa a clay per mile of t"iver ch&DDel. A lara• percellt&ee 

of t he around water now bejng loat to the atream cowcl De aalvaied by 

t ne proper location of well field• cloae to t he river. Furthermore, by 

locatin1 well• near t he riveTbank large quantitiee of additional iround 

water may be obtained by inclucecl infiltration of river water, t ereby 

greatly increaeing t he total around -water yield of t he aquifer. 



The crcnrth or the city of Louisville depell(la upGD a syateu.tic 

plan of i.DI:tuatrial dnalop8ent J therefore, aD&l.yaea preMnted in thia 

report ... intended .. Ul aid ror • part of thia pla --- the future 

developMDt or the grouact-water reaourcea or the area. 



INTRODUCTION 

DuriDc World War II the great cMN8 d for cool wter of good 

qulit7 cu•ed a taporvy onrdnelo~t of the gi'OUDd.-water N80UI"M8 

ill ... of the hearil.T induatrialiaeci Mctiou of LouillriUe, 1¥. A• the 

•i tuatioD bee- critical, lllft•tflatiou wn atarted to fiDd areu 

where II"'uad water could be obtaiaed to ... t the a44i tioul DMda. Ia 

the • prilag of 1944, a detailed •tudy of the poeuac:l-vater neource• ia the 

8CNthw•tern part of Louiarille wu beguD. A report of thi• iaft1tigatioa 

releaMd by the thai ted Stat•• a.ol.ogical SUrn7 ( Ronbqh, 1948), 

indicated that addi tioul. ground water could be obtaiMd ia the .,... 

cOYend by the •tudy• Althouch quaatitative laf--.tt.GD of the PMral 

ana wu preHnted in thia nport, the UOUDt of c1'0UDd water obtaiuble 

at ~ ODe •i te wu DOt detend.Md, aDd until recntly, little iaforation 

of thia aatun vu &ftilable. 



-- --·----· -----

In Auguat 1953, an aquifer teat vaa made in a wU field in thia 

area. !he data gathered during thia teat prOYided valuable iftfonuation 

on the tJ¥draulic yropertiea of the aquifer he.re which should aerve aa 

an important n pplement to the 1946 report. ~ gotenlliD&ticmsof the 

coefficient• of transmisaibUity, permeability, and storage for th 

aquifer, which were obtained frcm an ama1y of the data gathered 

during tho 1~53 aquifer te~ =·~;!~!j. in the present report. 

Reoharg to the aquifer and natural boundariea l'li thin the area are alao .. 
diaeu.sed. 



The pnMnt ilmtatigatlcm waa cODducted by the Groaad Water Branch 

of tbe u.s. Geological SUrYe;y, ill cooperation ritb tbe Agricultural aDd 

IJaduatrial Develop.-at Board ot lentucky ( wperncieci bJ Depart-t of 

EeOIIOIIic Deftlop.~nt of Kentuck)r, in Jul,y 1958). n. work wu UDder the 

adatntatratin direction of A.N. Sqn, chiet1 G.-nd Water Branch, 

u.s. Geological SUrve , ADd UDder the direct euperviaiOD of M.I. Rorabaugh, 

diatrict eaciDHr in charge of growad•vater i.Dnat!~~aticma in Kentuck7. 

Much of the field data wre gathered by a. w. Kellogg usiated by 

E.A. Bell ud lf.H. alker. Other data were fundahed by the Diehl ru.p 

aDd Supply Co. Special aekDowledpent ia due the officiala of the 

Stauffer Chuical Co. for their cooperation in pend.tting the uae of 

their wUa ADd equ.i~nt aad in grutbg peniaaion to publish the data. 

' 



LOCATION OF AilSA 

fhe area covend by this report liea near the HUthwatem edge ot 

the lbabbertown induatrial. aroa &DC1 is bowlded by Bra.r LDe, CaDe R.ua 

Road, Leea LaDe, and the Ohio Jlinr. A ap ahowing the locati• or the 

teat well a and ~~eart>y area or heavy gi"'UDd•ftter ri thdrawal. ia ahOWD 

in figure 1. 

Figure 1.--Map of the aouthwatem part or the IAMdaviUe area, 

Kentuclty, shoving location of weUa uaad in the iawatigation1 Marby 

areaa of hea-.y pt.UIIp6ge 1 and the glacial outwuh bOUDdariea. 

l 



n. Louillrill.e area liea between as• and ee• nat longitude and sa• 

and ss• north latitude. The area baa been subdivided by a grid of 

l·ld.llute aeridiaDa of longitude aDd 1-ainute parallel• of latitude. A 

.. u ia c1eaipated by a coapoaite or three DUIIIberaa the rirat iDdicat•• 

the minutea of longitude, the eecond indicatea the minutea of latitude, 

md the third the number of the wU in that quadrangle. Thu,a well 

52·11·1 ia the firat well iDYentoried in the 1·ainute quadrangle weat of 

lcmgitude 85.62 1 lt. aDd north or latitude aa•u• N. 



I 

GEOLOGY 

1'tw geology of the LouiiYW' area ia deacribed ia the "Progroae 

by w •• G~on, li.T. stuart, aDd G.B. Maxey, Karch 1i44. The foUoriag 

paragrapha are quoted f'roal that re orta 

The greater part of the Loui.viUe area Uea in the 
Ohio River valley on tmeouolidated gl&cial out.uh ar-d other 
rinr de.poai ta of Pleiatocene aDd Recent age. The valle)r wu 
cut in U.atoaa, ahale, and tightly-cnented Ulldatoae or 
SUuriu, Devonian, and Uieaiaaip ian age, ud ia bcNDded oa 
both aidea by hUla -.de of thoae rocka. the fOJ'Watioaa 
cOJBpOaed by theM couolldated rocka are relatively uaifors 
in structure aDd dip gently to the wet. 

The Pleiatoeene glacial outwuh aand and granl onrlying 
the bedroc in general vary i.rrleraely in thickDeaa with the elevatioc 
of the bedrock aurface, the thickDaaa rugiDg fn. a 
feather.dge in the argiDal areu of the nlley to over 125 
feet in the main chalmel in the bedroc • ~tion of over 
10 toga of vella &ad borings • • • drilled in the area ahow 
that the outvuh depoaita are principally (trllftl aDd coar•-• 
1118dium-, and fino-grained a&Dd. Uauall.y the graYel and aand 
are mixed, with gravel or coarae And predGmiaatiag, and Mke 
up interbedded lenaoa of different aixturea which vary ill 
thickneaa frorJ 5 to 20 feet. Occaaionall.y l•Ma of wU-
aorted mediua- or fiDe-grained aand occur. Well-aorted len.ea 
of gravel are extreme~ ran. The leuea contain varying ..U 
quantJ.tiea of fi.Der •terial but are DOt cta_y- or aUt-bcNDd. 
Cla¥ and aUt leuea are aeld• preaent, and wtwa n .. nt are 
thin. The gravel variea frca sramale• to cobble-aise, aDd 
tha pardclea are nll rounded and wm. Occaaiooal bouldera 
encountered by wll drillera wn probably rafted dOWD the 
valley with f~ta of ice frc. tbe MltiDg ice aheet. 
Quartaitic, granitic, aDd li.MatOM particlea predold.nate h . 
gravela, whereas the aand ia ae .. ly all quarts vi th illfrequnt 
bellY)' lli.Mral ad l imeatone particlea. 



ttu., the pol.ogic ""in« in the Louiaville area couiata of a 

rathu de.p chlaael which vu cut into the bedrock prior to the 

Pleiatocne epochJ P1ei1tocene glacial outwuh aand and gravel which 

till the chtADDel to aD aYerage thickness of 60 feet a and a blanket of 

lec•t alluvial cla¥1 silt, and Hilt! which ~ in thiclcneaa from 

10 to TO f .. t. 

the preglacial chanDel is about 5 mUee vide between Kramer• and 

Lee• LaDes. In th central part of the chalmel along Cane Run Roa 

there is a nU defiDed bedrock ridge Marly a aile 1rl·"\e that parallel• 

the river. The elevation of the greater part of thia ri tte ia between 

8'10 and 380 feet above mean aea level. The elevations of the b droc 

-..rface are •hown by contOtU" lin~~Ja in figure 2. 

Figure 2.·~•::11 uJ· JDa of the •outhw•t•rn part of the Loui•vllle 
~ ... ,., Ce~tt~ .,. t:~e .bc.t •• ~ s ... .,.~e 

area, KeDtuckyn~Cary, 1955). 
~~·""" 



The bedrock surface is alao shcnm on croaa Hctiona in figure• 3 

ad 4. The croaa aectione in f'igure 3 ahow that alluYial depoaita fill 

igUI"e 3.-Secti01'18 of the Ohio IU.Yer fiood plain in the aouthwatem 

part of the Louisville area, Kentucky. (For locatiOD ... fig. 2). 

Figure 4.--.A crou MctiOil of the allurial •terW ;r'teea LaM ill 

the aouthwetern part of the LouiaviUe area, entuclty. (For location of 

wUa, ... fig. 1). 

tho bedrock cbazmol to 1m average elevatioo of 4.50 feet above •an Ha 

level. '1'he tenD "allwial NDd. graftl, and aUt" ia uaed to indicate the 

chaDDel fill (fig. 3) becaue 8\lN'icient data -- DOt aftil.able to detend.lle 

the contact between the Recent alluviUJJ aDd he glaoW outwuh in 1101t k..:, 
placea. Figure 4 ia more detailed aec~a;;i~~,.~~:::: -....u .. ~ . 

character ot the fill MterW cwerlyiDg bedrock at Leea Lane. The 

material here Yaries conaiderably over ahort diataDcea, ~md mixture a of 

aUt, eand, aad gravel are CO..!IIOil. This is characteriatic of the 

alluvial depoait underl..ying the entire area. .Altho"'8h the •terial ia 

highly heterogeneoaa, aqui.f r teata indicate that it f'\mctiODS aa a 

homogeD80U8 unit if the aquifer ia puaped long enough to diaaipate the 

a1ow draiDI.ge of water froa the fiDe material in the u per part of the 

aqd.f r. 

1/ 



A UIF !.. T~ST 

T eory 

The water table or piezometric a\lrface near a pumphaa well ia 

drawn down ha all clJ rectlona from t he well ancl, if DOt affected by 

otber punpina wella, ia 1 1apecl aomewhat like an inverted cone. The 

clrawawn ia Jre&teat at t he pumpecl well aacl becomea irdillitely amall 

at tome cliataace from the point of • it hdrawal. T ue abape &ad eiae of the 

cone of inll~nc:e clepeDCl primarily vpon t he pumpina rate and t he 

tranam laaion ae~ atoraae propertiea of the water beariaa fo..-matioll. 

From meaa\lremeDta macle at two or more obaervation pointe on t he 

coae of infl\lence at a aiven time, or from me&a\lremellta of the rate 

of decline oft le water aurface le nearby obaervation wella, it 1a poaaible 

to determine t he layclraulic characteriatice of a water ~ bear ina formation 

in the vicinity of a diactaaraina well. Theae characte•·iatica are commonly 

expreaaecl aa t ne coeUicienta of permeability, traaamleaibility, and 

atorai•· 

12 



T e Oeological Survey commODly cieflae• t he coefficient of 

permeability (F) a• the rate of flow of water, hs aalloa• per day, 

t brouan a c:ro•• - •ectioD&l area of 1 •quare foot of t he water -bearing 

material Wlcler a ydraulic ara4ient of HIO percent. T i• may be •imply 

expre•••d in equation form a• 

P• 
lA . . . . . . . . . . . . . . . . .. (1) 

wbere 0 ie tbe rate of flow; I i8 the hydra"Uc gradieat; and A i• t he 

cro•• · •ectioaal area throuah wnich the flow occur•. T e coefficient 

i• jiVel'a local field 8igaifieaace, a• Oppo8ed to it• U8e in laboratory 

meaeuremeDt•, by 8pedfyU.C that it i• computed for tbe uturally 

preva1Uaa water temperature. 

1) 



The coefficient 

mmber of gallona of water that vi11 .we iD 1 dq through a wrtic&l 

atrip of the aquifer 1 foot ride_,. ~a heiabt equal to the tull 

thickneaa of the aquifer, Wider .J. hyc:1raulic gradient of 100 percent. 
wor ;.:.u. 

Tbua, the coefficient of tranaaiaaibility differa from th~ coefficient 

of permeability ODly•by the term "aquifer tbickaeaa•, aDd therefore 

T • P11 ... •. . ... .. . . . .. ... . . .... (2) 

where • ia the aaturated tbickDeaa of the water-bearing foration. 

Jf 



lD g'I"'UUId•watv wrk the hydraulic gradient ... INII•Mcti•e1 

....... ued in ~iou ~ often expNaMd in teru of feet per 

aU• iD order to abplify field cG~pUtationa. It ahould be pointed out, 

how-..r, that the field coefficient of peraabW ty for a ha.ogenewa 

foraticm ia a conatant factor, wtwNu the coefficient of tranaaiaaibUi ty 

ftriea accordiDg to the thlcm••• of the eaturated part of the foraticm. 



The coefficient of atorawe of an aquifer may be defined •• t !le 

volume of wate.- it releaaea from or take• into ato.-age per unit audace 

area of t ne aCluifer per Wlit chanae in t he compon•nt of ead normal 

to that aurface. For a water -table caae the yield of water by gravity 

lrom a aaturated volume of material wUl range from about 5 to l 

percent of the total volW"ne ol t be materlal. Thu, if t he water level 

in an aquifer haviq a atoraae coefftcieau of 0. l ie raiaed or lowered 1 

foot, t he aaia or loaa of water from each cubic foot of t he material 

that ia aewly taturated or clewatered will be approximately 0. 3 cubic 

foot, OJ' l. l aallODI. 



