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YEARS OF WORLD WAR I 19 39- 1947) 

T h is period exte nd s fr om J u l y l, 1939 , to Jun e 30, 1947 , and is 
called the year s of Wor d War II. a lth ou gh i t wa s not until December 
1941 that the United States e n tered the war whi ch began in Eur ope in 
September 19 39. By the beginnin g o f the per iod , it was e vident that 

1 

this country m i ght be d r awn in to the c onflict a n d a rearmament p r ogram 
including the draft a ct , effectiv e in September 940 , wa s started a nd 
prosecuted vigorousl y prio r to De c ember 1941, w hen th e attack o n 
Pearl Harbo r forced us into th e war . A l though the war was not off icial 
ly ended by June 947 , Pres id ent T r uman pro claimed th e end o f hos
tili ties on Decembe r 3 1 , :i 946 , thus terminatin g some of his war-time 
powers, and by further a ction te r m ip.a ted o th e r war -ti me powers as of 
June 30, 1947 . 

This was a per iod during wh i c h th e chief endeavor of the Branch 
was to keep its essential work o n a fa i r l y satisfactory basis in the 
face of the many handicaps to civilian ac t i v itie s caused by the war . 
To these handicaps were added ' n crea sing demands f o r more in
vestigati ons . These demands whi ch came f r om both coope r a ting States 
and Federal bureaus i n c reased the total Branch fu nds fr om $ 3, 060 , 000 
in the f isca l year 940 to $6, 36'0 , 000 in the fi sca year 194 7 ; and in
creased th e fu ll -time personne l f rom 5 3 to 1 , 043 . 

W . C . Mendenhall, th e Survey' s Direc tor s i n c e De c ember 22, 
1930 , retired Febr ua r y 2 7, 1943 , afte r 48 ye:a r s of s e r vice in the 
Surve y . That year wa s a cr iti cal one fo r o il a nd Secreta ry Ickes w a s 
anxious to have a n out s tand i ng o i m a n h e ad th e Survey. In his search 
for the best man a vailable , he r equ~ sted a numbe r of sc ie n tific societies 
to sugge s·t li sts o f names. The lil3t furn i shed by the Na t i onal Academy 
of Sciences wa s h e a de d by Wi iam E. Wrather , a con s ul ting petroleum 
geologist. Dr . Wra the r was offered th e d i re c torship and having accept 
ed , was appointed D i rector Ma y 7, 1943 . the s ixth to h o d that p o sition 
and the first sin e Ma jor Pow e ' to c ome t o t h · t positi on f rom outside 
the Survey. 

For the Surface Wa ter D ivi sion, eve ry Sta te was in c oope ration 
with the Su r v e y by the end o f! the p eriod , and the number of gaging 
stat ions was i nc r eased f rom 4 , 164 with 3, 0 00 r ecor ders to 5 . 812 wi th 
4 , 750 reco r d er s . T he numbe r of distr ic t o ffices was increased f rom 
37 to 4 1, with sub-d 's t ri t o ffice s in a ddition. 

For the G round Water Div i sion, a s a e su!t o f the important r o e 
that ground wate r p layed i n the m any war es tablii shmen ts during the 
war years and th e pos t-war e xpansion, all bu t s e ven States were i n 
c oope ration at the end of the p eriod. The Divis ion had s o many r e
quests for i nfo :nnati on from war - time e s tablishments, that a l arge 
part of the pe rso n ne l de voted considerable time to the s p ecial i n 
vestigations requi red t o obta in the de s i red i nformation . T he na tion 
wide observation-we ll program wa s in crease d f r om about 5 , 50 0 to 
9, 200 wells, o f which a bout 680 were equipped with water-stage recorder s 
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Increasing i te r st .. the qua!:ty Ou both su1rtace and grou nd w ater 

on the part c industry seekmg new J.oc.;.tions, d u ring · n d after the war, 
re su!ted in more wr,de- s p re&d c ooper&tlon wi th t te s seek i ng additional 
industr ia l p "ants. A8 Oil r esu t of thi more wide-Bpread state coopera
t i on , it w&s postnble to e:st~bHsh a numb-e r of labo r a tories in various 
parts o f the count:ry . imnd thus m ke a begin ing in decentra~lization . 

The Water Uti ization Division bro&d.ened its ctivi t ies by e ntering 
further into the fi~ d ox i te:rpr>e fcat:rve atud:H~.a, &nd i:n improvin g the 
ana yti cal method6 and techniques used :r.m. comp u ing stream-flow 

records 

GENERAL ORGANIZAT 01 ' 

A s a result of natural cause IS, there ·ere more changes in the 
general orgami)£ahon than dur ing amy previou~ p~riod . Carl G. Paulsen 
be came acting ~hief o the BratJ~Ch from the time of Nathan C. Grover 0 s 
reti rement . Jaa"1uar y 3 U, 939, to Octo er 7 . 1939, when Glen n L . 
Parke r WBI.B appointed Chid Hydrau' ic E1r.gineer. At that time, Mr . 
Paulsen be c a me Asei Cant Chief Hydr&u~ .. E n gineer, & ne wly-created 
position which W.\1\@ made _ece ~S aary by the gr•eat y expam ed w o r k of 
the Bralll1t.h Mr. Parkelr' died Febru :ry ~2. 946, fter nearl y s ix 
and 21 ha f y ear s as chief of th~ Branch ~:r:d more th :am thirty - seven 
years i:ill the Geologi c .1 Survey. :He h d ~~ rved for two year s in 
Alaska 21nd fo:r t enty-.eight yearli in the Sta~te s of Wa11hin gton and 
Oregon , of which t enty-six we e f!fu he p ositio n of th e Su1rve y 0 s dis
tr ict engi~eer m the tate of Washf.t'lgtcm . He ca.me to chid' ship 
therefo re , 21.f er ong !1 d experienc-e ~nd with intimate kno wledge of 
the functions am;d prob!.ems of the Geo o gic.al Survey . H i s s e rvice a s 
C hief Hydramlic En.gin4e~r, v.9hi h fe U who y withr:.:n thi s p e r i od , had 
to do arge :i. y with the difficu t prob 'em of war nd of expansion of 
fu nd s a nd personnel to me~t ar !llleeds . T hese needs r elated to the 
avaLabHity of wate Jr fo:r ca.nto ments, hospitals . ~1rfields, and o ther 
militar y establishrnenta and! :r mduat rial p lants eng~ged in produc
ing mi 1t ry equ ipmeLt a.H>.d BuppHes. Su h e xpanaio;ns inc uded a l s o 
grea t incre.a. es in cooperation with othe r Fede~·a Bureaus, espec
ia lly those h&ving to do with ar .3i.ctivi ttes and to a esaer extent 
in coope r tio n w:;.th Sta tes . Hi s admixu.l!l ti'lfe px-obl ems were there-
fore many &nd exacting Ml' P au sen s u cceeded him 2115 Chief Hy 
draulic Engin e er on March ~ li 946. 

Throughout the period when Mr . P arker was Chief of the Branch, 
Mr . Paulsen served a~ Assistant C~ue£. He sex>ved al so a s Acting 
Chief of the Surface Wate r· Division until April 19 . 1940. Subsequent 
change s a re deBcribed on page 26. 

Under the war - 1me act :j cmiho:dzing the recall of personnel 
1/Public 4H . 77th Congress. -

who had been r etire(L N. "C. Grove r waa reca .. led August 20 , i 942 . 
At fir st . he d ivided h1s at ention be tween Military Geology , a war
t i m e division_, a nd the work o · the Br.o.nch. Within a few months , 
however . h e had s o many cans f o r w o x-k in the B ranch that he had 
to giv e up h1s connection witl: the for mer gr oup. 
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0 . E. Meinzer c ontinued as C hief of Division of Ground Wa.ter until 
retired for age , November 30 , 1946, and was succeeded by A . N . Sayre . 
W . D . Collins continued as Chief of Quality of Water Division until re
tired for age , September 30, :i 946 , and was succeeded by S . K . Love. 
R . W . Davenpo rt continued as Chief of Division of Water Utilization. 
The Division of Power Resources conti nued under d irection of A . H . 
Horton until his death , March 4 , 1945 . The Divi sion was discontinued 
March 31, 1945 , and its functions t r ansferred to the Division of Water 
Utilization. 

Miss Helen Kiesel continued as Bra nch Chief Clerk. 

APPROPRIATIONS 

During the previous per iod , ~!though the 50-50 cooperative 
principal was recognized by Congress , the Bureau of the Budget, and 
Congress itself coul d not believe that the States, during the depression 
years , would offer the amounts estimated by the Survey, and the re
sulting appropriations for several years were insufficient to meet in 
full the 50-50 cooperation offered by States and municipalities . The 
failure to meet such cooperation was al s o due in p a rt, during the later 
years of that period , to the fact that before the year was over, State 
offerings were increased very considerably over the amounts estimat
ed at the time of the Budget hearings . Dur ing those years, the Survey 
was reluctant to request deficiency appropriations . 

However, during the war years , the psychology of Congress in 
making the callosa l appropriations for the war effort was such that 
the relatively minor increases in appropriations requested by the 
Survey were gra nted. If l a ter , those amounts proved to be inadequate 
to meet the State s Q cooperative offerings , the additional amounts need
ed were requested and were supplied in deficiency act s . That situation 
continued until the last yea r of the period when a new Congress con
trolled by the Repub i c a ns . elected on an economy program , refused 
to grant the full deficiency appr opriation needed, and for the 194 7 
fiscal year, the Su vey failed by 3 percent to meet full State cooperation. 

The greater w a ter-consciousness of the States w i th larger coopera
tive offerings , caused by the incr ease in the use of water , both surface 
and ground , needed by the tremendous y expanded war industries, the 
plans for flood control by the Army Engineers " a nd the irrigation in
vestigati ons by the Burea u of R eclamation in which the western States 
were deeply intereste d, were some of the causes of the increases in 
appropriations, particularl y during the latter part of the period. 

The following tab e shows the annual B ranch apl?ropriations, the 
amounts restricted to State c oopera tion, and the unrestricted remain
der which was availabl e for other purposes : 

Annual Branch appropria tions . amounts re stric ted to State 
cooperation, and r emainde r for o t her purpose s • 
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Branch R e s tricted to R emainde r for 

Year Appropria t i on State Cooperatio n other purposes 

1940 $1. 143, 000 $ 900,000 $243 , 000 
1941 1, 224, 500 1, 000,000 224,500 
1942 1, 2.85 , 500 1, 000' 000 285,000 
1943 1,308,950 97 5,000 339.930 
1944 1, 436 . 700 1., 008. 7 00 428,000 
1945 L 590 , ooo 1. ~ 80 , 000 410,000 
1946 2, 11 6 , 900 1, 620 . 000 4 96.900 
1947 2,588,67'2 1, 71 0,000 878,670 

The "remainder for other purposes" has been s egregated to em
phas ize the fact th · t the Surve y has had to ta ke on additiona l duties of 
a purely Federal charac ter . During the previous per i od, the Federal
type wor k was confin ed largely to the maintenance of stations for the 
Colorado River compact a nd the beginning of 2 I a network of Federal 
2/pp . 9-10 (1928-1939) -
stations in other basins . During the present years, not only was the 
number of Federal stations increased, but stream-gaging require
ments of the recently-negotiated Republican and Belle Fourche inter
state compacts, and the International tre a ty with Mexico, all of which 
are de scribed unde r the activities of the Surface Water Division, were 
factors which l ed to i ncreases in the non-restr icted items . Also, as 
the many requests from defense agencies for data on available water 
supplies in all parts of the country c ould not be handled properly on 
account of the small amount of non-cooperative funds, Congress in
creases those funds by $50, 000 during 942 and by $94, 000 for the 
fiscalyears l943to 1946, inclusive . Dur ing 1946 , therewasanon
recurring item of $ 100 . 000 for post-war p lanning. Of the large 
increase in 194 7, $263 , 000 was to pay a part of the cost of station s 
maintained for the Army Engineers ($ ' 75, 000 ) , the Bure au of Re 
clamation ($5·0, 000 ) , and TVA ($ 15, 000), and for which those agencies 
had p re v iously transferred funds . Although the $263, 000 was only a 
small part of the funds transferred, it was hoped by the several 
agencies concerned tha t eventually Congress would appropriate 
directly to the Surve y a major part of the funds needed to continue 
the Army Engineer, Bureau of Reclama tion , and TVA stations in
stead of to those agencies for transfe r . For star t ing investigations 
in Alaska, $14,000 was made available , and $3 7, 500 for research, 
both in the 1947 f iscal year . 

The limitation on salaries in Washington was gradually increas
ed as shown by the following annual amounts : 

1940 
1941 
1942 
1943 

$ 140,000 
140 , 000 
140 ,000 
170,0 00 

1944 
' 945 
1946 
1947 

$ 169,000 
200, 000 
2 00,000 
235 , 000 

The salaries of personnel temporarily detailed to the Washington 
Office, althou gh paid fr om field a llotments, w ere char ged against the 
limitation if the peri od _exceeded five days . 



GOOF '~' RATION 

The growing imp ortance of water-resources investigations and 
its public r eco gnition is shown b y the i ncreased cooperative funds avail
able during the period . The State a nd Municipal funds were practical! y 
on a 50-50 cooperative basis . The funds of other Federal bureaus 
could not be matched, but the marke d increase in those funds w e re a 
measure o f the growing importance of water resource s records to the 
Federal government itself. 

Annual cooperative State , Munic ipal , and Federal funds : 

Year State and Muni ipal Fede r al To tal 

1940 .$ 914 .. 688. $ 1, 052' 684 $1,967,372 
194 1 936, 034 955 , 403 L 891.43 7 
1942 1, 008, 51 94 ,843 .95 0 , 794' 
1943 994,333 838,040 1,832,3 73 
1944 1' 108 ' 733 926 , 261 2,034,994 
1945 1,24 1, 693 l, 163 '329 2 , 405,022 
1946 l, 603 ' 752 1,3 00 ,285 2 , 904,037 
1947 1,872,203 1 , 790.845 3,663,048 

As there was no direct c onnection between the State and 
Federal funds, it was c oincidental t c t they were in fair ly close 
agreement . 

WAR-TIME A CT IV ITIES 

Effect of Draft Act on Personnel 

The " b reak- through" of t he Nazis i n the spring of 1940 , after 
six months or more of the so-called "phony war" made it evi' ent 
that ther e was grave danger that the United State s would become i n 
volved in the wa r, and, to prepare for such probable action, Congr e s s 
enacted the Draft Act , known as the "Selective Service and Training 
Act of 1940" which b ecame effective September 16, 1940 . 3/ Under 
J / Stat . L 54, pt . ·l, 11. 885 et seq. 
that act, every m ale citizen between 21 and 36 years of age was re
quired to pre sent himself for regi s tration, and become liable for 
training and service i n the land or naval forces of t he United States. 
Many of the Branch personnel were affected by that act, and as the 
tide of war r olled nearer and finally reached our shores, the de
pletio n of personnel became more pr onounced . B eing red-blooded 
Americans , many did not wait fo r the draft but volunteered for ser
vice in the various arme d forces ; others h oldin g reserve officer 
commissions , or having had previous tra ining , rece ived commission s ; 
while s till others, beca us e of special qualifications, were drafted for 
special war-time activities . 4/ 
47 p. 10. 

The loss of so many experienced young men proved a serious 
p roblem for the B ranch as at the same time, the w ork was increased 
conside r ably, partly as a r e sult o f ra rious war activitie s , and re 
plac e ments were urgently ne e d ed . The u su al- source from which 
personnel had been recruited, the CiVll Ser'(i<':e Commission li sts of 
graduates of colleges , had dr ied up . Other sources had to be dis-
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covered and utilized. The work of some Federal a gencies had been ser
iously curtailed and it was possible t o obtain from them by t r an sfer, en
gineers a nd engineering aids who for one reason o r ano ther were e·: mpt from 
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the dra f t . Although the emp l oym e nt of sub - p rofes s ional grades had 
no t he re tofo r e b ee n pract i ced . e x c ept in a fe w instan ce s, the need for 
men was s o gr eat that such men we:r.e now used for routine work, partic
ularly in the f ield . 

War- T ime Appointm e nts - To meet the serious shortage of personnel 
m a ny a gencie s , a nd having few o r no e ligibles on its lists, the Civil 

:::>ervice Commis ion, a c t ing under Exe cutive Or der , granted authority 
to the variou s a ge ncie s t o ob ta i n a pp lic aJ. t ions of persons who were be
lieved to be qu a l ifie d for th e wo r k x>equired; th e C ommission rated the 
applica t ions, a nd a uthorized appo intments fo r those who received 
passing grades . Under E xe cutive Or der No . 903 6 , dated February 16, 
1942 , the Comm ission ga ve the a ge ncy c once:tned authori ty to make 
"war - time " a ppoi ntmen ts lim ited to the duration of th e war and not to 
exceed s ix month s the r e after, the r eby deferring p ermanent appoint
ments dur ing the period while m illions of citizens were in the mili
tar y fo rces and war indu s tries , and s o were unabl e to compete for 
perma nen t appointments . So grea t w a s the need for personnel that 
a number of women w e re emp l o yed as engineering aids . A total of 
6 17 11WG.r- t ime" app o in tments was m a de . 

Members of B r anch p e rsonne who e n tere d military service were 
given m ilitary fu rlou ghs , and a lthou gh many r eturned after the war, 
expand i ng p erso nne l ne e d s w e r e no t filled a nd many "war-time" 
appointees we re r etai ned. Rea lizing tha~ i n the not - distant future, 
the War would bt. e ffi ia L y d cl&red ended , the C iv il Service 
Commis sion . under E x e cut ive Or der of Februar y 1946, gave in the 
summer of 1946 when the gr eat major -i ty of s ervice me n had returned, 
.a series oi exami na t ions for va rious grades , f r om which e ligible lists 
f or re g_\ll~r probationa l a ppointment were m ade . Many war-time 
appoint ees took the e xam inations a nd beca use of the expe r ience gain
ed in the B r anch, were succes s ful in them and were given probational 
appointments . 

Effect of Restr i ctions 

Use of ca rs . - P e r ha p s the m ost serious e ffect of re stric tions 
imposed b y the w a r wa s on the u s e of a utomobile s . E a rly in 1942, 
al a u tomobi e facto rie s we r e c onve l' t ed to th e p r odu ction of war 
e qu ipment, a nd no ad d i tional automobile s we r e manufactured . Thus, 
no new c a r s o r trucks c ould be purchased and i t was necessary to 
make the o l d car s last dur i ng t he e me r ge n cy. One of the first 
restrictions impo s ed was contained in a n o r d e r from the SecretaryS/ 
S/ Or de r No . 1669 , Marc h 26 , 1942 . -
wliic h required that o the r means of t ransporta tion be used in all 
possible ca ses . that all a u tomotive vehicles not a bsolutely essential 
be removed from active ser vice imm e d ia tely , and tha t the most 
effective use b e made of vehicle s remaining in active s ervi ce . As 
a re s ult of the s e r e s tric tion s, ca r s a nd t ruck s wer e ope r ated very 
much lon ger tha n p r e viou sly , a nd instea d of be ing tur ned in when 
the distance trave l e d was 50 , 000 or 6 0 . 000 mile s . a nd when the 
maintenance cos t began t o r i se s harply . the vehicles were operated 
100 , 000 miles o r m o r e w i th, of C10'lu rse, s teepl y mount ing mainten
ance costs . Congr e s s for tuna tely repeal ed the lim it that could be 
spent on rep a irs on a car durin g a ny fi scal year. 
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Closely allie d w1th the operatlon of cars was the c onsumption of 

gasoline a nd the use of t i re • In 194 1 , when ga.soline and rubber short
ages were in the offing. the Secretar y 6/ ordered that in the interest 
6 /order No , 160 :1., Aug. 15 , 1941. -
~£ conservation , n o olliciaX ca s shou ci be driven in exces s of 40 miles 
pe r hour . Some months later, upon ea1;ning that h i s order was being 
d i s r egarded, the Secretary state~ i a memo r andu m ?f th at infractions 
?l May 15 , 1942. 
would not be tole t·ated and vio lat10ns brought to his attention would be 
dealt with s mma r ily. With the p rosecut ion of the war, the need to 
conse rve t ires b ecame mo:r'e critical <~2nd President Roose velt appoint
ed a committee headed by Bernard Baruch t o study means of c on
serving r u'bbe:f. That committee . k nown as the Rubber Sur vey 
Committee , m ade a repor t whi ch wa e ransmitted to Congress, 
Augus t 6, 942 , .;md it recommendat10ns we re e n a cted into law soon 
afterward. The hief re gulat ion a ffe cting the Branch a s well as all 
citizens was the speed limi t of 35 m ile s per h our, whi ch would achieve 
the greatest conse r va.tion of t ires . A lthough m CI'.ny good citizens heed
ed that warning , m a ny o thers fa iled o o s o , and a year or two later 
the task of policing the highways a gainst 35-mile iolator s became an 
i m p ossibility , a n d that F mit wa~ generally i gno x·e d . 

No t on l y was the use of car r est:n ted , but rationing of gasoline 
applicable t o the entir e population wa s n e ually important factor . 
From May 15 , · 9 42, in the East a nd De cember 1, 1942, i n the West 
to Aguust 6 , 1945 r i t was nece ssa ry to a ppl y each q uar ter to the 
local r atio n ing boa>._ ds ! o r coupons, w i thout which gasoline could 
not be p urchased . ln. applying f o r u c h coupons , it was necessar y to 
estimate clo s e ly the mileage eac h car wou d be d riven on official 
busines s . The eetirn~ted m · eage was frequently redu ced by the 
r ationing boa:rds :En their i nfi n ite wisdom a.nd c oupon s based on 
consumptive u se o f 5 m ile s pe:r ga. l on, i .._. sued . If such c oupons 
were found to be insufficien r it was usually pos s ible to obtain 
addi tiona coupons befor e the end of the q ar te r, but as this re
quired conv-incing reas ons, the tendency was to imit str ictly the 
use o f ca_ s. In addition . the u se of ruc k s, beginn ' ng Noverrber 
~ 5, 942 £ requ ired a ce Jr tificate of nece ssity f r o m the Office of 
Defense Transpox tat:l.on, wh i ch Office de term i ne d the m ileage for 
ga s oline , based c h ief:;. on the amount -:!"~que ~ted in h e applica ti on 
fo r ce r tlhcate Thi s certif1c a te had o be r eviewed quarterly. 

perhap s as g re- t r estri t i on a s any on the use of car s was 
the rationin g o f tlre s . As a f i rst step, the War Producti on Board , 
i n July 942, ordered an i n ventor y o f the nu m be r of new and used 
tires and tubes . This was foll o wed by an o rde r to turn over to 
that board , aU t i r es in e x ce.s s of 5 fo r emch vGhi cle . Thereafter , 
as no new tires cou d be purchased on the open m Ci'.rket , i t was 
n e c essary o obta ~.n repla~c:ements f:t> om the War Production Board , 
fr om th e pool of tires pre viously urrendered. T ires sold to the 
Board o r igina l y , ·ere s o m etimes repurch~sed at c onside r ably 
higher p ri ces . 

Change ., in hours pe r week. - Early in the war, the effect 
on Gove r nme nt pe onnel of th e Drat Act, a nd ot her war activities, 
wa s such that the Se cret&1 y ordered as a war measu re , a 44-hour 
week , b egin ning January Z6, 1942 . Wi th the i n tens ification of the 
war e ffort, the Secre ta.x y o r dered a 4 8 -hour week with no h olida ys, 
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beginning January Z, 1943 . Afte r v- · Dd.y, (Aug . 15, 1945 ), the 
Secre t2>.ry reduced the wor k week to 40 hours, cons isting of five 
8-hour days , affective August 26 i n Washington and September 9, 
1945 , in the field . The practica.l effect of the reduction was greater 
than the actua reduction in hour • Pre viously, i t had been the 
rathe r gen rr...l c.u s tom in the Branch, paJrticularly in the f ield, to 
wor k l ong houlf s withou t egard to the Gl:.C tual number of hours per 
week and frequently work was continued on Sunda ys and holidays . 
However , with the 40 -hour week, the tendency was to limit the 
hour s of wor k , a.nd w·h en , on field trip • work was performed on 
Saturdays and Sundays . time of.f to con1pensate for such work was 
taken after returning to the office , 

Incre~. se in Sa aries 

After the wot>k week was inc reased to 48 h ours . Congre ss, 
by the Act of· March 24~ 1943, 8; provided that all officially ordered 
8/Public 17 , 78th Congress . -
overtime in excess of 40 haul's, should be p a id for at one and a 
half times the regular rate , for the firs t $2980 of basic pay, the 
total compensa ion not t o exceed $5, 000 , The overtime rate was 
in accordanc-e with the rate established in industry a s a spur to 
the war effort. That a,ct was liberalized in U 945 , b y providing 
over- time pay fo r salaries in excess of $2980, at decreasing rates 
for the higher salarie s. 9/ When the 40-hou r week was established 
91 Public ¥06 , 79th Congress, is t Se ssion . 
and ove rtime a.bolislied except in eme r gencies , Congre ss inc reased 
the base pay by amounts approx1mately equal to the previous over
time pay. As. a r esult of the general in ·reases granted indus try by 
the Government: e.a>.rliy in 1946 . Congres:a felt that Federal salaries 
we re out of line. and increa sed all Federal sal aries by 14 percent, 
effective July ) .i! 946.10f 

10/Public 390 , 79th Gong ess , Znd Session. 

Limitation on number of per onnel.- When Congre ss granted 
the 14 pe rcent increase, it was with the proviso that the total 
number of employee s in all civil depar tments s auld not exceed 
a definite number " that number to be substant a l y less than the 
number employed when th<e increase was gr nted. The Bureau 
of the Budget, each qua.rter set ceiHng on the number of personnel 
each Federal agen ~y c:ould have . 

Salarie s outs ide continental United State s . - The Brookhart 
Salary Act of July 3 , 1930, had required the heads of executive 
departments and esta.bli hments to adjust the compe sa t ion of 
civilian fie ld -~e x"rice empl oyees outside .h e c ontinental Unite d 
States unless such positions were expre ssl y e xcepted by statute 
from the Classi.fica-. ion Act of 1923 . This r equire ment apparently 
had not b e en observed xcept by on or two a gencies in Hiwa ii 
where widel y varying dif!e enti. ls ha1d b ~en applied . This pro 
cedure had resul.ed in whet the Civil Se vice Commi s sion de 
scribed a.s " a chao tic s ' tua ion for the v21.rious Federal agencies 
in Hawaiill . F inaHy, in 1942 , when H<'twaii was a critical war 
cente r . the Civ ~ Service Commission r eque ted fro m the Comp
t r oller General a dec ·sion r garding d.iff rentia pay in order 
that the Hawaiian situation might be clarified . A s a result of 
that decision. th Ci7il Service Commis sion on December 3 , 1942, 



ruled l lf that it was permissib e for the head of a Department or 
n / Circular 394. 
Independent Establishme nt to f ix s a la ry diffe r entials upon a 
percentage basi s for emp oyees servi ng a t any point outside the 
States of the United States and th e District of Columbia , the 
maximum differential being 25 percent. Accor dingly, the Survey 
applied that differential to Hawaii a nd to Alaska. 

Re quests from war agencies 

The many new establi shments , both m ilitary and industrial, 
brought about b y the war , posed m a n y probl ems of a vailabl e water 
supply to dete rmin e the b est l ocations ava ilab e, and the Survey 
was looked to for t h e a nswe r s . F r om Jul y 1 , 194 i, to the end of 
the war, the numbe r of requests receiv e d were : 

Surface Water 
Ground Water 
Quality of Water 

Tota 

10,053 
3 ,25 0 
2,366 

11 5,669 

The r e quests for surface - water data we r e l a r gely for r ecords 
o r estimates of flow and in genera l, r equired but little a dditional 
field work . Similarl y , requests for quality-of - water data could be 
answe r ed by exis ting data · and little fie l d work wa s required. The 
requests for ground-water data were so varied and a s they fre
quently requir ed fi e d investiga tions , a l arge part of the time of the 
ground -wate r offices in some parts of the c ountry were devoted to 
those reques ts duri ng the early years of the war . The investigations 
are des cribed m s ome de tail u nd e r the activities of that division. 

The great number of r equests threw such a burden on the 
Branch that Congr e s s in c reased the non-cooperative funds by $50,000 
for the fiscal year 1942 and by $94, 000 for each of the fis cal years 
1943 to 1946, in clusive . 

In appr e ciation of the assistanc e received from the Survey , the 
Director of the Office of War Utilities of the War Production Board 
wrote the following letter to the Director of the Survey, Sept. 28 , 1945: 

"With the closing down of the Office of War Utilities, I want 
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you to know how a ppreciative I am of the fine cooper ation the Geological 
Survey gave to our Wate r D ivis ion throughout the period of the war 
eme r gency. M r . Gowne r, Dir e c tor of that Division , has often told me 
of the inva uabl e c onsu lting se rvice rece ived from members of your 
Washi ngton staff and from your engineer s in t he field. 

liThe c ontinuity of your recor ds a nd the long experience of your 
staff was inva luable to the Water Div·ision and permitted it to mee t 
its immediate a nd p r essing war p r obiema with minimum of staff 
a nd without duplication of e.fiort. 

UI sincer e l y hop e the p r ogram s you are p l anning for expan sion 
will be suppor ted and car r ie d out, for war conditions clearl y indi
cated not only the e xtent to whi ch our national economy is dependent 
on adequate water s pply , but a l so the e seentiality of the Survey0 s 
continuous accurate record of the country's water r e ~our ce as the 
bas i s of the ir economic development and use . " 
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Pig Iron Survey . - The production of steel was a vita l factor in the 

war activ 1ties, anaearly in the war, much concern wa s felt by the War 
Production Boai'd regarding the amount of pi.g iron availabl~ to the 
foundries , and whether such pig iron wa s bemg used exc.lus1vely for the 
war effort. Like some other war agencie s, the Board d1d not have the 
nece 5 sary per sonnel to ·carry on the c ountry-wide inve st.igations need~d, 
and as the Branch was anxious to further the war effort m every poss1ble 
way and had a country- wide coverage of field offices, the Board on 
March 2 , 1942, requested the Branch to unde r t ke, at the Boar d's ex
pense, a survey of some 3 , 2 00 foundries to determine the gross tonnage 
of pig iron used during December 1941, a nd the amount allocated for 
Februar y 1942 , a l so to determine whether prior i ties in the use of the 
pig iron were be ing observed strictly . 