'l'he DODtquilibri• f'onula dwe1oped by fheia (1935, P• 519-W) 

ia \IMd iD 1hia Nport to c:Wtendne the traualaaf,bW ~ ud •tone• . .J..__ 

chancteriatico or - ....u.!." p;;~~"' .. 7 tt.. ~ n 7 

-u 
•u du •••••••••••••••••• (3) 

~~~ 
a • drawdown of water 1we1, in feet 

J\ 

Q • discharge of' paped nU, in gallou per llimate 

r • diataace Of ObMrY&tiOD Wll f'ro. pu.ped well, in 

feet 

t • tiM well hu been pu~~ped, in dqa 

s • coefficient of atorace aa a ratio or decimal 

f'ractin 

T • coefficient of tran.alaaibility iD aallODa per d_, 

per foot, under Ullit hydraulic aradi•nt 

u • 1,8'7r2s 
ft 

17 



.. 

T • U4 .69 W( u) • 
5 

uft 
• 1.87102 

•••••••••••••••••••••••••• (4) 

••••••••••••••••••••••••••• (5~ 

in which V( u), the • .. u tuDctioa of u", replace a the integral expreaaioD. 

fbe ftl.M Of the integral ia giWD by the Mriea 

W(u) • • 0.6'7721.8 • l~u + u • 2~J + a~iJ • .c'!iJ •••• (6) 

If 



Tbe nonequilibrium formwa ia baaeel on the following aaaumptioaa: 

(l) tbe aquifer la homoaeaeoua aDd iaotroptc, (Z) he aqWfer baa aa 

lllfiaite areal eateat, (J) the dlacharae well penetrate• the entire 

thickaeaa of the aquifer, H) the coefficient of tranamtaatbUity ia 

coaatant at all pl&cea and all tlmea, (5) t he diacharglna weU baa u 

iofiaiteaimal cliameter, ud ( fl ) water ia releaaed from atoraae 

inatantalleoualy with the decline in bead. 

19 



A VPe ovn that at~~p1itiea tbe ct~~~~~P~tatioaa iaftlwcl ia clftA 

iD flpn 12. ftda t7pe ovn ia a plot on locari tt.lc coorcliutea or 

the ..,_... et W( \1) acailaat val•• or !. It ftl.uea or clra1ft10tftl an 
\1 

plotted aiut t/r2 to the ... acal.e u tM ~ cune a aiwt1ar 

CNI"ft ia cleftlopecl. IJ ... rl.IPDg thia plot oa the tTPe CUI"ft a 

poal tieD ot the CNI'ftl C&D be foaad W.re ••t of the plotted poillta i 
~~ 

•tch the VIle cum. With the p-apha ill thia poaitl•, -. ~a 
II 

poiat -the crapha 1fi11 glwf nlusfor •• t/r2, ~ aad lf(u). lr 

aubatitutillc theM ftl.uea ill equatioaa <•) IDd (5) ftluea of f ad s 

for the .,.U.fer ca be ca.putn. 



A •nortcut method of determlajaa T. (Jacob, 19• • p. 6J5 - t. l6 j 

Q. 
may be ••eel alter t O.come• lara• aacl"••mlloa plot of drawclown 

veJ'•u the loa of time, for a aelected oOaerYatio" weU, produce• a 

atraiaht Uae. The moclifte4 Yeraloa nf ecauattoa C•) aaed ie thl• 

computation la: 

T = 
•••••••••••••••••• ( 7) 

• • •• 2 1 

wbere t l an'.! tz are two aelected time• •lace pu.mpiDI •tarted, aad 

a 1 &llCl •z are tbe reapective drawdowaa, la feet, at thea• timea. Tbe 

aolutioa ia aimplWed furtner by aelectta1 t
1 

aad 'z ao that they are oae 

loa cycle apart (oe the aemilo1 plot) aJUiloa
1 

2, ia uaity. Equatioa 
tl 

(7) can thea be &lVen aa: 

T e. Z& -tQ • • • • • • • • • • • • • • • • • • • • • • • ( 8 ) 
A a 

where 4 • ia t he Giffereace ia drawclowe over one loa cycle of time. 

Zl 



Pre..atatioe of Data 

Willa UMd ia u aquifer teat •d6. at the Stautfer Chuical Co. 

plat ia Auguat 19153, U"t' ahowD iB figure• 1 ad s. ~ 

Figure 5.--LocatiOD and .-ey of wli iDf'oration ued ia aquifer 

teat. 

:eUfi52·12-1Tf wu pt~~ped at 809 gpa (lallOU per aimate) throughout the 

1~ teat. Ill order to obtaia ......... t. or the nter-lnel decliDe 

iB the teat aite area, the wUa ahoa in ripre 5 wre eqdpped with 

electric tapea or aut .. tic nter-lnel reCOI"Clera, aad readinga or depth 

to water iB each wU wre recorded perioclicall¥ duriq the lo-dq period 

of puapift«. 'ftle vater-lewl ......,._.ta .ade duri.Jic the teat, aDd 

corNctiou applied to thea, are 1ivea in table a 1 through 6. The Ohio 

Tule 1.-Drndcnnl of water lwel ill pullp8d wll, 52·12-lT. 

Table 2 .-DralrdOWD or water lewl in ..U 52·12·16 cauaed by pu~~piq 

w:U 52-12·17. 

Tabl 3.--Drawdown or water leftl iB wU 52-12·15 caued by uaplnc 

wU 52-~2·17. 

Table 4.-.Drawd.on of water leYel in wU 52·12-18 cauMd by pu~~ping 

wU 52-12-lT. 

fable 15.--DrawrlOWD of •ter lne.l iB wll 52-12·2 cauHd by pa~~piag 

..U 52·12-lT. 

.?:l 



Jlllle 

Jill.)' 
Aq. 

llatch tiae 

9 8: 41 •••• 
10 9:51 a. •· 
11 11 : 00 a. •· 
12 8:00 a. •· 
15 8:15 a. •· 
16 8: 34 a. •· 
18 II: 19 a. •· 
19 8:24 •••• 
26 10:00 a. •· 
lO 3: 04 p ••• 
20 8:44 a . •· 
5 9:06 a. •· 
6 8: 15 a. n. 
7 10:10 •••. 
8 3:15 p. a. 
9 4:07 p ••• 

10 8: 53 a ••• 
10 9 :42 a ••• 
10 10:55 •••. 
10 11:10 a. c. 

11: 11 a ••• 
11:12 a. •· 
11 : 13 a. •· 
11:14 a ••. 
11:15 a. •· 
11:16 a ••• 
11 : 17 a. 11:. 

11: lll a. •· 

1 
2 
3 
4 
5 
G 
7 

1 11:19 a. •· 9 
10 ll: 20 a. a . 1n l 
10 11:21 •• •• 11 

57.88 
57.91 
58.02 
58.08 
58.47 
58.58 
59.05 
59.15 
59.91 
60.20 
61.54 
62.34 
62.36 
62.40 
62.37 
62.43 
62.50 
62.50 
62.48 
62.48 
84.63 
84.72 
84.74 
84.74 
84.73 
84.72 
84.72 
84.611 
84.60 

10 ll : 22 a. • · 121 65.10 
10 11:26 a. a. 1 ti 65.50 
10 11 : 28 a... · 111 65.75 
10 11:30 a... 20 65.75 
10 11 : 3~ a. a. 22 10. 1~ 1 

10 11:34 a. •· 24 72.80 
11:35 a. •• 25 72.77 

10 11:36 a... 26 72. 77 
10 11:37 a. •· V 72.118 

ll : 38a. •· Zll 73.54 
11:39 a. •· 29 74.12 
11 : 40 a. •• 301 74.1~ 
11:41 a. a. 31 76,€0 
11:42 a. •• 32 77.1 6 
11:43 a. •• 33 79.50 

10 11 : 44 a. •• 34 79.60 
10 11:45 a, •· 79.63 
10 11 : 47 a. •• 79.66 
10 11 : 48 a. •· 79. 66 
}CJ I 11 : 50 a. •· .70 
]011) : 52 •• •• 7~ 69 
10 11 : 54 •• •. 79.69 
10 11 : 56 a. •• 79 . 70 
10 11 : 58 a. a. 79.72 
10 12:00 • . 79.72 
10 12: 03 p. •• 79.73 
10 12: 07 p. •• 79.73 
10 12:10 P.:.·....:•.:..:·-L--..:..:.L--.:..79~,:..:7_:3_...L _ _:___...L_..: 

·-··•.,.- ', -u• ••u VW11 Ul 

Aug. 10 12: 1!'> p. 
10 12:20 p. 
tu 12:25 p . 

.. .. .. , 
10 12::10 p • • . 
10 12: 35 p . • . 
10 12: 40 p ••. 
10 ,12:45 p ••. 
1(1 12: 50 p ••. 
10 12:55 p . •. 
10 1:00 p • •. 
10 1:05 p . ... 
10 1:1Hp. a. 
HI 1:20 p. a. 
10 1:30 p .• . 
tO ! 1:44 p . .. .. 

·· I .. 10 I ) :57 p . 
10 ! 2:011 p . 
10 1 2: t1 p . 
tO 2:30 p . • . 
10 ' 2: 40 p . • . · 
to ' 2:50 p . .. 
10 3: 00 p. .. 

·· ' 10 :1:10 p . 
to ! 3:40 p ••. 
10 4:10 p • • . 
tO 4: 20 p .•. 
lO j 4:40 p . a. 
10 5: 21 p .•. : 
to S: SO p. •· ' 
10 I 6: :10 p. a . 
to ! 7:05 p ••. 
10 1 11:02 p . •• 
111 8: 44 p ••. 
10 Q:46 p .... 
10 1 9:47 p ••. 
10 11: !4 p . •• 
1t 12:16 a . •· 
11 1:05 • • • . 
11 2: 25 a. a . 
11 :l: 45 a . ... 
11 5:211 a. a. 
11 6:411 a. a. 
11 8:48 a. • · 
11 9:50 a. .. 
11 11: )9 a . •· ' 
11 12:51 p .•. 
11 3:45 p . .. , 
11 4: :10 p . .. 
11 6: 0:1 p .•. 
tt 8:04 p . • . 
11 11:40 p . •. 
t1 10: til p • •. 
11 11:55 p . • . 
12 1: 58 •.•. 
12 4:04 a. •· 
12 4:57 a . a. 
12 6:27 •.•• 
12 9:56 a. •· 

65 
70 
75 
flO 
115 
90 
95 

100 
105 
1111 
11 ~ 
1211 
1JO 
140 
1!;4 
167 
1711 
1K] 
200 
21 0 

3HI · 
:130 
37t l 
400• 
440 
475 

~~!! 
tl36 
637 ' 
724 
786 
1135 
915 
995 

t,09!'. 
t,t78 
1,2711 
1,360 
1,449 
1,541 
1,715 
1,760 
1,853 
1,974 
2,01 
2,1 
2, 
2, 
2, 
2. 
2, 
1, 

~pth to 
water bel 
•e.uurln~ 

point 
(rt) 

79.~ 

79.78 
79.110 
79. RJ 
79.83 
79 . 85 
79 . !17 
79 . 118 
79 . 811 
79.90 
79 . 91 
79 . 91 
79.75 
79 , 98 
77.74 
77 . 77 
78 . 27 
711.28 
78. 40 
711,37 
711.40 
78.42 
711.44 
18. 49 
711 . 56 
78.56 
711.59 
78.66 
78.~ 
78.74 
78. 1'11 
78.89 
78. 9:1 
78. 98 
79 . 00 
79 . 06 
79.15 
79.17 
79.21 
79 . 31 
79.42 
79.50 
79 . 56 
79. 62 
79 . 65 
79 . 611 
79.75 
79 . 78 
79.~ 
79.91 
79.115 
79.9~ 

80 . 09 
80 . 11 
80.11 
flO . 14 
80.20 
flO , 15 

7~ . 72 
7P..7S 

78.1!11 
7>'. 911 
7Q. :·o 

7•1 . 15 
7'1. 23 
7!>. :1 2 
7\1.36 
79 . 44 
7\! . 47 
7U, 54 

7" . 3 
7" . 64 
7" . 7:1 

7'1. 74 
~~. ~~o 

79 . 92 
7!' . 92 

79. !'6 

16. 24 
16.27 

16.40 
16.50 
16.52 

16.67 
16.75 
16.114 
16.1111 
16.96 
16.99 
17.08 

17.15 
17.16 
17. 25 

17 . 26 
17.42 
17.44 
17.44 

17.48 

Watch u .. 

10: 55 a. a. 
12:28 p ••• 
1:43 p ••• 
3:16 p. 
6:07 p. 
9:12 p. 

12:03 a. 
3:02 a. 
6:02 a. 
9:10 a. 

12:17 p. 
3:20 p. 
6:10 p. 
9:16 p. 

10:57 p. 
11 : 21p. 
11:38 p. 
12:11 p. 

3:05 p. 
8:14 p. 
9:01 p. 

12:07 a. 
8:25 a. 
6:32 a. 
9:24 a. 

12:20 p. 
3:111 p. 
6:30 p. 
!1: 20 p. 
1:16 a. 
11:21 a. 
9:20 a. 
1:22 p. 
3:20 p. 
11:12 p. 
9 : 19 p. 

12:0t a. 
3:00 a. 
6:00 a. 
9:29 a. 

12:44 p. 
4:43 p. 
9:23 •• 

10:19 •• 
11:51'1 p. 
9:01 p. 
9:07 p. 
9:34 a. 
9:37 a. 
9:41 a. 
9:23 p. 
9:27 p. 
7: 30 a. 
7:35 a. 
11:34 •• 
9:06 a. 
9:22 a. 
9:30 a. 

P•p 
tiae 
hun) 

2,1165 
2,9511 
3,033 

110.20 
110.22 
110.24 
110.211 
110.32 
110.40 
110.411 
110.55 
110.64 
110.73 
110.78 
110.77 
110.811 
111.00 
111.15 
110.70 
111.04 
111.21 
111.211 
Ill. 36 
Ill .42 
111.44 
111.48 
Ill. 45 
111.411 
111.44 
Ill. 43 
111.50 
111.55 
111.111 
Ill .• 
111.70 
Ill •• 
111.8'7 
Ill. 711 
111.'71 
81.113 
111.115 
111.119 
111.117 
111.8'7 
111.113 
Ill. 93 
Ill. 93 
82.00 
112.03 
112.02 
112.10 
112.11 
112.10 
112.11'1 
112.19 
112.24 
112.24 
112.26 
112.911 
U . ll 
112.116 

water 
1nwl 
( rt) 

110.02 

110.09 
80,15 
110.17 
110.21 
110.25 
40.211 
110.33 
110,38 
110.39 
110.43 
1(!.45 
80.411 

80.83 

80.84 
80.88 
80.70 
110.75 

80.711 
80.711 
80.83 
IO.IM 
IIO ,e6 
110.88 
110.11 
10,94 
eo.-. 
111.00 
111.01 
111.00 
111.01 
111.02 
111.05 
111.06 
111.011 
111.07 
111.11'1 

81.29 

111.311 

111.43 

17.54 

17,81 
17.67 
17.89 
17.73 
17.77 
17.10 
17.115 
17.K 
17.11 
17.95 
17.17 
18.00 

18.15 

111.111 
18.20 
11.22 
111.2'7 

111.21 
18. 30 
11'1.35 
18.38 
111.311 
111.40 
111.44 
18.411 
111.411 
111.52 
111.53 
18.52 
18,53 
111.54 
111.57 
111.58 
18.10 
111.59 
111.70 

18.711 

111.111 

18.10 

18.15 



• 'II!Mo 1.-~ of •tw to'IIOil la wll 11-11-11 __. ~ ~·• •11 11-U·lT 

lllfth to c:.no.ct .. tlr2 t/r2 
-.u. to le-t .. t/r2 tlr2 

,.. ..... w .. Corrocte4 ,.. 
----~- Cerftctod .... atcll tt.o .... __... ..... ............ 

(~) (;I) 
Date ..... u. ... _.. .. •tor .......... 

(~) (,) 1153 
<••l polat to .. t (ttl 1153 (ala) ,....t to .. t (ttl (tt) (ttl (ttl (ttl 

J•o • .311 •••• - 111.44 - - - - ..... 11 l•Oia. • · 131 tl.ll tl •• 0.30 ••• to•3 . . .., to·• 
10 1130 •••• - 111.44 . - - - tt 1101 • • •• - tl.M 11.11 .33 • •• to·l .. ,. to·• 
11 ~103 •••• - 111.18 . - . - tt , •• a •• •· Ill n.11 n.te .n "·' to·3 .., to·• 
11 •or •· •· . 111.18 . . - - ll lilt •••• 1,018 ti.03 ll.tT •• I •• 10"3 1.13 to·1 
u 1131a. •· - 111.11 - . - - 11 ...... 1,1. 11.01 tl.ll .to 1.11 to·3 1.31 to·1 
til ....... - IIT.Jf - . - - l1 •t• ••• t.- a.n II.CN ... •• 'PO 10"3 1.13 to·' 
11 •to a ••• - 11?,44 - - - - l1 IIIIa. • t,aa 11.10 11.01 .~ l.CN to·l T.ID to·• 
11 •1aa. •· - H.oe - - - - ll tlatl a. •· 1,445 tl.tO 81.01 .~ t.1l lo·l T,'PO to·• 
11 •••••• . M.ll . - - . l1 lllte •·. I,ISI a. to 81.01 .so 1.11 to·l 1, 10 10"1 
II . ., .... - ..... . . . - 11 ,.., •· . 1,110 81.11 11.13 .14 1.30 to·l 1.00 to·• 
Ill 31a. •· .. - at.IO . - . - 11 ••» •· •. I,TI3 11.11 11.15 .Ill t.a to·l •·• to·• Ja17 10 1:10 •· •• . 10,13 - . . . 11 ... •·. 1,111 ll.tl 11.11 .II t.•a to·l 

'·" 10". Ill 1110 •· •• . 10 •• - - . - ll •oo •· • t,ITO ea.• 11.10 .II t.st to·l 1.01 a to•1 
10 1111 •· .. . 10.11 - . - . l1 10111 •· • l,tOI 11.10 12.n ... t.ll • to·l t.11 to·11 
Ill 1111 •· •• - 10,11 - . - . l1 11100 •· •. 1,110 11.11 II. It .IT t.'PO 10"1 t.tl to:: 
11 t•• •· •• - IO,TJ - - - - 11 1101 •.•• 1,111 11.11 II. If ... t.Tt to·l 1.11 tO s .... I loOt a. •· - 11.tll - - . - 11 ••tO a. e 1,410 a.• a.n .T3 t.. lo·l t.ll to·

5 • •u •· •· - II.~ . . - . 11 •or .. • I, ITT 11.11 11.31 ·" t.• to·l t.l? to·
1 " ••••••• . II,SI - - - . 11 ....... I,T .. 11.44 11.31 .TI 1.10 to·1 1.11 to·
1 I 1110 •· •• - 11 ••• - . - - 11 111a ,. • ··- a.•• 11.10 .11 •·• to·• t.n to:. • ••ot •· •. - 11.14 - - . - 11 lbtl •· • 3,111 .. ... a . • .II 1.10 to·l t,IT tO I 

10 .311 •••• . 11.10 - - . - 11 •oa •· • 3,113 11.13 a.•• ·" 1.11 1o·l 1.Tt 10"• 10 ~0110 •••• . II.SI - - . - 11 IICN p. • '·~· 11.11 ll.tl .to 1.11 to·1 1.11 10"• 
10 ~lrtO a, e. 0 11.51 II.St o.oo - - u llbor •.•. I, liT a.n 11.111 .IJ 1.10 10"1 1.11 to•

1 10 ~u •.•. 3 11.12 - - . - lJ 1101 •••• 3,111 11.13 11.11 ... a.M 1o·l I.CN to:. 10 IJ•ISa. •·I II 11.13 - - - - u .01 •••. 4,011 11.11 11.11 ... 3,01 1o·l 1.11 10 I 
10 IJ•II a. •· 11 11.11 - . . - u lilt .... .. .,. II. 'PO 11.11 1.00 1.31 to·• 1.11 to-, 
10 11•• •.•. 11 11.11 . - t.l4; tcr4 t.07; tcr1 u 11103 •· • •.m 12.'1'0 81.11 1.03 1.11 to•l 1.11 to-

1 10 U&30 a. •• 1 Ill 11.11 I !. II .03 u 3•01 •· •. .... 11.'1'0 11.11 1.01 •·• to·l •••• to-ll 10 1&311 a, •· 1 • 11.111 . - - - u lilT •·. '·"' II.TI II. IT 1.01 a.a to·• 1.11 10"11 
10 

u.n •· •·1 " 11.11 - - - - l3 1101 •· •• 4.111 11.11 II. 'PO 1.11 '·" to·• 1.11 to·
1 10 Usto •••• 10 11.13 - - - . u u.oe,. •· s,o• 11.13 II.Tt t.ll a.11 to·• I.IT to:. 10 ~·· .... 311 ct ... - - . - It 3&1? •••• .. ., 11.11 12.n t.ll •• 01 10"1 1.11 10 
1 10 ~·10 a. •· I 10 II •• - - - - It •11a. •· 1,411 11.11 ti.TI 1.11 1.11 to·l 1.10 10" I 

10 ~ ...... .. . ... - - -
• ; tcrT 

tt ...... ··- 11.11 II.Tt t.IO •·• to·• 1.01 to:. 10 ~liDO •· 10 ll •• 11.11 .07 ..... tcr 1t 11101 •· •. 1,1111 11.13 11.11 l.lt •·• to·• 3.01 10
4 10 •or •••• IT II •• - - - - •• ,, .. •· .. 1,011 11.13 12.11 1.13 1.11 to·• 3. 10 tO .. 

tO ~~··· .. II 11.11 - - . . 14 . ., •· .. l,tto ..... ft. II t.Jf •• .,. 10"1 1.10 to_. 
tO 1110 •· •• 'PO II •• - - 1.2; tcr4 4.3; llr"T 14 loll •· .. 1,311 II.CN II. IT 1.21 4.1T to·l 3 •• IO_. 10 11111 •· •• II 11.11 ll.IT .01 tl tlblt •.•. 1, ... 13.01 11.10 t.n 1.00 1o·l :t.n to 

1 10 IIIG t• e. It 11.11 - - - - tl •• 1 •••• 1,101 11.11 11.15 1 •• ••• 10"1 1.11 10" 
10 111M P• e. lOC, II.IT - - 1.1 ; tcr4 a.t; tcrT 

ll Itt~ •••• T,Oit ll.t4 II ... t.n 1.44 to·1 I.TI to•11 
10 1101 •· •• lU 11.11 11.11 .to 11 11111 •· •• T,llt n.u ..... t •• 1.11 to·1 1.11 to•1 
tO l•• •· •• 1a 11.11 . -

t.t ; 1cr: 
• T ll lltl •· • T,441 11.11 11.00 t.4t s.n to•l 

'·" to·
11 

10 tall p. •· lU 11.7'0 II.Tt .u T.ll • tcrT 11 •tl •· •• T, .. 13.tl 11.01 1.41 •·• to·l 4.os ,o-1 
10 lallp. e. til 11 •• II,Tt .11 t.• • tcr 1,!1. llr II 1111 •· •. T,a 11.11 13.03 1.44 I.IT 11 to•l 4.11 til • 10 1110 •· •• 110 11.11 - . . - II 1&10 •••• 1,010 13.11 a.01 t.tl 1.11 to·1 • . • 10" 
10 1111 •••• 111 11.11 - . - . 11 ltlt •••. I,:MI 13 •• 13.01 t . SO 1.• 1o·• 4.4J to-1 
10 ......... Ill 11.'1'0 - . 

t.TI; tcr3 1,31; tcr1 11 loU a. e. 1,111 13.11 11.01 t.SO 1.13 to·l •·•' to·
1 

10 lilt •· •• Ill 11.7'0 11.Tt .u 1t 11111 •· •• 1,7'01 13.30 13.11 !.13 1.11 to"1 4.13 to·• 
10 llllp ••• ... ll.Tt - - 1.11; tcr3 t,,. ; tcr1 11 1111 •·. 1,- 13.30 11.11 l.M 1.10 to·• 

'·" 10"' 10 IIIII P• •· - 11.7'0 II.Tt .u 11 1110 •· •• t,OIO .. .. 13.18 t.IT 1.11 to·• t.l3 to-' 
10 llllp ••• ITt 11.Tt - - - - ll lotS 1· • · ..... 13.10 13.11 1.11 T.Ot 10"1 1.11 to·1 
10 tall •· •• 103 II.TI - . 

•·•; 1cr3 tcr1 tT tllOI a. e • •••• G.IO 13.1T 1.11 T.lt to·l 1.01 to·• 
10 4111 •· •• 301 fl,TI ft.T4 .u 1 ... IT :1107 •••• ... ., 13.43 11.10 l.tl T.• to·• I.U to•l 
10 ........ 331 ft.TI - -

1.11; 1cr: 1cr1 
tT 1107 •••• '·'" 1:'1.11 11.11 1.10 T.IO to•l 1.11 to·1 

10 1111 •· •• nl 11.TI ll.TI ·.IT t.• 11 lilt a. •· .. .,. 11.11 13.11 t.ll T.M 10"1 1.30 to·: 10 1&13 •· •• 101 ll.TI ll.Tt .1T 1.1 • tcr 3 
a.u tcr1 1111111 •· •. ~O,ITJ 

.,_.., 13.11 t.• T,IO to•l 1.41 10"1 10 Ill? •· .. 
..., II.TI n.Tt • tt 3.41 • 1cr 

3 ••• 1cr1 IT 4&10 p, e ~0,410 a ... "·" 1.11 e.oo to·l I.IS 10"
1 10 T1or P• e. ''" 11.10 ft.Tt .10 3.11. tcr, 1.11 1cr1 tl ltlT a. e. ~t,tcrr 13.12 a.• l.TI 1.11 1o·l 1.01 to·
1 10 . ..., •· .. 110 11.a 11.Tt .Ill t.Oia tcr 

3 
1.11 1cr1 11 ....... ~l,tCN II •• 13.31 1.10 1.11 to·l 1.44 10"• 10 •••••• 17'0 11.11 11.11 .It t.n • 1cr 1 
3.03 tcr1 It l•31a. a. ~~.- 13.TI 11.44 1 •• 1.11 to·l 1.11 to•

1 10 .... •· .. Ill 11.11 •• It • 31 1.11 atcr
3 '·" tcr1 ll ltll p . • 

~··-· 
13.11 a.~ t.ll t.CN 10"1 T.31 to· 

10 to.• •· •• - II •• 11.11 •• 4.11. lira ••• tcr1 10 T •••• • ~·.tTl "·" 83.11 t.t3 1... to·t T,ll 10•1 
10 UalO p. e. TID 11.10 11.11 ·" a.s1a 1cr

3 
a.11 1cr1 

10 •n • · • · ~··-
13 .• - -11 11110 •••• 710 11.11 II •• .10 ..... llr 4.tl tir' 10 loti ••• 

~··-
13 .• 13.11 l,IT 1.10 to·1 T.IO to4 



e , 
!Ute 3.-~ ot •ter left! ta watt 12-tl-15 cauecl lily ,... ... wU 51-12-11 

t/r" t/r2 
Depth to 

~ted 
t/r" t/r2 

Date ~ Date ... ..... Mt• 
•ter ata tiM tiM ..... 

(~) (~) 
.. t.hU• tiM ........ ........ 

(~j (~) 1.3 
(Ilia) left! 1tl3 (llfn) pot at t-1 (tt) 

(tt) (tt) (tt) 

J- e 11:23 •••• 17.11 Alii• t1 3:17 p. a. 11.53 11.51 0.0'7 to-3 11 • to·• 
10 1:17 •••• 57.M 11 5:58 p ••• 11.58 82.53 ,011 to·' 1.110 • to·• 
11 00 •••• 17.3t 11 7:&5 p ••. 11.51 12.53 .01 to·3 1. ao • to·• 
11 ti:Oia. •· 57.51 11 10101 p ••. ll. lt 12.S. .01 1.111 • to·• 
15 11:53 •••• 51.01 12 12:06 •••. 11.11 S2.51 .n 1.12 • to·' 
11 7161 •••• 51.25 1'l 'l:CN a. •· 11.11 11.5? .11 3.06 • ,o-1 

111 •u •· •· 51.80 12 4:12 •••• 12.M 81.51 .14 3.M • to·' 
11 11:30 •••• 51.11 t2 S:tO •••• 11.17 82.57 .n 3 • .0 • to·• 
M 1:41 •••• 59.15 12 1101 •••. u.ae 82.10 .t5 3.11 :'C to·• 
30 3112 P• •· IO.M u t'ltll p .•. S2.1T 12.11 .tl 3.• • to·• 

Jill¥ 21 1:11 P• a. a.M t2 3:tO p ••• 82.11 11.83 .t tl .t(' • to·• 
A ... 5 1:511 •••• a.,. 12 1:00 p ••. u.n 82.15 . 30 .,. • to·ll 

I 1: 0'7 •••• 11.37 12 tsot p ••• 82 • .,. u.u ,., ,SA • to•l 
1 II 30 •••• 12.31 13 ti:Otl •••. 82.75 82.15 .10 111 • to·ll 
8 3102 p ••• 12.37 13 3101 •••• 82.711 82."' .23 • to·• 
I 3:50 P• •· 82.42 13 8:10 •.•• 82.10 12.18 .13 31 • to·11 

10 lrlt a. •· u.a 13 t:tl •.•. 12.81 82.11 .28 . as • to·• 
10 1S •••• 12.41 J3 11:59 •••• 82.79 12.11 ·" 11 • to·• 
10 10 •••• 0 12.48 Q . .S o.o 

4.2; to·5 1.11; to·8 
t3 3:03 p . • . 12.71 12.72 .21 s.ot • to·8 

10 32 •••• 22 12.44 12 • .S .o 13 S:W p . a. 12. 82 12.74 .29 1.25 • to·• 
10 42 •••• 32 12.44 13 9:08 p. a. 112.111 12.74 .It • 35 • 10 1.41 • to·• 
10 57 •• •• 47 11.44 

; to·• 7,3; to·8 
13 11:01 p • •. 82.88 12.11 .31 ss • to·3 s 13 • to·• • • II 

10 06 P• •• 55 '12.44 a.48 .o t4 3:30 ••• : ll.tt 12.18 .33 1.00 • 1.14 • to· 
11 

tO 1& P• •· 15 12.48 14 8:14 •••• &a.t3 12.711 .33 1.04 • 11 • to· 1 
10 11 P· •· • 12.48 

1.1; to-4 
t4 1140 •••• II.M 12.80 .35 43 • to· 

8 
10 ,. P• •· .. 12 • .S 12. 41 .01 14 11:511 •••• 12.93 12.81 .311 .M • to-

8 
10 37 p ••• 111 12.48 