Lists of foundries and questionnaires we r e sent to each district, 
or other field office, together with numbered letters of authorization 
signed by an officer of the War Production Board , for each investiga
tion. As soon as the lists and le tter s were received, the survey was 
started. Each foundry was visited and the necessary information 
obtained, be ing verified by the ac tua plant records . As soon as the 
information for each foundry was obtained, the completed questionnaire, 
signed both by the foundry official and the investigator, was mailed to 
the War Production Board . The foundries listed ranged from the 
largest where a n investigation required a week or more to the smallest 
requiring only a short time to obtain the necessary information; others 
used scrap inste d of pig iron and still others were no longer operating. 
About 2, 400 foundries were actually invest igated. The survey was 
completed within the allotted time at a total cost of $60 , 391. 

Branch personnel in Military service 

The Water Resources Branch furnished 246 of its pe r sonnel to 
~'be various branches of the military service . Owing to the i r spe c ial 
training a large majority were given commissions . One was commis
s ioned as colonel, the highest r ank for a reserve officer, and several 
were commiss ioned as ieutenant- c olonel, one being an engineer who 
entered the Army as a private and attended Officer Candidate School. 
Many more were commissioned as major, captain, and lieute nant, 
with the corre spondin g naval rank for those who we r e in the Navy. 
A few retained the ir civilian status, being classed a s spe cialists . 

At the specific reques t of the War Depa r tment, ten geologists 
of t~e Gro~nd Water D ivision were given commissions ranging from 
maJor to h eutenant, and a ssigne d to water-supply battalions on 
headquarters ' staffs overseas. 

The complete list follows : 

Aertker, Donald E . 
Albert, C . Bruce 
Anderson , Keith E . 
Anderson, Orman K. 
Anderson , Samuel G. 
Armentrout , Warren R . 
Augur, William T . 
Babcock, Horace M . 
Bach, W. Kenneth 

Backe , Gordon J. 
Baker, Roge r C . 
Barber, De Loss H . 
Barteldes, Otto E . 
Ba tcheller, J ean E . 

,_.Beaber, Howard C . 
Bennett: Robert :Br~c~· 
Bent , P a ul C . 
Berkowitz , Sidney A . 

Beamer» Norman Ho 

Blake , Robert L . 
Bodhaine, G. Lawrence 
Bolon, Harry C . 
Brewer, J ohn Harnld 
Britton, J ames J. 
Brown , Glen Francis 
Brown, Ir_ving L . 
Brown, Russell H . 
Burke bile, Frederick V. 



Burkman, Grant. A . 
Busch , Willia m F . 
Cady , R ichard C . !/ 
Calkins, Myron D . 
Carlson, Enos J . 
Carns, Jack M . 
Carstens, Charie s H. 
Carter, Roland W. 
Cederstrom, D. J . 
Colby, Byrnon C . 
Colvin, Grattan C . 
Conard, Raymond F . 
Conover, C lyde S . 
Constant, James A . 
Cornelius, Quincy. C. , Jr . 
Cox , Jame s B. 
Cox, L . Theodore 
Crane , Billy H. 
Cross , William P. 
Culler , Richard C. 
Davies , David L . , J r . 
DeWire, Harry A . 
Dickstein , Dav id D. , Jr. 
Dillon , Jack G . 
Doll, Warwick L . 
Doughe rty, Dona d F . 
Dragnich, Stanl€y W. 
Drake, Herbert E. , Jr . 
Drescher , William 
Dunagin, Louie K . 
Dunkl e, William F . 
E arhart, Char es E . 
E llis, Harold H . 
Faehnle, David M . 
Fe louris, J ohn H . 
Ferrin, Arthux J. 
Fischback, Alexander A . 
Fisher, Bernard 
Fiske, Charle s C . 
Fleming, Dewitt P . 
Fogarty, Dona ld J . 
Foley, Frank C . 
Folsom, Orrin J. 
Ford, Pa G . 
Fredericks, J ohn C . 
Gardner, Milton S. 
Garner, Willie L . 
Ge rardi. Angelo P . 
Glasier, Lloyd J ohn 
Goshorn, J ohn D . 
Grave s, Rayfie l d W . 
Griswold, Thomas N . 
Griswold, WilliamS. 
Gunwald sen, Ralph W. 
Gurry , John W. 
Hackmann , Gl enN. 
Hagensen, Carl Philip 

Hale, Ma colm D . 
Hall, Hatler F . 
Hanks, Law r ence F . 
Hannum, Curti s H . 
Hanson, Archie J. 

. Harbeck, G. Ear , r . 
Ha rd ine, Kenneth L . , J r . 
Harrell, Guy B. , Jr. 
Hassle r, Milburn 
Hayne s, George L ., Jr . 
Henderson , Warren K . 
Hennemuth , John R . 
Henning, Norman E . 
Hensley, Pa.u1 W. 
Hickerson, Homer C . 
Higgins, Ja.me s J . 
Hill . Herndon S . 
Hodges , Edward B . 
Homyk, Anthony, r . 
Hulsing, Harry 
Hunter, Hubert S . 
Hurtgen, Dona ld C . 
Ingles, Jame s N. 
Irelan, Burdge 
Janda, B e njamin H . 
J enkins, Clifford T . 
, ensen, Leon J. 

ohnson, Thomas G . 
J o n es, Graham D . 
J oseph , Irving 
J orgenson , Leonard N . 
Kasner . Charlotte F . 
Kizer, Lee E. 
Kramsky , Meyer 
Kroe ning, H . Fra nk 
Lander, Fra nk T . , Jr. 
LaRocque, Ge o r ge A . , Jr. 
Leak , Howard S . 
Leggette, Ralph M . 
Lenfest, Leslie W. 
Lewald , Charles E . 
Lindholm, Curt F . 
Loeltz , Omax' J. 
Lynn, Richard H . 
McCabe, J ohn A . 
McCall, John E . 
McCa u l ey, Robert F . 
McGowan , Jack 
McKim, Rob e r t L. 
McLaughlin , James R . 
Martin , Robert . , Jr . 
M yhew, William E . 
Mathews, Elmer P. 
Miller, Everett G . 
Miller, Leonard W . 
Miller, Mearle M . 
Miller, Waiace T . 

M ims, Benjamin L . , Jr. 
Molloy, J ohn F. , J r. 
Molloy, J ohn J. 
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Moore, Samuel C . 
Moore, W. James 
Moulton, David R. 
Mur phy, J oseph A . 
Murphy, W1ll iam J .. Jr . 
Murphy, William M. , Jr . 
Murrow , Duncan C . 
Nace, ~aymond L . 
Newcomb, Reuben C . 
OdeH, Har old H . 
Ogata, Kent M . 
Oltman, Roy E . 
0 Neill, Vernon L . 
Otton, E dmond G. 
Patch , Marshall A . 
Patterson , James L. 
Paulsen, Wesle y W. 
Peck, Robert H . 
Pe irce, Earl H . 
Pepper, Jack W. 
Peracca. America R. 
Perrey, J ospeh .I. 
Perry, Woodford J . 
Peterson, Lee R. 
Phillips, William N . 
Porter , Livingstone, Jr . 
Post, Arthur L. 
Procter, MilesW. 
Pynch on , Char e s T . 
P ree, Henry L. , Jr. 
Quarles, Thomas J . 
Randall, Doris G. 
Randolph . Burr H . , Jr. 
R a ntz , Saul E . 
Rasmussen, William C. 
Reed, Albert L . 
R e ke , Carl C . 
Re vell , Russe ll W. 
.Ridgway, Lye G . 
Robinson , Will iam H . 
Rudd, Har old S. 
Sanderson, Roy B . 
Sa ndven p Herte l A . 
Sayr.e, A . Ne s on 
Schaefer, Fra ncis T . 
Schaefer . Rol a.nd H . !/ 
Schmickle , Robert D. 
Schoerpner, Milton H. 
Schoff, Stuar t L . 
S chreurs . Raymond L . 
Schuller , R. Dale 
Schwab, Harlan H . 
Sear .c1 , James K . 
Seitsinger, Dan T . 
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Sexton, Harold J. 
Shappy, Lillian R . 
Shimasaki, William M. 
Smith, Gerol B . 
Sheaf£, James L. 
Silverman , Louis P . 
Sittner, Walte r T , 
Slaughter, Marvin J . 
Smith, A vin L . 
Smith , Harold L . 
Smith, Robert J . 
Smith, Rufus P . 
Snell, Leonard J . 
Spofford, James R. 
Steacy, Robert E . 
Stearns, Harol d T . 

!/Deceasedo 

Stephens, James W. 
Stipp , J ohn R . 
Stockton , Herbert R . 
Swe nson, Herbert A . 
Tayl or, Geo rge C . 
Taylor, George H. 
Thomas , Harold E . 
Thomas , Nathan 0 . 
Thompson, Robert W. , Jr . 
Toth, Albert S. 
Tracy, Huber t J . 
Trisch , Donald L . 
Wagar , John E . 
Wal ker, Kenneth W. 
Wandke , Alfred D. 
Wann, .Yerlin M . 

RAMSPECK ACT 

Warren, Moul t rie A. 
Wasylkiw, Myron A . 
Weingartz, Larry W. Y 
Weinheimer, Thomas W. 
Whitaker, Clair L. 
Wiitala, Sulo W. 
Williams, Adrian H . 
Williams , Percy B . 
Wilson, A fonso 
Wilson, Woodrow W. 
Wollin, Ernest G. 
Wood, Auburn E . 
Woodward, Douglas R . 
Workmaster, Frank N. 
Youngquist, W. L . 
Yates, Canipe B . 

During the year s just preceding the war, the Administration had so 
limited in-grade promotions that only a very few could be granted. As the 
restrictions on such p r omotions were tightened each year, Federal empl oyees 
made their grievances known in Congress, · which enacted the Ramspect 
Act in 194 1.12/ By this new a ct , the Classification Act of 1923 was amended 

12/Stat. L . 5'5', pt. 1; pp . 613 -15. 
to provide automa tic promotions fo 't' employees on annual salaries who had 
not reached the maximum in their grades; for those whose efficiency ratings 
were less than very good , the increases were effective only until the 
middle salary for the· grade was· reached . The a utomatic increases 
occurred every 8 month s for those whose increments were $100 per year 
or less, and every 30 months : for those whose increments were $200 per 
year or greate r . 

In 1945 , 1Jf the automatic increases were made to apply to thos e 
lJ/Pubhc i 06, 79 th Congress, 1st Se ssion. 
employee s whose current efficiency ratings were good or better , the 
increases to oc cur e very 12 months for- increments of$ 00, and every 
18 months for increments of $ 2 00 per year o r grea te r . 

AMENDMENT TO RETIREMENT ACT 

In keep ing with the liberal ideas of the Roosevelt administration, 
the Retirement Act wa s liberalized during the pre sent period. The 
motive fo r such liberalization s temmed in arge measure from those 
n:embers. of Congress ;'ho, having s e r ved many year s, naturally de
sued retlremen benef1ts fo r themsel ve s, and also for the Congress ion
al Com~ittee e~ployees , some of whom had also served many years . 
Accordmgl y, w1th that p owerful incentive, legi slation wa s enacted 
January 24, 942 , 14/ whi h libe ralized the r etirement provisions, 

14/Public 411, 77th Cong't'es s . 
making it possible for those who had rea!l!hed the a ge of 60 and had 
serv~d 30 years, . to re tire and re ceive half the highest s a lary during 
a.ny f1ve consecutlve years of service . The original compulsory re _ 
tlr~ment ~t 7 0 was retained . as were the original methods o f c om
puting retue ment benefits; which in s ome cases were more a d vanta
geous . Emp· oyee contribut ions to this retirement were inc r eased 
from 3 1/2 to 5 percent. Immediately after the passage of the 
amended act, there was an outcry fr om the country against paying 



pensions t o mernber .,. of Congress , ...:.nCi the oppo'sition was so st ong 
that Congre ss q ick~y again amend~d th'~ law by ebm inating the mselves 
from its benef'ts. In pc.· ·ing, jt may be noted hat in 946 , Congre ss 
enacted a la.w g:r- · nting p nsions to m embers of Cong:t>ess. 

EFF:!""'IEN ~.-:f R ATIN S 

Although cefficie. y Ntt:ings h~d been applied to positions in 
Washington sine~ ~. 923 r i was ~'lot until the present p riod that such 
ratings were ext~nd · d .. o the f1eld 

In 19 li 3, Conglless utho;d.zed th .... Civil Se rv"c e Commission t o 
set up a divisi on o effi 1:.ency, b u t i t a not ntil. the p<11.s s age of the 
Ramspe ck Act in ~ 94 li, whH.h made ~uch a ction m am. a tory on the 
Exe cu t ive · Departm~n IS, that ef!ic:e n.cy l'~tings wer~ made . A s the 
Executive Departrr.ten a were comHd t·ed to consi t of personnel in 
Washington , as dia~ tinguis ed from L e F ield Service , the ratings 
previ ously had were not ·'ppHed to he field per:sonnel. Howev e r , t.he 
Ramspec k Ac t p ssed 'n : 94~ requir ed that e fi<:'iency ra ing s be applied 
to all positions, "7hether in tb~ f" M ·or i r ... Washington , i n order tha t 
eligibles for auto:.<n&t'"!C prom~tions could b e dete r mined , The fiscal 
yea r e nd ing J une 3 0 , i 94Z t W a\ S the fir . yea!.r for which e fficie ncy 
rati ng s w~re &pplied io a ;: '"'uzove personr.el. 

T h &ppHcati on of efficiency rating~S to the fie d personnel 
resulted in ome change!!.l in g &des nd positions . 

WATER RESOURCES REV!IE W 

Early lin the n>e ~en-: pe iod , he Br· nch. increased its s e . v ices 
to the public by -ct:a....,tin g the p ractice of issuing ~:nonthly summarie s of 
water c ondi t i ons . thus giv ing "n!o mation on curit't~: n trends . T hat 
action had its origin in a request from t re: White House, in a l e tter 
written by a Se.::ret~ry to the Pre~CJident. dated '~'uly 27. ~ 939 . addres sed 
to the Se retarie of Agdc tur &nd mter ' o r , the Works P r ogress 
Administrc:. tor.. · n& th D ' rector of the C1vih.• n Conserv tion Corps. 
The lett r staxted ~ 

'The :t>esident has asked m o i ... vite your 
attention o ofhciaJ · ~ nd unoffi ia r eport of ~~,he damage 
in the st:G .. te a!fected by the pt·esent drought , damage s 
to crops a nd tireber .. a.nds and to the d nge:r of ! bw water 
supplies , ~ ::::~ to b e gro ng mor ' c:tcute d - ily. 

"The Pre · 1dent a. k s that the .e cc.ndition~a b e 
mo i. cal!'efu! ~.y obs erved ~nd th&t the Fed .. ~r 1 Agencies 
be prepa ~ ed in t .e ·event of ~n emergen .y, to render a ll 
poe sib~e i:>i.S . sta.:uce . ~1 

T b. . . t le-tter was efe_ red to the Di t ·:non f W3. ez Utilization where 
the d esirability of i suing a month' y stat!C'·:nent WaJ, S :t'e cognized . The es
tablished p r o edure Sl.t that t im re r1( !l'ed th a.t al Su •v e y public· .ions 
must have editorLl · ·~tm .. h on 2-nd r ·~v1e by the Adminis~lt'..:l.tive Geol ogist , 
and that t i me -{;O:D. uml ng pro · .edu. ' thu: invol ed w&&> ~, ba.:r o the promp t 
publica 1on. of mont~.ly .:. tatem.en _ wev?.T p W. B. Langbein, in 
January 1940, p e . ~ ll." d a m e morandum giv~ng an o · t ine of a pr posed 
s~mmary of n · a\ r.e 1t ccnd i tions. So s :~l~' t· e w a the wide -&p'l:e<il.d drought 
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a t tha t t ime that it was ne cessary to request specia l info r mation from 
s everal d istricts . In Februa ry, the district engineers were advised of 
the desirability of such action and of the value s that would accrue to the 
public through a systemati c study by the Surve y o f the march of hy~ro
logic events, and regular p r ompt report ~ the reon. In tha t connection, 
the memorandum stated: · 

The Survey 9 s continuous reco ds of stream-flow 
not only register faithfully climatic trends , but also serve 
many d irect uses that are partkularly a ffected whene ver 
stream flow deviates widel y from the m ean. 

It was p r op.osed that each district select one or more stations, 
having stable contr ol, unregula.~ed flow ,. r ecords of sufficient length to 
determine normal regimen , and what was of chie f importa n ce, the rec
ords fr om whi ch could be transmitted promptly each month. To make 
the monthly su mmary feasible, it wa s necessary to obtain a special 
dispe~sation from the standard "editorial a ttention and review" require
ment , and W. G. Hoyt, throu gh his contacts with the Director v s office, 
obtained such d ispensation. 15/ Thereafter, it was poss ible to make 

15 I Lette r from W. B. Langbein to author . 
definite plans l or monthly publication. 

To W. B . L angbe in, under R . W. Davenpor t's direction , was. 
given the job of working out the prc.cedur e and preparing the nece ssary 
forms, and on June 8, 1940, s tandard forms were se n t to the district 
offices . The first " sum mary of stream-flow c ondi tion s " was ,issued 
for November 1940 , and was based on the averages of 24 gaging sta
tions . Texas " in keeping with i s well-known characterist ic s, had 
~ 'bigge r a nd be t ter floods" during that month a nd the r esults of 13 
floods were included in th t i ssue . About 350 c opi-e s of the summary 
were sent out to tho s e who had requested inform a tion on stream flow . 
In. the repor t fo r December $ the map li!lhowing the pe l'centage of nor
mal stream flow was firs t Intr oduced. Commenting on the firs t few 
issues , the Washington Office s tated 6! that a.s shown by the many 

16/ Feb. 18 , ~ 94 1. 
requests from organ "zations and individuals to be pla ed on the mailing 
iist, the summarie s seemed to be sat i s fying a popula:r- n eed . Some of 
the requests came from persons who were appa.rentl y igno r ant of the 
Survey0 s stream- gaging progi·'~.m which had been in operation for 50 
years . The Def enee agencies found that the summaries were particu
larly valuable to them l:i'.S a. basis for forecasting stream flow . and the 
A rmy Quarter-maste"" General r equ ested ZOO cop i es of e a ch future issue. 

In the fan of i 941. R . W. Davenport, at the time of a hearing 
'before the Inte x·national~ J o int Commi a sion , discus sed wi th officials 
of the Dominio·n Wate r an.d Power Bureau, the summary of stream-flow 
·cond i tions and the definite need it was meeting ~ a nd s uggested that the 
service might be extended to include the numerous s treams a l ong the 
'international bounda:t>y of common intel'e st to Canada and the United 
States . 17/ This suggest·io n met with approval a nd arrra ngements were 

17/ Letter to Dominion Wate r & Power Bureau , Nov. 3 , 1941. ' 
made to have the Gana.di..,n records sent dhectly t o Washington , fr om 
the f i eld . Re c ords from i6 Canadian stations first a ppeared in the 
i ssue for May ll 942. C ommenting on t he p r op osed in clusion of t he 
Canadian recol'ds , J. C . B eebe f the Federal Power Commission 
stated that the con , mpl~ted inc s i on of the Canadian records· would be so 



valuable to the pulp and pap t' indu;-:;ry ~lone, that i would be worth the 
cost of the e ntire servH .. e .... / 

18 7 Memo by \V . G. H::>yt , Ap-:r:Tr, :' 942 

15 

Jn June 1942, data on g ound. wate r wel' e f i rs t included and in 
recognition of i s broadened scope, the name of the publication was cha nged 
to "Water Resources Review ' ' Until Janua ry 1943 , the monthly releases 
had been handled by the D epartment's office of Wormation, b ut beginning 
at that t ime, the Review was sent out duectly by the B r anch, thus saving 
time . 

By th e end o:f the per "od, the numbex of stream - gaging records 
used had increased to about 130, and the we'\.1 records to 55 . The cir
culation bad in creased to l, 5 00 , of which 150 cop:es w·ent to Canada . 

PECOS R LrER J OINT rn E STIGATION 

The Pe cos Riv er is an mterstate stream ri s ing in the mountains 
east of Santa Fe and flowing south through eastern New Mexico and western 
Texas to its confluence -..~ith the Rio Grande. ne~r Comstock, Texas. 
Characterizin g the r iver b~s · n , the National Reso ces P lanning Board 
stated: 19/ · 

12:/ Regwnal Planmng Part X. Pecos Rffi ... Ba§in . June , i 94Z, p . VL 

F or its s i ze , th e basin of the Pecos R iver probably 
presents a greater agg:r.egation .of probl e ms associated with 
land and wa .e r use than any other h r igated a s in in the 
we ste r n United States .. Th'e s e invo· ve b oth quantity and 
quality of wate r supplies , the pro l en1 of salinity be ing 
particulai' y acute ; e r osion and s i. t ing of re servo ir s and 
cha nnels , dam.age f rom floods . a:q.d inte sta.t e con trover-
s y ove r the use of the a.te r&. There is an abu ndance of 
good land so hat the limit of deve lopment i s the availability 
·of water of satisfactory quality. The u se of the water of 
the · r ·v er has been fu•l y approp iated . 

As will be shown·, it i s a ba in in hich t e Federa interest 
l.s marked . A s the basin has a sca.nty :rain alL agnculture is wholly 
dependent: upon ir rig,tion for which the ate l' i s obt~ined from both . 
surface and grou nd soUl'C~e s . E ·:.dy in 1t existence , the U . S . Rec
lamation Service took ovex' f:ro;rn p rivate mte rests the Carlsbad 
project; storage facilities were inadequate nd in · 93 7 tb.e Bureau 
of Reclamation construct ed the Alamogordo Reservoir. In ·Texas, 
10 independent projects were att empting to · r:rigate l and f rom the 
Peco s River bu t serious wa.te shortage::; a nd an increase of salinity 
rendered the rive r unfit for irrigation c.t times. By 1934 , much 
land i n those p r ojec ts was no longer C\1 ' tivated ,. As that was the be
ginning of the New De- ! era; of 1 r ge scal e loa.ns and gr ants , the Red 
Bluff Wate x - Power C ontrol·District" as orga.nized f o r the purpose of 
constructing t b.e Re.d B luif Re s e voir by means of a dam s outh of the 
New Mexi co State line , which would b e operated for the benefit of 
the surviving a nd c onsolid&ted independent irrigation d is r icts . It 
was called wate l:' ·-powe . contt·ol distr "ct as 1t was expected that 
the developed water power would uHimateJ.y hquidate the costs . The 
Reconstruction Finance ot>pora.tion p rc:ha.:sed the bonds and the 
reservoir was constructed as a PWA proje ct nd was completed in 
1936. 
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A t times the Pecos River is subje ct to severe fl oods when _the cities 

of Roswell and Carlsbad a re inundated in part, as well a s much a gr icul
tural l and The fl ood of May and June , 193 7, was par ticularly severe, 
a nd as Congress in 19 36 had de clared the prevention of fl oods a Federal 
respon s ibility, there was a demand for Federal a c t ion , p a r ticularly as 
the Federa l intere·sts described p reviousl y we r e a l s o affected. 

P r io r to World War I. potash, a s trategi c war m ineral, had been 
obtained chiefly fr om Germany, but that war showed th e nec e ss i ty for 
devel oping a domesti c supply. Some year s later, lar ge salt d e posits 
we re d iscovered in the Peco s Valley Q!,nd in 932, he U. S . Potash 
Company be gan the extraction of p otash fr om them. During that pro
cess , large quantitie ~ of waste brine we re deposited in an a~ea having 
no visible outlet. Later, i r rigators comp ained of increas e d s a linity 
in the river water a nd brought suit. An inve s tiga t i on b y the Survey 
s howe d that he salt was coming from a wate r-bearing fo r mation and 
not fr om the wastes. 20 I Although that suit was d ismissed, there re-

2Q /p . jjj {1928- i 939 ~. . 
m a ined the po ssib!'iity of future suits , and to prevent possib l e in terrup
tion o f a ital ·ndustry , further investigations were nee ded t o de termine 
pos s ible source s of salinity. 

Perhaps the greatest need was comp ete information relative to 
the wate r s upp y and i t s quality which m u st be availabl e for the purpose 
of p erfecting a c ompac t between the state s of New Mexi co and Texas . 
A compac~ had been negot iated in 'i 9 25 but had not been ratified . 

The Rio .G r.,.nd e J oint Inve stigation , whic h was m a de in 1936 
unde r the sponsor s h ip of the Nationa l Re s our ce s C o m m i t tee , which 
l a t e r became the National Resource s P lanning B oard . had poin te d the 
way fo r a s i m ilar i nvestigation on the P e cos, a nd while the efficient 
orga n ization conducting the Rio Grande activity was still intac t , i t 
was t hought by those interested that a similar investigatio n of the 
Pecos R ive should be u nder ta ken. At the r eque s t of Secretar y Ick e s, 
the National Re s ources C ommi ttee c a lled a meeting of a ll F edera l, 
State , and ocal interests c onc e r ned, at El P a s o , T e xas, on March 
2 0 , 2 1, 1939 , a t which t •rne it was unani m ous y a gree d t o under ta ke 
th e P e cos R iver J omt lnvestiga ion., twas o r gani zed a nd carried out 
in c oopera t ion with bur eaus a nd services of the A griculture , Inte r ior , 
a nd War De p artments, a nd funds for the Sur vey 0 s p o rtion of th e in - · 
vesti ga tion were p r ovided b y cooperation with the S tate officials of 
New Mexico and Texa s a nd by c ontributions fr om the Bure a u of 
Re clam ation and the Nationa l Resources Plannin g Board. 

The R i o Grande investigati on had been arried on dur ing one 
year . A s p r e vious i nvestigati ons, chiefly b y State a gencie s , ha d 
fu r nished m uch of the data needed , on e year 1 s fu r ther r esults were 
dee med sufficien t. The Peco s investiga.tion, h owever , had n o such 
fu nd of ac cumu ated i nformatio n and so it was pla nned to cover two 
years . It waa headed b y Harlowe M . Staffo d, enginee r i n char ge , 
a nd F red C . Scobey, a ssociate engineer in cha r ge, both empl oyees 
of the National Re source s Commi ttee , with headquarters at Ro s well , 
New Mexic o . F ie ld operat ions were s tarted _in July 1939 , a nd c on 
t inue d thr ough Decemb·:t> ' 940 . and the fina r esults wer e p ublished 
by the National Re ~.;ourc.e& Pla nning Board . 

Avaibble x~ nds f oT the Surveycs portion of th e inve s t i gation 
we re c on t ributed as foH ows : . . 
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Survey $ 30,00 0 
S ta.te of New Mexico 3o, ooo lf 
Stat e of Texa.s 30,000]./ 
Bureau of Rec .mation 3s , oooi/ 
Nati onal Resources 

Planning Board 23, 000 

Tot~ 1 $ 151,000 

1 / Regional Planning Part X, Pe c os River Basin, p .. 10: Nat10nal Resources 
Planning Board, June l94Z. 

The inves tigat·on.s of eac! d i i s:wn .are des c ribe d under the general 
operations of tha.t divl'"'ion in its pordon of the Branch Histo ry. 

G ILA RIVER INVEST IGATIONS 

The Gila R iver , • "ke many o ther wes tern streams, h ad been 
seriously ove · -app:'opr i~ted fo irrigation , and that s i tuation was 
further comphca ed by the fad that the Indian~ on the San Carlo s 
Reservation h d pr io r Tights t o a _ar ge part of the flow. That prior
ity was jeopardized by y;'_e use of wa e r by the wh ite s e ttler s . In orde r 
to have the infonna 'on neede d to protect the lnd1a!'.\ rights, the Indian 
Service in 914 mada an allo tm ent to the Sur"·ey for he purpose of 
maintaining gaging ta t i ons on the G1la R iver and · the d iversions f rom 
it. The infor matio n rhus ob a :lned was expected to be used in an ad
judicati on of the Indi ~: :nghts. The investi gation was discontinued 
in 1916, apparen . .ly for lack of funds; however, t he river stations were. 
continued b y me n~ of S ta te c oop ration, and beginning .ab,d_ut 1921, 
Indian Service funds 2.gain becan'le availa.ble and the op 'ration of 
stations on the d ivers io ns was r esumed. The Federal Court issued 
a consent decree as of January 1, 1936, a nd p a ced the administration 
of the decree unde r a Federal Water Com:mi ssionei' . That official 
supplied th e needed coope· a tive funds and the Indian Service funds 
were d iscontinued . 

Wi th the i n r e ase of settlement and the resu ting · need fo r 
additional irrigation, water therefor was obtained principally by 
pumpi;lg fro~ wells , beginni g about l' 930 . Be cause of extensive 
pumplng, - the Irtdian Se rvice de sired information which would e nable 
that agenc y to de termine the effect of u p stream pumping from gr ound
wate r on the water flowing into the San Carlo s Rea.ervo i r . To obtain 
the necessary informati on on the grou nd-wa\ter supply a nd it s e ffect 
on the fl ow of the Gila . the Indian Service maide allo tment s to the .· 
Survey, beginning wi~h the fis ~al year 940. 