2.0; tO .... 
t4 3:42 p ••• 11.13 12.12 .37 tt • to· 

10 51 p. a. lot 12 • .S 12.41 .01 14 1:25 p ••• 11.11 12.84 .31 u • to·• 
10 1121 p ••• t37 12.45 

1.1; to·• 
t4 llt7 p ••. 13.01 112.84 .31 .o • to·• 

10 1: Sl p ••• t41 sz.a 12.41 • 01 tS lZ:tl •••. 13. 01 12.111 .41 12 • to·• 
10 2:12 p ••• tl2 12.44 15 1: 10 •••• 13.05 12.111 .42 02 to·• 
10 'l: 110 P• •· HO 12.44 ts 11011 •••• 12.08 12.119 .... 30 to·• 
10 2:57 p ••• m 12.44 12.41 .01 15 12:0!1 p ••• 13.01 82.10 .45 511 10 •• 
10 3: t7 p. a. ,.., 12.44 12 • .S .o 15 3:08 p .•. 13.01 82.13 .48 80 to·• 
10 3:411 p ••• 211 12.44 12.411 .o 15 1 1:13 p .•. 13.11 12.14 .49 .ot to·5 

10 4:11 p ••• IIIII 12.44 12.41 .01 t5 9:12 p ••• 83 . t5 12.14 .41 .o3 to·5 

10 4:43 p ••• 333 12.48 t6 1:08 •••• 13.15 12.1l8 .51 .01 1o·5 

lCJ 5:21 p ••• m II . .S 
31; to·~ 

t8 1:11 •.•. 13.11 62.91 .54 .to to·5 

10 5:55 P• a. .ell 12.48 12.41 • 01 18 t:08a . a . 13.21 82.99 . 54 .13 to·5 

10 1: 3t P• •· 44t 12.47 12.47 • 02 .to • to· 11 t%:01 p ••. 83. 19 13.01 .58 .t5 to·5 

10 7110 p ••• 410 12.41 
• oo ; to-~ 1.M ; to-~ 

18 3:10 p .•. 83.111 13.01 .51 • 11 10·5 

10 7:55 p. a. sa 12.4t 12.41 .01 18 1:0'7 P• •· 13.25 83.03 . 511 . 20 to·5 

10 •• P• a • .. 12.110 12.41 .ot 01 • to· 
3 . 110 • to·., 18 9:12 p ••. 13. 2'7 83.03 . 511 • 21 1o·5 

10 9:40 p ••• 130 12.10 12.45 .o 1.30 • to-3 1.33 • to·., tT ,t%:10 •••• 83.28 83.03 . 511 .a. to·5 

10 11:01 p. a. n7 12.52 12.48 .03 1.31 • to· 9.44 • to· 17 1 3:09 a. • · 13. 211 13.05 . 80 .M to·5 

10 11:14 p ••• TM 12.52 12.41 .03 
1.41; to-~ t.03 ; to·: 

t7 1 8:011 •.•. 83.32 83.06 .so .21 1o·5 

11 t'lt 01 •••• rn 12.5t 82.48 .03 17 9:19 •• .. 83.33 63.08 .61 .Jt to·5 

11 t:OO •••• 830 82.110 82.47 .02 1.51 • to· 
3 

• 10-. tT ,t2:Yr p. .. 13. 31 63.011 .63 ..34 to·5 

11 2;03 •••• llt3 12.50 12.411 .03 • 10 • to·
3 

.ttl • 10·8 
t7 4:311 p . .. 83.31 83.to . 85 .311 to-5 

11 3:.0 •••• Ito 12.52 12.50 .05 t.lll. to- .. t.31 • to-. 111 1 9:t4 • . •• 83. 43 8J.t5 .70 .so to·5 
11 5:24 •••• 1,014 12.54 12.68 .OJ 2.011. 10·; t.44. to-. 111 1 8:51 p, •• 83.49 13.19 . 74 .so to·5 
11 8! 31 •••• 1,1M ..... j"·" • 01 2.30 • to- 3 t.53 • to-. t9 9: 2tl • • •• 13.54 13.23 .Til .10 to·5 

~ 
11 ll:ot •••• t,251 82.57 82.5t • OS 2.40 ~r to· t.l7. to-s 19 1: t8 p ••. 83.59 63.28 . 81 2.s11 • to·

2 
.79 to·: 

11 9: 38 a. •· 1,348 12.55 62.50 .05 2.111 • to·J 1.711. to- 20 7:22 • • •. 83.85 83.29 .114 2.70 • to·~ .87 x to·5 
11 11:10 •••• t,440 82.54 82.52 .01 2.74 • to-: 1.90 • 1cr8 20 8:29 •.•. 83.85 2.70 ll to•2 ,1.87 ll tO:S 

~ 11 12:43 P• •· t,533 12.54 12.53 • Oil 2.90. to- 2.01 • tcrl 20 I:M a. a . H,ZI4 83.85 13.31 .116 2.11 • to· t.88 ~r 10 
- ----



' 
Date 
1953 

l' llllp 
lllatch u .. u .. 

(aha) 

Jlllle 9 II: 18 a, a, -
10 9:10 •• •• -
11 10:20 •• • • -
12 7: 55 •• •• -
15 11:59 •• •• -
1& 8:41 •. •• -
18 11:10 •• • • -
19 8:15 •• •• -
26 9:00 •• • • -
30 3:16 P• •· • 

Jut¥ 21 3: 15 P• •· • 
22 7:43 •• •• -
22 8:18 •• •• -

A\llo 5 9:12 a, llo • 
5 9:21a.a. -
6 8:00 •• •• -
1 9:45 •• •• -
II 3r 20 p. •· -
9 4:11 p. •• -

10 8:ot •• •• -
10 1:311 •• •• -
10 10:17 •• •• -
10 12:04 p. •• 54 
10 12:17 P• •· " 
10 12:31 p. a. M 
10 12: sa ,. •• 1011 
10 1: 2t p. •· 139 
10 2: 13 P• a. 113 
10 2154 p. •• 2M 
10 3r 111 p. •• :MI 
10 4:18 p. •• 306 
10 4:41 p. •• 336 
10 5:58 P• •• 408 
10 1:42 p. •· 452 
10 7:15 p. •• 485 
10 7:53 p. •• 523 
10 8:35 p. •• 585 
10 9: 31 p. •• 62'7 
10 11111 p. •• 721 
11 12: 04 ... •• 714 
11 12: Sf •• •• 1121 
11 2:00 •• •• 890 
11 3:31 •• •• taT 
11 5:21 •••• l,otl 
11 6:31 •••• 1,181 
11 8:00 •••• 1,250 
11 9:33 •••• 1,343 
11 11:02 •••• 1,432 
11 12:38 P• •· 1,521 
11 3:14 p ••• 1,S8C 
11 5: 53 p ••• 1,843 
11 7:52 P• a, 1,162 
11 10:06 p ••• 2 ,011 

Table 4.-Dralldowft or •ter tant in wll 52-12-tll ca111ed bir JNIPliiC w11 52-12-17 

Depth to 
•t.r below Corrected 
a-..lll'inc •ter 

point lent 
(rt) (rt) 

51.911 
51.98 
52.05 
52.07 
52.2'1 
52.30 
52.54 
52.65 
53.32 
53.55 
81.71 
54.86 
55.04 
55,50 
S9.21 
55.14 
15.1f 
55. 53 
15.1l 
55.66 
55.85 
15 ... 
56.S5 
55,15 
515.S5 
55.15 
55.14 
55.84 
55.64 
55,63 
55.53 
55.13 
55.15 
15.65 
56., 
55.S8 
sa.n 
515.at 
55.11 
515.11 
SS.M 
55.S8 
55,81 
515.72 
55.73 
55,74 
M.73 
55.11 
55.19 
55.11 
55.10 
55.73 
55.76 

515.S8 
55.66 
515.66 
15.M 
515.M 
56,68 
55.M 
55.M 
55.68 
sa.• 
55. Ia 

55., 
55,, 
55., 
55.81 
55.81 
55.81 
56,17 
55.88 
55.81 
55.61 
55. t9 
55.19 
55. at 
55. 10 
55.10 

Correc:tecl 
clralfdown 

(rt) 

0.01 
.01 
.01 
.01 
.01 
,01 
.01 
.01 
.01 
, 01 
.01 

. 01 

.Ot 

.01 

.02 

.02 

.02 

.02 
• 02 
.02 
.02 
.03 
.04 
.04 
.04 
.04 
• 04 
.05 
,05 

• -5 - · .a 
11.21 • to_. 5.'70 • to_8 
t.04 • to_. 1.10 • to_8 
t.n • to_. 1.10 • to_7 
t ... • 10_. t.u • to_7 
2.11 • 10_. 1.41 • to_7 
2.11 Jl tO 4 t. 13 Jl tO '7 
3.41 • 10:. 2.31 • to:., 
3. n • 10_4 2.t3 • to_7 
4.85 • to_. 3.23 • to_7 
s.u • to_. 3. 55 10 7 11.10 • to 4.30 to• 

- .... 
7,31 • to_. 5.12 
7,15 z1G 

4 
5,59 

7.80 Jl to- ~97 

- -3 
t.10 Jl 10_3 7,10 
t.ta Jl tO 3 8.20 
t.Jt Jl to:3 8.70 
1.35 Jl to_3 9. 38 
1.50 Jl to_3 t.04 
t,81 X to.3 t.18 
t. 11 Jl 10-3 1. 23 
t.to x to_3 t.32 
2.04 • to_3 t.42 
2.t8 Jl to_3 t.5t 
2.32 Jl 10_3 1.fl 
2.58. 10_3 t.78 
2.80 X 10 

3 
t.9 • 

2.18 Jl 10:3 2.07 
3.1t X tO 2.22 

"Date 
1953 

,.., 
Watch u .. tt .. 

(afn) 

12 12: 09 •••• 
12 2:07 •.•• 
12 4: t5 •.•• 
12 a: t5 •.•• 
12 9:04 •••. 
t2 12:111 p . •. 
12 3:08 p ••• 
12 5:57 p • • • 
12 8:59 p ••• 
13 t2111 •••• 
13 3:11 •••. 
t3 II: 11 a. a. 
13 1: 22 • • •. 
13 11:55 •••. 
t3 3: 00 p ••• 
t3 5:51 n. a. 
t3 1:02 •. 
13 It: tOp ••• 
t4 3: 02 •.•. 
t4 ll:tll •••. 
t4 t:so •· • · 
t4 ~t:53 •••. 
t4 3:40 p ••• 
t4 a: 2'7 p. a. 
t4 t: 22 p ••• 
t5 t2:tll •••• 
15 8:01 •••. 
t5 9:05 • • •. 
15 t2:02 p • •. 
tS 3:05 p ••• 
t5 8:11 p • •. 
t5 9:09 p • •• 
t8 t:03 • • •• 
t8 8: 05 •••• 
18 9:02 •••. 
18 ~2:07 p ••• 
18 3:07 p ••• 
t8 8:05 p .•• 
t8 t:10p. a . 
t7 '12:13 •••• 
t7 3:13 •••. 
t7 8:11 • • •• 
t7 9tl8 • • •. 
t7 12:34 p ••. 
17 4:3a p • •. 
til 9:11 •.•• 
til 8:411 p .•. 
t9 9:22 •.•. 
19 9: t3 p ••. 
31 '7: 11 •••. 
20 II: 2'7 a . a . 
10 9:34 •.•. 

2,219 
2,3!1 
2,485 
2,585 
2,154 
2,9411 
3,1111 
3,111 
3,411 
3,tl1 
3,84t 
4,021 
4,212 
4,385 
4,550 
4,721 
4,912 
5,040 
5,2'72 
5,468 
5,811) 
5,803 
8,030 
a,tl7 
11,312 
8,5411 
a,l98 
1,015 
7,252 
7,435 
1,an 1,.,.. 
11,033 
1,335 
8,511 
8,m 
1,1111 
9,055 
9,Jt0 
1,423 
9,803 
9,781 
9,Ma 

10,184 
t0,408 
11,401 
12,098 
12,1152 
13,583 
t4,181 
t4,231 
14,304 

l»pth to 
•tar ba1o. Corr.ctacl 
-•lll"fnc •tar 

point 1an1 
<rt ' <rtl 

55.'78 
55.75 
55 .71 
55 .11 
55. 11 
55.1'11 
55.71 
55 •• 
55.114 
55.115 
55.118 
55.10 
55.10 
51.81 
15.113 
55.111 
55.14 
55.15 
55. 18 
511.01 
S8.oo 
15. 11 
55.911 
5a.01 
sa.oa 
sa.07 
sa.JO 
58.t2 
511. 10 
sa.oa 
58. 12 
S8.u 
511.lf 
S8.t9 
511.21 
58. 18 
58.17 
sa. rr 
511. 28 
58.25 
sa. 211 
58.30 
58.32 
sa.28 
sa. 2'7 
58. 39 
58. 411 
S8. 4a 
sa. so 
58. sa 
sa.5a 
58.55 

55.12 
55.73 
55.'73 
55.73 
55.74 
l$.'74 
55.15 
55. '78 
55.18 
ss. '7t 
55.11 
55 . 82 
n.u 
55.114 
SS.M 
55.85 
55.81 
55.118 
55.111 
55.10 
55.92 
55.93 
55.13 
55.14 
55. 95 
55.11 
55.99 
sa. oo 
58.01 
sa.ot 
58.02 
54.02 
58.04 
58.01 
58.07 
511.011 
58.08 
58.t2 
58.ot 
58. to 
sa.13 
!'18.t2 
58.t4 
58.t4 
S8.t5 
58.20 
56.28 
58. 26 
58.28 
58.33 
56 . 33 
58. 33 

Correct eel 
drultowft 

(rt) 

0,07 
.08 
.01 
.08 
.09 
, 09 
.to 
.11 
. t3 
. t4 
. 18 
.t7 
.ta 
.19 
.tl 
.10 
.22 
.23 
. 14 
.25 
.2'7 
. 28 •• .21 
.30 
.32 
. 34 
.35 
.311 
.311 
.31 
.31 
.39 
.4t 
.42 
.43 
.43 
.4'7 
.44 
.45 
. 411 
.4'7 
.49 
.49 
.50 
.55 
.Sl 
.81 
. 53 •• •• .sa 

' 
t/r2 

(~) 
3. 31 tO:~ 2. 34 10-a 
3.58 to_3 2.47 to·: 
3. 75 10_3 2.10 to• 6 
3.13 to_

3 
2.73 to· 8 

4.t7 10_3 12.90 to·a 
4.48 tO 3 3.11 to-6 
4 . 7S to· 3 . 30 10-
5.oo to• 3 3.47 to- 6 

5.2'7 to• 3 3.68 to·• 
5.57 to·3 3.81 1o·8 

5.85 to:~ 4.011 to-
6 

I.U 10.3 4.25 to-
6 

1.40 • to_3 4.40 to"
8 

e. a3 to 
3 

4.10 ur8 

a.92 t0:
3 

4.10 to-6 

1.11 to_3 4.17 ~~= 
T.48 to. 3 5.10 to•6 1... t0_3 5 . 32 to-8 
a . oo ttoo-3 5.55 to-a 
8.3t 3 5.71 6 
a.ss to• @.oo to· 
a. sz to•3 8. 12 10-6 

l.tl to•3 8.31 Jl to• 6 

1.42 to· 3 &.54 to·• 
9.10 10-3 11.73 to•6 

9, 95 to•3 s. to to·6 

t.~ to:: 7.28 to:! 
t,OII 10.2 '7.47 10.6 
t.IO 10_2 7.84 10_8 
t.t3 t0_2 7.85 to 6 
t.ts to 

2 
a.os to·6 

l.tl to:2 8.23 10:6 
1.22 to_2 a.411 to_ 8 t. rr :r; to _

2 
e. eo 10_6 

1.29 to_2 9.00 10_6 
t,32 to_2 9.t7 to_8 
t.35 to_ 2 t.38 to_8 
t.38 to_2 9.55 to_6 
t.40 to_ 2 1.12 to.a 
1.43 to_2 9,93 to.s 
t.46 tO t.Ol tO 
1.49 to•2 t.03 10-5 

t.52 to:: t.os to:: 
1.55 to_2 t.07 to_5 t.sa to_2 t.to to_5 
1.'73 to_2 t.20 to.s 

~:: ~g-2 ~:: ~~-s 
2.04 to:: 1.42 to:~ 
2.oa 10_2 1.43 to_5 
2.ta to_l 1.50 10 5 
2.18 tO t.51 10-

l 



• hlo1a 1.-~ et wter 1a.,..1 Ia w11 11-11-1 .._.. ~ ....... w11 1a-11-1T 

lata 
1113 

.... 1 1100 •••• 
1 4 a00 a. a. 
1 laOO a. a. 
1 1100 •••• 
1 lOaOO a. a. 
1 12100 • • 
1 1100 p • •• 
1 4100 p ••• 