At the same tr.me , the Army E ngineers w~ r e making a · study 
of flood-contr ol on the Gila and other streams, and wished to know 
the possible effeclt of flood water storage on he replenishment of 
the ground-water; a l so the amoun t of water was ted in the Safford 
Valley, and h ow much ou d be salvaged and by what means . . Allot
ments were made t o the Survey for a ground-water s tudy. Those 
funds, together w "th t e Indian Service funds, e nabled the Ground 
Water Div ision of ·he Survey to make an extensive investigation 
beginning in Oc.tob l!' 939 . 
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T e ·:.1 Riv r has d nse gr th o . salt "ed X' (tamarisk} and 

o the r water -lcving veget.c. :i.o atong it b nks; the s· H cedar requires 
large uan i ies of WO>lter which it obtains from thw ground water close 
to the r1 e or in · from the nve ' tseifc Sa ' t c edars were jus t 
planted s hade 'r;re .;:t CJ: ton, A · ~on , about )1. 908. This non
p roductive uee f wa. er was the grea e sourc.e of wast , and a de
termination of th 1 s e s due o it , s n 1mporta. t phase of the 
inveatigatll.on, whtch abo included s e epage measur ements, well 
records, and anal yse s of th water . That investig t ion was dis con
tinued in June :i 94Z; th~ re l·s i · il d to ub:s&:a.ntia tC!l th a rge con
tribution of nre wa'l'er to the ground-wa .er reservo:r as believed 
'by the Indian Service, out w~re uf!ic1emt for he needs of the Army 
Engineers. m a m H w&y th · "mres tig tion w a lso part icipated 
in, by the Qua i ty of Water Dnflsion. 's w · U as the Surface Wate r 
Divi s ion, which w&r. maintainin th~ regu1 r gaging taltions. 

The nexlt inv~s 1gat~ on whi h in many respects was a c ontinua
tion, was started in Yun l943 saw 1'- . "me meiiSUJr'e . The Phelps 
Dodge Col'poration, tme of' t e 1a ge ·t produ cers of c opper, a 
mineral vi :&1 to th wax effo t. was in need of an additional water 
supply for· its Mor nd :r.n· Th results of he 939-42 investi-
gation had shown con :id.erab oss s t':rom the Gila Rive r which . 
might be stopped. In order to extend that tudy with view t o 
stopping los es ancl making a: il ~ b e a larger supp y of water for 
the Moren i p · nt , th~ Phelps Dodge Corporati on re uested the 
Defense Plant Corpoll'~tion, w r-time gency of t e Recons ruc -
tion F inance orpor e:ion to rr :o.ge fo r an in - ns "ve study ·by the 
Survey of the G'l~ R:ver Bas:ln be een Th t her and the Calva gage, 
at the head of San C<tli.•lo!S Reservoir, a distance of 46 m "l e , and 
offe red t o re imbur ;e tb~ De en e Pl· nt Corporation for the cost. 
The latter agency m~de he ne.cess ry arrangements and the inves t i 
gation was s · ar ted in une , 943 . twas on a m o e intens ive scale 
than the previous one, r quir"ng ~arg share of participation by 
both the surf ~ a t r and qu 1i y of w ter divis1on nd to coordinate 
the a.ctivitie s of the thre · divi ions, the Chief Hydraulic E nginee r se t 
up an adv! sory commttt c ons · t ing of • S,. Howe:..rd (Q), Chairman, 
J . H. Gardiner S), n a. S . F . Tulr'ner (G , who a ppomtt!ld J. S . Gate
wood as project eng"neer to c oordinate th~ techni al field work of 
the d ivis ions . Wh"le e mve ·tig tion wa.s inprogress ,. the Phelps 
Dodge Corpor tion w ~ C!bn 'nuing i ts l!le&rch ei ewhere for an 

dditiona: water supply .:md m 944 . enter ed into an agreement with 
the Salt River Va l e Water 13 ·- e, whereby the Cor poration was to 
construct Horse hoe Dam fo:n'Tling reservoir of 67 , 000 acre-fee t 
capacity on Salt R iver, the rese!"voir to become a part of the Salt 
R iver project. In ret rn , .be Co~ po1ration was permitted to divert 
to the Gil · Batsin not to ex-eed il 4, 000 acre-fee nnually up to a 
total of 2 5 0,~000 ere-feet f om Bl k River, a tributary of the 
Salt R iver . 'l.Jf 

The detai s of the 1n estigati on by e.:~ch division are descr ibed 
under the activities of that division. 
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SOUTHEASTERN F LORIDA INVESTIGATION 

The need for additional water supplies in the fast growing areas 
in the general vicinity of Miami, and protection against intrusion of salt 
water into the ground-water supplie s i n use, was first sponsored by 
the National Resources Planning Board, 22f but that agency was unable 

2'?1. P· B2 o -
to proceed with its proposed joint investigation. The investigation was 
made possible by cooperation w ith the city of Miami , Miami Beach, and 
Coral Gable s, and late r by Dade County . As all sources of possible 
supply were to be studied, basic hydrologic, geologic, and chemical 
data wer e required and the investigation was conducted by the Surface , 
Ground, and Quality of Water Divisions , w o r king t oward a common goal 
but each having its own per s onnel. The r e was but one agreement with the 
coopera#ve agencies . Ind i cativ e of the j o int nature o f the investigation, 
progress reports were prepared jointly by the three d ivisions. 

The details of the investigation are presented under the activities 
of each division in Flor ida . 

BASIN, .ii.EP;ORTS FOR 3.1JREAU OF RECL~.L\TION 

· Before new construction work could be started by the Bureau of 
Reclamation, a report deal ing with the engineerin g and economic f e asibil
ity of the project must be made to the President and to Congress, and 
authorization obtained , together with the required funds. The drought 
years of the n ineteen-th i rties had caused much hardship and heavy losses 
in parts of the M issour i R iver Basin, and to stabilize the economy of 
that region by conserving its water resources, the Bureau of Reclama
tion speeded up its study of mul tiple -purpose projects , including bo.th 
irrigation and power , covering that portion of the Missour i Basin in 
the so- called i rr i gat ion states . In order that adequate data on the 
water resources wou d be a vailabl e when required by the Bureau, the 
Survey contributed a statement covering the need s of all the divisions 
of the Branch. Owing to the short t i me a vailable, that statement was 
prepared by the Wa s hington Office . The Bureau ' s report to Congress 
was p rinted as Senate Document 19 1, 78th Congress, Second Session, 
April 1944. 

Studies were being made by the Bureau throughout the irrigation 
states as a part_ of post-war planning, and repor ts for each of 15 major 
basins were scheduled . Although spons o red by the Bureau, the reports 
like that f o r the Missouri Basin were to be D e partmental reports, and 
the Survey was expected to prepare fo r each report a statement cover 
ing the needs of the Branch to meet the obligations to furnish adequate 
water-resource s data. In addition to existing programs, specific lis ts 
of additional gaging stations and costs of ins tallation and annual main 
tenances were included, together with corresponding statements by the 
other divis i ons . 

Under date of J u1 y 2 1, 1944, the p r e paration of the Survey' s reports 
of the va rious basins wa s ass igned to the field men of the d ifferent divisions, 
the chairman of e a ch basin group, designat ed b y the Washington Office, 
being responsible fo r as se mb i ng the r eport . During the preparation of 
the reports, the Surve y rep:re sentative s were expected to consult freely 
with the representative of the Bureau and other agencies conce rned, and 
to furnish information in order that the Depar tn1ental report w ould be 
truly comprehe nsive . The r eports were prepared and transmitted to 
the Bureau as requested . No other Basin report was presented to 
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congres s b y the Depa.rtment du:dng the period, but a propos~d program 
for the C o l orado River B a sin was i ssued by the Department m order that 
the proposed projects m ight be studied by the var ious Sta te and Federal 
officials concerned. 

The Missouri Bas1n repo r apparently resul ted in the Missouri 
River Ba s in-Departmental Progr am, f o r which Congr e s s m a d e impres s 
ive app r op r iati ons in succeeding year s 

The Col or a do River report arouded the s mouldering r e s e ntment 
of the lower ba s in st<Sl te aga inst the use of s o m u ch wate r by th e upper 
bas i n states , although that amount was withm the amount allotted by 
the Colorado Rive Y C ompact.. Compri s ing th e d ifference of the two 
groups by modifi ations in the propose d program a counte d f o r the 
delay in submitting the repor t o Cong ess . 

·. 
M ISSO URI IVE R BASIN-DEPARTME NTAL PROGRAM 

seve r al years prior to the fo r m ulation of the Missou r i River Basin
Departmental Progra m the Secretary ' s Offi ce h .d felt that as most of 
the Inte r i o D epar tment agencied were concerned with water i n one way 
or another . there should be some coordmatwn of effo rt , and water re 
soiirc-es c ommittee , of whi h C o G o P au sen was chairman a n d in which 
membe rsh ip cons :tsted of representatives from each a gency , was in
formally o gani.zed on Se ptember Z.l, 93 8 . A though o ccas ional meet
ings wer e he d , very ittle was actuall y a ccomplished due l argely to the 
urgency of matter s p er tain ing d i rectly to the war e ff o r t. 

Be ginnin g in the depress ion years oft e thi~ tie s , th e Bureau of 
Re clamation had started a. gene r a l in vestigation in the we s t e r n states 
to dete r m in e feasibl e irrig tion p r ojects . Reports on e ach basin 
were to _ a.nantit ed to Congress f o r appr oval of th e r e c ommended 
projects . The recurring floods of 1943, 1944 , and 1945 in the Missouri 
Basin emphas ized t e need for a repor t on that ba ifin a nd the Missouri 
Bas i n rep o r t wa comp eted f irst. During 1ts preparat io n , the o ther 
Interior agen cie s were cadled on t o giv e heir ideas r egard1ng the p ro 
gram for th e M " ssour.i Bas in . As a further step to ard c oordinati ng 
the v iews of the &gencie s, the Sec e tary on May Z, 1944 , c r e ated a 
second Wa ter Resour c es Committe·e with a rep r esentative f rom each 
agency a nd w1th Lee Muck of the Secretary ' s Office as c h a i rma n and 
W . G. Ho y t as executive se c retary, full time job , thus insuring 
acti on. 

When the Missouri Basin r eport was published, i t was apparent 
that the proposed pla n was that of the Bu:r eau ,and did n ot refl ect the 
ideas o f the other agencies . To remedy tha t defect, each agency was 
reque s t e d to submi es imate s of ost of the investiga tions thought to 
be essential and to be m . .ade by it, and to fit into the general Burea u 
pla n . The Bur e au of Reclamation submitted ese es t i m a tes for the 
f i s cal year 1946 to th Bu ·eau of the Budge t , which r ecommended 
specific amounts for each Bu eau, and after running the gauntl et of 
Gongre s s, the :r.e su~ting funds were al otted to the variou s bureau s 
by the Se cretary's o.f£1ce . One of the fir st steps ta ken b y the Surve y 
to formu late i ts defin ite p r ogram w as a meeting in Om aha , August 
16, 194 5, attended by rept·esen ta tives of all Su· v e y Bra.n c h es a nd by 
Bureau of R eclam;.: ion official s . Au gust ! 6 as celebrated as 11 V -J 
Da Y11 in Omaha. In p :a s s ing , it may be s tate d tha t the r esultin g 



celebra tion clo s ed near l y all re staurants a nd it was difficult to satisfy 
the inner man. Allocations t o the Branch were n1ade withi n a few weeks . 
The same procedure was followed f o r the 194 7 fiscal year . 

Divi sion 
Surface Water 
Ground Water 
Quality of Water 
Water U tilization 

Totals 

946 
$20b;"""2"00 

:i: 25 , 000 
98 , 000 
2 5 , 000 

$454, 200 

1947 
$ 17'7,650 

120 , 300 
15,450 
16 , 900 

$430 ,3 00 
B r anch F ield Of fice 

As a result of thi s p r ogr am, fi e l d offi ces of all four divi sions 
were located .at one point for the first t i me, making it po ss i ble to 
establish a branch field office , L incoln , Nebraska, was selected as the 
field headquarte rs fo-r- ro~und water , quality of water , and water utili
zation; district offices for surface water a nd for ground water had 
previously been established there . With four separate offices in 
Lincoln, two located 1n the State Capital and two in a private office 
building, there was much confus ion on the _part of the public w i shing 
Survey data, and as frequently happens, many inquir ies were address
ed to the wrong office, w i th re suiting l o ss of time and annoyance on 
the part of the seekers for info r mation b e fore the right office was 
contacted. To remedy tha t situation, the d i vision heads met on April 
8, 1946, to cons ider ways and means . It was decided to hold what 
were to be termed Lincoln Staff Committee meeting s at least month-
ly, the chairmanship to r otate between the division heads; a secre-
tary to be appointe d f o r a 6-month term f rom the combined personnel 
to record the minute s o f the meet ings and handle all branch -level 
correspondence . I t was expected tha t t h e pro curement of all supplies 
and equipment would be handl ed on the b ranch basis . Naturally the 
Washington Office favored the movement and to complete the uni
fication, consolidat~d office space for all fou r divisions was obtained 
during A ugust 1946 , in the Rudge-Guenzel Building. It was then 
feasible to combine a 1 r outine administrative fi scal and procure-
ment operation!? ·under one office ; the clerical personne l consisting 
of a chief clerk a nd three assistants . The cost of operating the 
Branch Office is shared by the divi s ions on the basi s tha t each 
division shall contr ibute in the proportion that its fund s bear to the 
total funds of all divis ions located in Lincoln . The Lincoln Staff 
Committee convenes as often as necessary to consider matters 
affecting all divisions . Correspondence regarding branch matters 
is ha ndled by the staff secretary. 

The activiti es of each division under the Missouri Basin Pro
gram are described under the various d ivision headings . 

RESEARC H 

For a number of yea rs , the Survey h a d submitted to the Bureau 
of the Budget, items for needed research .by the Branch , the need being 
fo r re s earch a.nd development in rela tion to scientific techniques , in
struments, and equipment .. Until the fis cal year 1947, those items had 
failed either in that Burea u o r in C ongr ess . However, at last, i n that 
year, Congress appropria ted $37 , 000 for that p u rpose . To the Wate r 
Utilization D ivi s i on was a ss i gne d formulation of the research program 
by the var i ous d ivi s i ons The field offices were reque sted to suggest 
topics, and the sugge s tio ns rece ived were turned over to the a ppropriate 
chief of d1vis ion for cons idera tion. As a r esult of the sugge s tions, the 



.. 

22 

followin g al ocation of r esearch fu nds wa.s made ~ 

Surface Water Division. 
Gr ound Wa er Divisi on 
Quality of Wat er D1v i sion 

$ 12 ,500 
18 , 000 

7 , 000 
$37 , 500 

The progra m of each divi sion i s de s • :dbed under that division ' s 
activities . 

Referring to the new opportunity for research, the Director 
stated at the Branch C onference in Montgomery, Alabama , 23/ that he 

23 / Procee.,dings . Soutfier·n Branch Conference , December 5-7, 1946. 
conceiv ed of :research i n the Branch as falling in thr ee categories: 
( 1) interpretation or dete rmining the true significan c e of stream data; 
(2) devising better a nd more economi cal equipment- -combining the 
entire technologic field for useful techniques; a nd (3 investigations 
into ariy phase of the h ydrol ogic cycle , properly wi thin the field of 
the Branch. 

At the Carson C ity c.onference , the Chief Hydraulic Engineer 
stated24/ that a Branch Research Committee had been established 

2 / Proceedings of the Western Conferen ce . Sept. iS -20, 1946. 
w 1c wou gu1 e e programs o e starte a n carr1e on oth 
in Washi ngton, and i n the field . It was expected that much help in 
the field of e l ectronics and supersoni cs w oul4 be derived from close 
collaboration with other Branches of the Survey and with the Navy. 

BRANCH CONFERENCES 

During the p r evious periods, conferences of district engineers, 
from all the surface water d istricts wer e held in Washington with the 
exception of one in San Fra n cisco i n 19 15 , and one i n Denver in 1917~ 
Although the o ther divi sions of the B r anch wer e r epresented on th.e · 
programs , the conferenc e s wer e primarily for the purpose of gather
ing the district eng~neers in Wash ington to d i scus s techni ca l and 
fiscal matters and related p r obl ems. The conferences la sted a full 
week , al)d the engineers were eque sted to arr ive either before or 
remain after the confe r ences for pe r sonal d i s cuss ion with the Dir
ector, the Chi ef Hydraulic Engineer , a nd others. The Ground Water 
and Quality of Wate r Divis ions held their own conferences in Wash
ington, whenever the problems of t hose d ivisions warranted. Thus, 
conferen-ces dur ing the previous per iods we r e not true branch 
conferences·. 

War-time actiyi t ies r esulting in personnel shortages and 
travel and hotel restrictions, were not conducive to confe rences ; 
a nd it was not until 1945 9 that future conferences were consider~d . 
At that time , the member s of the Ground Wate r Divis ion in the fa.r · 
Western States requested the Chief Hydrau ic Engineer to authoriz~ 
a division conference sometime dur i ng 1946 . That brought up the .. 
subject of future conferenc..es ; whethe r those should be confined to 
divisions o r include the ent"re b ranch , and whether they should be 
regional or cover the enti re c ountr y . The growth of the Branch 
made it impracticable to h old a general c onfer ence of the entire 
Branch i n Washington , due b oth t o the expense involved a nd the 
difficulty of obtai n ing accommoda.tions for so large a. numbe r. -
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Before that point was fully de ided . severa members of the Ground 
Water Division in ch- ~ - of field offi ces in the Northeast requested a u thor
ity to h old a regional field c o nfe r ence . When the request wa s granted, the 
o riginal plan was enlarged to include Ground Water and Surface Water 
p e r s onnel in New England , New York , New Jereey , Pennslyvania , Mary
land, Delaware, Vnginia., and West v ·r g:tnia , the Quality of Water per
sonnel in the Pennsylv<:l:nia labo~atory, and W shington Office representa 
tiv es, . including t e Chi ef of the Branch , a nd Chiefs of D ivisions or their 
rep r esentatives. Thus, the pattern fo:r r regional conferences participa ted 
in by all four d iv1s1ons was set. August 6- 8, 1946 , was the time selecte d 
and H . C •. Barksdale, in charge of g ound - water i nvestigati on in New 
Jersey, was given chal':ge of the arxc..ngementa . Hi s chief concern wa s 
a suitable meeting place o..nd the Y. M . C . A. c a n;tp at Downington , Pa. , 
near Philadelphia, wa s found to be available. and w as selected. The 
c o nfe rence was lar gely informa in char ~ cter and was a.. . .{ar ewell 
meetin g fo r 0 . E. Meinzer, who was to retire i n November . · rh~ -
suc ce ss cf the conference was n o t diminished by the almost c o ntinuous 
rai n d u ring the three -day per iod. 

Remernbering the request received the ye I ' before from the far 
West, and recogniz ing the vaiue of' and need for conferenc e s in other 
s ections of the country . four mor~ regional conferences were decided 
u pon to be h e ld within the next year and ·to be attende d by representa
tiv es of all divis i ons i n each area. The Downington coriference had 
emphasized one desirabl e advantage of regional c onfe r ences; the 
rel~tively short d i stances t o be t raveled made possible attendance of 
m a ny m ore of the younge r men th a n c ould have attended a gen ral 
confe rence a t ;: y one point. 

The Weste r n s14l.t:es conference was held September 18-20, 
1946, and covered Washington , Ore gon , California , Idaho , Nevada, 
Utah, Arizona , and New Mexico . At the invitation of A . M . Smith , 
State Engineer of Ne vada, the conference was .held at Carson City , 
Ne va da. T . W. Rob nson, i n charge of ground--water investigations 
in Nevada, was given charge of the loc a l a r rangements and was also 
chairman of the program commi ttee , the other members being C . H . 
Canfield, C.S. Howard , and R . R . Woolley. Emphasizing the m o re 
formal character of that confe enc e was a ·welcome by the Mayor, and 
as Car son City is the c pitol, by the Acting Governor al'so. 'The Wash
ingto n Office was r epre sented by T . B . Nolan . Assista nt Director, 
C . G. Paulsen , O .. E. Meinzer S. K . Love , and A . N Sayre . the two 
latter soon to be ppointed chiefs of the ir d ivisions . Each divi~ion was 
r e presented on the p rogram , and in additwn to the de scription of it s 
general ac tivitie s , by the chief of the divis i on, the· lOot:al men in char ge 
of each project gave brief d escripti on of their activities . ·The time 
allotted to each des c. · iption was 10 m inutes· with di ~cu ssion limited to 
5 minutes . The lighter side of the conference was re:presented by an 
open-air barbecue a t Carson Hot Springs, a field t:rip to Steamboat 
Springs , Vi g!nia C1ty , and the f mous Comstock Lode , and a d i nner 
at the Indiar School at Stewax·t . The total attendance was 82 which · 
included coope :r"'.ting offici ls of St te and Federal gencie s . The ·· 
proceedings were compiled by T . W. Robinson a:r d published in mimeo
graph form under- the t i t e " P ·oceed ngs of the Westt;;rn Confe r ence 
Water Re s ource s B ran h, Geological Survey . Car son· City : Nevada , 
September 8 - 20, 1946 . " 
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The East Central Branch C onfer enc e was o:dgina lly scheduled 

to be held in Columbus but i t wa s diff"cult to obtain the necessary 
h otel reservations , so Indian apolis wa · s e lected f o r the ·c:onference 
he l d November 7-9 , 1946. It was a conference for those b ran ch mem:
bers in Indiana., Ohio , lllinois , Ke ntucky, Michiga n . Wi s c onsin, 
Minne s ota, Iowa · Missouri. and West Vi gin ia . Po s s ibly , because of 
the comparative ne arne1:1 S of Indianapolis .t o Wa.sh i..n gton , the W_ashing
ton Office had 15 representatives, inc.ludmg the D1rector .. . Ass1stant 
D irector, the present Chilf!f o f the Bra.nch ~ the former Chi e f. Mr . 
Gr over , and the chiefs of the divis ions and r epre sentatives of other 
branches . The co mmittee on ar rangement ~ a n d progr a m c onsisted 
of D . M . Corbett and E . J. Schaef~ r, co-chairm e n, F . F . Schra der. 
F . H. Kl a er, Jr . , 0 .. H . Jeffe r s, J . l . Perrey, and W . R . Cross . The 
general arrangement was that of the C:<:11.rson C ity conference, the chief 
d iffe r enc e being that more t ime was given to cooperating State officials, 
some of· whom described the part ' cular p r oble m s and needs of their 
state s . The lighter side of th e conference consi sted of two dinner 
meetings fo r the coope~ating State official • The ·.o tal attendance was 
96 . The proceeding s were c ompiled b y D . M. C orbett a nd pub i shed 
thr ou gh the cou r tesy of C . H" Be chert , Director of the Indiana De
partment of C onservation , i n mi:tneogra.ph fot'I? -wtder the titl e 
"Proceedi ngs East Central B ranch Conferenc.e of the Water Resources 
Branch , U . S. Geo1ogical Survey , Department of the Interior . Novem
b e r 7-9 , 1946 , Indianapolis . Indiana. " 

The Southern B ranch confer ence fo r Branch p ersonnel in North 
Carolina, South Carolina., Geor gia , F orida , Tenne ssee , Alabama, 
Mi-ssi s s ippi, A r kansas, Louisiana , Oklahoma . a nd Texas was schedul
ed to ·be held in Jttl:u.n a, December 5-7 , · 1946. Difficulty in obta ining 
hote l a c comodations m~ de it necessary to chamge to Montgomery, 
Alabama, D . H . B&.r.be r, Chairman , P . E . LaMoreaux and W . W. 

· Hasting s we r e appointed the committee on p rogram a nd arrange ments . 

The Washington Office had 12 representative s, in cluding the 
Directo r, Chief Hydraulic Engineer ~ chief's of four divisions , and 
r epresentatives o other branches . The program differed c onsider
ably f r om those of the previous conferences . The r e were br ief 
remarks by cooperating official& of which 0 we:r-e p r esent, but no 
pape r s by a ny , perhap s i n keeping with the gene a.l p lan whi ch wa s 
few descriptions of re gular r outine activities, but. inste ad . pa pe rs 
on particula r technical problems and their solutions . Most of the 
papers called for th c onside:t'able discu s s ion which was recorded in 
the proceedings . The entertainment fe· tured an old -fashioned s outh 
ern bar bec u e the first evening , followed by a talk b y F . M . Bell on 
" Experiences in .Japan" , and a dinner the se cond evening. Although 
0 . E. Me i nzer had been retired , he a ttended the confe r ences and 
the d inner was v irtually in his honor , afte .t which he s poke on 
" Forty Years of Progre s s on G:r·ound- Water Inve stig&t ions . " The 
total attendance was 131 and the program com:mittee c 6mpiled the 
"Proceedings Southe rn Branch Conference of Wa te r R e sources 
Branch , U . S . Geol ogi cal Survey , Departme nt of the Inter ior , 
December 5-7, 1946 , Montgomery , Alabama .. " 

The final regional confe rence was held in Lincol n . Ne-
b raska , Apr il 9 - ~2, 1947 , for branch personnel in Montana , No rth 
Da kota. . South Dakota, Wyo ming, Col orado,Nebrmaka, and Kansas . As 
those state s are s ituated largely i n the M issour i Basin and as the Missouri 



Basin Department- I Plan would have ·· p ·ominent pa.rt in the c. onference , 
personnel f ron1 Iowa, Mis~ u:.n, litnd lvhnne sota. situated partly 1n that 
basin, we re also in attendance. The p:.. o gr m c rnmi ttee cons isted of 
G . H . T aylor , Chairman, H . C . Beckm~.n , A . H . Tuttle, D . D . L e wi s , 
P . C. Benedict, B . R .. Co_by , H. A. Waite , nd P •. E. Dennis ; the arrange 
ment committee con iaLd of B . R . Co by, Chai man, P. C. Benedict . 
C . V. Burns , D . D . Lewis , T . J, Schae fe , and H . A. Waite. Lincoln 
wa s chosen chiefly because it h<td a. branch-leve! o:t i e with a1 four 
divis ions represented There "!i/e., e :. 9 repregent·· tives from the r 
Survey branche s . To c omplete his attend-· nee at al ' the reg:i.ona !. con
ferences , 0 . E . Me inze:r· , a~though he h c.td r etired • .a a..ended as a private 
citizen and' gave a paper n "Forty Yea s o f P og .. e s s in Gro · nd- Water 
Investi gations . " Coopera'l.:ing State and Fec\er.a~ ~ gencie s had 32 repre
sentatives . The progr .m cover des1gneti by the L .- :r roln Office con
tained a humor ous sketch of. the ac.tivitie s of ea,ch d~:v1e ion. A s ome
what crowded progz· m had b.een arrc.nged and t o ' arn each s peaker 
when h is time wa.s up J "' • a.r ge gong was sounded if he had failed heed 
the 5 sec o nd warn:l.r g reci light unde! his d~ ~:>k . One prominent m . rnber 
from Washington fail ed to heed the gong , but k ept on until the c ontinuous 
ringing of the gong _rowne cl ·out his v o'ice . The f ourth d a.y of the c on
ference was r-ese rved chiefly fot' discussions of admi n i stra.tive problems . 
and in tha;t :n:: spect was remini1::; cent of ·the conferenc es i n the previous 
p er iod s when such d _. scussions were an impor tan eature of each c on
feren ce . A t the t:i:rne the c onference was be1ng h~ld , the Sur ey 1tem for 
the next fiscal year had been heavily c t by the House , and the Senate 
had those item und_e ._ c ons ide ration. To give the co~erence the 
l a test information , D o n McBride, Secreta ry-Manager of the National 
Reclamation Association" who was in close touch with the C ongressional 
proceeding s , came tc Lincoln and r eported to the c o nference . Many of 
the papers p resented dealt w i th the Missour i B · sin deve lopment under 
the Depar t mental Plan. That in turn a s integrated with the s o- called 
"Pi ck-Sl oan" pan , the term applied to the gener a l deve l opment program . 
W. S . Sloan of the Bu eau of Reclamati n described the Bureau ' s pro
gram under the p lan and Gen. Pick was repl' e sented by Lt. Col. D . B . 
Freeman, who de CI:tbed the Army Enginee rs program. Representa
tive s of the other Survey branches described theh operations under 
the Missouri Basin-Departmenta. program" In addition t o the morn -
ing and afternoon sessions, two dinne r meetings were hel d . At one 
of the latter , Mr. and Mrs . M einzer were . pr~sented with a sterling 
s ilver cream and sugar set by the ground-water personnel in the West 
C entral states, and Mt'. Meinzer ,· to enabie • i m to locate ground wate r 
e ven more su ce ssi'uli.y in the futu:r·e ,, was given a. 11 W t e :t: witch" 
(divinmg rod) " Fo the. benefit of the ladies , a tou:r of Lincoln was 
arranged one day , and a v is:.t to Boys Town , a. short distance ou.t o f 
Omaha , fol owed by a .. uncheon in Orn.ah- • The tot a l attendance was 
222 . Thr ough the our-te sy of Dr . Geo . E . C ondra , D irector Con 
se rvation and Survey Division , University of Nebraska, the proceed -
i ng s were nlimeog aphe.d un er the t i tle 11 Proceed.ings of the West 
Central Branch Conferenc e , Wate r Re source s Branch, April 9- 12, 
194 7 , L i ncoln, Neb aska. " 

SURF ACE WATER DIVISION 

Washington Office 

Following Mx . Grover 9 s retirement on· Januar y 3 I , 19 39, 
C . G. Pauls e n in addition to acting as chief of the Branch until 
Octobe r 17 ~ 1939 . and ass · -stant chief hydraulic- eng5.neer s u.b se-
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quently, c ontinue d the duties of ch·.ef o£ th-e Surface Wat e r D ivi sion until 
April 29 , 194 0. At ~h~.t tlme l R . .:; Kasel was appoi nted a.cting c h ief and 
a year ate r chle~ .• and served unt1l h1s death. Ju.ne i. 4 , t. 945 . A gai n M r . 
Paulsen took ove r the direct.- on of the division , .;nd with the help of othe r 
membe r s of the Washington Offic..e and some rne rnbera from fi e d office s 
called in for that pu-rpose, continued the divis1on · o u ction until Sep
tember 17 , 1946 , when J . V.B. Wells was appointed c h i ef. At th e s a me 
t i me, i n recognitlon of the gl"eat ~xpansion of th~ d:tv1silon, A . H. Will:ams 
who h a d r eturned from h i d a :t serv '" ce a sho1·t time p reviously, wa s 
ass1gned to th e Washingto n Off"ce and design· ted acting chie f whenever 
the o c casion aro ,: e . • C. Hoyt continued a . onsultant until h i s retire-
rnent June 30 , k944, :a.f te :t 42 ye a! of e tedi~re service in the Branch. 
With his re tirement _ one of th e "ew ,£ema n ing inks with the old Hydro
graphic Bra.n ~h u ndc F H . Newell W" s seve!ed. In his ear'ly years 
of serv1ce, he did much by h i s writing. and w ide pe r~onal c ontacts w i th 
prominent e n gine e rs and. others to rnak~ k nown the comparati vely new 
science o f s t ream - gaging a ~ pl!"~~cticed by he Survey , a nd gav e it 
recognition in engi ne ering and governme n tal ci des.. Hi s book , "River 
Disc h a rge ." w:dt ten in col abot'a.t: on with Mr. Grove!·, was the fi rs t 
text book on the subject and w as widely ueed ~n engineering schools. 
Later , Mr . Hoyt dev o ted himse f to the improvement of exi sting and 
development of new equipment , ther. eby mcreasing ve r- y gre atly the 
accurac y of -stre ·m--gaging ,. The B a.nch ce rt inly owes m uch to 
Mr . Hoyt f o r his en e r gy a nd succese in promot1ng the improvement 
of instrument s , equip ment , nd me thods during h i s l ong time 9£ 
servi ce . T he improvement which he b r ought abou t i s a. fitting monu
ment to his devotion t o du ty . 

C H . P ie1' · e continued to rece ive mos t of the te chnical problems 
and prep red or revi sed techn· c 1 r epor ts . In ! 940 and 94 • he super
v~se r'l t}).e tests on m all - s c a l e moce:.s25J . B egi nning ·nAugust 1941 . 

25 7 P · ·94. 
he had charge of the Water Resour e s Bulletin , which had previousl y 
been the d u ty of H. F. Hil , Jr. During the latte ' p- rt of the pe r iod, 
he revised the p a mphlet "Equipment fo r r ive:t measure men s- - structures 
for cableways" w ich had 1aBt b een issued i n 1933 . ~e r evised pa m-
phlet was not i ssued unt• Septe mber 947. 

Section of repo t~. - The s ection of r eport which i n earlier 
days h d been known as the section o f r e v1ew . continued u n changed 
with B . J. Pete!' son a s ch1ef. In addition to the enginee .. s det~ iled to 
it from the dis tri .t oi:iices , th e follow1ng englneers con tituted the 
regular staff : 

M. C . B oyer 
J. W. G mbre 1 
D . L . M ilHken. 
F . J . F lynn 

Ju iy L ~939 to Au g . 16 ,. ~ 942 
De c . 17 , 1941 to Apr . 18 , 1943 
J un. :i 8 .. 1943 t o Ma 2,4 , 1944 
Apr . 27, 1944 to June 30 , 1947 

Section of investigation . - G. C . Stevens ontinued in charge 
of the secti on of investigation , to which v ·I referred i nqui ries of all 
types f rom va:nou ~ souz'ce s " ·During t he -t~r~ty y a.r ·of the peri od . 
the full t i me of the section was <ievoted to the s p e ciar" r e por s and 
i nquiries r-egar d ing availabl e wa.ter supp ie ·s fo r war indus t:de s and 
other war e s tablil3hm-nts. M~ ny nquirie s were "hush- hush " a nd 
did not mention the p:rob ern invoJ.ved nor the use to be made of the 
water - supply. Answe rs to m ny inqu irie s p in d udi.n g i nformal a dvice, 
we r e rna.de by telephone . 



Some inquiries were what may be termed "screw-ball", the outstanding 
one c:i that type being from a write r in California . That individual pro
p osed to obtain an area of land 100 by 20 miles to demonstrate and 
absolutely prove that all theories relative to forestation and vegetation 
cover relative to flow of water are mere guesswork, being wrong in 
most cases . He needed gasoline to reach the various streams in the 
pr oposed area and asked the Survey for help i n getting gasoline, stating 

No order to the OPA or any other such will do . Get 
me a paper that I can force immediate action with . Any 
official here will ball me all up with red tape until it is 
too late. 

Needless to state, the Survey was unable to meet h i s re quest . 
Another "scr ew -ball" inquiry was as follows : 

"In any river, pond, pool, or water , there always has 
been what we may call surface water . What I would like 
to know is: Just what determines that; just what part of 
all water, whether in a lake, river , pond , or gold fish 
p ool, shall be surface water. There is water from top 
to bottom. Some has to be bottom water and some in
between water and some just has to be water on top . 
What determines that? " 

In a number of States, the highway departments had come 
to appreciate the value of stream-flow records in de signing bridge 
openings and had cooperated with the Survey. It was believed that 
similar departments in othe r States might do likewise if the value of 
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the work was called to their attention. Tate Dalrymple, who had been 
active in arranging highway department cooperation in Ohio, was selected 
in the fall of 1946 to coordinate the work of the various districts in coop 
eration with the highway departments . His duties led him to contact the 
district engineers, the State highway departments in the various districts, 
and to explain to them the value of the cooperative programs in other 
districts. 

A . H . Frazier , who had been in charge of the development of 
smaller items of equipment was appointed chi e f of the Survey1 s Division 
of Field Equipment in July 1941, succeeding R . L . Atkinson who resigned. 

Field 

Just as there were more changes in the Washington Office than 
in the previou s period , so were there more changes in the field organizatio n . 
Three new ·d i stricts with headquarte r s were cre'ated at Lincoln, Nebraska, 
in August 194 1, at Baton Rouge, Louisiana, in September 1942, and at 
Bismarch, North D a kota, in October 1944, St. Louis, M i ssouri, in Februar y 
1946, each being previously a sub-division of a lar ger district ; and at the end 
of the period, there were 41 dis tricts, with sub-districts at Houghton and 
Lansing Michigan; Oklahoma City, Okla., Los A ngeles, Calif. , Pier re, S . 
Dak. , Jackson, Miss . , Carson City, Nev . , and Logan, Utah. ·The number 
of gaging stations increased from 4 , 64 wi th 3 , 000 recorders to 5 1 812 with 
about 4, 750 recorders . 

The district engineers in 27 districts continued thr oughou t the period, 
but m the remaining 14 districts, the following changes occurred: 
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District Offic.e 

Atlanta , Ga . 
Charle ston , W.Va . 
Charl ottesville, Va. 
Chattanooga , Tenn. 
College Park, Md. 
Columbus , Oh10 
Indianapo is , Ind. 
Iowa City , !a. 
Louisville, Ky. 
Ocala, F la. 
Raleigh, N. C . 
Rolla , Mo . 
Salf Lake C ity , Utah 
Tacoma , Wash. 

Date 

Sepi: . ~, 1941 
Sept. 23 , 194 
Aug .. 20 1940 
S p t. L 1941 
Mar . 4 , 945 
Sept. 1, 1945 
Sept . 14 , 945 
Apr . 20, 1940 
Feb . 29. 1940 
J une 4 , 194 
Apr . 30 194'7 
J- n . 31, 1946 
Sept. 16, 1942o 
Oct. 16 , 1939 

District Engmeer 

F . M . Bell 
Wm. Kessler 
J. J . Dir:z.ulai t is 1 I 
C . E . McCa.shinZ7 
A . H. Horton 3/-
C . V .. YoungqUist 4/ 
H . E . Gr osbach 6T 
R. G. Ka sel 
F. M . Veatch 
D . S Vo.llace 
E. D. Burch.:o;.rd 6/ 
H. C . Beckman 
A . B . Pur ton 2/ 
G. L . Parker 

1.1 Sepa.rated from service . z./ Relieved of adm ' nistrative duties due to phys i cal di sability . 
1.1 Deceased. 
~/ Temporarily tra,nsfe :rred t o Ohi o Water Re s ources Board. 
5./ succeeded by 0. H . Jeffers . Sep :t, 1. 946 . 
}J_j Retir ed. 
1.1 Succeeded by F . F . Schrader . Sept . 16 . 1946. 

Succeeded by 

M . T . Thomson ~ 
H . M . Erskine ' 
D . S . Wallace 
F . M . Bell 
V.R . Bennion 
T ate Dalrymple(i 
D . M. Corbett 
L . C . Crawford 
J . V . B . Wells 1/ 
G . E . Ferguson 
E . B . Rice 
H . C . Bol on 
M . T . Wilson 
F . M . Veatch 

With the inc rea~ e in the number of gag.ing fjtations and the re suiting 
dense r coverage ~ the number of sub-districts., sub - off" ce s . a.nd local 
residencies increased in greater proportion. A t the end of the period, en
gineering personnel were stationed at 6 points , in addition to the 41 d is
trict offices . 

. Prior to World War II, with relatively few exceptions, the engineer
ing pos ition had been he l d by gr dua.tes of engineering c olleges . H owever, 
a considera.bl e numbe z- of war - time appointees we e to the grade o f en
gineer ing a id, some o whom obtained l ate r probationa a.ppointments . The 
military services had greatly reduced the ranks of the enginee ring students , 
with few gz·aduating during the war years . Furthermore, under the G . I. 
Bill of Rights , returning engineers fl ocked to the engineering colle ges 
for ref r esher c ourses o r to expand their engineering education, with the 
result that few graduate engineers were available and those were snapped 
up by private industry, which was operating in high gear and could offer 
higher salaries than the Government. Under those condi tions , the addi
tiona p ersonnel required by the exp nding progr am were of necessi ty 
obtained to some extent from the Civil Service Register of Engineer ing 
A id (sub - professional grade ), the requirements for which repl aced a 
full enginee ring educ:ation by a certain amount of engineering experience . 
R efer ring to th•tt 6ituation , M r. Wells made the foll owing stateme n t at 
the regional conference held in Lincoln ~ 26/ 

26 / Proceedings of tlie West-Central Coill"_,_.e_;r_e_n_c_e_, -p-.---.Z""'6 ..... 

At the pre sent time, t he ratio of engineers to sub
profess ional s is approxi mately two to one . Ade (A. H .. 
Will iams ) and I have d i scussed this with many of ou r 
field offices, a n d I think that the gener a l feeling , almost 
without excepti on , i s that the sub-professionals ar e here 
t o stay-- and rightly so . They have greatly ass is ted ' n 



balancing our organization , relievi ng our older a.nd 
more experienced profess i onal people of routine field 
and office duties so that they can devote their energies 
to work that requires professional training . 

Regional engineer . - Near the b e ginning of the period, the title 
of regional engineer carne into use . 
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When cooperation· with the A r my Engineers was started in 1928, 
four Survey distr icts i n the Missouri R iver Basin were i nvolved and each 
district was submitting its own e sti rnates of cost each year . About 193 5, 
it appeared advisable to have one Survey engineer submit the combined 
e stirnate s as i t was believed that the Army Engineers preferred that 
pro cedure . As H . C . Beckman , in charge of the Rolla office, was most 
c onveniently located to the Army Engineer offices concerned, and was 
actively engaged in cooperation, he was s elected as the contact man for 
the Missouri River Basin. In 1939, in recognition of Mr . Beckman's 
wide spread dutie s, his title was changed from District Engineer to 
Regional Engineer . 

With the beginning of the Missour i River Basin-Departmental 
Program in August 1945, Mr . Beckman was appointed representative 
of the Water Resources Branch , as coordinator , and by the Secretary's 
order, represents the entire Survey on the Interior Department ' s 
Missouri Basin Field Committee . One of his chief duties is to keep in 
contact with the Bureau of Reclamation and the Army Engineers to 
learn their needs and help set up a program. Until January 1946, he 
continued in charge of the Rolla Office which until that time included 
the State of Kansas . 

State Cooperation 

During the p eriod, the States of Rhode Island, Delaware , and 
South Dakota, in that o rde r , entered into cooperation and as all the 
other States were already cooperating, that completed the list of the 
forty-eight States , plus the Terr itory of Hawaii. 

State cooperation , whi ch i ncludes that of political sub-divisions, 
incr eased 82 percent as shown by the following annual amounts of such 
coop eration: 

1940 
1941 
1942 
1943 

$692 , 738 
702,375 
762. 120 
768 , 051 

1944 
1945 
1946 
1947 

$ 832,508 
890. 128 

· 1,066,203 
1, 196,357 

As would be expected, there were a number of reasons for such 
incr e ases . Perhap s , the chief reasO.n was that dur ing the war years, 
many State s had been unable to carry on many other activities due to 
war-time restrictions and had funds available to meet the needs for en
larged stream- gaging programs . The war i ndustrie s in several states 
had caused at times water shortages and additi onal r ecords were needed 
on which to plan for future expansion; either by such industr ies converted 
to peace -time uses or by attracting new in.d.ustrie s to fill the void left by 
the closing of war-time industr i e s . Expanding use s of water caused 
additional State agencies to cooperate for the purpose of obtaining reco rds 
to meet their i ndividual needs . Increasing attent ion to fl o o ds from areas 
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of only a few squa.re m ile s caused State High¥~·ay Depar t ments to. contribute 
funds . Creatton of ne N d i s '.ri t s with headqu~ r te r s a.t State Capttols and 
closer contac t w :t.th State official ~, resulte d in inc rea sed c ooperation . 

In s everal ~ta.tes, cooperation was increased to €n a ble the 
Survey t o rna m tam addit ional ga. ging st&t~ons ne e ded by the Bureau of 
Reclamati o n in 1ts m t ensive invest ' ga.t ion in the so-called "arid states . 11 

Normal increa se in ~ isting programs w tth higher ost of operation also 
caused c onsiderr ble inc. ease , 

The r ate of incr ease depended s omewha t up n the thoroughness 
with which th e existing stream - ga ging prog r a m i n each state covered 
the sta.te ' s streams . A5 <>n example , a. t the b e g inning of the per iod, the 
programs in the Ne w Engl and sta tes and Ne\ Je rse y were so thorough 
that the percentage of inc r ease , about 23 percent wa- smaller than for 
any other group of s tates . 

With the end of hostilities ,. the total State c ooperation was 
markedl y inc rease d . The reasons for the increil se i n each state are 
presented in the ollowing page s which contain the details of cooperation. 
As c ooperation was on a full 50 50 b~sis e xcept during the 194 7 fiscal 
year when 3 p e r cent of Surve y cooperative funds were held in a beyance , 
only the Sta.te coope1ative amounts a e s hown. The amounts of cooper
ative State funds are taken from the official Sur vey r ecords , and in a 
few instances may not inc!ude supplernental funds not covered by 
coope r a tive a greements . 

Mai ne . -· Coope r tion w1th the St~ t e Publ ic Utilities Commi ssion 
continued on p ractica lly the s~me scal e except for the last year when it 
wa.s increased by $ i , 000 . 

Annua l cooperativ e State fu nds available : 

i 940 $7 , 000 :L 944 $7, 500 
94 7 , 000 1945 7, 500 
942 7 , 500 1946 7,500 
943 7 , 500 1947 8 p500 

The i ncrease d cooperation was to meet the "ncreased cost of 
operation. 

New Hampshi r e . - Coopera tion with the St te Water Resources 
Boa-rd ont inued . Fo the fi · cal year 1942 .nd 1943 , the cooperation 
was inc:rea.sed to provide for the ins tallati on and ope rat i on of two 
additi on&.l stations . 

Annual coope 1 ative State funds ava ilable : 

1940 $ 8 , 436 1944 $ 9 , 096 
194 1 8 . 24 "945 9,208 
1942 2, 250 946 0 , 14 
1943 10,575 1947 10 . 239 

Ve r mont . - State cooperatio n continued d u r ing the pe r iod , but 
the official des i gnation of the State a genc y was changed. The S tate 
Planning Board was o r ganized to d o cer tain work including a study of 
the State 1 s w a te r r esource s, and that boar d, i nstea.d of the Governor • s 
offi ce, beca me the cooperating agency i n the f i scal year 1944. Later, 
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the Planning Board was reorganized a s the State Devel opment Commission , 
with the same personnel a nd became the cooperative agency in the fiscal 
year 1946 . 

Annual cooperati~ •e State funds available : 
Governor's Planning Development 

¥ear Office Board Commission 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

$4.784 
4, 784 
4,760 
4 , 760 

$4 . 760 
6,260 

$6 ,260 
6,260 

Total 

$4 , 784 
4,784 
4,760 
4,760 
4,760 
6,260 
6 , 260 
6,260 

Massachusetts . - Cooper ation w i th the Department of Public 
Works, Metropolitan Dis trict , Department of Public Health , and Metro
politan Distric t Water Supply Commis~ion, as de scribed in the previous 
period , continued on substantia'' I y the same scale, with one exception. 
Duri~g the 194 7 fiscal year, cooperati on with the Department of Public 
Works was increased from $7 , 000 to $15 , 000 for the purpose of starting 
a program of 1 or 2 stations annua lly, on small s treams having drainage 
areas of 2 to 5 square miles . This program had 2 objectives : (1 a 
study of the runoff for the design of culver fs and bridge openings on 
small streams, ~.nd (2) the p reparation of a special report on hydrology 
covering 2 or 3 years . 

The only, new coope ration wa s that with the State Department 
of Correction which covered the fiscal year 1940 only. On a farm oper
ated by that agency, water was being pumped from a river for emergency 
use and cooperation in the ope r a tion of a gaging s ta tion nearby was 
arranged . At the end of the year, the Department decided that the 
record was not essential a nd discontinued the coope r ation. 

Annual cooperative funds available : 
Dept. Met. Dept. Met. Dist. Dept. 

Year Pub. Wks . Dist. Pub. Health Water Sup. Comm. Corr . Total 

1940$ 7,000 $4 , 6 17 $ 3,625 $ 1 ,592. $ 250 $ :1 7 , 084 
1941 8,000 4 -, 675 2 , 45 7 1,242 16 , 374 
1942 6,000 4 . 67'5 L 229 L 200 13 . 104 
1943 6 , 000 4,677 1 :· 375 .zoo 13 . 252 
1944 6 , 000 4 , 675 1. 375 L2 00 ·13,250 
1945 7 , 000 4 , 735 :t . s ~z 1 , 500 14 ; 74 7 
1946 7,000 4 , 775 1. 512 , 500 14,787 
1947 15, 000 5 , 400 1,750 1, 6'50 23 , 800 

Rhode Island . - The chief interest i n Rhode Island ' s few streams 
relates to pollution from municipal and industriS'.l wastes . As there was 
no information on either surface- or ground - wate r supplies . the Survey 
had d iscussed with State officials the desirability of a study of those 
resources . It was not until a change of State administration with a 
corresponding change in personnel of the Department of Public Works, 
that results were obtaine d . When the nee d for a water resources study 
was brought to t he atten tion of the new Admini stration, an item for that 
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purpose was p aced s uc cessfully in the D pa. r tme ntcs budget. Coope r a
tion began in th e fis cal year 1941 i n the a mount of $5 . ~00, fo r the · 
purpose of ins talling and operating 7 statio n s . Subs e quentl y , the amounts 
were reduced es sentially to the amounts ne e ded fo r operati on, except 
that three additional statio n s were installed later . 

Annua· cooperativ e Sta te fund s available : 

194 $5 , 500 1945 $ ' , 750 
942 };,7 50 946 2, 200 

.. 943 1, 75 0 ~ 947 2 , 200 
944 , 75 0 

Connecti cut .- Cooperation with the State Water Commi ssion 
continued in p rac tically th<=> same amounts , except during the last three 
years when thos e a mounts we r e increased o n account of the higher cost 
of operation. 

The cities of Hartfo rd and New Brita m continue d their cooper
ation unchanged . 

Annual c ooperative Sta te and munic ipal funds available : 

Year Wate r Comm. Hartfo r d New Br itain Total 

1940 $ 8 , 000 $ 450 $ 100 $ 8 , 550 
1941 8,480 450 100 9,030 
1942 7 , 8 00 450 100 8, 350 
1943 8, 100 450 100 8 , 650 
1944 8 , 240 450 100 8 , 790 
1945 8 , 880 450 100 9 , 430 
1946 9,000 450 100 9, 550 
1947 10 , 000 450 00 10 , 550 

Referring t o the c ooperation , the State Water Commiss ion in 
its Tenth Biennia l R epor t for th e years 1942- 1944 , s t<tted 27/ 
'8/p-. 11 ; Tenth Biennial Report . 

The State Water Commiss ion i s most appreciative 
o f the aid given by the director and staff members 
of the Stream Gaging Divisi on of the Survey**· Their 
services have been of the h ighe st order and the cheerful 
cooperation which has been e xtended to the State and 
its citize ns in furnishing information is acknowl edged 
with genuine pleasure . 

Ne w Yor k . - C ooperation w i th the State Department of Con
servation continued on a gradually decr easi ng scal e a s cooperation with 
othe r State agencie s t ook on more of the s t ream gaging program. The 
State Wa te r Power a nd Control Commis s ion is a relative ly small agency 
and the cooperat1ve funds were. such a l arge part of i ts total budget that 
the commission fe l t that the major ·c oope r ative program shoul d go back 
to the Department of Public Work s , where i t properl y belonged. The 
lattit£ agency had been c ooperating i n a m i n or way and i n the fi scal year 
1942, became th e chief coope rating State a gency. 
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For many yea s , the State had been involved in litigation over 
the wate r levels of Lake George . The Internat i ona l Paper Company de
velops power be tween Lake George and Lake Ch mpla.in a nd at t i mes, the 
owners of cotta ges on the shore of Lake George complai ned that the power 
company lowered the .lake l e v e l too much., T e problem was to determine 
the natural water li.ne if the power dam were not in existence . Records 
of stage o n Lake Geor ge had been maintained fo r many years, but there 
we re no records of discharges &t the outlet. To obtain that r ecord, the 
Department of Law, b eginning with the f i scal year 1943, cooperated with 
the Survey in establishing a gagin g station which was located in the village 
of T iconderoga.· After the necessary recor ds bee me available , the court 
specified that the a.ke l evei sho·uld be mai ntained between a certain range, 
pased on the Surve ' r e c ords . 

The specia i nvesti gati on on Lo g sland, which was started in 
the p r evious period f was extended to Suffolk County » the most eastern 
county on Long Island and ·to obtai n the needed stream fl ow data, the 
Board of Superv · sors of 'that c ounty in the fiscal year 1942 , entered into 
cooperation for the establishment and operati on of two a ddition.&.l stations 
at fi r st and othe r stations in each aucceec!ing year . In addition to the 
formal coope ration , the County fur nilShed some labor and materials for 
the construc tion of the stations. 

Westchester County , an area of high class devel opment , has 
a flood proble m caused by sma_l streams having steep gradients, and 
some years ago c reated the Westche ste r C ounty Storm Water Control 
Survey· to consider ways and means . The A r my Engineers were re
quested to study a flood c ontrol p r ogra m , but being unabl e to formulate 
plans without flood record&'! . suggested that the Survey be c ontacted 
for such records . A c cor dingly, cooperation was effected i n the fi scal 
year 1944 fo r the e stablishmen nd opera tion of six gaging stations, 
five being recorder installations . :it m a y be noted tha t the first year ' s 
operation fu rnished valuabl e flood records, an except i o n to the general 
experience that flo ods are rel ctant to occur afte r the installation of 
flo od record stations . 

Coope ration wi th the Buffalo Sewer AuthoX'ity started i n 1939 
was for the purpose of m aintaining 2 gaging stations on small streams 
entering Lake Erie close to the purposed extenlSio n of the sewer outlet. 
This wa s a short-lived program as the city personnel o riginally c on
cerned entered the military forces and their s uccessors . not being 
interested , d i scontmued the cooperationo 

Cooperation with the city of Jamestown and the v illage of 
Lancaste r was that of se :t'vices i n furnishing gage obs ervers o The 
Washington Offic e obj e cted to that type of cooperation and it was. d is

.continued in the .fisca: year 1946 . In 1947, however , the Lancaste r 
cooperation was resumed on a cash basis . Coope ration with the 

· Oswegatchie Rive r hnp r ovement Commission was d i scontinued i n _ 
' 1944. 

Cooperation started in tJ:>.e previous period w i th the C ity of 
New York, Board of Water Supply , Nassau County . Bla ck R iver Regu
lating Distric t, Hudson River Regulating District, Citie s of Albany , 
Auburn, New York City Department of Water, Sewer s , Ga s and 
Electricity . continued during the period . 
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Annual cooper a. we State, County, a nd municipa l funds available : 

Wate r Black Hudson Oswega- N . Y. 
Dept. Dept. Power Dept. Rive r River tchie Board 

of P ublic C ont. of Reg Reg. L-rnprov . Water 

Year Cons . Works Comm. Law D "sL D i st. Comm. Sup. 
-

1940 $2, 62 0 $ 2,906 $ 9 , 500 $ L 863 $3 I 1 ' 5 $ 50 $ 13 ,1 02 
94 1 2, 620 2 , 596 

1942 2, 03 26,376 
1943 560 34 , 8 i 4 
1944 655 35,663 
1945 500 38,196 

946 750 4 0 ' 424 
947 1, 500 45 ,555 

Cont'd . 

Na ssau Suffolk 
Year C o . Co . 

1940 $ 1, 500 $ 
94 1 1,500 

1942 1, 500 $2 , 500 
1943 1,500 600 
1944 1 , 500 3,500 

945 1 , 500 4 , 000 
1946 L 950 5 ,' 00 
1947 2,250 6 , 750 

Cont ' d . 

Wes t-
James- Che ster 

Year . town Co . 

940 $ uz 
194 1 !32 

942 32 
1943 13 2 
1944 B2 $8 ~ 583 
1945 32 2 ,1 00 

946 2 ," 00 
' 947 2 , 100 

23, 8oo ·· l. 6 :3 2,755 50 14 , 893 
X. 6 ~ 3 2 ,755 50 17 , 716 

$1 , 500 L 4B 2 , 75 5 50 15, 306 
76 3 , 443 2,7 55 50 15, 240 

50 1, 39 3 2 , 755 12,510 
750 : , 468 2 , 505 ·n, o6o 
750 1. 308 2,438 9,856 

Buffalo 
Lanc a. s- Sewe:r N . Y . Dept. 
ter . Auth .. Auburn Albany W . S . G&E 

2 0 $ 
120 
20 

120 
12 0 
12 0 

2l5 

Total 

$46 , 132 
51 , 431 
55,937 
59 ,422 
7 , 076 
64 . 628 
68 . 779 
73 . 404 

500 $ 
400 
400 

25 0 $ 272 $ 202 
00 272 580 

' 00 272 300 
100 272 300 
~ 00 272 300 
. 00 2 72 300 
100 272 300 
100 272 300 

Ne w J ersey . - Cooperation wi th the State Wa.ter Policy Commission 
continued during the period. In a r eorga.nizat ion , the Water Policy Commissio 
was taken into the Department of Conservation and dul' ing the last two fi scal 
yea.r s , the Department of C onse rvation b e came the .ooperating agency , but 
this was just a cha nge i n name a.s the personnel d i re ctly concerned remained 
the same . The increased cooperati o n. during the . 947 fis ca.l year was .due 
chiefly to higher c o s t s of ope ation To c ompl ete the needed network of 
stations in the Delaware R ivex Basm, 28/ the Water Policy Comm i ssion made 

28 I P . 9 3 • . --
a separate a greeme n t du:t' ing the fiscal year. 1940 for the installat i on of 
three s tations . the operation of which during succeeding years .was a par t 



of the regular stream-gaging p ro-gram. 

Cooperatio n with the North Jer sey Wate Supply Commission 
continued. Tha t with the Dela.ware River Joint Toll Bridge Commi s 
sion which had represented services for gage - height stations on the 
Delawa re River was d iscontinued with the fi scal year 1942, as the 
Washington Office at the time was opposed to c ooperation of that type . 

Cooperation with the Passaic Valley Water Commis sion was 
started in 1947. That commission is the agency for the large cities in 
the joint operation of municipa l water supplie s in the Passaic Valley. 
The water supply is taxed under the State water code , and the amount 
of the tax depends upon the amount of water left in th e stream below 
the point of divers i on. There was no record of flow just below the 
diversion , the nearest re cord b eing that at a powe r plant some miles 
downstream. To determine more accurately the flow below the 
diver sion , cooperation was arranged for the installation of a gaging 
station at that point. 

Annual cooperativ e State funds available : 

Year 

Water 
Policy 
Comm. 

Dept. 
of 

Cons . 

N . Jersey 
Water Supply 
Commission 

1940 $ 17 , 700 1! $ 2 , 000 
2,0 00 
2. 000 
2 , 000 
2,000 
2 , 000 
2 , 000 
2,700 

1941 · 11,400-
1942 12' 500 
1943 11, 100 
1944 1 1,600 
1945 12' 500 
1946 $13,500 
1947 18 , 000 

Delaware R . 
Bridge 

Commission 

$ 1, 09 1 
1. 100 

600 

Passaic 
Valley 

$ ,33 0 

Total 

$20,791 
14,500 
15,100 
l3, 100 
13' 600 
14,500 
15,500 
22 , 030 

3.5 

1/ Including a special allotm~nt of $5, 700 to complete network in Delawar e 
River Bas i n . 