1 1100 P• a . 
1 8100 P• •· 
1 10.00 P• a. 
1 12100 p . • · 
2 2100 •••• 
2 4: 00 •••• 
2 SaOO a. a . 
2 8:00 •••• 
2 10.00 •••• 
2 12100 •• 
2 2100 p. a. 
2 4:00 p ••• 
2 11100 p ••• 
2 8:00 p ••• 
2 10100 p ••• 
2 !2100 p ••• 
3 2:00 •••• 
3 4:00 •••• 
3 6:00 •••• 
3 8: 00 •••• 
3 10: 00 •••• 
3 12:00 •• 
3 2:00 P• •· 
3 4:00 p . a . 
3 6:00 p. •· 
3 8100 p ••• 
3 10:00 p. • · 
3 12: 00 p. •· 
4 2:00 •••• 
4 4:00 •••• 
4 6:(1() •••• 
4 6:00 •••. 
4 10: 00 •••• 
4 12:00 •• 
4 2:00 p • •• 
4 4:00 p. a . 
4 6:00 p. • · 
4 8:00 p ••• 
4 lOaOO p . a. 
4 12100 p. a. 
s 2:00 •••• 
s 4: 00 • • •• 
s 6:00 •••. 
5 8: 00 •••• 
5 !0: 00 •••. 
s 12:00 •• 
5 2: 00 p . • · 
5 4: 00 p. a. 
5 6:00 p .... 
5 8:00 p ••• 
5 10:00 p . a. 
5 12:00 p. •· 

... 
tiM 
hda) 

41.11& 
41.13 
41 . 11& 
41.117 
41.11 
49.10 
41.10 
41.12 
41.11 
41.12 
411.13 
41.12 
41.12 
411.10 
49 .117 
411.86 
49 .85 
49 . 64 
49.113 
411.82 
49.82 
49.82 
49 .83 
49.115 
411 .1111 
411.90 
49. 92 
411.93 
49.93 
49.89 
49.1!'7 
49.1!'7 
49 .1!'7 
49 .1!'7 
49.1!'7 
49.1!'7 
49.86 
49.86 
49, R~ 

41.88 
49.85 
49.82 
49.1!11 
49.79 
49 . 1!11 
49.80 
49 .82 
49.82 
49.82 
49.86 
49.91 
49.93 
49.90 
9.89 

49 . 86 
49. 84 
49.84 
49.84 
49. 84 
49.P4 

lata 
11113 

latcll tl• 

-'111· S 2100 a. a. -
8 4100 •• •• -
• 8100 • • •• -
8 1100 •• •• -
• 10:00 •• •• -· 
8 U100 a. -
8 1100 p. a. -
' 4100 p. • • -
' 8: 00 p. •. -
' 8: 00 p. •. -
S 10:00 p. a . -
' 12100 p. •• -
7 2100 •••• ; -
7 4 : 00 •• •• -
7 81 C!O a. •· -
7 8:00 •• • • -
7 10100 •• • • -
7 12100 a. -
7 2:00 p. • . -
7 4a00 p. •· -
7 8100 p. • · -
7 8:00 p. •• -
7 10:00 ,. •. _ I 
7 12:00 p . • . -
II :1:00 a. a . -
II 4:00 a. •· -
II 8:00a.• •• 
8 11:00 •• • • _ I 
II 10:00 •• • . - I 
8 12100 •• -
8 2:00 p. •· -
II 4:00 p. a. • 
8 8:00 p. •. -
8 11:00 p. • . -
II 10:00 p. a . • 
II 12:00 p. a. • 
9 2:00 •• • . -
9 4: 00 • • • • -
9 6:00a.a. -
9 IJ:OO a. • · • 
9 10:00 •• •. -
912:00•. -
9 2:00 p. • . -
9 1 4:00 p. • · a-1 , 150 1 
9 6:00 p. •· a-1 ,030 
9 R: 00 p. •· a-910 ' 
9 l!J: 00 p. • • ·-700 
9 12:00 p. •• •-670 

10 2:00 •• • . •-550 
1U 4:00 a , a. a-430 
to 6:00 a. •· a-310 
10 ll:OO a . • · a-190 
111 10:00 a . • · a-70 
111 1 2: ()() • • so 
111 2: 00 p . • • 170 
10 4:00 p. •• 290 
)(I 6:00 p. •. 410 
tr> A: 00 p . a. 530 
)(I 10: 00 p . • . 650 
10 12:00 p. •. 770 

__ _._ ____ ....~.... _ _ ._ ____ ...&.. __ __. ___ _ - - '- -

Y MeasurlnJ; point e1~vatlon h 347.0H ft a bo ,, asl. 
a Kious a1~ danoto -...--nla .-4e t>.f"or. start of taot . 

41.83 
41.83 
41.11& 
41.111 
411.11 
411.117 
41 . 115 
411.83 
49.1Jt 
49 . 1Jt 
411.1Jt 
411.82 
49 .113 
49.116 
41.1111 
41.10 
41 . 10 
411.89 
411 . 117 
49 . 118 
49.117 
49.117 
49.117 
49.89 
49.89 
4!;. 111 
49.90 
49.91 
49.91 
49.811 
49.11!1 
49 .116 
49.117 
49 .e7 
49.89 
49.89 
49 .89 
49 .89 
49.91 
49.92 
49 .92 
49 . 92 
49.92 
49 .92 
49. 9 2 
49 . 92 
4q . '12 
49.93 
49.93 
49.93 
49.93 
49 . 93 
49.94 
49 . 93 
49.~ 1 

49.92 
49.91 
49.91 
49 . 92 
49 . 93 

lata 
1113 latell ~-

.... 11 2100 •••. 
11 4100 a. a. 
11 8100 •••• 
11 11100 •••• 
11 10.00 • ••• 
11 12100 •• 
11 1100 p ••• 
n 4100 p ••• 
11 8100 p. a. 
11 1100 , ••• 
n 10.00 ,. •· 
11 U100 p. a. 
u 2:00 •••• 
12 4100 •••• 
u 8:00 • • • • 
12 8:00 •••• 
12 10100 •••• 
12 11100 •• 
12 2100 p ••• 
12 4100 p ••• 
12 8:00 p • •• 
12 11:00 p .•• 
12 10:00 p ••• 
12 1211)1) p ••• 
13 2100 •••• 
13 4:00 •••• 
13 8: 00 ..... 
13 11:00 • • •• 
13 10:00 •.•. 
13 12:00 • • 
13 2:00 p • • • 
13 4: 00 p . • . 
I~ lhOO p . a . 
1:l 11:00 p ••• 
13 10: 00 p ••• 
13 12100 p ••• 
14 2:00 • . • • 
14 4:00 •.•• 
14 6:00 • • • . 
14 11:00 •••• 
14 10: 00 •.•. 
14 12:00 •• 
14 2:00 p .... 
14 4:00 p . •· 
14 6:00 p. •· 
14 11:00 p ••• 
14 10:011 p . n . 
14 12:00 p ••• 
15 2:00 •.•• 
15 4:00 • . • • 
15 6:00 •••• 
15 8:00 •••• 
15 10:00 •.• 
15 12:00 •. 
1~ 2:00 p • • • 
15 4 :00 p • • . 
15 6:00 p . • . 
15 A:OO p. a . 
~~ 10:00 p • • • 
15 12:00 p . •. 

•o 
1,010 
1,130 
1,110 
1,370 
1,410 
1,1J10 
1,730 
1,11&0 
1,170 
2,010 
1,110 
2,330 
2,450 
2,570 
1,810 
I,IJtO 
2,130 
3,050 
3,170 
3,210 
1,410 
3,530 
3,850 
3,770 
3,.-D 
4,010 
4,130 
4,250 
4, :ITO 
4,490 
4,810 
4,730 
4,1150 
4,970 
5,09(1 
5,210 
5,330 
5,450 
5,570 
5,fi90 
Sfll10 
5,930 
6,050 
6,170 
6,290 
8 . 410 
6,530 
6,650 
6,770 
6,11!10 
7,010 
5,130 
7,250 
7,320 
7,4!10 
7,1i10 
T, no 
7, 1150 
7,97f" 

41.13 
41.14 ..... 
41.11 
41.14 
41.12 
41.12 
a.n 
41.10 
49.10 
41.10 
41.19 
41.111 
41 . 1111 
49.111 
41 . 1111 
41.1111 
41.18 
411.18 
411.115 
41.115 
41. 115 
41!.116 
49.86 
49.115 ••• 411.87 
41.1111 
49.90 
49 . 91 
49.92 
49.93 
49.14 
49.95 
49 . 98 
49.96 
49.18 
49.96 
49.911 
49. 911 
.;9 .98 
49.911 
49 . 99 
50.00 
50.02 
50.05 
50.08 
50,08 
50. 10 
50,11 
50. 13 
50. 15 
50.15 
50.15 
50.15 
50, 1:1 
50.16 
511.17 
50,1H 
50.111 

late 
1113 

.... . 18 1100 •••• 
18 4100 • • •• 

- 11 8100 •••• 
18 1100 • • •• 
18 10100 •••• 
1111100. 
18 1100 p ••• 
16 4100 p. • · 
18 8100 p ••• 
11 1100 ,. •· 
18 10t00 p. a. 
18 11100 p ••• 
17 1100 •••• 
17 4100 •••• 
17 6100 a. • · 
17 ltOO a. a. 
17 10.00 •••• 
17 11100 •• 
17 1100 p ••• 
17 4100 p ••• 
17 ltOO P• a. 
17 !bOO p, a. 
17 10100 p. a. 
17 u.oo p ••• 
18 1100 •••• 
18 4100 •••• 
111 8100 a. a. 
111 11110 •••• 
111 10:00 •••• 
111 12100 •• 
111 2:00 p • • • 
18 4:00 p ••• 
11 8100 p. • · 
18 11:00 p ••• 
111 10:00 p ••• 
111 12100 p. •· 
19 2100 •••• 
11 4:00 •••• 
19 8:00 •••• 
19 11100 •••• 
11 10:00 •••• 
11 12: 00 •• 
19 2:00 p ••• 
19 4100 p ••• 
19 8100 p. •· 
19 II100 P• •· 
11 10:00 p ••• 
19 12:00 P• •· 
20 2:00 •••• 
20 4100 • • •• 
2D 6t00 • • •• 
20 11:00 •••. 
20 10:00 • • •. 
20 12:00 •• 
20 2:00 p ••• 
20 4:00 p • •• 
20 6:00 p. •· 
20 A:OO p . a. 
20 Hl: 00 p . • . 
20 12:00 P• •· 

= ( ... , 
1,010 
1,110 I,,. 
1,410 
1,110 
1,110 
1,110 
1,130 
1,«*1 
1,1'1'0 
1,210 
1,410 
1 , 130 
1,1110 
1,770 
1,1110 

10,010 
10,130 
to,ao 
10,370 
10,410 
10,810 
10,730 
10,1150 
10,170 
11,010 
11,110 
11,330 
11,450 
11,570 
n,•o 
11,810 
11,930 
12,050 
12,170 
12,210 
12,410 
12,530 
12,650 
12,770 
u,•o 
13,010 
13,130 
13,250 
13,370 
13,410 
13,810 
13,730 
13,1150 
1J 970 
14:090 
14,210 
14.3:.1 
14,450 
14,570 
14,890 
14,810 
14,9:10 
15,050 
15.170 

10.11 
10.11 
10.11 
10.11 
10.11 
10.11 
10.11 
10.11 
10.11 
10.10 
10.10 
10.10 
10.12 
IO.M 
10 •• 
10.rr 
10.28 
10.28 
10.28 
10.rr 
10.28 
110.28 
110.30 
110.30 
50.30 
50.32 
110.33 
50.34 
50.32 
50.31 
50.31 
110.30 
50.33 
50.35 
110.37 
50.311 
50.39 
50.40 
50.41 
50.42 
50.43 
50 . 43 
50.43 
50.43 
50.43 
50.44 
50 . 44 
50 . 44 
50.44 
50.45 
50.48 
50.46 
50.48 
50.44 
50.43 
50.44 
50. 44 
50.44 
50.44 
50.45 



• 
fable 1.-Drawd- or wtw 1e .. 1 t. w1J 11-11-1 -• 11r ,.., .. wn 11·11-11 

' Dolptll to llitpttl to D.ptll to 

Data .... wterlle1aw 
llat• 

.... wtar below .... wterbetow 
•tell Uw tfw -.urt"' •tell ttw u .. -.wtv Date •tell ttw u. -wiv 1153 (Ida) pointY 1t53 (Ida) potat t 115:'1 hda) potat 1 

(rt) (rt) (rt) 

..... 1 2100 •••• - 21.15 '•· I 2100 •••• ... 11.13 .... 11 2100 • • • • •o 11.40 
1 4100 •••• - 21.14 I 4100 •••• - 11.11 1t 4100 •••• 1,010 11.41 

•1 1100 •••• - 21.77 I 1100 •••• - 11.33 11 1100 •••• 1,130 11.41 
1 1100 •••• - 11.40 • 1100 •••• . 21. 3'7 11 1100 •• .. 1,250 11.31 
1 10100 •••• - 11.41 I 10100 a, a. - 2h30 11 tOtOO a . .. 1,:170 11.33 
1 12100 •• - 21.58 • 12100 •• - 11.10 11 12100 •• 1,410 11.31 
1 2100 P• a. - 11.&1 I 2100 p ••• . 11.U 1t 1100 •· .. 1,1110 11.11 
1 4100 p ••• - 21.52 I 4100 •· •• - 11.02 lJ 4100 •· .. 1,730 IJ.Jf 
1 II100 P• a. - 21.411 I 1100 •· •• . 10.,. n 1100 ,. .. 1,11&0 11 •• 
1 1100 p ••• - 21.411 • 11100 p ••• - :n .03 it 1100 •· .. 1,110 11.13 
1 10100 p ••• - 21.47 I tOtOO p. a. - 11.10 1J tOtOO p. .. 1,010 ll.lt 
1 12100 P• a. . 21.40 I 12100 p. .. . 11.1T lJ 11100 •· .. 2,110 21.11 
2 2100 •••• . 21.34 1 1100 •• .. - 21.Jf u 1100 • • ., 2.330 21.11 
2 4100 •••• - 21.10 1 4100 •• .. - 11.311 u 4100 •• .. 2,450 21.11 
2 11•00 •••• - 21.10 1 11:00 .. .. - 11.3!1 1t 1100 • • .. 2,570 11.1t 
2 11100 •••• . 21.11 1 1100 •• .. - 21.411 12 1100 •• . . 2,1110 11.10 
2 10100 •••• - 11.10 1 10100 •• .. - 21.31 u ta.oo •· .. 2,1110 11.10 
2 12100 •• - 11.08 ., 11100 •• - 21 . 30 u U100 •· 2,130 11.10 
2 2100 P• •· - 21.01 ., 2100 p. a. - 21.25 12 1100 p • .. 3,050 21.10 
2 4100 P• a. - 21.08 1 4100 p • • • .. 21.10 12 4100 p • .. 3,110 11.10 
2 11100 p. a. - 11.011 ., t1100 p. a. - 21.22 u 11100 p. .. 3,210 11.22 
2 11100 p. .. . 21 .Oil ., 1100 p ; .. - 11.13 12 11100 p . . . 3,410 21.24 
2 10100 p. .. . 21.11 1 10t00 p. •• - 11.JII 12 10100 p. . . 3, 5:10 21.25 
2 12100 p. .. - Zl.29 ., 12100 p. .. . 21.31 12 12100 p • .. 3,650 21.77 
3 2100 •• .. - 11.40 2100 •• .. - 21 . 34 13 2100 •• .. 3,710 21.29 
3 4100 •• .. - 21.40 4100 •• .. - 21.36 13 4100 •• .. 3,1!90 21.29 
3 11:00 ... .. - 21.47 1100 •• ... - 21.44 13 11100 •• .. 4,010 21.31 
3 11100 •• .. - 21.411 1100 "· .. - 21.43 13 11100 • • .. 4,130 11 . 40 
3 10100 •• .. - 21.42 10t00 a. .. . 21.311 13 10100 • • .. 4. :!50 21 . 49 