Pennsylvania . - Coopera tion with the State Department of Forests 
and Waters which was started i n 193 1 continued duri~ the period, the annual 
amounts fluctuating between narrow limits except during the last three years, 
when they we r e increased o n account of .the rising costs o f operation. The 
cities of Harrisburg and Bethlehem cooperated towar d the m aintenance of 
several gaging sta t ions in connection- with their water supplies : 

Annua l cooperative State funds available : 

DepL Forests 
Year and Waters . Harr i sburg B e thlehem Total 

1940 $ 30,000 $ ,00 $ 1, 000 $31. 600 
1941 29,000 600 29,600 
1942 28,675 450 600 29, 725 
1943 27,675 350 450 28,475 
1944 27,800 3 50 450 28,600 
1945 30,000 350 450 30,800 
1946 35,000 225 524 35,749 
1947 35 . 000 22 5 500 35.725 
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De lawa.re . - When c oo}'erat ion with Delawar was effe cted 
in 1943, the roster of the 48 sta te s a s complete . the nee d f or water 
facts having becom.e pre s sing in that state . V . R . Bennion , of the Mary
land district , d1scu ssed the situa ion w i th the var i ous Dela ware State 
agencies and was r efe · red to the Hi ghw ay Depar t ment as being the 
agency mos t in t e :t·e s t ed , and what was o f greate r i mportance, the agency 
having funds th2t might be m ade a va ilable fo r c ooperation. That Depart
ment, in the absenc e ot actual floo d r e cords , was using e mpir t cal flood 
formulae to dete r mine th e flood flows to be used in designing water-way 
openings . Mr . Bennion a rra nged therefore fo r a small amount of 
cooperati on which - ·a. s c.o ntiinu ed during the rem~ inder of the period. 
During the fis c a year 1946 , the cooperation wa !:i increased to permit the 
installation of an additionaJ stahon. In passi ng , it m a y be noted that 
a short time a f e r the e st~blishment of se veral gaging s tations , a flood 
occurred which · ad a unit. runoff d oubl e tha t used previously in the 
formulae . 2'1 
29/ Statement of M. R. Benni on to author . 

:D-1 the fi s ca l year 194 7 , coope ration was arranged with 
the Newcastle County Soil Conse r vation District , the Distr i ct s objective 
being the consex-·v a tion of natural resour ces of the Brandywine Creek 
Basin which lies in both Pennsylvania and Delawa:re . The purpose of the 
cooperation was t he insta lla.t ion and operat ion of a gaging station on 
Brandywine C:reek a nd 8 rai n gage s, the records from which are to 
c or relate the r.t: .infall and runoff in the Br.a.nd.ywine Creek Basin. 

Year 

1943 
1944 
1945 
1946 
1947 

Annual coopera ive State and distr i ct funds available : 
Sta,te New castle County 

Highway Dept. Soil Cons ., Dist. Total 

$ 300 $ 300 
L 200 .zoo 
1. 800 ,8 00 
3 , 000 3 , 000 
'I . 850 $4 , 500 6 ,350 

Mar y .. a.nd . - Coopera tio n with the Maryland Geological 
Survey was continued. The State funds were augmente d by contributions 
frorn the rr.ember s of the Upper Potoma c River Board for the mainten
ance of 5 stations n ear Cumberla nd . Dur ing the fiscal year 1944, the 
Sta.te Geol ogist havi.11g funds which he could n t otherwise u s e due to 
war l ' estrictions , increased his coopera tion for the purpose of es
tablishing 7 a dditiona stati ons . The State and Survey furnished the 
funds for construction ; and the citi es and counties, the funds for opera
tion during the remainder of the period , In 1946 , the State Geologist 
obtained addition~ 1 funds for th e installation of l station and for the 
installation of r ecorde:r s at the existing stations not so equipped. 

T h e c 1ties of B a lt.imore a nd sa· iabur y , and the 
Washington Subur ban Sanitary Distr ict conti nu e d c ooperation. The 
city of Annapolis and Anne Arundel County in. wh i h Annapolis is 
s ituated, both entered into c oope r <'. tio n for the pu pose of dete mining 
the be s t additional wa te r ,. upphe s availa b le . 

Annual c ooper<>.tive State and municipal funds availa b le : 
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Agency 194 0 941 194Z 1943 1944 1945 1946 1947 

State Geologist $6,000 $6.000 $5. 950 $5 , 950 $ 0 , 960 $8,300 $13,6 7 5 $9.150 
Baltimore 900 900 900 900 900 1, 5Z5 1 ,650 1 ,800 
Salisbury zoo zoo zoo 200 200 2Z5 250 275 
Washington 

Suburban Sa,n . D ist. 600 650 875 8 7 5 87 5 l, 450 2,250 1,800 
Annapolis 800 zoo zoo 250 Z75 
Anne Arund e l County 38 275 275 275 

To tal s .. $, 7 , I01J $ 7 , '7 50 $ 7 , 9 2 5 $ 8 , 7 2 5 $13 , i. 7 3 $11. 9 7 5 $ I 8 , 3 50 $ 13 , 57 5 

Virginia. - Cooperatio n w ~. th the State C ons ervati on C ommiss ion continued. 
D . G . Wallace be came distric t engin ee r August 2 0, 1940, and soon afterward 
became interested in the water supplies of the small towns of the State . He 
visited every incorporated town , inter viewed the town or city officials re
lative to the existing w a ter supplies and their adequacy. Where additional 
supplies were nee d ed ,. temporary gaging stat ions were installed where surface 
supplies could be obtained. In h i s ca pac i ty a s Chief Engineer of the State 
Commission's Divis i on of Water Resources and Power , he would offer advice 
to the small towns having no means of solving their water-supply problems . 
These contacts crea te d a.ddi tionaJ. interes t "n the State 0 s w ate r resources and 
the value of the Survey1 s inve stigations , and resulted in a gradual increase 
of the Sta te cooperation. 

The year 194 1 was one of l ow flow and Wallace installed some 
~agil\g sta:tiGD, in the Coastal P l a i n and made what he termed "drought 11 

measure ments , believin g that ci t i es in that area might require additional 
water supplies . His belief was soon substantiated as within a short time, 
the great increase in war work in the Hampton Roads area made it necessa ry 
for both Newpor t News and 1 rfo l k to seek l arger a dditi onal supplies and to 
investigate both surface- a nd ground-wate r s our ces . In the meantime , 
cooperation was ar r anged with Newport News for the continuance of the 
temporary stati ons on the Chi ckahominy Rive r and with Norfolk for the 
continuation of stations on the B l3.ckwater a.nd Nottaway R iver s . As a 
result of the records from th ose stations , th e Federal Works Agency 
fur nished s ome ten m illion dollars to obtain addi t ional water supplies 
for the two citie s .30j 

30/ Letter from D . G. Wall~ce to author. 

Just at the end of the period , cooperation was arranged with 
the city of Staunton f o r the operation o a gaging station on the North 
River above the c:ity1 s da m , a s a l arger dam was to be c onstructed 
farther upstream. 

Annual c oope rative State and municipal funds availab e : 
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Year 

1940 
1941 
1942 . 
1943 
1944 
1945 
1946 
1947 

Conservation 
Commission 

$ 19.000 
19 ,7 00 
19,485 
25 . 816 
21 , 500 
25 , 400 
28.560 
33 , 500 

Newpor t 
News 

$200 
400 
400 
400 
800 
400 

Norfolk 

$400 
400 
40 0 
400 
400 
400 

Staunton 

$100 

Total 

$19,000 
19.700 
20 , 085 
26,616 
22,300 
26.200 
29.700 
34,400 

North Caro ina. - Coopera tion with the State Department of 
Conservation and Development c ontinued during the period. The severe 
flood of August 1940 damaged or destroyed about 40 gaging stations and 
to rehabilitate those .stations, the Sta te made a special allotment of 
$7 , 800 for the fiscal year 1941. 

The Army Engineer cooperation wa s be coming increasingly 
important, and as Ashevi lle waa too fa r fr om the Army Engineer stations 
and headquar ters , a nd also from the coope r ating State officials in 
Raleighc the Survey office was move d fr om Asheville to Raleigh in 
October 1943. With quarters adjacent to those of the State oft'h::ials, 
the closer c o ntact led to increased cooperat i on. 

Annual cooperative S tate funds available: 

1940 
1941 
1942 
1943 

$12 , 505 
20,705 
15 , 970 

8 , 060 

1944 
1945 
1946 
1947 

$ 17,000 
7, 500 

17,5 00 
22 , 500 

Sou th C arolina. - In addition to the Sta te H ighway Department, 
which continued its cooperation started in 1930 , two other agencie s, the 
Public Service Authority and the State Research, Planning , and Develop
ment Board , entered into cooperation during the p re sent period. 

In 192 1. the Columbia Railway a nd Navigation Company obtained 
a permit and late r a license from the r ecently-crea ted Federal Power 
Commission to de velop water power on the Coope·r and Santee Rivers, 
but was unable t o finance the project, To assure the development of the 
project which was needed for the industrial expansion of the state , the 
Legislatur e i n 1934 created the Public Service Authority, the duties of 
whiGh were defined as follows: 3l / 

31/ Sec . 3, Act 887 , Acts of 1934. 

The Public Service Authority shall have power 
to d evelop the Cooper River , the Santee River, and 
the Congaree River i n .this sta.te , as in.strumenta li
t ie s o f intra state, interstate, and foreign commerc e 
and navigation; to p roduce, distribute , and sell 
e lec tric po,wer ; to reclaim and drain swampy and 
flooded lands; and to r eforest the water sheds of 
r ivers in this state; *· ' 
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The private l y-owned pow r compa n i es fought th is legislation 
through the c ourts untll . 9 38 when the ac t was declared const ' tutional. 
At its n ext sessi~n , the Legislature r atified the acquis:ltion by the 
Public Se :rvice Author ity of the lice n s e 1ssued by the Federal Power 
Commission, and e mpowe red the Autho r ity to cons truct the project 
under the te r ms of the license 32; The r e upon , the Public Servi ce 
3?1 Act i79 , Acts of 1939 . 
Authority - tarted pla nning the project a n d la ter c onstructe d it by 
me a n s of a PWA loan and g r a nt. Thr ough the need fo r ~,dditional 
gagi ng stations and th e s erv i c e luch ~he S rvey c ould re nd e r , 3}_/ 
33/ P . 119 
A . E . Johns on r ranged with t he Authori t y fo ;~; coope z ati o n whk h 
began dur ing h e flscal yea._ 1944. 

Rea izing he need for p o st-war p anning , the Leg1slature 
in 1944 created a commis sion to study , among o ther subjects , the 
peace -time econom-y· a nd tha.t body :r ecommended to the Legi slature 
the following yea.!' the c.on .;; olidc,.tion of _ everd exis ting State Boards . 
Following t h es: e re commendation~ . the Legis ;c..ture i n i 945 created 
the State Resea.rch , P lannmg .. a nd Deve ' op1nent Boa rd . In c onne ctio n 
with the i ndu st· ht.l covelopment of the s tate ' the low-water fl ow of 
tl1e rivers wa ; of e specia l importance a n d to obta.in s u c h i nfo r mation 
at many p oints whe r e compl e t e recor ds we!" e no t n.ee ded , the Board 
ent e red i n to ooperat i on in the fis cal y eo x' ' 946 . Another project 
under tha t coopera t iv e a greement W&\ '3 the p u b ication by the S tate 
of all South Caro ina stream-flow records to be p r epared by the 
Sur v ey. 

The c itie s of Spar tansbu.t'g a nd Duncan each contributed to 
the m ainten<. n ce of a.. ga ging stati o n . 

940 
1941 
1942 

943 
1944 
1945 
1946 
1947 

Con t'd 

Duncan 
$250 

250 
200 

50 
150 
150 

Annua,l c oope rat i v e State a nd municipal funds available : 

Highw.o- y 
DepL 

$ 5 . 000 
5 , 00 0 
5 . 000 
5,000 
5 .. 00 0 
5 . 000 
5 000 
5 , 000 

To t 8!.l 
$5 , 550 

5 , 550 
5 . 5 00 
5 ) 4 50 
9 ,'7 00 
9 , 050 

1 " 100 
0 55 0 

Public Servi ce 
Authority 

$ 

4 , 250 
3 .. 600 
3 , 600 
3 , 600 

Research , P la.n . 
& De velop , Bd" Spar tansburg 

$ $ 300 
300 
300 
300 
3 00 
300 
30.0 
325 
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Georgia. -Soon a.fter coopera tion was started in 193 7 , the name of 

the cooperating State a gency wa.s changed to the State Department of 
Natural Resourceo r and that in turn wa.s changed to the Department of 
Mines , Minerals, a nd Geology in the fiscal ye8.r 1944. These changes 
caused by political changes in State · administration, were chiefly in 
name and in the chief personnel, a s the fun tions remained virtually 
the same . 

In 1945, the Emor y Field Station . a philant~ropic agency operated 
by Emory Universit{ ,, began c ontr ibut.'ons to the State agency to enable 
the Survey to continue the maintenance of a. numbe r of gaging stations 
needed by the F ie l d Station ' s investigations. $2 , 000 was contributed 
in 1945 and 946 each , and $2,400 in 1947. 

In the fiscal yea:t' 1946 . M. T " Thomson showed the Sta te officials 
.that the amount per station a llotted by the Army Engineers for the 
operation of theh :3 tations was so much higher than the average amount 
allotted for cooperative Sta.te stations» that the cooperation was increas
ed by $3, 000 . In the f i scal year 946 , the Governor created the 
Agricultu.ral and Industrial Development Board and that. agency, faced 
with spe cific problems involving surface water, contributed $5, 000 
through the State a gency. However, that contribution wa-s later .dis
allowed by the State Auditor. 

In the fiscal year 1947 , the State Highway Department contributed 
to the State cooperativ e agency $5 .• 000 for the purpose of enabling the 
Survey to analyze flood conditions at selected bridge sites, and furnish 
data. on the frequency <6..nd magnitude of floods , and the probable dis
tribution of flow through the proposed br idge openings; the Survey ' s 
matching $5 , 000 to be used to s tudy Georgia. floods and prepare 
reports needed by the Depar tment. · 

The State , cities , and towns were prosperous, and the smaller 
towns, depending almost wholly on ground water which would be 
inadequate for post - war growth which all anti cipa ted , wished to 
develop surface supplies . These supplies were u s ually from small 
streams , w~ere gaging stations woul d be requir ed , and as the 
Development Board wa s interested in these problems, it was willing 
to contribute to the expansion of the str eam- gaging program. 

Annual coope r ative ~tate funds availab l e : 

1940 
194 1 
1942 
1943 

$8 . 000 
8,350 
9 , 480 
9,000 

1944 
1945 
1946 
1947 

$ 9,700 
11, 700 
i 4 , 700 
20 . 100 

Florida. - Coope:...ation w i th the State Road Department started 
in 1931, continued with a slight increase in funds during the last 
half of the period. The State Geological Surve y , which had discon
tinued surface-water· cooperation in 193 1 in favor of the ground
water investigations , r esu med fu. cooper ation during the 1942 fiscal 
year , when its funds were increas ed , and continued during the 
remainder of the per iod . 

The rapid increaS;e in populatio:p., particu l a,rly in the larger 
cities . the di~covery that irrigation is profi table to citrus growers, 



and the dry ye~.rs of the present p riod which c..aueed serious shortages 
in existing ater supplies , create -' w1de - sprea.d interest in the state 0 s 
water resources , and a wL.hngnes s to inc!' ease Sta.te and County funds 
available fo z- water resources inv e st1ga.t10ns. In i 939 , the city of 
Miami found that m a ny of the we~ls fu r nishmg the metropolitan a.rea ~ s 
supply were threa tened by salt water encroac hment , and reque sted the 
Survey to cooperate m a study of both S'l rface a nd ground-wate r supplies . 
The survey entered into a 3-year program , i ncluding in the area sfucfied, 
the Everglades and Lake Okeechobee , and a t the conclusion of that 
program , the c1ty r ealized the ne e d for conti nuing observations on a 
reduced . scal e , and cont inued cooperation a c cord1ngl y . 

The data collected for the Mia m1 program proved so valuable 
to the E erg ade s Dra inage DL tnct that in 943, that Sta te agency 
entered into coope r ation fo r the special object of determining in 
more detail the ·charac terist1cs of the $50 , 000 , 000 network of 
drainage canals, and hence obtain better control of the water . As 
a by-product, the Army Engineers obtained sufficie nt data to de sign 
the comprehensi ve ~.cod-control proJect which wi :. bring needed 
relief to the district . 

In conne c t 'on wit~ water supplies and pollution surveys , it was 
necessary to dete r m ine the quantities of wate:r p~ ssing up and down 
the channe s and a 1 ong the coastal waterways during flood and ebb 
tides . Such .spe n a i studleL. were made largel y in cooperation w ith 
the State Board of He3.lth and a l so with the cit y of J;;tcksonvi le . 
Various cities and counties coope r ated in the ope r ation of local 
stations . 

One of the state ' s needs was for data in the s ma.ll basins 
containing lakes used for c i trus irr1gat10n. To meet that need, 
the Governor and Cabinet in 1945 agreed to match with State 
Internal Improvement Board funds, m oney contributed by the 
counties and drainage districts, with the under standing that the 
combined fund would be matched by the Survey. By the end of 
the second year . a bout $1.?, 000 was available . 

Annual cooperatlv e State and mumcipal funds available : 

Agency 940 1941 i 94Z 1943 1944 

State Road Dept. $ 4 , 692 $4,500 $4 , 500 $4 ,500 $5 , 000 
State Geological Sur . 500 , 000 1,000 
State Board of HeQ.l th 100 zoo 
Miami 9 . 500 1Z.500 10 , 828 o.ooo Z,500 
Evergla des Drain . D i st. 1, 875 3 ,?50 
Internal Imp" Fund 
Jacks on ville 300 300 300 300 300 
Tampa zoo 200 200 zoo 400 
St. Augustme :;,so zoo 200 zoo ' , zoo 
Daytona Beach 500 zoo 200 
Fort M eyers 100 1. 000 
Lake Worth 450 
Fort Pierce zoo 
Finella s County 
Dade County 
Or la.ndo Util. Comm . zoo 
State Hospital zoo 
Perrey 

Tota. $ 14,84Z $"7,700 $ i 7 , ZZ8 $ 8,475 $15,400 
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Cont !d 

Agency 1945 1946 1947 

State R oad D ept. $5,500 $5 , 750 $6,0 00 

State Geolo gical Sur . 500 3 , 0 00 3, 0 00 

S ta te Bd . of Health 360 500 500 

M iami 2,500 2 . 500 2,5 00 

Everglades Drain , Dist. 5,000 5 , 00 0 6,00 0 

Internal Imp . Fund 5,000 8,00 0 

Jacksonville 550 5·5o 300 

T a mpa 200 200 300 

St . Augu stine 2 00 200 2 00 

Daytona B each 200 200 
F o rt Meyers 500 400 400 

Lake Worth 275 150 
F ort Pierce 7 00 325 
Pinellas County 825 875 1,600 
Dade County l, 000 2 , 75 0 
Or lando 'Util. Comm. 200 
State H o spital 
Pe rre y 4 00 

T otals $17,560 $2 5. 650 $3 L 950 

Alabama . -Cooperation with the State Geolog i st c o n t inue d at the s a me 
level during the p eriod, ex ept for two year s ~hen that officia l was i n 
militar y s e rvice . His s a ary during that time was not us e d b y the a cting 
State Geologist and became available, fo r an in crease i n the c o operativ e 
funds . 

Annual cqoperati e S tate funds a vai a b l e : 

1940 
1941 
1942 

943 

$7 , 500 
7,500 
7 , 500 
7,5 0 0 

1944 
1945 
1946 
1947 

$ 7,500 
10 , 00 0 

8 , 25 
7, 500 

Referring to the cooperative program . the Stat e Ge olo gi st state d 
i n h i s annual report for the year endmg Septe mber 3 0 , 1944: 

' ' 

The cooperagve water resources investigation has 
enabled th e U . S. Geological Survey to b etter m e et the many 
water problem s in Alab ama resul ting fr om th e war progra ms; 
a nd in s o d o ing, has contributed much to the w a r effort. P re
s ent s t !"eam-flow data a nd continuous l ong-time re cor ds are 
usefu: to the Army, Navy, and war industr y .and a re vital to 
any po st - war p l anning . Information on the quan tity a n d quali ty 
of available water is required by new industries whi ch c o n t e m 
plate l oca ting i n Alabama. 

M i ss issippi. - Cooperat10n w i th the State Ge ol o gical _Survey c on -
t inued at $10 , 000 annually througho t the period. · 

Louis iana. -The Bureau of Stati stics in the Stat e D epartment of 
C onservation was the c ooper ating State Agenc y in theearly year s of 
the pe riod. The funds of that bureau were c ut i n the fis cal ye ar 1942, a nd 
the c ooperative funds c orrespondingly re du c ed . To make up for th e re-



ducti on , the State Department of !-llg hway:s contribu ed for tha t year . At 
that time, a new governor , S "m Jones, took o fice a.nd he re organi zed 
the State government by sponso:t'ing a Department of P ubl ' c Works in 
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which would be cen ered all the engineerin g a ctivities of the State . There
after , that Depar tment became the coope rating a gency. In i 944 , the 
cooperation was 1n..:.r'e a sed to allow for some expansion of the p r ogram, 
and late r increases were made on account of increa sed costs . These 
increases we r e arra nged due chiefly to the efforts of the new d i strict 
enginee r , E . B. R ice . 

Cooperation with the State University f o r the m ain tenance of 1 
stati on on the campus for a specia.l invest igation was discontinued in 
1942, when n e w construction work d owned out the stati o n . At that 
time , the pur pose for which the sta t i on was maintained had been a ccomplished. 

Annual coope rative Stat e funds available ~ 

State Dept. 
Year Dept. C ons . Highway Dept. Public Wks . Univer s ity 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

$ 10 , 000 
10 , 000 

7 . 500 $2 , 500 
$ 13 , 000 

16,500 
18,000 
20,000 
20 , 000 

$ 41 5 
4 5 
4 5 

T otal 

$10 , 415 
10, 415 
10 , 415 
13' 000 
16, 500 

8 , 000 . 
zo . ooo 
20 , 000 

West Virgi:nia.. - Afte!' several u nsucce ssful attempts , the State 
Geol ogist succeeded i n having an item for stream gaging included i n 
h i s budget and begi nning with the fi scal ye r 1940 . he was able to 
cooperate to the extent of $3 , ZO O annuaL.y. In the previous period 
without a specific 1tem , he coui only cooperate to the extent of 
$5 00 . The state P ublic Service Commission having no specific 
authority t o cooperate , contributed $1, 80 0 annua lly to pay the. 
s alar y of a clerk for the Survey. The Stc.te Conserva tion Commiss i on 
was interested in the flow of springs . chiefly in c onnection w ith the 
State f ish hatcheries a nd during a dr y summer , the Survey mea sured 
s everal t i mes a number of spri ngs , and the following year measured 
all of the m~.ny springs in the state . The _ Commission also wanted 
informa t ion on certain streams in connect ' on with warm water hatch
eries . Having located seve ral t:t'eams that migh t be s uitable, i t 
was necessary to know the dis cha.r ge, and re liz 'ng the help that the ·
Survey c ould render , enter~d into c ooperation dur :ng 1946 and 194 7 . · 

Mounting c osts of operation and need for add tlonal ga.ging statiGms 
fo r the study of po !utio n b ough t dd: tional Sta te agende s into the 
c o operative picture ~ the State H e · .. l h Department was concerned with 
sewage pollution amd the S tate Wate l:.. Commi ssi on , with industrial 
wa.ste s . 

Dur ing the fisca. year 1943 , the latter had a. s mall amount 
available fo r c oope -ration ; the next ye ~ , 1944, the State Health D e 
partment c ontinued the c ooperat10n as the Water Commission's funds 
were low and during 1945, the Water Commiss i on was again able to 
provide the needed funds . For the last two years of the period , 
both agencies we1·e ·financially able to continue cooperation. T he 
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State Engineering Experiment Sta b _ n and the city of ,Morgantown were in
terested in the flow of De c ker s Creek in Mo gantown, and begi nning with 
the fiscal year 1946 . cooperated fo r th e pur pose of installing and operating 
a station on that c reek. 

With the rej ec tion of the A rmy Engineers 0 fl ood control plan for the 
Potomac R iver Basin ~ that agency cu tailed its cooperative expenditures 
for stream- gaging , a nd t o insu r e the opera.tion of those s tations until the 
State Legislation c ou ld provide funds fo r that purpose , the State Depart
ment of Agricul ture coopet"at ed to the e x tent of $ 1 . 000 during each of the 
fiscal years 1946 a nd li 947 . 

The Army Engineers had construc ted flood wall to protect the 
city of Hu ntington a nd upon i t s compl etion , turned it ove r t o the city. The 
flow of Four mile C r eek has to be pumped throu gh the wall and the city felt 
that in view of po s s ib l e futur e litiga tion on b ackwater which might be c a used 
by the creek, the gagi ng s tati on which had been established in cooperation 
with the Arm y Engineers shoul d be continued . and cooperation was effective 
during the last 3 years of the period. 

Annual c oope r ativ e Stc.te funds available : 
Agency 940 941 942 1943 1944 

State Ge ol.Sur . $:3 , 200 $3 , ZOO $3~ $3 , 2>0 0 $3 , ZOO 
Pub. Se rv. Comm. , 800 1 . 800 , 800 1 , 800 1, 800 
Wate r C omm. 1 , 090 
Health Dept . L 500 
Gonser v . Comm~ 

Eng. Exp . Sta . 
Dept. of Agric . 
Huntington 

$5 . 00015 . 000 $ 5. 000 $5 . 090 $6.500 

Kentuc~y 

1945 1946 194 7 
$3, zoo $3. zoo $3 . zoo 

1, 800 1,800 1,800 
L 500 I. ooo I. ooo 

2 , 500 1,5 00 
1, 500 3 , 200 

750 200 
L ooo I. ooo 

300 300 300 
$6 . 800$12, 050$12, 200 

The State Depa r tment of H1ghways cont inued its cooperation, 
and found that one of h e greate s t needs was for r e c o't'd s on small 
streams dra i n ing a b u t 50 squ re miles, to s erve a s a guide for 
culvert design. A~cordingly . th e cooperation was increased to 
$10 , 000 in 942 to over a 6 - station program. To provide for 
c;tctua1 and ant icipated in c r eased c os t of the str eam- gaging program, 
that cooperation was i nc r eased i n the 1941 fiscal year . In 1943 . 
the State Departme n t of Mines and Miner ls desired the operation 
of 2 stations on the Di Je R iver , the o nly Ke ntucky str ea.m having 
power development . and be gan c oope ra.t ion fo r that purpose . In 
1945 , Loui s vHle and J efferson County b ega n c oope r ation for the 
purpose of obtai n ing r ecord s of 4 small s tre ams i n the county. 
These records gave the Pla nning a nd Zoning Commiss ion needed 
data for studies of drai na ge and deve lopment for recreational 
purposes . 

Annua l c ooperative State fund s available ~ 
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Loui sville &: 
Year Dept. Hghways . Dept. M. &: M . efferson Co. Total 

1.940 $ 8 , 000 $ 8 , 000 
194 8,275 8 ,275 
1942 10 , 500 10 , 500 
1943 9 , 250 $ 800 10 , 050 
1944 10 , 000 300 10,300 
1945 10,000 1 .. 700 $ l, 2.00 12 ' 900 
1946 10,000 550 900 11,450 
1947 13 , 125 650 ~.o oo 14,775 

In 1945 , a g r o·J.p of p omine nt educa.tor s and State officials con
ceived the idea of p r epar1ng fer the use of the schoo l s and also for 
the general public , a ser ies of reports onKe.tttu "-Y S resources , and 
to F . F . Schrader was as signed the preparation of a report on wate r . 
That report was published by the Bureau of School Service , Colle ge 
of E ducati on , Univers i ty o f Kentucky, and reprin ted by the Depar t 
ment of Mines and Minerals . J4' t contained a description of the 

34/ Series VIII , Reprint 10, 1946 . 
·!iydrologic cycle . de scription of the s t reams and the i r uses, length 
a nd fall per mile of pri'ncipa streams , a summary of stream flow 
reco rd s , and descriptions of outstanding floods . The ground-water 
areas were de scribe d in considerable detail. 

Tennessee.- Cooperation with the Department of Conservation's 
Division of Geology conti nued on practically the same scale through
ou t the period . As a large part of T enness ee is involved in the 
activitie s of the TVA with which the Survey has a separate agree
ment, the cooperation with the S ate was confined chiefly to Western 
Tennessee where no other funds were available , and to the smalle r 
s treams in the Tennessee and Cumberland R iver B asins with which 
the cooper 3.ting Federal agencie s , TVA, and Army Engine e rs , were 
not concerned . In those basins, the State i s interested primarily 
in the small streams which are sour ces for municipal wate r supplie s 
and outlets for municipal sewage nd industrial wastes. 

Beginning in the fi scal year 1940 , cooperation was arranged 
with the State Dep<!lr tment of Public Health for the purpose of 
operating a gaging station on a high y - polluted small stream at 
Nashvi lle . Although the records were discontinue d when sufficient 
information was obta1ned , the cooperation was continu ed as a toke n 
contribution to the genera s tream-gaging program, which c ontributes 
much helpful information to the Department of Public Hea lth. · 

Cooperation with the city of Knoxviille was sta.rted du ring th e 
fiscal year 1945 for the pur pose of operating two gaging s ta t i ons 
on First Creek , a small strea m subject to periodic damagin g 
floods in Knoxville. Until the completion of flood-contr ol wo rks, the 
stream-flow records are u sed in forecasting floods, in c onnectio n 

· with the rainfall records from several city-operated rain gages . 
The records a re fur.nishe d to the TVA forecasting sectio ns which 
pred ict crest stages on the stream in Knoxville . These forecasts 
h a ve s aved the city large amounts of money previously spent in 
u nnec e ssary movi ng of farnilie s from areas subject to inundati on, 
and the city officia s are well-pleased w i th the cooperation.35/ 

35/ Le t ter !rom F. M, Bell t o author . -
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Annual cooperative State and municipal funds ava ilable: 

Dept. of 
Year Conservation 

1940 $ 9 ) 000 
1941 10,600 
1942 9 , 350 
1943 8,200 
1944 9,000 
1945 9 , 000 
1946 9,500 
1947 9,500 

Dept. of 
P ublic Heal th 

$ 400 
400 
400 
400 
400 
400 
400 
400 

Knoxville 

$ 

200 
400 
400 

Total 

$ 9' 400 
11' 000 
9,750 
8,600 
9,400 
9,600 

10,300 
10,300 

Ohio. - During th~ war years , Ohio ~ s very large industrial enter
prises, among the lar gest in the Uni ted States, were expanded to meet 
the war demands . The chief industries were the m~nufacture and 
fabrication of stee l and rubber , and the de velopment of electric power 
by steam; each required large quantiti es of water . A measure of the 
quantities used is given by C . V . Youngquist,39' who states that during 

367 Ohio 1 s Water Resour ces ! Ohio State University Studies, Engineer
- · ing Series , Vol. XV , No . 1, May 1946, p . 7 . 
1945, the Youngstown Sheet and Tube Co. used by pumping in the 
Youngstown district , 95, 303 , 7 1 0 , 000 gallons of water, ~qual to a 
continuous flow of 400 second-feet; the annual generation of electric 
power by steam requiring 80 gallons per kw is 1'5 billion kwh, equal 
to a continuous flow of 5 , 100 second-feet. These water requirements 
caused water shortages at certain times, and to p r ovide for future 
expansion, the industrial interests de sired additional inve sti-
gations of the state's wate:r- r esources, and a s shown by the increa sed 
State funds made ava ilable , the Sta te Legislature realized the need 
for additional State support. 