3 12100 •• - 21.77 12100 •• . 21 . 14 13 12100 •• 4, 370 21.57 
3 2: 00 p. .. - 21.23 2100 p. .. . 21 . 11 13 2100 p. .. 4,490 21.112 
3 4100 P• .. . 21.20 4100 p. .. . 21.10 13 4100 p. .. 4,610 21.59 
3 11100 p. .. . 21.21 8100 p. .. . 21.20 13 1100 p. . . 4,730 21.55 
3 I100 p. .. . 21.111 11100 p. .. . 21.20 13 11100 p. . . 4,ISO 21 . 511 
3 10100 P• .. - 21.22 10100 p. .. - 21.77 13 10100 p. .. 4,970 21.54 
3 12100 P• .. . 21.21 12100 p. .. - 21 . 30 13 12100 p. . . 5,090 21.511 
4 2100 •• ... - 21.25 9 2100 •• .. - 21. Zfl 14 2100 •••• 11,210 21.55 
4 4100 •• .. . 21.25 9 4100 •• .. - 21 . 211 14 4100 • • •• ~.:130 21 . 55 
4 6:00 •• .. - 21.31 9 11100 • • .. - 21.32 14 1100 • • .. ~. 450 21.110 
4 1100 •• .. - 21.18 9 11100 •• .. . 21 . 35 14 11100 • • .. 5,570 21 . 84 
4 10100 • . .. - 21.10 9 10100 •• .. - 21.311 14 )0100 • • .. 5,690 21.11 
4 12100 •• - 21.04 9 lZI OO a, - 21 .311 14 12100 •• 5,810 21.84 
4 2100 p. .. - 21.02 9 2:00 p. .. - 21 .35 14 2100 p . .. 5. 9J(l 21.7% 
4 4100 p. .. - 21.02 9 4100 p. .. a-1,150 21.34 14 4100 p . .. <1,050 21.74 
4 6100 p. .. - 21.09 9 6100 p. .. a-1,030 21 . 34 14 1100 p • .. 6,110 21.111 
4 lhOO p. .. - 21.12 9 1:00 p. .. a-910 21 . 34 14 81011 p • .. 6,290 21.94 
4 10:00 p. .. - 21.12 9 10:00 p . .. a-790 21.34 14 10:00 p. .. 5,410 21.96 
4 12100 p. .. - 21.1 3 9 12100 p. .. a-1170 21.:\5 14 12100 p. .. 6 .~:10 12.02 
5 2100 • .. . 21 . 211 10 2: 00 • • .. a-550 21 . 34 1~ 2:00 •. . . o, FSO 22.08 
5 4100 •• .. - 21.47 10 4100 •• .. a-430 21.35 15 4100 •• .. 6 , 770 2%.14 
5 6:00 a . .. - 21.53 10 6: 00 • • .. a- 310 21 .35 15 11:00 • • .. 6, 1!!'0 22.18 
5 8r00 a. .. - 21.57 10 8:00 • • .. a-190 21 . 311 15 1:00 • . .. 7 , Ol!l 22.111 
5 10100 • • .. - 21.31! 10 10: 00 •• .. a-70 21.32 15 10100 •. .. 7,1 30 22.12 
5 12100 •• - 21.21 10 12100 •• so 21. 33 1~ 12100 •• ~ . r.\0 %2.09 
5 2100 p. .. - 21.10 10 2100 p . .. 170 21 .33 15 2:00 p . .. 7, 371' 22. 03 
5 4100 p. .. - 21.07 10 4: 00 p. .. 290 11 . r.\ 1~ 4100 p . .. 1,4'190 %2.02 
5 6100 p. .. - 21.10 · 10 6100 p. .. 410 21 . 15 15 6100 p. .. 7 , f l O 22 .05 
5 •:oo P· .. - 21.14 10 8:00 p . .. 530 21 . 25 15 A100 p. .. 1, 730 2%.01 
5 10•00 p. .. - 21 .1~ 1" 10:00 p. .. 6.~0 21 . 31 15 10:00 p . .. 7,1150 22 .C6 
5 12100 p. .. - 21 .1 2 10 12: 00 p. .. 770 21.37 15 12100 p .•. 7,97r: 22.01 

c.. 
Y Maaourlng point elevation h 408.68 rt abo .. aal. 
a K.iJw6-aiiiU deoota --•u...de before •tart of ta1t . 

D.,tll to 

Date .... wterloe1ow 
*tell Uw u. -·urtiJ 1!153 c ... , ,.., .. 1 

(rt) 

.... . 11 •• oo •••• 1,010 ll.tt 
11 4100 .... 1,110 21.11 
11 1100 •••• 1,3311 11.11 
18 1100 .. 11,450 11.11 
18 10t00 a. a. 1,1110 11 ••• 
11 U100 a, 1,110 11.13 
18 1100 •· •• 1,110 11 •• 
11 4100 P• a. 1,130 II.U 
11 1100 •· •• 1,080 11.13 
11 1100 ,. .. 1,110 11.14 
18 10100 p . .. 1,110 11.u 
11 11100 •· .. 1,410 21.11 
IT 1100 •• . . 1,1130 aa.oe 
1T 4100 •• . . 1,150 aa.u 
11 1100 •• . . I,T?O aa.n 
1T 1100 •••• 1,110 aa.ae 
1T 10100 •••• 10,010 aa.1o 
1T 11100 •• 10,130 at.1 ... 
17 1100 P• •· 10,210 22.13 
11 4100 p ••• 10,310 u.aa 
17 1100 p ••• 10,410 I'J,12 
17 1100 p ••• 10,1110 17.11 
tT 10t00 p. .. 10,730 22.11 
1T U100 p. . . 10,1150 22.17 
111 210t •• . . 10,110 22.11 
11 4100 •• . . 11,010 22.77 
111 11100 •• . . 11,210 22.33 
18 11100 •• . . 11,330 22.21 
1~ :OIOO •• . . ll,450 22.01 
111 12100 •• 11,510 22.01 
111 2100 p. . . n.•o 22.05 
111 4100 p. . . 11,1110 22,05 
111 11100 p. . . 11,930 22.111 
111 11100 p. . . 12,050 22.211 
111 10100 p. . . 12,110 22.41 
18 12100 p. . . 12,210 22.47 
19 2:00 •• . . 12, 410 22.41 
19 4:00 •. . . 12,530 22.52 
19 6:00 •. .. 12,850 22,51 
19 8:00 •• .. 12,710 'l'l . 511 
19 101 00 •• . . 12,1!90 22.54 
19 12100 •• 1J,OIO 22.54 
19 2100 p. .. I J,1JCI %2.47 
19 4100 p. .. 1J, 250 22.42 
19 ti:OO p . . . 13,370 22.35 
19 11:00 p. . . 1J, 490 22.31 
19 10100 p. . . 13,610 22.30 
1!1 12100 p. . . 13,730 22.31 
20 2:00 • • . . 13,1!50 22.33 
20 4100 • • . . 13,!110 22.33 
20 Sr OO a. . . 14,090 22.35 
20 8:00 •• . . 14,210 22.30 
20 10:00 • • . . 14,330 22.%7 
20 12:00 •• 14,450 22.1 9 
20 2:00 p. . . 14 ,570 22 . 15 
20 4:00 p. . . 14,691J 22 . 21 
20 6:00 p . . . 14,1!10 22.1 J 
20 8: 00 p. . . 14,930 22 . 11 
20 10:00 p. . . 15.050 22.12 
20 12:00 p . . . 15, 170 22.12 

- - -



~w. '· ....... _., ...... mea &a weu 11-11-• ...... ~ 

T.W. ·t. · ·OW. tiYer ............. • tile....,_,. teet elte, 

A ..... 1·10, 1911. 

T.W. I. --A ........ I'ic pn-n at J..ealnllle, It~., A .... t lO­

ll, 1911. 

.. ...... ... el ia ..... ..u • ., ..... c ....... ., tile OIUe .......... .. 

abBe.,urlc pre•••" c--.•• ......._ tbe ~r telt an ..... ta 

Apn6. 

J'ipr• ••• n_...tt•• .c .... rl...a•la ..U., of Ohio Rt•er 

•taa•• ... of .....,_de pre11ue, obae"H ••ill« .. uifer te1t. 

JJ 

'• . 



• /Bfr • ~~c 
Tabla 7 .-OIIio lllver a.-1 ~acent to tlw aq.otfer t eat ett a , A"CIIIt 1-20, 1 9S~ 

-
IIi .... }f" v., . lti\.-er l~v~l River 1-.,.,1 ltlftr lowl 
a bow l o vt" r above lnwer a bo,,. lcvw a bovw lOYe'r 

!l;ote l!atch ti ... tt •&o at Date Watch u .. g&;,t' at Date Watch tl•e Kill • at Dato Watch tl • • &Ill• at 
1 ~5 :. d ... 41 !I ~~~3 du 41 !I lq~ :· 

du 41 !I 1 ~ ~3 du 41 1/ 
( rt ) ( ft) crt ) crt)-

All!>• 1 2:110 a. ~. !J . 60 ~'« · 6 4:00 a. .. 9,95 Aw: . 11 oi:OU a . ... 1r.. 27 AI« . 16 4:00 • . • 9 . Ml 
1 4:00 a . .. 9,60 G 6:00 •. "· 9 , 6 ,, 6:00 .. .. J(l, 21 1 ~ 6:00 a . ... q,57 

I o: OO a. ... 9 . Jll G H: OO a . ... ~. 60 11 ~:on • · .. to . n 1~ 8:00 • . .. 9.57 
1 ~:00 a . .. 9 .10 6 10:00 • . .. 9,7J 11 lO:flt" 1 . .. 10.40 16 10: 00 a . .. q . 1r 
I 111:00 a . ... ~.9(1 'i 12:00 •• Q, Wl 11 12:00 •. 10.50 1" 1~ :00 • . 9 . ~ 

I 12: 011 •• R.9~ 6 2: 00 ,, , .. 10 .0J 11 2:00 p. .. 10.50 16 2: oJO p . .. q . ~5 
1 2:00 p. .. H.~ 6 4:00 I'· .. Hl.40 11 4: 00 p . .. 10. 54 I~ 4: 01> p. "· q , IWJ 

1 4:!JO P · ... ~.97 6 6:00 p. "· 1(1, 30 11 6:00 p. .. 10 .54 1R 6:00 p. .. 9 . 94 
1 6:00 p. .. 9.l~l 6 8:00 p. .. 10.30 11 8:00 p . .. 10.52 16 ~: 00 p. "· 0. lh~ 

I 8:00 p. .. 9,()5 6 10:00 p. .. 10 .14 11 10:00 p . .. 10.62 16 10:00 p . . . 10 .03 
1 10:00 p. "· 11,95 6 12:00 p . .. 10.00 11 12:00 p . .. 10. 70 16 12:00 p . .. 9.83 
1 12:00 p . .. 9 . 2o 7 2: 00 • • .. 9 ,70 12 2:00 •. .. 10. flO 17 2: 00 • . . . 9.115 
2 2:00 •• .. 9.50 7 4:00 • • .. 9,60 12 4:00 a . .. 10. 80 17 4:00 •. . . 9 . 47 
2 4:UII .. .. 9.R3 7 6:00 •. .. 9.40 12 6:00 • . .. 10.1!0 17 6:00 •. . . 9.20 
2 6:00 . . .. 111.00 7 8:00 • • .. 9. 3.~ 12 8:00 • • .. 10.!0 17 8100 • • . . 9,35 
2 8:00 .. .. 10. (16 7 H' : 00 a . .. 9.~ :· 12 10:00 •• . . 10 .86 : - ~": 00 • . .. 9.67 
2 l UtOO • · .. 10 . ('6 7 12100 • • 9.63 12 12:00 • • 10. 90 17 12:00 • . 9.67 
2 12:00 ... 10. 15 7 2:00 p. .. 9 . 74 12 2:00 p . .. 10.90 17 2:00 p . . . t.5s 
2 2:00 P• ... 10 . 1 ~ 7 4:00 P• .. 9 , 76 12 4:00 p. . . 10.90 17 4 : 00 p . .. 9.33 
2 4:00 p . ... 1CJ.15 7 6:00 p . .. 9.fl0 12 6: (.() p. .. 10 ,83 17 6100 p. .. 9.33 
2 6:00 p. .. 10.1 5 7 8:00 p. .. 9 . 76 1 2 II: Xl p . .. 10.83 17 81 00 p. . . 0.33 
2 8:00 p . .. )11,) 5 7 10:00 p . ... 9 . 70 12 10: '10 p. . . 10. 83 17 10 : 00 p . .. 9 . 40 
2 10: 00 p. .. 9.80 7 12:00 p. .. 9.S4 12 12:l0 p. . . 10. 83 17 12: 00 p . .. 9.33 
2 12: 00 P• ... 9.46 8 2:00 • • .. 9 . 42 13 2: 0.• a . ... 10 . 83 I ! 2: 00 a . .. 9.33 
3 2: 00 •• .. 8.65 8 4:00 a . .. 9. 40 13 4 :()( • • • .. 10. 78 18 4: 00 • • . . 9.30 
3 4 : 00 • • .. 8.90 8 6: 00 •• ... 9.09 13 6:00 a . .. 10.70 I! 6100 •. . . 9. 10 
:t 6: 00 •• .. 8.~4 ~ 11:00 • • .. 9 . 26 13 8 :00 a . .. 10. 40 111 11:00 a . .. . 9.2S 
~ 8:00 • . ... 9.20 8 10:00 • • .. 9. 36 13 10:00 & . .. 10.2S Ill 10:00 • . . . 9 . 75 
J 10: 00 •• .. 9 .46 8 12100 • • 10.1~ 13 12:00 • • 10.1 7 1 8 12: 00 •• 9,90 

J ll:OO • · 9.56 II 2: 00 p. .. 10. 36 IJ 2: 00 p . .. 10. 10 I ll 2:00 p . . . 9 . 9~ 

J 2:00 p . .. 9.00 II 4100 p. .. 10 . 2S lJ 4:00 p. .. 10. 20 111 4:00 p . . . 9. 80 
3 4:00 p . .. 9.60 II 6:00 p. .. 10.50 t:t 8:00 p . .. 10 . 20 18 8 : 00 p . . . t. 6S 
3 6: 00 p. .. 9.64 II 11100 p . .. 10. 4 2 13 8:00 p. .. 10. 24 18 11100 p . . . 9.38 
3 111 00 P• .. 9.76 8 10: 00 p . .. 9 . 94 IJ 10: 00 p. . . 10. 10 I ! 10:00 p. .. 11 .15 
3 10: 00 p . .. 9.67 8 12100 •• 9 , 94 13 12:00 p. .. 10. 17 18 12:00 p . . . 11.115 
3 12:00 p . .. 9,68 9 2:00 a . .. 10.03 14 2: 00 •. . . 10.23 ~~ 2: 00 a . . . 11.83 
4 2: 00 • • .. 9.S4 9 4100 • • .. 10 . 1'3 14 4 100 a . .. 10. 27 II 4100 .. . . . 11. 110 
4 4:00 • • .. 9 .46 9 8:00 •. .. 9.911 14 6:00 • . .. 10. 20 11 6: 00 a. . . 1 . 110 
4 6:00 •• .. 9.63 9 11100 • • .. 9,95 14 e:oo a. .. 10 . 20 1t 111 00 a . .. 11 .7S 
4 8:00 a . .. 9.96 9 10 100 • • .. 10. 03 14 10:00 • • .. 10. 20 19 10:00 a . . . 11. 110 
4 10:00 •• .. 10.35 9 12:00 •• 10. 03 14 12: 00 • • 111. 0 3 II 12: 00 • • 1.11' 
4 2:00 •• 10.43 9 2100 p . .. 10. 03 14 2100 p. .. 10.03 11 2:00 p . .. 11 . 11' 
4 2:00 P• .. 10. 50 9 4 : 00 p. .. 10. 0 3 14 4:00 p . .. 9 . 84 19 4100 p. .. 9 . 05 
4 4100 p. ... 10.46 9 8: 00 p . .. 10. 03 14 8:00 p . .. 9 . 5S 19 1100 p . .. 1 . 13 