Cooperation with the State Cooperati ve Topographic Survey 
continued dur ing the period, except during 194 when the State Division 
of Conservati on and Natural Resources contributed funds for the in- . 
stalla tion of artificial controls at four existing stations; the controls 
forming pools for recreation and flsh propagation. Cooperation with 
the Muskingum Watershed Conservancy District , ceased with the 
fiscal year 1940 as the Army Engineers took over the flood prevention 
work in that area, c..nd subsequent c ooperation was with the latter 
agency. Cooperation w i th Miarnl Conscrva:ncy District also continued. 

During the fiscal years 1942 a.nd 1943 , the Mahoning Valley 
Sanitary District ·agai n cooperated. Those were critical 'years for 
the water supply for the Youngstown steel district , and it was necessary 
to regulate by the amount of inflow the water released from the stor
age reservoirs . This required a Survey resident engineer to measure 
all inflow and report ea ..:::h day what the release should be, and the 
District cooperated in the maintenance of the res ident engineer . 
District cooperation was not necessary subsequent to 1943 as the 
Army Engineers operated the reservoi rs and paid a part of the 
cost of the Survey 1 s activities . 

In 1941 . the State Chamber of Commerce , industrial leade rs, 
and Federal officials interested in water , held a meeting to d i scuss 
the growing water p oblems . A committee of 65 members was 
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appointed to study the p r oblem , and that committe e re commended the 
creation of a water supp l y agency to emphasize the inves t i gat ion of 
ground-water a s well as surface-water supplies . The State Water 
Supply Boaro. was created in 194 1 , and began cooperation on a small 
program of 5 stati on s in the Grand River Bas in, fo r the pur pose of 
investigating the possib e storage of water for industrial use in North
eastern Ohio by" means of a canal fr om the Oh io R iver . In the fiscal 
year 1946, the c ooperation was increased to provide for the construction 
o f 3 additi onal station in the Akro n area ,, for the benefit of the rubber 
industry. 

R ea.liz i ng th a t greater powers than those veste d in the Water 
Supply Board should b e g1ven to a State agency . the Legislature created 
the Water Resources Board , succeeding the Water Supply Board, 
effective October 2, 945 . Its duties were " to study and report the 
facts of water uses and resources" . 37/ C . V , Youngqui s t had been on 
371 Idem p . 3 . -
the original committee and wa s requested by the newly-created Board 
to become Chief Engi neer for a t east two ye a rs, and o tline a pxogram 
of action . He was giv en a w . a . e .. •ppointment in the Survey and became 
Chief Engineer of the Wa ter Resources Board, In outlining the program 
to the author , M r . Youngquist stated that he endeavored to cover all 
phases of hydr ology i n one progra m . The Surface Water cooperation 
which began in the fiscal year 1946 , i n cluded ana l yses of flood fre
quencies and special fl ood studies showing relati on between rainfall 
and runofL 

In 1945 , a new br 'dge engineer in the State Depar tment of 
Highways was concerned w ith the :::;ize of bridge openings on small 
streams G'.nd came to the Survey for information. T a te Dalrymple 
prepared a report on ~tream and bridge openings and as a result , 
c o operati on was started in the fi scal year 1946. The chief purpose 
was the establishment of stations on very small str eams for the 
proper design of culve rt openings . By the end of the period , 14 
stations had been inst&.lled on dra.inage areas ranging frorn 0. 3 to 
10 square mi e s . 38/ 

387 Tate Dalrymple : Application of Hydrol ogic Data to Bridge 
and Culvert Des ign . · (Unpublished . } 

Cooperation with the State University for two years was for 
the purpose of a nal yzing water samples which were obtained in 
connection with the strea m- gagi ng program. Coope r ation with the 
cities of Columbus, Van Wert , Canton, a.nd Springfie l d was f'or the 
purpose of mai nta i n ing gaging stations needed i n investigation of 
surface -water supplie s ; cooperation with the L u cas County Sanitary 
Distr ict was for the maintenance of 2 gaging stations for the study 
of waste disposal. 

Annual amount of c oope rative State and municipal funds 
available : 
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Agency 1940 1941 1942 1943 1944 

--1/ 
Topographic Survey $ 5, 000 $ 5, 700-$ 8, 400 $ 8,4.00 $13,867 
Miami Cons . D i st. 5,000 5 , 000 5,000 3,500 3,500 
Muskingum Dist . 2 , 966 
Water Supply Board 2,65 0 l, 650 l, 250 
Water Resources Boa rd 
Highway Dept. 

600 30 0 State Unive rsi ty 
Mahoni ng Valley D i s trict 1, 400 1, 330 
Cities 550 550 950 1, 550 1. 150 
Lucas County 

$ 13 , 516 $~~~$ 1 8 , 700 $16 , 430 $19.767 

Cont'd 

Agency 1945 

Topographic Surve y $13,183 
Miami Cons . D ist. 3 , 500 
Muskingum D i st . 
Water Supply Board 1, 2 50 
Water Resources Board 
Highway Dept. 
State Univer si ty 
Mahon: ng Valley D istrict 
Cities 900 
Lucas County 518 

$19 , 35 1 

1946 1947 

$ 12 ,500 $12 , 500 
3,500 3 , 500 

5 , 70 0 
7,000 
7,500 

1 ,550 
518 

$38,268 

625 
7 , 600 
7,500 

!, 500 
518 

$33 ,743 

1/ State D ivision of Conservat~on and Natural Resources . 

Indiana. - Cooperation w i th the Depa rtment o f Public Works 
continued through the fi s cal year 194 1. In January 1941, the State 
Assembly abolish~d the Department of Public Works which consisted 
of the State H i ghway Commi es10n and the Department of Conservation, 
and setup those a gencies independently, effective J u· y 1, 1941. There
after , separate cooperative agreements were s igned which continued 
until June 30 , 1943 . The fir t legislative act authorizing the Depart
ment of Conservation to cooperate with th~ Survey was enacted in 
1943 . By i ts t e r ms., "$ 15, 000 per year was to be available for a 10-
year per iod; in addition, an e me rgency fund of $2,000 for use before 
June 30 , 1943 , was m ade available . In that _act , no distinction was 
made b e tween surface- and ground-water investigati ons as both were 
contempla ted . Before the agr eement was s igned, the D irector of the 
Department of Corise"rvation insis ted that tho s e investigations which 
had previously been carried pn independently by the Surface and 
Grou nd Water Div is i ons . unde r agreements wi th separate State agencies, 
be consolidated under one Sur:vey rep r esentative, who was D . M . Cor
bett in char ge of the Surface Water inve s tigation. By so doing, some 
duplicati on o f work a nd adm: n i strative expense WQul d be avoided. 
Since July 1943 ; only one cooperative agreement ha s been in effect, 
even though the Department of P ublic fle alth , Hi ghway ·commi ssion, 
several cities ~.nd utilities contribute to the Conservation Department, 
in aid o f the i n v e si1gations . Polluti on is a serious problem and the 
Department of Hea th must know the concentration of pollution i n the 
streams. It takes its own sample s and must know the stream flow 



to d etermine the concentration. T 11e S tate decides upon the division of 
funds be twe en the surface- &nd ground-water investi ga t ions . 39 / 

397 L etter from D . M . Corbett to author . -
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Referring to the cons olidation of sur fc:.ce- and ground-water inve sti 
gations , C. H . Be chert , Director, ater R esour ce s Division, Con
servat ~.on Depart!lle nt , stated at t he Branch conferenc e in Indianapoli s, 
Nov . 7-9 , 1947: 40/ 

40/ Proceedi ngs p . 34' 

Almos t thre e a.nd one half yea rs have e l apsed s inc e 
our expanded w ate r resource s p ro gram has been put 
into effe ct . We feel that whr.le our set-up with the Survey 
may be unique in some respects , i t has pai d d ividends in 
increase d eff i ciency , a weL bala nced progr m , and a high 
quality of work. 

Durin g 1940 and 94 1, Indianapolis cont ibuted to the maintenance 
of one gaging s tation i n connecti o n with it~ muni cipQ. water su pply. 

L ike m ?..ny other st.:tte s , Inai.ana. came to r ea.dze dur ing the war 
years , the ~mpor tan e of its water r esources to heavy indu stry a nd 
during the a.st two years , the funds were grea,tly in r eased. 

Annual coope :r.:Eltiv e State <:md municipal fu nds available : 

Dept . Dept . 
Year P uba c Wks . Conse1·v a tion · Hwy. C o mm. Indianapoli s Total 

1940 $ 5 , '700 $ 300 $ 6,000 
194 8 "250 250 8,500 
1942 $ 3 , 464 $ 4.950 8,4 14 
1943 7, 9 10 5 , 400 13.310 
1944 18,67 8 TB~ o·;,g 
1945 1 7 , 900 171900 
1946 26 12'7 5 261275 
1947 34 1 75 34 , 175 

illinois.- C oope.ration with the State Water Survey, a d ivision 
of the Department of Regi stration a.nd E ducat i on , conti nued on the same 
leve l during the pe .;' iod. At the e n d of the previou s pe r i od 1 cooperation 
with the D iv i s ion of Wate r w a ys i n the Department of Public Works and 
Buildings ha d been re sumed a nd was continued at a fa i rly unifor m r ate 
until the last two years of the period. The D ivision of Waterways 
wished to ha.ve on fiie complete informat ion on each amall b a sin in 
the Sta te 1 including .u ni t hydrographs a nd d u r ation curves . a nd increas
ed the coope r ation dur ' ng the 1 946 fisc ye a.r- for that purpose . T he 
same agency u nde r the lea.de:rsh1p o f Coll. Hill . a. r etired A r my En
gineer . wa s prep O>. i n g a p o s t -war str eam· ga gi ng p rogram which included 
the development of a network of small basin s tat ions. The Survey was 
inte r ested i n that p l'ogram a nd fo the fisc~l year 1947 , the cooperative 
funds were increased to $26 , ! 00 fo x the purpose of installing s tati ons 
on small streams . 

Cooperation with the E a s t S1de L evee and Sanitary Distric t was 
started in 1940 fisc a.l ye ar and c ontinued dur ing the period. It wa s the 
purpose of this coope r ation to ma ' ntain a station on a drainage bas in 
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of five square mi es i n the M i s sissippi River bottom lands . The soil 1s 
such that in dry seasons, i t cracks open and no r unoff occurs; in the 
rainy season, the cracks disappear and runoff occurs. The District 
wished to know how much runoff could be expected from that type of 
soil. 

Annual cooperative State funds available : 

State Water Div. of East Side 
Year Sur vey Waterways L , & S. Dist. Total 

1940 $10 , 000 $ 6 , 500 $ 148 $ 16 ' 648 
1941 10,000 7 , 500 368 17,768 
1942 10 , 000 5,000 144 15, 144 
1943 10,000 5,000 150 15,150 
1944 10 , 000 5 , 000 113 15 ' 113 
1945 10,000 5 , 000 90 15,090 
1946 10,000 9 , 1 J O 15 0 19,250 

947 10,000 26,100 200 36,300 

Michigan . - Cooperation with the Stream Control Commission 
started in 1932 , on the basi s that the Commission would perform the 
field work and the Survey wou d supervise the field work and c ompute 
the records, cont ·nued during th~ per iod . fu October 1941, the 
Commission proposed to reduce i ts activities from 32 to 16 gaging 
stations and to reduce the State contribution from $4 , 000 to $2, 000 
annually. As a r esult of this deplorable s ituation , as D . M. Corbett 
phrase s it , 4],1 a committee of faculty membe r s of the University of 

4i/ Letter to autho,. , 
Michigan! s enginee ring school, headed by Dea,n Ivan Crawford, called 
on the Governor for a ca s h contribution of $4 , 500 annually , to main
tain the existing stations . Of this amOUJ?.t, the Conservation Depart
ment and the Highway Department each contr ibuted half. and the 
Stream Control Commission decided to continu e 1ts coopera.tion in 
the amount of $3 , 000 annually. As a resu"t, no stations were dis
continued. 

~arly in 1942, the Fish Division of the Department of Con
servation, through the State Geological Survey contributed another 
$7 , 500 to exp;;!nd the wz:.ter resources investigation on other streams 
and some of the major akes . 

With the end of the war and the lifting of travel restrictions, 
Michigan , nearly s urrounded by the Great Lakes and containing some 
11, 000 inland lakes, became such a favorite tourist center that the 
tourist industry has become second only to the automobile industry. 
The lakes natur<tlly were the chief attracti on, and the presence of 
so many visitors esulted in a very materia.! increase in property 
values along the lake shore s . That brought into prominence the 
controversy over the confiicting interests of the lake resort and 
property owners , and tho.se of the neighboring muck - l and farmers. 
The forme r group wishes to have the l a kes maintained at high level 
to keep the marshy s hores cove red, and maintain a constant dep th 
not on y for f i sh spawning beds , but to afford access to the boat 
wells ; the latter g r oup , conversely, wishes to see the spring floods 
and high wate r removed from its lands as soon as possible in order 
that a start might be made in growing c r op s . This conflict became 



so ser i ous that a so ution i s sough t b y thorough geologic a nd engineer ing 
studies . 

Also , Michigan i s a p oorly- d rained s ta te due to the nature of the 
glacial deposits , resulting i n m any small d r ainage ba s ins , in a majority 
of which, probl ems of drainage , flood control, a n d p ollution of surface 
water supplies oc cur . To furnish the answer t o these problems , com
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plete s tream flow da ta are necessa r y. 42/ 
427 Eddy, G . E . , State Geologistc Wa te r Resour c e s Inve s t igational Program; 
- Proc . E ast- Central Branch Conferenc e , Nov . 7 -9, 1946 , Indianapolis . 

In the Nor thern Pen1nsul a , th ere 1s a need for inc reased employ
ment and that in turn d e pends upon additional power , much of which can 
be hydrop owe r , and a s existing stream flow records are very few, 
many additional stations are needed.43/ 

437 Noecker, M. , Development of Water Resources in the Northern 
Peninsula of M ichigan ; Proc . East -Central Branch Conferen ce, 
pp . 45 - 46 . 

To mee t the var ious needs for additwnal s tream fl ow re cords, the 
Department o f Conservation began cooperatio n i n 1942 , increa sing the 
funds the following year . The urgency of the needs was reflected in the 
very substantial inc rease during th e last three years . Funds provided 
by the Legislature were a ugmented by p ower company contributions to 
the Conservation D epartment. 

Cooperatio n with the Departme nt o f Conservation was for "water
resources investigation'' , and one agreement cover i ng both surface
and groun d - water cooperati on was s i gned . D . M . Corbett was the 

· Survey' s 'repre sent~tive and the funds were allotted to the two divisions 
il). c~n~_ultation with the c ooperating Stat e offic ials . 

Annual coope r ative State funds available : 

Year Stream Cont. Comm. Highway Dept. Dept. Cons. Total 

1940 $ 4 , 000 $ 4,000 
194 1 4 , 000 4,000 
1942 3,500 $ 2 , 25 0 $ 8,000 13 , 750 
1943 3 , 000 2 ,250 12,500 17 . 750 
1944 3 , 000 2 , 250 12,25 0 17 , 500 
1945 3 , 000 2 , 250 2 1, 625 26 , 875 
1946 3,500 2.250 20,559 26,309 
1947 2,00 0 2 , 500 28 , 425 32 , 925 

Wisconsin. - C oopera.tion w i th the Pub i c Service Commission 
continued at substantially the same level until the last year of the 
p er i od when it was increased s lightly on ,~ccount of the increased cost 
of operation. The Sta te Statutory Committee on Water Pollution be
came dur i ng the last few year s simply the Committee on Water Pol
l ution, by dropping the "State Statutory " , a s be i ng unnecessary a nd 
really mea n i ngless . I t i s a committee c ons i sting of personnel fr om 
the P ublic Se rvi ce Commission , the Department of Health, and the 
State Engineer , concerne d chi efly w i th State buildings, a ll inte re sted 
in pollution. The Committee has no budge t but has autho r ity to accept 
contributi ons f r om water users f o r the p urpose of coop·e ·ion with 
the Survey. 
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Annual coopera tive State fu nd s available: 

Committee on 
Year Public Service Comm. Water Pollution 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

$ 7 . 400 
6,800 
6 , 800 
6,800 
6,800 
7,500 
7 ,5 00 
8,500 

$ 1, 000 
1.45 0 
1, 375 
1 , 363 

, 463 
1, 388 
1,390 
1 , 740 

Total 

$ 8 '400 
8,250 
8' 175 
8' 163 
8,263 
8 , 888 
8.890 

i 0 , 240 

Minnesota. -Past experience with drainage in Minnesota had 
been such that it became u npopular i n the state and when early in the 
period, a re organi zation wa s effected to bring into one agency the 
de s ign and construc ti on perta ining to water resources development, 
the Division of Drainage and Water became the Division of Water 
R esources and Engineering. Therefore . beginning with the fiscal 
year 1942, cooperation was with tha t agency. Prior to that time , 
efforts to increase the cooperative funds met with little re su1t, de
spite the fact that , as P.R. Speer, the d i strict engineer who had 
come from the Albany district in 1939 • told the author, the district 
was trying t o do a $ 15 , 000 job with only $6 , 000 . By the time of the 
reorganizat ·on, the Stat~:::: had become more water conscious a s a 
result of the recent drought years , and the reorganized agency was 
able to obtain substantially large r State funds, and these were 
gradually increased . 

To d_evelop new industr ies on the iron ranges in Northeastern 
Minnesota and thus stabilize its economy, which had been hard hit 
during the depression yea.r s, the State had created the Iron Range 
R ehabilitation Commiss i on which was supported by a State tax on 
iron ore. · The deve l opment of new industries created new water 
problems , and the commission beca.me in ere sted in the develop
ment of storage on the small streams of that region which is on 
the divide separatmg the Mississippi, Hudson Ba.y , and Great Lakes 
Drainages . Fo:r the purpose of installing and ope t>at ·ng 5 stations, 
the Rehabil itation Comrnis sion proposed to transfer funds to the 
Division of Water Resources and Drainage , and the s tati ons equipped 
with staff-gages were installed in .the 1943 fiscal year . Later, it 
was de cided the t ransfer of funds could n o t be made and the Division 
of Water Resources and Engineering increased i ts c ooperation that 
year to c over the new stations . In the next fiscal year . 944, a 
cooperative agreement was made with the Rehabilitation Commission 
i ts elf for $3, 23 0 to equip the 5 stations with recorder s . Subsequent 
cooperation covered the operation of these stat ions. 

The State Highway Department and the city of Winona had a 
flood problem, including several bridges , over Gilmore Creek. The 
H i ghway Department wa s wor king on a flood control plan which re 
quired records of peak di.scharge s , and began c ooperation in the 
fi scal year 1944 f o r the maintenance of the Gilmore C reek station. 

During the war years , canning and packing house wa ste s in 
Austin caused a se rious p ollution problem on Cedar River. That is 
an interstate stream and communities farther downstream i n Iowa 



were conc erned with the strearn pvllution.. T e State Boa r d of Health 
was wo rking on the problem and in o de.r to have the nece s sary s trea m
flow data, the city ot Austin beg1nning in the fisca.1 year 1945, c oop er
ated fo r the purp o:se of having the Sur-vey i.nsta.:l and operate a s tation 
on Cedar River . 

Annua c ooper0:1.tive State funds ava.il&b e: 
Div. Drcdn. Di v. Water Re s. Iron Range 
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Year & Water & Engr . Rehab. Comm. Hwy . Dept. Aus t in Total 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

$ 6 . 250 
6,975 

$ ~2.073 
12,550 
~ 2. 645 
13,550 
!5 ,3?0 
!.5. 245 

$ 3 . 2-30 
,1 » 2.5 0 
• z·so 

1. 250 

$200 
25 0 
25.0 
250 

$ 40 
22 0 
22 0 

$6 , 250 
6 , 975 

12 , 073 
12, 550 
16,075 
15,790 
17,090 

~ 16 , 965 

Iowa. ~ Cooperation with the St te Geologica Sur ey wa s increased 
dur i ng--ui'e per10d~ This was d ue a t firs t t.o the fact tha t the Legislature a t 
the beginning of the period made ~:dire "t approp:d . ion to th,at age ncy fo r 
stream- gaging, and that action increased the State Geologica.! Sul"vey' s 
inte res t in the work with the result that :more of i ts own fund-s were c ontrib
uted . At the same timep .fJle other S~te ' gencies, which in the p reviou s 
per i od ha d cont ibuted funds; reque-sted the State Geo logical Survey to upe 
every m eans to incr·ease 'the funds . As an a i d , state-w id e in tere s t was 
increased b y the issua10.ce of two State reports, one a sumrnr..ry of yearly 
and fl ood flows from ~ 8 73 to 1940, and the other th e c o mpl ete re ords for 
the years 1941 and 1942 . Largely , as ... result of the· So il Conservation 
Servi ce's work in Iowa, th.e1·e was a rathe r wide-spl'ead intere st in s e d~ment 
in the s t r eams > :t- c.~ r:1cularly in connection with lake silting , a nd fo r the ' 
fiscal year 1944, the cooper tive amount was increase d to provi de for th e 
collect ion of sediment ~arnples at 4 gaging stat·Qn , and at ·some misce llan
eous point s . 

As the increase in coop erative .fund s to include · sediment record s 
wa s the fi:t>st c oo e ratlve mone for sediment s tudies i n the United States .441 
4 tatement o P. • ene 1ct to ut or . 
the im mediate rea.eon for such action should be noted. An a pplic .tion t o 
the F ederal Powe r Commission for the development of p owe r on Cedar 
Rive r involved ' the bui' ding of a dam on tha t st:ream. Ina cour t h earin g o n 
the appl :.catlon, tho s e oppo s ed claimed that the p c,o l for m ed by the darn 
would become H led wit~ silt. This heru.ring created cons iderable interest 
and the Governor wa.s r eceptive t o an increase in. tile S ta.t e fund s fo r the 
sediment studiea . 

The State Jrnst."tute of Hydraulic Research c ontinued its c ooperation . 
the funds coming not only from i ts own re sources . but also fr om c ontri
bution !& received f om a do~en cities as p:i.rt payment for the main tenance 
of stations in which they were especi lly interested ; unde r State L aw , 
c ertain r estxictions we1'e placed o n sewage treat.ment plan~s with 
respect to river discharge. 

The S tate Conservation Commission through its b iologica · d ivision 
of fish a nd g~ me was ~nterested chief! y in lake ae vels a nd , wishing a l so to 
be identif"ed with the general tream- gaging progr m , gradually in c reased 
its coop e ration . - -
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Annual cooperative State fund s a vailable : 

State Geological Institute Hydraulic State Conserva-
Year Survey R esearch tion Commission Total 

1940 $ 4 , 500 $4 , 000 $ 300 $ 8,800 
1941 4 J467 4 . 100 300 8,867 
1942 5,670 s . s7"7 300 11,84 7 
1943 5,670 4, 8 05 750 11, 225 
1944 8,420 3,600 950 12,970 
1945 10,895 3, 100 750 15,745 
1946 11. 150 5,000 1,000 17' 150 
1947 11. 15 0 5,000 1 , 500 17,650 

Missour i. - Cooperation with the State Geologist (Missouri State 
Geological Survey and Water Resources) continued in slightly increasing 
amounts, until the last two years of the period when a new State Geologist 
obtained an increased appropria tion on account of the increased cost of 
operation. . , 

During the pre vious period , the State Highw:ay · Commission had 
cooperated in services in the collecti on of flood records on small streams 
but during this period , the Commi ssion contr ibuted cash to enable the 
Survey to obtain such records . , :-

The Conservation Commissio n was interested in flood records from 
typically small streams in the Meramec River Basin and cooperated in 
that wo rk during 944 and 1945 . 

Annual cooperative State funds available: 

State State Conservation 
Year Geologist Highwa y Commission Commission Total 

1.940 $ 10 , 600 $ 650 $ 1 , 250 
1941 10,500 750 11,250 
1942 11' 450 510 11, 960 
1943 11, -570 550 12, 120 
1944 12,550 500 $ 300 13,350 
1945 12 . 485 270 300 13 , 055 
1946 20 , 510 270 20,780 
1947 18,007 300 18,307 

Arkan sas . - Several changes in the cooperating State agencies 
occurred during the period . The S tate Geologist lost interest in sur
face -water investigations and his contributions were reduced. He re
signed in 1943. At the same time , the rationing of gasoline had so 
reduced the revenues of the State Highway Commission, the chief 
cooperati~ 'igency, that its contributions stopped in 1 943 . A new 
State Geologist was much more interested i n the State's water resources 
and obtai ne d sufficient funqs not only to cont inue the a nnual contribution 
formerly made by the Highway C ommiss i on : but to incr ase it by 
$1' 000 . 
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In the fiscal year 1942 , the State Flood Control Commission, which 
had been created to be the c ohtact a genc y w i th the Army Engineers in 
flood control plans , began cooperation and conti nuo.d through 194_5 . A 
new gove rnor , in an economy program consolidat ed s evera existing 
departments.., including the State G eol ogical Survey a nd the Flood Con-
trol Commis sian, into the Resour ces and Development Commission. 
That Commis sian was the c oope r-ating a ge ncy during the remainder of 
the per iod. The city of Fort Smi th co tr ibuted to the maintenance of 
a gaging stat ion during the fi r st ye ar , but ther eafter'tllcit station was 
made a part of the regular Sta te coopera tive program. 

Annual cooper. tive State fund .:; ava.iiabl~ : 

Agency " 940 1 94~ 942 1943 1944 

State Geologist $ 800 $ 850 $ 250 $ 250 $8,500 
State Highway Comm. 7,500 7 , 500 7 , 500 7,500 
State Flood Cont. Comm. 750 1. 500 750 
Resources & Devel op . B_d . 
Fort Smith 250 

Total $8.550 $8. 3.50 $8 , 500$9 . 250$ 9 . 250 

Cont'd 

Agency 1945 i 946 1947 

State Geologist $ 3 , 500 
State Hi ghway Comm : 
State Flood Cont. Comm. 750 
Resources & Develop. Bd. $10 , 000 $ 0 , 000 
Fort Smith 

Total $9.250 $ 10,000 $10,000 

North Dakota. - ur i ng the per iod , the cooperating State agency 
changed from the State Engineer to the State Watj!r Conservation Commis
sion, but that wa.s a change of name only. The State Engineer was also 
the Chi ef Engineer of the Conservation Commi ssion which had been created 
about 937, as a result of the drought yea.rs . A'S State Engineer, he had 
no funds as all funds were appropriated to the Commission, but contin-
ued to sign as-state Engineer as formerly . Fina lly, in the fiscal year 
1946, the State Engineer s i gned the cooperative agreement as Chief 
Engineer of the Conservation Commi ssion , and thereafter that agency 
was the official coopera tor. 

Annual cooperative State funds available : 

1940 
194 1 
1942 
1943 

$L 540 
l, 300 
1,750 
2 , 500 

-1944 
1945 
1946 

947 

$4,000 
5 , 800 
7 , 500 
7 , 500 

The increase i n cooperat ive funds. in 1946 was due to the fact 
that with the e stab ishment of a dis trict offi ce in Bismarc , additional 
i:at~rest wa_s created , resulting in the increase indicated. 
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With the incr Ja.se in coope rative funds in 945 a nd the b eginning 

of coop e ration i n South Dakota at the same t im~ , ~ di s tr i_c t com pr is ing 
those two states was created. R . E . Marsh , dts tnct engtneer, ope n e d 
the di s trict office at B ismarck . October 16, 1944., 

South Dakota . - Attempts had been made by State officials at 
various ttmes to obtain State funds for c ooperation in s tream-gagin g 
b u t without success as the Legislature , reflecting the ~ ttitude of the 
citizens , was no t water - minded. However , in the fiscal year 1944 , 
a new Governor became convinced that in the proposed d eve lopment of 
the Mi s souri Basin , then coming activel y into the picture, the State 
should help in the study of its water !'e sour ces . Having no s p e c ifi c 
appropriation for that puz•pose , h e decided that a number of State 
a gencies should contribute fr om their general funds . a nd as the w ork 
would be done in cooperati on with the U.S . Geologi al Surve y , i t 
s ee m ed l ogical to him that the Sate Geol ogical Survey should be 
de signa ted as the cooperating State agency. Accordingly, that agency, 
the Highway Department , and the Department of Game, F i sh, a nd 
P a rks, each contributed equal amounts for the fiscal ye a r s 1944 and 
194 5 . F or 1946 and 194 7, the Legislature made an appropriat i on to 
the State Ge.oi ogical· Survey for stream- gaging . Beginning w ith th e 
fi s cal year 1946, the Depa.rtment of Game , Fish, and Parks w i she d 
to m ake a study of stream-bed los s es in six streams originating 
in the Black Hills and cooperation for tha t purpose was e ffecte d . 
T h o s e s treams flow out of the granite across lime.stone outc rop s for 
d i stances ranging from 1 to 6 miles , then through granite b efore 
r e a ching the flood p ain , 

With cooperat·on as sured in South Dakota and increased 
cooperati on in North Dakota, a dis trict compri sing both states wa s 
c r eated in October 1944, with the district office i n Bismarck, Nor th 
D akota, and a sub-office for South Dakota in Pierre , South D ako ta . 
W . M . Littlefield, who had been in charge of the South Dakota stations 
from headquarters in Rolla, when those stations were a part of the 
Rolla District ,- c ontmued in charge of the South Dakota stations, and 
m oved to P ierre. 

Annual c o operative State funds avaiiable ; 
State Dept. Game , 

Year Geological Survey Fish and Park s 

1944 
1945 
1946 
1947 

$ 2' 490 
2 , 400 
4 , 000 
4,000 

$ 

4 , 480 
3 , 600 

T o tal 

$2 ,49 0 
2 ,400 
8 , 4 8 0 
7 , 600 

Nebraska . - During the fir st two years , c ooperation w i th 
the State Engineer gradually. decreased. In .July 1941, wh e n a new 
State Engineer had been appointed , C . G. P a ulsen arrange d f o r a 
material increase i n State coopera,tion and for the e s ta blishm ent of 
a district office in L incoln. Thus . Nebraska becam·e a s e parate 
dis tr ict. Cooperative funds wer e increased from $12 , 500 to '$ 2 0, 0 00 
and a distr ict office was e stablished in Lincoln in Au gu st 194 1, wi th 
H. C . Bolon as di strict engineer. succeeded by D . D . L ewis , May 8 , 
194 2 , when M r . B olon entered m tlitary service . During 1946 ,..~ 
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and 1947, the cooperative funds were increased o provide for some 
expansion , the relatively small a m ount of the State s cost of the North 
P latte River inve stigation45/ a nd to meet the i nc rea sed cost of operation. 

4S/ P· 170 0 -

Annual cooperative State funds available : 

1940 
1941 
1942 
1943 

$ 4,000 
12 ,500 
20, 000 
19,000 

944 
.. 945 
1946 

947 

$20,000 
20,000 
25 , 775 
25,775 

Kansas . - Cooperation with the State Board of Agriculture 
continued. rn the fiscal years 1942 and 1943 ' the funds were inc reased 
to permit the establishment of 3 addi twnal statio n s in 1942 and 2 m 
1943; in 194 7, the addition was due to the increase i n costs. 

Annual cooperative State Funds ava:dabl e : 

1940 
1941 
1942 
1943 

$6,600 
7 , 000 
8,800 
9,2 50 

944 
1945 
1946 

947 

$8,750 
8 ,25 0 
8 , 250 

10 , 3,00 
' • 

Oklahoma. - Cooperation with the Okh.homa. Planning and 
Resources Board c ontinue d unchanged in amount during the first 
four years of the peri od. It was then felt that something .should be 
done to make the people o f Oklahoma more wate r c onsc ious, and 
both the State and the Surve y increased the cooperati on during the 
next two years . During 1944, supplementar'y funds were made available 
for the purpose of preparing a r eport summa.riz :tng all data then avail
able on the water resources of th e State and making interpretations of 
them. This repor t was prepared by the B ranch and published by the 
State under the title "Okl ahoma Water'' a~d w·as .g iven w i de distribution. 
The cooperative fund s for the last two yea s o f the period were sub
stantially increased. 

The Grand River Dam Authorit y ; a State agency, and also 
a Federal Powe r Commis sion licensee, coope at•<>d with the Survey 
in the installation and m aintenance of fou r stations :t' equi red by the 
Federal Power Commi ssion license . November 21, 1941, under 
Pres i dential Order 8944, the G rand Rive r Dam Auth ority was taken 
over by the F e deral Wo r ks Agency, which supplied funds for the 
continued operation of those s tatiOI,lS u n t il the c re a t ion of the South
we stern P ower Authority by Secreta_rial Order in the fiscal year 
1946 , made that agenc y the successor of the Fede ral Works Agenc y . 
The p owe r plan t was returned to the G a nd River Dam Authority , 
September 1 :• 1946. That agency paid the e n tir e cc st of maintenance 
dur ing the remainder of the p e riod. 

Cooperation with Oklahoma C i ty c ontinued during the p eriod 
and when a second station was added, the c ooperative amount was 
increased. Cooperatio n w ith the city of Mountain Park for the purpose 
of maintaining one ga.gi ng 8tati on was i n ffec t du. ing the l a st two years. 
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Annual cooperat1ve State a n d m unicipal funds available : 

Agency 1940 194 1 1942 1943 1944 

Planning and 
$12 , 780 $ 2 , 780 $15 , 280 Resource s Bd. $ 12,780 $12 , 780 

Grand River Dam 
Author i ty 2 , 500 1, 750 782 
Oklahoma City 250 250 250 250 250 
City of Mountain 
Park 

$ 15 , 530 $14,780 $13 , 812 $ 13 , 030 $15 , 530 

Cont ' d 

Agency 1945 1946 1947 

Planning and ' 

Resourc e s 13d . $14, 780 $17 , 500 $ 17,500 
Grand River Dam 
Authori t y 2 , 910 
Oklahoma Ci ty 500 500 500 
City of Mountain 
Park 500 400 

$15,280 $18 , 500 $21,310 

Texas . - The many army e s tablishments·-and war industries which 
came 1nto existence during the war years , with accompanying great 
increase in the use of water, made Texans · more wate r c on$cious than 
ever . During the a tter year s of the pe riod, there was a wide-spre'a.d 
d esire for new i ndustr ie s to fill the void left at the.:end of hostilities , 
amdi' a.n.iiil.po~tarita id to the accompli shment of that d e sire was a more 
co1np lete knowledge of the available wate r resources . As a result , 
the fu nd s made available t o the State Board of Water Enginee r s were 
very considerably increased dur ing the l ast tw o years. The available 
state funds consi s ted of moneys a ppropriated by th.a Legi slature and 
contributi ons from countie s , citie s , d i stricts , and other agencies 
interested in particula r problems. 

The Red Bluff Distr ict was vitally interested in the Peco s River 
Joint Investi gation a nd c ontributed to its support during the inve stigati on , 
and continued afterward to support the maintenance of Pecos River 
gaging stations . The upper Guada.lupe Authority created under state 
law for the i nvestigation and development of the upper Guadalupe River 
contr ibuted money for the establishment of two gaging stations . Those 
stations were· subsequently mainta ined as a part of the general stream
gaging program. 

The Bureau of .Reclamation obtained from the Nueces Rive r 
Conservation and R e Clamation D i strict , funds for the establishment of 
2 gaging stations . The Survey expected that a dditional funds woul d be 
provided for the mai ntenance of those stations . but that expectati on was 
not realized, and the stations we re maintained as a part of the r egular 
program. The Peco s River Compact Commission, a Texas agency 
created to negotiate w ith New Mexico, an inter- state compact for the 
equitable divis i n of Pecos River waters , made a contribution one 
year to c ontinue cer tain stations which would otherwise have been 



dropped . T he city of Dallas contr ibute d fund s for the installation of 
a recorde r on Lake Dalla s , the sou r ce of the city water supply. 

Annual c ooperative funds available: 

Agency 1944 

59 

Bd . Water Engrs . 
Red Bluf.f D ist. 
Uppe r Gua dalupe 
~uthority 

1940 

$25,000 
7 ,6 00 

941 

$3 1, 000 
2 , 700 

1942 

$34,000 
900 

1943 

$30,000 
900 

$28 ,00 0 
900 

Neuce s River Dist. 
Pecos River 
Compact Comm . 
Dallas 

Total 

Cont'd 

Agency 

Bd. Water Engr s . 
Red Bluff D ist. 
Upper Guadalupe. 
Authority 
Nueces R iver DisL 
Pecos River 
Compact Comm. 
Dallas 

Total 

$32,600 

1945 

$3 1. 000 
900 

$31.900 

1. 4 6 

$35, 116 

1946 

$45 , 000 
900 

$45,900 

$34,900 

1947 

$56 , 000 
900 

$56,900 

1,800 

2 ,000 
500 

$33,200 $30,900 

.. ( 

Montana . - Cooperation w ith the State Engineer and with the 
Water Conservation Board continued . 

·Until the fiscal year 1942, the Survey had been ope r a ting a con
siderable number of so -ca lled state stati ons which had been establi shed 
in 1909 by the State Hydrographer, 46/ and fo r wh 1ch no specific allot-

46/t:Falla.'ll'.S&e , Rdie~t, Hmtory of the W~ter Resour c es Branch to 
- June 30 , 1 9 ~ 9. p . 206 . 
ment was made , the c osts being charg.ed to a vailable funds . However, 
by ·1942, the precedent of chargi ng other agencies for the operation of 
spe ci.fic ga ging stations had become e stabl ished, and. a charge was made 
for the "State s tations . " Dur ing 1944 and 1945, State funds we re insuffi 
cient to pay that cost , and the Survey continued their operation from o ther 
funds . Dur ing 1946 and 1947, t o c ompensate for that cos t, and to pay 
the c ooperative cost of two a.ddi t ional stations , the ~ate Engineer in 
creased the c ooperative funds . 

The Water Cons ervation B oard c oopera t i on continued in. var ying 
amounts , depending upon the funds a vailable . 

In 1939 , the (;it,y of Bozeman was d i schar ging its sewage into 
East Gallatin River a.nd beca.me interested i n the flow of the river , as 
water users downstream threatened court ac tion. Accordingtly; the 
city coope r ated for the purpose of e stabli s h:mg and maintaining a 
station at Bozeman to d e termine the actual flow . In pas s ing, it may 
be state d that when it became known that the Su r v ey was measuring the 
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East Gallatin R iver>, the th.reatene a iaw suit fa iled to materialize -
so much for Survey prestige . 

Annual cooperativ e State and n1.unicipal funds available : 

Year State Engineer Vater Cons . Bd . Bozeman Total 

1940 $ 9 , 000 $ 5,800 $ 350 $15 , 150 
1941 9 .0 00 7,500 16 0 16,660 
1942 :1. 4,6 75 5 , 500 16 0 20 , 335 
1943 13 , 300 5 , 500 160 18 , 960 
1944 9,000 3 , 500 160 12,660 
1945 9 , 000 4 , 650 160 13,810 
1946 8,000 7,000 16 0 2,5 , 160 
1947 18 , 000 8,000 240 ·.26., 240 

Wyoming. - Cooperation w ith the State Engineer which had been 
resumed in 1915 after a lap se of several years continued during 'the 
period. The special North Platte River inve stigation, 47/ which was-,-4""'7C"T/-p-.-l-Z 
started in M.ay Z946, a counted for- the slight increase aurmg 947 . 

The Legis1ature 1n 1939 consolidated the State Planning Board 
and the State Water Conservation Board into the State Planning and 
Water Conservation Board. The consolidated Board , unlike the prede
cessor Water Conservati on Board which had ma.de its own investigations, 
decided that it co :ld be t ter a chieve its goal by cooperating with existing 
Federal agencies i n the ir studies of irrigation possibilitie s. Th"e Bureau 
of Reclamation was m .akmg a statewide i nv estigation and was maintaining 
a number of ga gmg s tations i n the Green River Basin. A t the beginning 
of the period, the Bureau de sired to turn the se stat ions over to the 
Geological Survey , and in order to finance the transfer, the State 
Planning and Wa er Conser ation Board contributed $600 to the State 
Engineer ' s cooperative fund fo r that purpose . 

In the fa 1 of 1940 , toward the end of the State ' s biennium, the 
author was informed, perhaps by accident or perhaps by design, that 
the Board had an unexpended ba_ance for which i t had no a.pparent use . 
Realiz i ng the ne ed for· additional ga.ging stations t o aid the Bul' e u of Re
clamation's inve t i gations , the author made up a list of stations and 
proposed cooper ati on to the extent of the u nexpended balance . This 
suggestion was received favorably but had to be acted upon formally 
by the Board , a t it s next meeting which was h eld in G r eat Falls , Montana , at 
the time of the National Reclama tion Association meeting . The author was 
requested to be j:)resent to expl ain the proposed cooperat ion and i t thus 
came about that it was necessary to journey to another state from that 
with which the proposed cooperation wa s effected. The Board acted 
formally upon the p roposal and al oti;ed $4 ,2 00 , most of which was ex
pended that fall in the construction of the new stations . 

During the next 4 years . the fund s of the Board were drasti cally 
curtailed , but a. small a mount of cooperation wa s effected each yea.r 
except 1944 , particul ar! y for the purpose of maintain ing existing stations, 
and in 1943, to enab e the Survey to t a ke over severa.l additional stations 
in the Green River Basin which the Bureau of Reclamation had recently 
installe·d , and was operating. 
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In the fall of 1944, the Wyoming Reclamation Association . 

keenly interested i n additiona.1 i r riga t ion, sponsored a movement 
to obtain a large appropria t ion to be devoted to planning for po st
war development. As one i tem , the author suggested to the 
associati on a.n extens i ve p r ogra m of a dditiona gaging stations need
ed by the Bureau of R e clamation. The 1945 ses sion of the Legi s 
lature , at the Gove :!"nor ' o r e que st , made to the State Planning and 
Water Conserva ti on Boa:ed , a special appropria tion of $40 , 000 to 
be used in cooperation with the Bureau of Recla.ma.tion and the 
Geological Survey. In Apr il 1945 , the Board, with the approval 
of the Bureau of Re c l a mation , allotted to the Survey fo r the bi
ennium, $29 , 000 to be used to establi "h additi onal stati ons needed 
by the Bureau and to suppl ement the State Engineer ' s funds in the 
maintenance of ex1sting s tations , including those Wyoming stations 
be ing maintained by the B e ar R ive r "nvesti gations.LB/ 

48 7 P· 89. -

Annual cooperative State funds available : 
S tate Planning & 

Year Sta te Engineer Wate r Conservation Bd. 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

$ 10,600 
10,500 
10,50 0 
10 . 000 
10,533 
10 , 200 
10 , 275 
~2 , 500 

$ 
4 , 20 0 
l, 650 
i. 650 

4 , 500 
1 L ooo 

8 , 000 

Total 

$ 10,600 
14, 70 0 
12 , 15 0 
11. 650 
10,533 
14, 700 
21, 275 
20,500 

In addition , the following allotments , which include contr ibu
tions by Lincoln a n d Ui nta Counties, were inade fo r the Bear River 
investigati on: 

1944. 
1945 

$4 , 066 
5 . 825 

1946 
1947 

$5,590 
4,886 

Colorado. - The regular stream - gaging program wa s c ontinue d 
in coop erat1on wi th the State Engineer . Beginning m the 1942 fiscal 
year, a. supple me n tal program was started i n cooperation with the 
Colorado Water Cons e rvati on Board. 

The highes t par t of the Ro cky M ountains being lo c ated in 
Colorado, the headwate rs of four major w e stern inter state streams 
r is e within it s bor ders and with irrigation needs in all the state s call 
ing for more w ater than was availabl e w i thm the basins of the inter 
state streams . se r i ous c onflicts had arisen. Before 193 7 , the 
engineering f e a tu r es oi suc h conflicts h ad been under the jurisdiction 
of the State Engineer , togethe r with the adm ini str ative duties of 
administering the wa ter d ec rees w i thin the s tate . 

To separ ate the i nte rsta t e featur e s fr o m th e a dmi11istra t ive 
duties, the L e g i sla ture in 937 created the Colora do Water C on
servation Boa. rd .49/ T h e duties of the Boar·d a 1·e to cooperate w i th 

497 Chap . 265, Sess10n L a.w s of Colorado 1937 . 
the Attorney Ge neral in a ll matters relat.ing to inte rstate suits 
concerning the sur face w a te r s and c ompile a ll necessary data fo r 
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that purpose , <Jls o to promote the conse rvati on of the wate:r res ource s 
in order to secure the greatest utillza tion of such waters, and t 1e ut
most pre ention. of floods. In the se and othe:r duties, the Board is 
authorized to cooperate with F ed ral a ge ncies 

I 

Early in the p~riod, the Burea': of ~echm.::..tio_n nee.ded a ;ery 
considerable number '\f additio~1al statwns m onne ·tlon w1th then . 
project inve stigati ons , and desn·ed the Survey to operate those stahons 
after the Bureau made the installations. However , as n o funds were 
to be provided for opere. 'don, the Survey could not a.gre e to that pro
posal, and the Bureau of R e l<imation ma.intained the new stations , 
rather under prate st . The number of such stations gradually increased, 
and in the fisc al year 1942, the Bureau , anxious to get out of the busi 
ness of stream-gaging , sugge sted to the Water Conse rvation Board that 
cooperation be effected with the Sur vey i n order that the Bureau sta tions 
be taken over by the Survey . By that time, the Water Conservation 
Board was deeply interested in the Bureau 1 s projects and wished to 
assist the investigations . The Board was a l so c hecking the plans, 
and needed the records from the new stations. The Board felt that 
as the Bureau of Re clamation stations were not being maintained 
according to Survey tandards the records were n ot directly com
parable and not bemg published in the Water Supply Papers, were not 
readily available. Also , the Bu:reau of Reclamation stations were to 
be maintained for a few years only , in conne c tion with apecific in
vestigations, and were considered mere! y to supplement the re gular 
stream - gaglng progr am maintained in cooperation with the State 
Engineer . 50/ The BuTeau's proposal was made at an opportune time 

5o/ Statement of A. C. Stiefel to author. 
and coope ration became effective . The numbe r of new stations grad
ually increased and the cooperative funds were 1ncreased accordingly. 

An'nue:d c ooperative State funds a va.ilable : 
State Water 

Year State Engr . Conse rva t ion Board Total 

1940 $29,000 $29,000 
194 27 _600 27,600 
1942 29,000 $ 5,000 34,000 
1943 26 , 800 6,500 33,300 
194:4 27 . 000 6,500 33 ,500 
1945 26,250 6,300 32 , 550 
~ 946 25.000 7,500 32 , 500 
1947 25,000 8,5 00 33 ,500 

New Mexico " - Cooperation continued with the State Engineer, 
under two separo:te a greements , one with the State Engineer and the 
othe r one with the State Engineer as Secretary of the Interstate Stream 
Commis~ion. The first agreement which continued prac tically un
changed m c:mount , was for the purpose of carrying on the regular 
str eam-ga.g1ng program . . The second agree1nent was to finance 
special investigations on inter state streams , a.s the need arose . 
For the first two years, that agreement was increased to cover the 
State 1 s share of the Pecos R i ve r Joint Investigation, the field work 
of which was completed in 1941~ a.nd beginning in 1940 , it pa1d f or 
~he ~tream- gagi~g requi:red by the .Rio Grande Compact, and beginn
mg m the 1945 f1scal year, the added stream- gaging required by 
the Costilla Cre ek Compact ; the increase in 1948 was to take care 
of increased c0sts . 
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Cooperation with the State Highway Engineer was started in 

the fiscal year 1941, as an indire c t result of the flood of 1941 on the 
Rio Grande . After that flood , Berkeley Johnson obtained from the 
Highway Planning Survey, a list of 40 sites a t which new bridges 
were to be constructed. He then asked the bridge engineer what 
flood information he needed at those sites . The latter replied that 
he wanted to know how h1gh the flood stages would be, what the 
velocities and amount of scour would be . On being told that gaging 
stations at those sites would give the needed information, the bridge 
en~ineer became interested in cooperation. At son'le of the 12 sites 
in which the Highway Department was interested, gaging stations 
were in operation. A cooperative program cover i ng 5 new stations 
was arranged, and continued during the period. 

In the f} sca1 year 1946 , the County Commissioners and the 
County Planning Board were making a study of the water resources 
of Colfax County of which Raton is the county seat, and the Survey 
was called upon to determine whether sufficient informa.tion for 
the entire county existed. As surface and ground water, and the 
qualify of water were involved , Berkeley Johnson, C . V. Th ei s, and. 
c . S . Howard went to Raton , and after making preliminary investi
gations, decided that additional information was needed and cooper
ative agreements with all three divisions w ere made. Six gaging 
stations were installed a nd operated under that agreement. As the 
Bureau of Reclamation was interested, that agency financed con
struction of 2 of the 6 stations. 

Annual cooperative State and county funds available: 

State Inter -State State High- Colfax 
Year Engi nee2:" Streams Comm. Way Engineer County Total 

1940 $16 J OOO $ 4 , 175 $20, . 75 
1941 16,000 9. 100 25,100 
1942 16 , 000 8,150 $ 2 , 550 26 , 700 
1943 15,000 9 Dl50 2,000 26, 50 
1944 15,000 9. 50 2.200 26,350 
1945 16,2 00 10,950 2,200 29,350 
1946 15,000 10,950 2,200 $2 , 100 30,250 
1947 1.5 ., 0 00 15 , 9 50 2 ) 200 1 , 500 34,650 

Note . - From 1942 to 1947, the Inter-state Streams Commissioner ' s 
funds shown include supplemental funds not matched by Survey 
funds . 

Idaho . - Cooperation w i th the Department of Reclamation a s in 
former years was d ivided between the Boise and Idaho Falls distr i ct 
offices, chie£1 y on the basis of the number of c ooperative gaging 
stations ope"i~ated by each. 

Annual cooperative State funds ava,ilable : 
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Year Bo i se Idaho Fal s Total 

1940 $1 8, 000 $ 7 000 $25 ,000 
1941 5,68 3 7 . 22 0 22, 90 3 
1942 16,850 7 , 450 24 , 300 
1943 8 , 020 7 , 450 25,470 
1944 ,. 3' 5 Q .l j 7 , 450 20.950 

945 16 . 500- 7 , 450 23,950 
946 17,200 , 750 24,950 

1947 18.50 0 7 , 750 26, 250 

.._,_ , Includes $1 , 000 allotted p ·dor to Juiy 1. 1943, for the Bear Rive r 
investigations . 

Wi th the start· of the Bear R iver inves t i ga t i on s Jul y 1, 1943 , the 
fo llowing add i tional cooper;;. tive fund s be came available to meet Idaho ' s 
shar e of that expen se : 

1944 
1945 

$3 , 467 
3,800 

1946 
1947 

$4,000 
4 , 00 0 

During the fiscal year 1944 _ coopercttion in the amount of $700 was 
effe ctive with the Emme t Irrigatio n D is trict fo r the pu pose of installing 
a water- s tage re c or·der on Payette Lake, as the re sult of a controve r s y 
between the water users and owners of summer c ot tage s at the lake over 
the allowable amount of sto r age m the lake . The operation of that station 
was included in the ~e gular cooperative program. 

Utah . - Cooperation with the Sta te Engineer started i n 1904 with 
the p ayment of a. few observers' salaries , continued. Prior to the 
fiscal year 1942, the cooperative program i ncluded only the larger 
streams of the state. The State Engineer was ope rating independent! y 
some ga g i ng stations on small streams and the Bur eau of Reclamation 
in cooperati on with the State Engineer, was maintaining some stations 
as part of an inve stigation of small reservoir proJects . Earl y in the 
fiscal year 1942 , the cooperative program was enlar ged to cover all 
the stream gaging in the state , and the cooperative funds we re almost 
doubled for the purpose of installing and operating additional Colora do 
River Basin stations needed by the Bureau of Reclamation in connection 
with studies of the C entra l Utah project and for stations to show Utah's 
contribution t o the Colorado R1ver . T he Upper Basin States we r e 
attempting to d1vide the wate rs a!' ocated by the Colorado River Com
pa.ct51/ to the Uppe r B asm as a unit , and the State of Utah needed 
5"'J p '9 9 {1 9 19 - i 9 2 8 j 0 

aaaTtionE 1 information to determine its contributions of the water 
suppl y to the Col orado R iver . In the fiscal year 1947, the cooperative 
funds were again subs tantially increased for that purpose. 

Annual c ooperat ive S ta.te funds available for regular program: 

1940 
194 
1942 
1943 

$10 , 000 
10 , 000 
6 , 000 
7,750 

1944 
1945 
1946 

947 

$ 14,3 12 
15 , 435 
27,290 
42 , 218 

With the s tart of the Bear River inve stiga t i ons July 1, 1943 , 
the following addi tional c ooperative funds became available to meet 
Utah ' s share of their costs : 



1944 
1945 
1946 
1947 

$3 , 355 
3 , 771 
4 , 00 0 
3 , 701 

Nevada .. - Coop e a t ion with th e State E ng.:neer continued in the 
amount of $1 , 500 annually u ntil the f iscal year 944. The Nevada Agri
culturaJ Colle ge wa s m a1nta "ning fo r the Humboldt R i ve Water User s, 
and for the State Engin e e r ·1 s office , a numbe :r of sta tions needed for 
snow surveys and s trea m-£ ow for ecas ting , the expense be i ng borne 
chiefly by the latter two agen ie s . It was thought d esirab e by all 
concerned tha t th e str e a m gag i ng in the State shoul d b e coordinated 
and advantage take n cd the Survey• s e xper ience a nd techni cal personnel 
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and thus elimina te duplicat ion of effort a nd r educe expenses . Accord
ingly, in Jul y 1943, a ll the w o r k w a s pla ced under the Su rve y l s super
vision and $ 1 , 6 50 annual c ontribution of the Humboldt Water Users 
transferred to the Sta.te E n gineel" to increase the Stat e 1 s cooperative funds, 
to_sether w i th additiona l funds m a d e a vailab e by the State Engineer . 
Dur ing the las t two year s of the p e riod , the fund s were increased chief-
ly to m e e t the higher ope ration costs . 

Annua l cooperative Stat e Ul\j s available : 

1940 $ 1. 500 1944 $3 . 850 
~ 94 1 1, 500 945 4 , 350 
1942 1 . 50{) 1946 5,625 
1943 1 ,500 1947 5 . 625 ... 

· Arizona . - In :1. 942 ; the Gov e r nor w i shed to consolidate i n the 
offi ce of the State Land Commi ss i oner the dut ies of the State Water 
Commiss i oner and t?Peif'ate the land and wate r depar tments as a unit . 
This would result i n econ omy of ope r ati on under a man who was very 
familiar with the State 's probl ems. Accordingly . the State L egislature 

· effected that consolida t i on , 5?; and the State Land Commi ssioner became 
5'2/ Chapter 28 , Laws of 1942. . 
the cooperahng official in the fi scal year 944. 

The Salt R i v e r Valley Water Use rs Association continued c oopera
tion in the m a intenamc e ot the stations in that r egion. 

Mari copa Cou nty Municipal D:lstrict No . 1 i s an irrigation d i strict 
operating Lake P l e a sant Dam on the Agua Fr ia River . In that c onnection, 
it keeps records of the rese r voir and of the riv:er below the dam. The 
distr ict de sired a .station above the d a m and coope ratio n was ar ranged 
in the fiscal year 194 ~ , whe r eby the Survey established and operated the 
station abov e the rese r voir and cooperated ~n the maintenance of two 
existing stations . 

Cooperation with th e San Carlos Distric t which started in the 
fiscal year 1942, was an outgr owth of cooperati on with the Gila River 
Water Commissione r of the Feder al Cour t " Tha t official desired re
ports at 1 O ·~ day inte rval s for a numb e r of s t a t ions that increased to 
15, and contr ibuted $ 1 , 500 annually. Oth e r wate r users also wanted 
those reports unt i the numbe r of copies r eached 20, and it wa s felt 
that coope rative funds shou ld be i n c r eased to $2 P 400 , and the San 
Carlos D i str ic t became th e cooperating agenc y . 



Coope ration with Gila Valley Ir r i gation Di strict was started in the 
fiscal year 1946 . When the Phelps Dod ge Corporat ion decjded to obt ain 
an additional supply ci water outside the Gila River Basin ,~/ it diverted 

53/ P · 18 . 
water from Black River, a tributary of Salt R iver and by mean s o f a 
pump and p ipe line , transported it to Willow Creek , a headwater stream 
of the Gila Rive r . At the sa1ne time , a.n arrangement was made with the 
Gila Valley Irr i gation D i str i ct whe r eby the latter woul d use the Black 
River wate r, in lieu of an equal amou nt of Gila River water to be used 
by the copper c ompany ~t its Morenci plant. In that agree ment, the 
stipulation was made that the Survey o r any other Federal agency was to 
measure the water . 

Annual cooperative State funds available : 

Agency ' 1940 194 1942 

State Water Comm. $15, 00.0 $ 15 , ooo $10, o·oo 
State Land Comm. 
Salt River Valley 

Water Users Assoc . 5 , 500 5,500 6,000 
San Carlos Dist. 2,400 
Maricopa County Dist. 300 500 
Gila Valley Irr . Dist. 

Total $20,500 $20,800 $18,900 

Cont'd 

Agency 1945 1946 947 

State Water Comm. 
State Land Comm. 
Salt River Valley 

$10 ,000 $15 , 000 $ 15, 00p 

Water Users Assoc . 4,000 
2.,40 0 

500 
Sa n Carlos D ist . 
Maric opa County Di t . 
Gila Valley Ir r . D ist. 

To tal $16 , 900 

5 , 000 
2 , 400 

500 
2 , 500 

$25 , 400 

5,000 
2,400 

500 
4,2 50 

$27 . 150 

1943 1944 

$10,000 
$10,000 

3,000 4,000 
2,40.0 2,400 

900 500 

$ 1-5, 9oo $16, 9oo 

Washington. - Cooperation with the State Department of Con
servation and Development, continued with a slight increase until 
the fiscal year 1946. In that year , the new director of that De
partment felt that the small streams program started by the De
partments of Fishe r ies and Game in the fiscal year 1943 should 
be added to the Department's cooperative program and increased 
th~ cooperation a ccordingly; al so in 1947, some of the Department ' s 
unallocated funds were added t o the cooperative agreement , account
ing for the large increase that year . 

For some years , the salmon i~dustr y had been declining and 
in the fiscal yaar 1943 , the Department of Fishe r ·es , which was 
concerned with commercial fish only, b e came c ritical of the water 
rights i.n western Washington , a nd needed strea.m flow re cords to 
determine whether appropriators we re leaving sufficient water in 
the ·streams for the fish ; the stre ams were be :ng dried up and were 
being dammed which prevented the fish fr om r eaching their spawn
ing grounds . T he Department of Game which was concerne d with 
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the "game'' fish had much the same problem and the two agencies began 
cooperation with the Survey to initiate what was known as the small 
streams program. 