4 6:00 p. .. 10 . 36 9 I:OV p. .. 10. 03 14 1 100 p . .. 9. 43 11 111 00 p. . . 9 . 2S 
4 11:00 P• .. 10.33 9 10: 00 p. .. 10,03 14 10100 p . .. 9 . 27 11 10: 00 p. . . t. zt 
4 0: 00 p. .. 10 . 2S 9 12: 00 p . .. 10.03 14 12:00 p . .. 9 . 18 19 12: 00 p . . . t . zt 
5 2: 00 a . .. 11.76 10 2100 •. .. 10 , 03 15 2100 • . .. 9 ,00 20 2: 00 a . . . 1. 2t 
5 4100 • • .. t.ZI 10 4:00 •• .. 10.0;1 15 4:00 • • .. 11.93 20 4: 00 a . . . 1 . 2t 
s 6: 00 • • .. 9 . 06 10 8:00 • • .. 10.03 1S 6: 00 a . .. 1 , 08 20 8 : 00 a. . . l . :tt 
5 8: 00 • • .. 0.13 10 8:00 a . .. 10.03 I S 8100 •• .. 9,00 JO 8:00 a. . . 1 . 40 
5 10:00 • • .. 9 .80 10 10 100 •• .. 10.1 5 15 10: 00 a . .. 9.07 20 10100 • • . . 9. 43 
s 2: 00 • • 1 . 87 10 12:00 •• 10. 15 15 1 2:00 •. 9 .0& JO 12100 • • 1 .59 
5 2: 00 P • .. 10 . 34 10 2: 00 p. .. 10.08 15 2: 00 p. .. 9 . 15 20 2: 00 p . . . 1 . 43 
5 4 : 00 p. .. 10. 47 10 4:00 p. .. 10. 40 15 4100 p . .. 9 . 30 20 4 : 00 p . . . 9. 47 
5 ti: OO p . .. 10. 44 10 6100 p. .. 10. 50 15 8100 p . .. 9. 18 20 8: 00 p . . . 1 . 47 
5 8: 00 P• .. 10.36 10 1:00 p. .. 10 .50 15 1100 p . .. 9.20 20 1: 00 p . . . 9. 80 
5 ~0:00 p . .. 10.30 10 10: 00 p . .. 10.39 1 ~ 10 : 00 p . .. 9.40 20 10100 p . . . t. S7 

S 1t2:00 P• .. 10.36 IC 12:00 p. .. 10 .33 1S 12100 p . .. 9 . 40 JO 12100 p . . . 9 . 84 
6 2:00 a . .. 10. 36 11 2: 00 • • .. 10. JO 16 2: 00 • . . • . 9 . 50 

!J 0.. 41 lowr aac• ate .. tlon h ~13. 3 rt a bow •I . 
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Table 8. lwtaatrk presa\re at Louisville, Ky., August 10-21, 1953 

Tiae Aug. 10 Aug. 11 Aug. 12 Aug. 13 Aug. 14 Aug. 15 Aug. 16 Ave. 11 Ave. 18 Aug. 19 Aur. 20 Ave. 21 

1:00 a. •• - 29.26 29.26 29.25 29.17 29.16 29.18 29.20 29.27 29.24 29.22 29.26 
2:00 a. a. - 29.26 ,.~. 25 29.24 29.17 29.16 29.17 29.21 29.27 29.24 29.22 29.26 
3:00 a. •· - 29.26 29.25 29.24 29.17 29.16 29.16 29.21 29.28 29.24 29.23 29.27 
4:00 a. a. - 29.26 29.25 29.24 29.18 29.17 29.17 29.22 29.28 29.24 29.24 29.28 
5:00 a. a. - 29.28 29.27 29.26 29.19 . 29.18 29.17 29.24 29.28 29.26 29.25 29.29 
6:00 a. II. - 29.30 29.29 29.27 29.20 29.18 . 29.18 29.26 2r.30 29.27 29.26 29.31 
7:00 a. m. 29.26 29.30 29.29 29.27 29.21 29.18 29.19 29.26 29.30 29.28 29.26 2!.32 
8:00 a. 11. 29.26 29.32 29.29 29.27 29.21 29.19 29.20 29.27 29.31 29.28 29.27 29.33 
9:00 a. m. 29.26 29.31 29.30 29.27 29.21 29.20 29.20 29.28 29.31 29.28 29.27 29.33 

10:00 a. •• 29.26 29.31 29.31 29.26 29.20 29.20 29.20 29.28 29.31 29.27 29.26 29.32 
11:00 a. •• 29.25 29.30 29.31 29.25 29.!9 29.18 29.19 29.27 29.30 29.26 29.25 29.31 
12:00 •• 29.25 29.28 29.29 29.24 29.18 29.18 29.18 29.27 29.29 29.25 29.24 29.30 
1:00 p. •• 29.24 29.28 29.29 29.22 29.17 29.17 29.17 29.25 29.26 29.23 29.23 29.28 
2:00 p. ... 29.23 29.26 29.27 29.20 29.16 29.15 29.16 29.23 29.24 29.22 29.22 29.27 
3:00 p. II, 29.23 29.26 29.25 . 29.19 29.15 29.14 29.14 29.22 29.23 29.20 29.21 29.27 
4:00 p. m. 29.22 29.25 29.24 29.18 29.14 29.13 29.14 29.21 29.22 29.20 29.21 29.26 
5:00 p. lft. 29.21 29.24 29.22 29.17 29.13 29.13 . 29.14 29.21 29.22 29.19 29.21 29.26 
6:00 p. m. 29.21 29.24 29.23 29.17 29.13 29.14 29.16 29.22 29.22 29.19 29.22 29.26 
7:00 p. Ill. 29.22 29.24 29.23 29.17 . 29.14 29.15 29.18 29.23 29.22 29.~ 29.23 29.28 
8:00 p. II, 29.24 29.25 29.24 29.18 29.15 29.16 29.18 29.24 29.24 29.2v 29.24 29.29 
9:00 p. ll. 29.25 29.26 29.25 29.19 29.16 29.17 29.19 29.26 29.24 29.21 29.21 29.29 

10:00 p. II. 29.26 29.27 29.25 29.18 29.16 29.18 29.20 29.27 29.24 29.21 29.26 29.30 
11:00 p. m. 2~.26 29.27 29.26 29.18 29.16 29.18 29.20 29.27 29.2-i 29.22 29.26 29.30 
12:00 p. •• 29.26 29.26 29.25 29.18 29.16 29.18 29.20 29.27 29.24 29.22) 29.26 29.30 

( ./, 



Correctiona Applied 

The water-len! •aauraenta in wlla 52·12·15,•16,•1'7, and-18 were 
~ 

u.ed in the co.putatioD of T aDd S in this report. Before the dravdowns 
"' 

wre ued, howver, they wre corrected for the effect of changes in 

at.oapheric preaaura ud for the Muonal. recession of the water table 

that OCC\11"1"'8d throaghout the teat period. An additiOD&l correctiOil for 

a chan&ing thickness of oil onrl.Tinl the water nrface in the puaped 

well had to be appUed before theae data could be ued. In uaiag the 

Theis graphical •thod under water-table cODditiou thea drawdovna ahoul.d 

be adjusted for umrateriag if the water-level decliDe ia a large fraction 

of the original aquifer thickDeaa and if the obaervatiOil .. u. are 

relative~ cloae to the puaping wll. Thia correction waa not necessary 

for the data used in this report, however, because the drawdown.e in the 

observation vella duriJag the aquifer teat were ....u. Graphs of the 

obHrved and corrected water levels in each well are shown in figurea 7 

through 10. 

Figure 7.--ob .. rved aDd corrected water-level~well 52·12-1'7 • . 
Fi(ure e.--observed and corrected water-1eve~,well 62·12-16. 

~ 

Figure 9.--obaerYed aad corrected water-leve~~well 52·12-15. 

Figure 10.--0bMrved aDd corrected water-level;well 62-12-18. 
4 



A!!lr!i• of Data 

A logarithllic graph of the corrected d.ravdcnrna ill nU1 52·12·16, 

·16, ud-18 i1 lhcnm ill figure U. A traruai tion fra~ u-te1ian to 

Figure U.-Logu-ithaic graph of corrected dravdcnms of water level 

in wU1 52·12·15, -16, and·l8 cauHd by pup bag wll 52·12•17 . 

water-table coDditiona neu- the pumping vall and the effecta of llow 

draia.age troD the aU ty •terial in the upper pu-t of the aquifer cau1ed 

exce1aive drawdOWD in each obaervation well duri.Dg the early part of the 

te1t. Near the end of the te1t, however, the draw~owna in each well 

reflect the true T and S of the aquifer, and the latter pointe of each 
df.~ · ~' 51~" '' (f., . ;z.) 

plot .fe1:1 «r a smooth curYe. The type curve wa1 overlain on thie portion 
~ l Jl il 

_,.he. C6"' ~~~~ 
of 'fteA. plot (fig. 13). &Dd a atch point va1 Hlected. Tt.c valuea for 

/\ 

Figure 12.--Logarithmic graph of the expon.ntial-integral type 

curve. 

!, W( u), 1, and t/r2 obtained fro• the utch point, when aub1tituted 
u 
illt~ttequationa (4) and (6), gave a coefficient of tranndaaibility of 

about 80, 000 gallcma per daJ per foot and a 1torage coefficient of about 



It ia evident from fipre tJ that t he water level in welle 5Z ~ lZ - Z 

and - 9 were affected by t . e pwnped well. A aolutioa of T and S 

ueina theae data c aeckecl reaeonauly cloee with the value• obtained 

from drawclowne of well• SZ - lZ - 15, - 1~. - 17, and -18. The 

computation• of t h.i e &Daly d e are not included ia thi a report. 



The water-lent decline of 1.93 feet per log cycle in the paped 

ve1l (fig. 7), when substituted in equation (8), givea a nl.ue for T of 

a little more than 80,000 gallona per dq per foot which checks the value 

obtained by ttw type-curve aolution. A further check wu aade by c011paring 

the reaul ta of this analyaia vi th that of an aquifer teat Mde in the 

DOI"theutern part of the Louiaville area (Rorabaugh, 1948). The 

coefficient of transmissibility divided by the aquifer thickDeaa indicatea 

a field coefficient of per.eability of 1,500 gallona per d~ per aquare 

foot --· a value identical ri th the one obtained fi"'OI the ~ais 

di8Cllaaed in the present report. 

This value haa been uaed in the diacuaaion which follova to compute 

the volume of water moving through the aquifer in the aouthweatern part 

of the Louisville area. 



~VAILA8LE GROUND ~ATE R 

ln t he unpumped area downriver from t he Rubbertown area 

practically all the water enteriq the aquifer ia eventually dt. c: na r ged 

to the river. Salvage of thia water ia tt\erefore of paramount 

impo r tance in t he development and utiliution of the around -water 

reaource• of t he area. 

Oround ~water outflow from the aquifer in thi• area i• •upported 

by downward percolation of local predpitatioD, growsci wate1' emeralD& 

from t he valley wall and enterina ttae aquifer, and arowad wate1' r elea•ed 

f r om atoraae. 

To determiae t lle relative maaDitude of tbeae three •ource• of 

water whic h •upport• the arouiUl·water outflow from the unpumped 

area, a rect&niular •tTlp of the area 1 mile wide and 4 mile• lona 

wUl be con•idered. 1'he •horter •idea of t ne rectaaale are the 

valley wall, ea•t of Dixie Hiahway, and the Ohio River. 

Z8 



OutOow from the area can be compute«! if the field coefficient of 

permeability. aquifer t hlckneaa. and hydraulic aradient of the water 

table are known. Water-level recorcia for weUa near the river at 

i.eea l...ane indicate that cluriaa 1952 the hydraulic aradieat averaaecl 

about 20 feet per mile. Aaau.mina an aquifer tilickneaa oi 52 feet and 

a field coefficient of permeabUity of 1, 500 apctJft2, it foUowa from 

equation ( 1 ) that 

: PlA = 1 S\.10 X 20 X 5Z • 1,£100, 000 apd/mile of river 
(outflow) chamael. 

19 



lDflow to tne aquifet", from the UmeetoDe aDd ehale etrata alona 

the edae of the flood plaiD, cube eetimated in a like maaner • 

.DuriJal l 95Z t !'le hydraulic araclieDt Mar the valley wall averaaed about 

Z feet per mile, ancl t ' e eaturatecl aquifer wae appl'oaimately 45 feet 

thick. Therefore 

0 • 1Sv0 X l X 45::: 14U, 000 apcl/mUe of valley 
(valley ~wall inflow) 

wall. 

30 



The releaee of arOUDd water from etorage in tbe uapumped area 

for tne eame period can be comp\ltecl by multipl}'"ina t he net decline 

of water leveb ill the area by tbe 1toraae coefticieat of the water -

bear ilia material. 0\lrina 19SZ t he averaae ut water -level decline 

over a 1 -mUe wiclth of the aquifer which extencl• from tbe Ohio 

Rh•er at Lee• Laae ea1twarcl to the valley wall, approximately 4 mile• 

away, wa1 1. 1 feet. Thu1 the total volume of water relea1ecl from 

1toraae ia t ie 4 - aquare-mile area i1 aivea by 

1 
Q( to 1 1 • 4 X 5, 180 Jl 1. 1 Jl 7 • 48 X • Z c 500, 000 apd 

I raae eel, J 65 

or an ave raae removal from Ito raae of abo\lt 1 Z5, 000 apd per 1qure 

mile. 

31 



Net re~haree from rainfall, t he only ground - wa&er inflow factol' 

yet wacleterminecl, 1• evidently obtained by •ubtractlaa from the outflow 

tbe •um of the quaabty relea•ecl from •toraae aacl t he quaatity enterina 

the aquifer t nreuao the vall y wall. T nu•• for tbe 4-•quare -mile 

uapumpecl area 

0 • 0 - ro .. 0 J (rainfall recharae) (outflow) (atoraae loee) (•alley -wall 
inflow) 

• 1, ~ uo, ooo - tsoo. ooo + 140, ooo) 

• 1, \iOO, 000 &Pd (approximate! y) 

Thia amowat• to about ZSO, 000 gpd per equare mile O!', coDYertlfta to 

t he equivalent pTeclpitatioa over t be area, U wo\&lcl repreeent about 

S iDc bea for 195Z. 

Precipitation clurina 19SZ, ae reported by t be U. S. Weather 

Bureau. was 17.58 inche• or 91 percent of aormal. P l'ecipitation 

ciuriq the winter recharae period, however, wae 19. 19 inchea or 

1 OS percent of normal. 

1Z 



Theoretically, in a" iDfiDite aquit.J, whea a welll• pumped it• 

coae of lafluence will conti•-- incleflDitely to expand aaa cleepea. 

Practically, nowever, wbere the aquifer ba• finite GimeD810D8, t he 

cone will expaad and cleepeD \lDtU oae or more of the boUDdarle• i• 

intercepted. Sub•equea& e~~paa•ioD ana cleepeataa of tne CODe will be 

ioftueaced by tne nature of t he boanclary or beuadarie•. U the cone 

intercept• a •urface~water •ource, iafUtration from t hi• •ource 1• 

inducect in cUred proportion to the cliffereace that l• developed &:.etweea 

river •taae aad adjacent around-water level. 

,, 



1a the Rubbertcn~n area, wbere a coaat&Dt rate of withdrawal bae 

beea maintaiaecS for eeveral yeare, it le eeti~r~ated that almoet ODe- half 

of all tae water pumped ie derived from iacluced infiltration from the 

Ohio River. 

Tbe approaill'ate bouaclariee of a major coae ia thle area are 

ehown by water - level contour• in figure 1 S. The catchment area of 

}~lgure 1 S. - ~ Wale r • level !!1&p of the eouthweetera part be .,. 
.sJ,o..,,"', C..ll"'1:ov..-s oO'I t~~ wa:t:er t-Al.le 1 

.L.oweville area, Kentucky ,
11 

December 195Z. 

t he cone ie approximately a eq\&&re milee. Durina 195Z, about t- . 9 

million aallone a day wae pumped from the aquife r beneath thie catchment 

area. Net recnarae from precipitation on the catchment area and inflow 

to the aquifer t . roe.~a ;1 the valley wall contributed about z. l mgd. The 

remainder, 4. 7 mgd, had to come from etoraae and from t ne river by 

ind"ced iafiltratioa. The average aet dedlae of water leveb ia thie 

catchment area wae 1. 4 feet durifta 195Z, wnic . repreeente a yield 

from aro\IDG-water etorase of about 1. J macl. Therefore, t he averaae 

amouat of iDCiuced river bafiltr&tion wae approximately '· 4 mad. 

34 



The total amoUDt of water a•aUable to a well field faoom •ource• 

other than the Obio River (by lftflltratlon) 1• relatively coutaat from 

poi.DI to polat ln t be undeveloped part• of t he aqwfer. The amowat 

of recbar ae by dver illfiltration to a well field varle• iaver8ely with 

tile cl18taace from the well fielcl to the river; that 18, the 1••• the 

di•taace, the areater the recbar&•· Ia the cleveloped ar•••· how•••r. 

the creation of a new cooe of haflueoce 1• reetrlcted by exl•ti•a con••· 

ss 



SUWWARY AN.D CONCLUSIONS 

The area covered by tnl• report Ue• aea.- the •outhwe•tera edge 

of the Rubbertown iDcba•trial area aad i• bo\ID41ecl oy Bramer i.ane, 

Cue Ruo Hoacl, Lee• LaDe, aDd the Ohio River. lt i• uaderlain by 

Wlcoa•oUclatecl alluvial clepo•lta which bave a maximum tbicbe•• of 

about 7 feet. The •aturated thickDea• of tileae clepoalta raaaea from 

about Z5 to 70 feet. Althouab the water -bearlaa material• are nighly 

hete roaeneou•, aquifer teata a bow that L'ley act aa homoaeaeou• uait• 

if t ile cone of influence, aro\IDCI a pumped well, clevelop• UDtU it 

incluc:le• a lara• part of t he aqwfer. 



• 

The auly1tia of data f!'ODl thia teat illdicatea that about 80,000 

gallou of water a d-.y rill .,'" through a l-aUe width of the aquifer 

UDder a gradient or 1 foot per aile, and that the aqdfer will yield 

.J .o 
0.2, cubic f•t of water for each cubic foot ot aquifer wnratered • 

37 



The four welt. for which &Daly••• of drawclowD data are clven 

(fia. 11) are ecreeneclin t be lower 4(; percent of a water -table aq\lifer 

which le SZ feet t hick. 

)8 



• 

!be pnMace of natural barriera in the area are clearly 

iDdicated in figure• 1, 2, 3, ud 4. The eidee of the bedrock chaDDel, 

tM rock ridge aloac Cane Rim RDad, aDd the reetricted zone along the 

rinr rill all be effective with tiM, but their ultiate effect ie not 

knowa. River infUtratiOD, outnow fro. the valle)" wall aDd varioue 

other factors could conceivably dupera or caacel the barrier effecta 

ao that they could DOt be ~ogai&ed. 'therefore, before an ual.yeie can 

iDclude the barrier effecta, aquifer teats or lone duration rill have 

to be .-de Gil wUe at etntegic locatione in the area to evaluate the 

oet effect or each barrier • 
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Recharae to the aand and aravel clepoaita come• from rainfall 

which aeepa tb.rough the : oUDCI fa-om t ' e aurface, from t he conaolidated 

rock a alona the walla of the valley, aacl from infiltration of water from 

the Ohio iHver tbrOGen ita oecl &DCl baDka. The averaae reebarae to the 

aquifer baa beell eatimated by .W. 1. Rorabauah (l94b , p. JS) to be 

about zoo. 000 apd per •quare mile by rahalall, and 1 OQ, 000 apcl per 

mile of valley wall by outflow from the valley wall to the alluvium. 

The rainfall recnarae duriq 195Z, a year with above -averaae ralafall 

duriDa ta e winter recnarae perioca, waa a0out ZSCI, 000 apcl per aquare 

mile aod the hallow from t he valley wall waa about 140,000 gpcl per 

mile of valley wall. Rec:narse by river haliltrlltion varle• inveraely 

with the diatance between tile river and the well field and will be 

ereater if the well fleld ia acljac:ent to the river. It l• t herefore of 

paramouat import&Dce to locate f6.lture well field• properly with reaped 

to t he river and other well flelda ln order to haaure the maximum 

utlliution of t be arowacl-water potential of t he are&. 

40 



• ELSCTIID BIBLIOGRAPHY 

Guyton, w.r ., stuart, w.r., and Maxey, G.!\., 1944, Progress repOrt 
on the gi"'UDd•water re80UI"Cea of the LouiwiUe area, Kontuck-y a 
utuc~ Dept. HiDes and MiD(_trala, Geol. Div., and City of 

Louisville. ( llimeographed rept.) • 

Jacob, c. --., 1944, Notes on determininr. permeability of pwupi ng teats 
under water-table conditivnsr u.s. Geol. Survey (mimeocraphod 
rept.). 

1945, artial penetration of pumping walla, adjustments fors 
tt.s. Geol. ;survey (mimoo phecl rapt.). 

___ 1~ , Drawdown teat to detendne effective radius of artesian 
vella Proc. Am. Soc. CiYU ng., v. 72, ao. s, P• 62 ·646. 

Kozeny, J., 1 33r uu.erkraft and Uaaaervirtachaft, v. 28, P• 101. 

Hac ary, L.K., 1 65, Map of the Louisville area, Kentucl\y shoring contours 
on bedrock surfacoa u.s. Gcol. Survoy Hydrologic Atlaa No. 5 . 

Muakat , Mo is, 1932, :otential distributions in l arge cylindrical <.liaca 
[homogeneous sanda] ri th partially penetrating electrode a [ partial..ly 
penetrating wolls]& Fhy ics, v. 2, no. , , p . 329-364 , enaaha, 
aac.' 1~32. 

--~ 1~37, The nov of homogeDtOUa fluids through poroua •dia, t!eGrav­
Ilill Rook Co., Inc., New Yor , P• 2 3. 

Rorabaugh, H. I., 1946, Ground-water reaourcea of the aouthweatern ,, r t 
of the Louisville "'"a, Kentuckya Rubbor l].eaerve Company, City of 
Louisville, and Jefferson ounty, 3~ • (multilithed rept.). 

1948, Gt'ound•vater r sources of the northeastern art of the 
----r.ow..ville area, 1\entuckyt City of Louisville and Louisville 

ater Company . \ mimeographed rapt. ) . 

Theis , c.v., 1935, Tho relation etveen tho lowering of the >iezometrtc 
surface and the rate and duration of disc~e of a well uaing 
ground•vater storage a Am. Geophye . Union Trana. 1935, p. Gl 9- 524 . 

___ 1936, The significance and nature of the cone of depression in 
ground-water bodiesa Econ. Geol., v. 33, p . 894, 1936. 

~I 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054