Cooperation with Seattle was increased beginning with the fiscal 
year 1944 when snow surveys which required the construction of shelter 
cabins and stocking them with supplies , were added to the cooperative 
program; and the city's hydrographer, who had performed much of the 
field work was no longer available, making it necessary for the Survey 
to perform all field work. Cooperation with Tacoma was increased 
during 1942 as the construction of a dam drowned out two stations 
making it necessary to establish two new ones u one above and the other 
below the reservoir. The gradual increase during the later years was 
due to increased cost of operation. 

At the beginning of the period, cooperation was started with 
Bellingham. That city controls Lake Whatcom as a reservoir and 
its operation antagonized the residents along the lake shore by the 
changes in lake level, and those a.long the creek below the reservoir 
who had small garden tracts, and who believed that the operation of 
the control gates subjected the garden tracts to either drought or flood
ing. Many law suits re suited and to obtain official records of lake 
levels and creek discharge for futu:re suits, the city began cooperation 
July 1, 1939 . Cooperation with Skagit and Whatcom Counties, the 
cities of Aberdeen and Everett, and the Inter-County River Improve
ment Commission continued practically unchanged except for some 
temporary increases to co'ver additional gaging station£~!. 

Cooperation w:ith Columbia County and the Walla Walla County 
Planning Board was started in the fiscal year l941. The Bureau of 
Reclamation desired to make a study of the possibilities for supple
mental water supplies for irrigation in those counties and needed 
additional stream flow records . To obtain the additional records, 
the two counties began cooperation with the Survey. Cooperation 
with Snohomish County was effective during the fiscal year 1941 
for the purpose of obtaining miscellaneous measurements needed 
in connection with flo.od-control studies . During 1944 and 1945, the 
Board of Commissioners of Pierce County cooperated for the pur
pose of protecting a gaging station with 200 feet of log revetment. 
Also, the Skagit County Public Utility District cooperated for the 
purpose of increasing the small streams program. 

Beginning with the fiscal year 1945, cooperation was started 
with two additional State agencies . The State Department of High
ways desired the establish·ment of additional stations and operation 
of a gaging station for flood records in connection with the proposed 
construction of two bridges on Nooksack River ; also a study of flood 
frequencies in the state . The State Capitol Commission was pro-

- ,.POsing to convert into a fresh water lake a stream entering the tidal 
basin adjacent to the capitol grounds, and need~d records on that 
stream. That same year c·ooperation was also started with Bre
merton and Waterville for the purpose of studying possible sources 
of municipal supplies and in the 1946 fiscal year, cooperation was 
started with Cosmopolis for the same purpose . 
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Cooperation wit h a number of priva te interests· was effe ctive through 

the Department of Conservation and Development , the custodian of such 
cooperative funds . Prior to 945, that procedure had no le gal authority, 
but in 1945 , the Legislature authorized such actionO.y creating the ''stream. 
gaging trust fund" for that purpose . 

Annual cooperative State and municipal funds available: 

Dept. Cons . Inter-Co . 

Year &: Develop . Seattle Tacoma Bellingham River Imp . Skagit Co. 

1940 $ 10,468 $ 3,487 $ 1 ~ 230 $ 2 , 200 $ 200 $ 200 
1941 11.329 4,368 1, 470 250 225 22'5 
1942 12,378 2,525 9 , 100 250 225 225 
1943 12, 396 2,771 2 , 660 175 225 225 
1944 14,184 7,100 4,730 200 225 1, 225 
1945 17.614 6,750 4 , 11 0 475 1, 485 725 
1946 33,724 10,660 5 . 840 300 375 225 
1947 65,650 11,175 8 , 820 300 450 250 

Whatcom Columbia Walla Walla 
Year Co . Aberdeen Everett Co . Co. 

1940 $ 185 $ 230 $ 175 $ $ 
1941 200 230 250 4. 50 
1942 230 250 200 00 
1943 100 230 225 200 700 
1944 200 450 225 225 750 
1945 225 230 225 225 750 
1946 225 230 225 225 750 
1947 250 750 300 300 850 

State Dept. State Dept. Pierce Skagit Co . State Dept . State Capito 
Year F i sheri s . Game Co . PUD Highways Comm. 

1940 
941 

1942 $ 300 
1943 500 $ 300 
1944 3 , 700 L ooo $ 200 $ 1, 000 
1945 6 , 200 6 , 000 200 500 $ 500 $ 950 
1946 2, 150 700 225 
1947 950 l, 500 1. 600 

Snohomi sh 
Year Bremerton ·Waterville Cosmopolis Co . Total 

1940 $18,375 
194 1 $ 400 19,137 
1942 26,383 
1943 20,707 
1944 35,414 
1945 $ 1.2 0 $ 180 48,464 
1946 3 , 000 150 $ 580 59,584 
1947 1, 5UO 450 95,095 
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Oregon. - Cooperation with the State Engineer continued practi

cally unchanged, as did that with the cities of P ortland and McMinnville. 
In the fiscal year · 942, the Bureau of Reclamation was studying the 
irrigation po ssibilities on Walla Walla River , an inter state stream , 
and a station was needed near the State line to show the quantitie s of 
water passing from Oregon a nd available for use in Washington. .To 
aid that work, the Umatilla County Court started cooperation to help 
in the maintenance of that stati on which was installed at the expense 
of the Bureau of Reclamation. 

For some years , the city of Eugene had a. Federal Power 
Commission permit and application for license to develop water power 
on the McKenzie River and was paying the cost of the maintenance of 
a gaging station ope rated by the Survey. In the fiscal year 1945, the 
city withdrew its application for license , but wishing to have the gag
ing station continued, cooperated with the Survey for that purpose. 
The net result was that whereas previously it paid the entire cost 
of the maintenance under the terms of its permit, it now paid only 
a half, the Survey matching the cooperative funds . 

The city of Corvallis obtains its water supply from Rock Creek, 
and in planning for future growth , needed i nformation on the flow in 
case storage would become necessary. Cooperation was started 
during the . fiscal year 1946 . 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

Year 

1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

Annual cooperative State and municipal funds available : 

State 
Engr . Portland 

$24,850 $ 
25,750 
24,250 
24,750 
24 , 750 
23,750 
2 6, 000 
26,000 

Corvallis 

$ 250 
200 

400 
400 
400 
400 
275 
300 
300 
350 

Total 

$25,550 
26,375 
25 , 000 
25 , 500 
25.315 
24,525 
27 . 075 
27,075 

McMinnville 

$ 300 
225 
225 
225 
165 
175 
200 
200 

Umatilla 
Co . Court 

$ 125 
125 
125 
125 
150 
150 

$ 

Eugene 

175 
175 
175 

California . - Cooperation w i th the California Department of 
Public Works continued , being gradually increased during the latter 
half of the period to cover the increasing cost of op eration. Coopera
tion with the San Francisco Public Utilities Commission, East Bay 
Municipal Utilities District , Santa C lara Valley Water Conservation 
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District, Los Angeles County 'floo control. J , Or 'lnge County, Ventura 
County, Metropolitan Water District for Tucson Offj ce) , and the Cities 
of Lodi and Santa Cruz continued during the peri od , the reasons for such 
cooperation having been de scribed in a previous period. With the City 
of San Diego , the cooperation was prac tically the same except dur in g 
194 7 when it w a s increased for the purpose of establi shing two additional 
stations and installing a. recorder at a third st~tion. Cooperation with 
the City of San Luis Obispo was dis ontinued with the fiscal year 1941, 
when a new city admini stration was opposed to it. Stanford University 
discontinued cooperation with the f i scal year 94 when Hetch Hetchy 
water became available, making it unnecessary to continue plans for 
a reservoir and for the gaging station maintai ned i n that conne ction. 

Cooperation w i th the C ity of Santa Barbara for the purpose of 
maintaining stations on Santa Ynez R1ver in connection with the Gi
bralta Reservoir was chiefly one of evaluated servi ces and that type 
of cooperation was reduced during the period , Santa Barbara County 
desired an investigation of its water resources and i n the 1941 fiscal 
year cooperated with the Ground Water Division. After tha t investi
gation was started , A . M . Piper informed the County that t o make a 
complete water re sources inventory, it would be necessary to have 
a number of additiona gaging stations and s uggested cooperation with 
the Surface Water D ivision. That suggestion was acted upon and 
cooperation wa s started in the fiscal year 1942. 

The se vere floods of March 1938 resulted in i ncreased coopera
tion in Southern Ca iforn ·a . Cooperati on with San Bernardino 
County was increased very materi-lly during the fiscal years 1942 to 
1946 . The County had set up a flood control district and the latter 
wished to have a hydrologic study of the poss i b ility and magnitude 
of floods in the mountainous section of the county, as a basis for 
planning flood control and conservation measures . The County in
creased the cooperative funds for that purpose . Ri verside County 
created the River s ide Control and Water Conservati on Distr ic t in 
194 7 ; the chief engineer inspected the Surve y v s San Bernardi no re
port arid desned a similar one for R iver side County. Cooperati on 
was increased during 94 for 1b,at-putpos.e . .. . _ 

. The Orange County Water District created to take care of 
water rights, wished to know the evapo-transpiration losses by 
heavy native ve getation in the canyon section of the Santa Ana 
Rive r below th_ Prado flood controi. re servoir, c onstructed in 
1940 ·by the Army Engineers . Thi s was of cons iderabl e importance 
to two large canals d iverting water bei ow the canyon , and coopera
tion was started in the fiscal year 1944 to finance the necessary 
investigation .. 

The Imperial Irrigation District was maintaining a number 
of stations in connection wi th the divers ion o the all American 
Canal, and to enable the Survey to m a ke check measu:rements and 
compute the recor ds , co·ope r ation became effective with the Tucs on 
Office during the last two years of the p eriod. 

Annual cooperative State , County, and municipa.l funds 
available : 
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Agency 1940 1941 1942 1943 1944 

Dept. Public Works $ 32,000 $29 , 000 $29.500$27,473 $33,580 
East Bay Municipal 

Utility Dist. 1,000 1, 000 ' 000 700 800 
San Francisco Public 

Utilities Comm. l f 4,000 4 , 000 4 , 000 4, O'QO 3,750 
Santa Clara Valley-

Water Cons . Dist. 600 600 600 500 1, 100 
City of Lodi 1, 200 1, 000 1, 000 700 800 
LOs Angeles County 

(flood control ) 2,600 2, 6 00 2,600 2 , 600 2,600 
City of Santa Barbara 3 , 000 3 , 000 l, 500 l ' 150 1,500 
Santa Barbara County 4 , 700 2,600 5,250 
Ventura County 1,000 1, 000 l, 000 1,000 1,000 
Santa Cruz 150 150 150 150 150 
Metropolitan Water Dist. 5,000 5,000 5,000 5,000 5,000 
Orange County Flood 

Control Dist. 3,000 3 , 000 3 ,00 0 3,000 3,333 
Orange County Water Dist. 750 
Riverside County 1,000 1 , 000 l, 000 1,000 1 , 000 
San Bernardino County 1,000 1 , 000 4,700 5,820 6,000 
City of San Diego 1, 800 L 800 2,000 1, 600 1,800 
Stanford Univer .sity 300 500 
City of San Luis Obispo 100 
Imperial Irrigation Dist. 

Totals $ 57,750 $54 , 650 $6 I, 250$57,293 $68,413 

Cont ' d 

Agency 1945 1946 1947 

Dept. Public Works $33,580 $40,000 $50,000 
East Bay Municipal 

Utility Dist. 1, 000 1, 000 1 , 000 
San Francisco Public 

Utilities Comm. 1/ 3 , 55 0 3,800 4,600 
Santa Clara Valley-

Water Cons . Dist . 800 800 800 
City of Lodi 800 800 800 
Los Angeles County 

(flood control ) 2 , 600 2,600 2,600 
City of Santa Barbara 1 , 500 1,500 1,500 
Santa Barbara County 5 , 000 4 , 250 6 , 500 
Ve ntura County 1' 200 l, 200 1, 200 
Santa Cruz 150 150 150 
Metropolitan Water Dist. 5,000 5 , 000 5,000 

Orange County Flood 
Control Dist. 4 , 000 4 , 000 4 , 000 

Orange County Water Dist . l, 250 1, 500 l, 750 
Riverside County 1. 300 1 ~ 300 4, 300 
San Bernardino County 6 , 50 0 6 , 000 1 ,000 
City of San Diego 2,000 2,000 3,100 
Stanford University 
City of San Luis Obispo 
Imperial Irrigation D i st . 150 150 

Totals $70,230 $76,050 $88,450 
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1/ The s e funds for the maintenance of Hetch Hetchy stations were not 
matched, as the Raker Act granting San Francisco th e right to the 
use of those streams specified that the entire cos t of operating the 
necessary gaging stations should be borne by San Francisco . 

Hawaii. - Cooper tion with the Commissioner of Public Lands 
continued in s omewhat la r ger amounts than during the previous period, 
and due chiefly to higher costs of ope ration , the a mount s were further 
inc rea s ed dur ing the l a st two years . 

Annual cooperative funds available ~ 

194 
1941 
1942 
1943 

$32,000 
32 , 000 
30, 50 
27,150 

1944 
1945 
1946 
1947 

$3 L 950 
32,000 
36 , 307 
36,868 

Although there was no financial cooperati on with municipalities, 
Hilo maintained the tr a il s and provided a n assistant when the Survey 
engineer visited the stations, and sometimes provided transportation. 
The Board of Water Supply Engineers of Honolulu made some in
spections and measurements at gagi ng sta tions which, ·in the previous 
period, had been built by means of funds furni shed by that agency. 
Also, the use of the city shops was made available and assistance 
rendered by shop employees . 

The integrati on of the Survey with that of the Territorial 
Division of Hyd rography, which had been in effect since the beginning 
of cooperation, continued, the Survey district engineer being also 
the chief hydrographer of the Divisi on of Hyd ography. An outline 
of the duties of the combined organization is gi ven in the Annual 
Report of the Governor of Hawaii for the fiscal year 194 7 , as follows : 

The Division of Hydrography , in cooperation 
with the Geologi cal Survey, U . S. Dept . of the Interio r , 
collected data on the flow of owned wate r, planned 
future developments for ir:z:-igation , investigated sources 
of dome stic and public water supply , analyzed flood con
trol conditions, and made studies to d1scover the location 
and conditions of occurrence of ground water and the 
quantities available for development. 

Federal Cooperation 

Of the Federal agencies transferring funds to the Survey 
during the previous period , the Public Works Admini stration and 
the National Resources Planni ng Board passed out of existence 
during the present period , and the Department of Agricul ture, 
through the Soil Conservation Service , discontinued cooperation" 
N e w agencies entering the picture wer e the Bonnevi lle Power 
Administration , Southwestern Power administr ation, Federal Works 
Agency, War Produc tion Board , · Offic e of Land Utilization , and. 
Defense Plant Corporation. The Pubhc Health Service coope rated 
during 1947. Cooperation continued w i th the Army Enginee rs , 
State Department, TVA, Bureau of Reclamation , Indian Servic e , 
Fish and Wildlife Service , Federal Power Commission, and 
Weather Bureau. 
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As a result of the Flood Control Act of 1936, the Army Engineers 
required many more ga ging stations and made available much larger 
amounts than previously. The Bureau of Reclamation, during the latter 
part of the period, expanded its investiga tions greatly and called upon 
the Survey for many additional stations . 

The total Federa~- {non-Surv,::y) c ooperative funds expended annually 
by the Survey for surface -water investigations were : 

1940 
194 1 
1942 
1943 

$992,084 
876,829 
867,018 
790,078 

1944 
1945 
1946 
1947 

$ 824,462 
1, 085' 008 

991,739 
l, 431,936 

Army Engineers . - The effect of the long range flood control act 
approved June 28, 1938, 54/ on the Survey work required by the Army 

547 p . 64 (1928-1939) . -
Engineers was felt to a certain extent during the fiscal year 1939 , but 
its full effect was not apparent until the pre sent period. This is shown 
by the annual amount of Army Engineers funds available, which includes 
funds for the last two years of the previous period for comparison. 

1938 
1939 
1940 
1941 
1942 

$ 84 , 204 
255,392 
737,480 
671,94 1 
636 • 349 

1943 
1944 
1945 

946 
1947 

$632 ,393 
688,836 
872,6 8 0 
599.598 
736,968 

The increases during 1944 a~d 1945 were due to the construction 
of a large number of stations established during those years . For a 
number of years, the Survey had endeavored to obtain in the annual 
appropriation acts, an item covering at least a part of the cost of 
operating the Army Engineer stati ons with the thought that the funds 
should be appropriated directly to the Survey instead of to the Army 
Engineers, and then transferred to the Survey. Finally, for the fiscal 
year 1947 , Congress appropriated $175,000 or half the amount re
que sted. Before applying those funds to the amount previously request
e d for transfer , a conference with representatives of the Office of 
Chief of Engineers was held . Funds transferred by the Army Engineers 
were not available for expenditures i n the District of Columbia , and 
the Washington Office could not be reimbursed for the considerable 
additional work resulting from the cooperat~ve Army Engineer program. 
The cost of that additional work had to be absorbed by other funds. To 
remedy the situation , it was agreed that of the $175, 000 appropriated 
for Army Engineer work, $34,725 should be reserved not only to meet 
such additional cost , but also a part of the cost of developing· special 
equipment for mea suring l arge streams in that program. Consequently, 
the amount of funds requested for transfer were reduced by $140,275 . 

As a result of the increased funds , the number of Army En
gineer stations operate d by the Survey was increased from 501 in 1'939 
to l, 492 in 194 7 . The policy o f contributing Survey funds to the cost 
of installing and operating the stations, thus making it a truly coopera
tive program , was continued. The pe r centage of such cooperation de
pended upon the financial ability of each distr ict. 
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The followin g H st shows th number o f Army E ngineer stati ons 

operated by each distnct June 30, 1')4 

Albany 55 De nve r 12 R aleigh 34 
Atlanta 50 Fort Smith 29 R olla 58 
Augusta 3 Harrisburg 91 St. P aul 51 
Austin 65 Hartford 1 St. L ouis 4 
Baton Rouge 24 Hele na 20 Salt Lake C i ty 9 
Bismarck 36 Indiana polis 39 Sa n Francisco 44 
Boise 22 Iowa City 56 Sa nta Fe 12 
Boston 43 a ckson 39 T a c oma 28 
Charleston 75 Lincoln 6 Topeka 33 
Charlottesville 83 Louisville 71 Trento ~-- 2 
Chattanooga 8 Madi son 32 Tuc son 4 
College Park 27 Montgomery 33 Urbana 63 
Columbia 21 Ocala 39 
Colu mbus 122 Portland 38 Total 1492 

In addi tion, recor'ds for a bout 85 s ation,s mainta i n e d by the 
Army Engineer s were reviewed by the Survey and published. In addition , 
there were 35 stage s tations having no dis c h a rge r ecords . 

The additional stations were selected primarily for their value 
in flood studies and later , flood-prevention projec t s , and the number 
in each di strict was de termined not only b y the streams requiring flood 

.prote cti on but also by the de gree of state -wi de coverage of streams by 
means of the S tate-cooperative p rogr ams . In those districts having 
comprehensive State c oopera tive p r o grams, the need f o r additional 
stations was very m u ch less than it was in the districts where such 
programs. w e r e inad equate . A compar atively few stations temporary 
in character were established for the purpose of re v i s ing the studies 
made for the ' '3 08' ' reports . A majo rity of the stations i n the Boi se 
Distr ict were fo r that purpose. 

The increase from 3 5 to 122 s tati ons i n the Columbus D istric t 
occurred chiefly in the Muskingum R ive r B a; s i n and was du e t o the fact 
that the Army Engineers took over from the Muskingum Watershed 
C onservancy District , the D istrict ' s flood -contro l program, including 
38 gaging stations which had been primarily maintained by the Survey 
in cooperation with the Conservancy D i strict. Additional statio n s 
were established i :p connection with that flo od-control program. 

The disastrous floods in the Ohio R i v e r Basi n climaxed by 
that of January 1937, h a d caused the Army Engineers to plan an ex
tensive s ystem of flood-control and for that purpose, the Army En
ginee:;:- stations in Pennsylvania were increased from 24 to 9 1 , 
p rac tically a.ll the i ncrease being in the Ohio River Bas i n . Emphasis 
was natu rally p lace d on flood measurements a.nd in orde r to reach the 
stations quickl y , the Survey establi shed a l a r ge sub-office in Pitts 
burgh hav i n g about 8 engineering pe r sonnel. In addition to the 
stations li sted , 23 stati ons were maintained f o r short periods in 
conne ction with spe cial reports that wer e being made by the Army 
Engineers . 

A notable c ontribution by dir ect expenditure of funds , was 
contracting for the 3 , ZOO-foot ! -beam on the unders ide of the r ail 
road br idge across the Mis s issippi Rive r a t Thebes, lll. ,55/ from 
5iJp. 154. -

• 
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which the cable car was suspended. Under war-time conditions, the cost 
of that installation was about $10' 000 . 

Another contribution not in cluded in the t r ansfer of funds to the 
Washington Office was that by the Seattle Army Engineer Office to the 
Tacoma District. In 1946 , the Army Eng1neer s were revising their 
"308" report on the Columbia R iver and desired the installati-on of 50 
special staff gages, the i r stages we r e tied to two regular gaging stations, 
and by that means, rati ng curves were prepared for the staff gages. A 
total of $1, 700 was transfer red for that pur pose . 

In general, a 1 work was perfor med by the Survey. The most 
notable exception was in the Ohio R iver B a s in , where under the coopera
tive agreement , the A r my E n gineer s p e rformed the field work on the 
main stem stati ons, except above L ock 13 near Belai re, Ohio, where 
the Survey' s Pittsburgh Office performed the field as well as office 
work, and on the stations located near the mouths of the principal 
tributaries. The records however were computed by the Survey. 
The Ohio River is subjec .to serious floods and as the Army Engineers 
de sire numerous dis. charge me·a surements._ during every major flood, 
that agency wished to have available, when need~d , engineers trained 
in flood measurements . During the 194 7 fi scal year, curtailment of 
the Army Engineer flood-control funds made it necessa.ry to suspend 
field work at a number of the stations and the · Survey performed the 
field work . though on a more ·modest scale. 

Another excepti on was i n the southe rn Gulf states where 21 
stations were maintained by the Army Engineers, the records for which 
were later reviewed by the Survey; that number was reduced from 31 
during the period. In that area . the Army Engineers had maintained 
in previous years 42 stations which had been discontinued _and for 
which records had not been .compute d . In the spring of 1944, 17 of 
the stations in operation had the b a se_ data for sev·eral years and Gail 
A . Hathway , special assistant to the Chief of Engineers, wished to 
have the Survey compute, if possibl e " those records together with 
the records for 42 d i scontinued stations . For that purpose , a special 
allotment of $ 75 per station year was made and as 185 station years 
were finally computed the a mount transferred was $13,932 . 56/ There 

56/ Statement of D. H. Bar ber to autho r. 
must have been some slight miscalculation as 185 station years at 
$75 amounts to $13,87 5. In Oklahoma , 35 ~ tations and a relatively 
few stations in other districts were mainta ined by the Army Engineers , 
the records for which were reviewed by the Survey. In Arkanaas, 
12 stations and in Kansas, 11 · stations were operated by the Army .. 
Engineers in order that experienced per sonne l would be available 
for additional flood measurements when needed . 

Soon after the beginning of the enlarged program in which 
much of the field work in the Ohio River Basin would be performed 
by the Army Enginee rs, who had been developing equipment for flood 
measurements on the Ohi o R iver somewhat s i milar to that of the Sur
vey , it was thought advisable that each a gency should become familiar 
with the special equipment of the other . . Accordingl y, a cooperative 
arrangement between the Chief of Engineers and the Director of the 
Sur.vey was made whereby the Army Engineer s ' Cincinnati District 
Qff1ce. a~d the Survey's Columbus. Office were de signa ted to prepare 
descnptlons of the field equipment of both agencies , with especial 
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r e fere nc e t o n e w or m odified devices of both agencie s. Such desc riptions 
ade qu a te l y illu strated w e r e p ublish e d i n 194 0 by the Cin cinnati District 
unde r th e title 11 Des c ripti e Pamphlet on Str eam Gaging E quipment . 11 

Experime n ts wi th v a rious types of e qu ip m ent were continued, and the 
re sult s w e r e publishe d as "Supple me n t to D e scriptive P amphle t on 
S tream Gaging E quipm e nt in Augus t 194 2 . 11 

Mississipp i R i ve r Commiss io n : The Missi ssippi River Commissi 
is an autonomous agency under the Chief of Engineers , char ged with the 
planning for naviga t i on and flood control of the M i s sissippi River below 
the Ohio . The actual enginee ring work require d is pe r formed by the 
A r my Engine ers who have a division office a nd three d i strict office s in 
that area . The d ivision engineer is ex- officio the president of the 
Commission. During the major flood of Januar y 1937 , ·the Commission 
b ecame interested in the records of the Survey ~ s Vicksburg station, and 
r equested dail y discharges at that point, and also at a station to be m
sta lled on the Atchafala ya River at Krotz Springs, La . 

D~r.ing the early part of the present per iod ; the Commission 
continued that cooperation which had includ~d the maintenance of s'tage 
r ecords at the New Or leans station. In 944, t he cooperation was dis
continued as the Commission decided that its own. stations at Vicksburg 
and near Krotz Spr ings gave sufficient informati on. The support of the 
New Orleans stati on was also discontinued. 

Annual coope r ative fund s available : 

1940 
1g41 
1942 
1943 
1944 

$4 , 000 
4,000 
4,670 
4,975 
2,717 I 

It may be stated in passing that the Army Engineers during the 
1947 f i scal year , w i th the approval of the M i ssissippi Rive r Commission, 
resumed c ooperati on a t the Krotz Springs and New Orl eans stations . 

State Department. - Most of the cooperation with the State 
Depar tment was through the International Joint Commission in the 
op e rati on of the gaging stations along the northern boundary west of 
the Gr eat Lakes and of th e tributaries to the boundary waters . During 
the period , the number of international gaging stations increased from 
53 t o 73 . The completi on of the Grand Coulee Dam caused backwate r 
at the International Boundary and it was necessary to establish a station 
at the boundary; a lso a. station on the lake j.t Grand Coulee Dam. A 
sta~ion on Skagit River near Hope was made an international station 
as the city of Seattle proposed to back water from its Ross Reservoi r 
a c ross the international boundary. The bulk of the i ncrease was in 
Saska tchewan where increased development in the Battle Creek and 
Frenchman Creek Basins made i t ne cessar y to a dd in that Provinc e 
th~ a dd i t i onal stations . 

fu addition to the internati ona l s t ations . the State .Depar tment 
funds , known as ••waterways Treaty funds• • were used to . suppo r t 37 
stations at which gage heights only were obtained. Those we r e hiefly 
for the purpose o f measuring the change in slope at the stati ons affected 
by backwater . 
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The fie 1d aJl otments t o the d1:::.tr " cts fo r the operation o f the gaging 

stations de sc ribed we r e a s follows : 

194 0 
1941 
1942 
1943 

$36 , 600 
38 , i 50 
39 , 800 
3 9 , 700 

944 
1945 
1946 
1947 

$41 ,800 
48,085 
53,200 
51,900 

F or the auxill iary gage i n s tallation on the Columbia at the interara
tional boundary , it was necessary t o in.otar a 6x 6-foot s helter on rock 
badly s eamed. Additi onal funds were p r ovide d as follows : 

1942 
943 

$9 . 996 
I, 354 

Under the internati onal treaty w ith Mexic o, effective April 18, 
1945, the gaging station on the Rio Grande near San Marcial, N . Mex. 
was transferred from the International Boundary and Water Commission 
to the Survey July 1 9 1946 , a nd the State D epartment provided $4 , 3 00 
for the fiscal ye ar 1947 , as it was necessa ry to ke -;; p a r esid ent engineer 
there for the frequent me i:'"' surements required . 

Bureau of R eclamation. - Dur i ng the first two years of the 
period , the Bureau of R e clamati on contrib uted to the P ecos River 
Joint Investi gation $38,000 , of which $ 27, 2 0 0 was allotted to the Surface 
Water Division. · During the entire pe r iod, the Bureau was making com
prehens ive investi gati ons of irrigation possibilities and as the cost of such 
possibil i ties was p rohibiti ve fo r ir rigation alone , it was necessary to 
conside r other uses al s o , mak ing the investigations those of multiple
purpose projects. Fo r some years , the Bureau i n s ome s tates where 
State and Survey fund s we r e insufficient for the purpose, carried o n 
its own stream gaging progr am of new s tation s . It d id , however, 
transfer to the Survey funds for th e 1naintenance o f a few stations of 
particulat' i mpor tanc e . The maintenance of i ts own stat i ons p rove d 
to be unsatisfa cto ry, and dur ing the last three fiscal years , the Bureau 
tran sferred funds to the Surv ey for the maintenanc e of practically all 
additional stations in which i t was interested ~ and a s many of the 
stat i ons had been installe d on a temporary bas i s, fund s w e re also 
transferred to enable the Survey to rehabilitate the m a nd bring them 
up to Survey standa rds . During the las t two years , the funds trans
£erred i n cluded those for the m aintenance o f the :1 25 ga.g ing stations 
in the M is sour i R iver Basin-Depar tmental Plan. 

At the end of the period , 3 93 s tation s which included the 
125 stations, were being wholly o r part ially supported by Bureau of 
Reclamation funds . 

The annua l fund s available : 

1940 $ 14 , 2 00 1944 $ 6,93 3 
194 1 15 , 643 1945 76,465 
1942 3 , 485 1946 262 ,766 
1943 9 , 317 1947 538 , 959 

. In addition to the Bureau fund s ava ilable during 1947 , C ongress 
mcreased the Surve y's approp riati on by $50, 000 to apply to the ex
pense of maintaining stati ons for the Bur eau. 
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r e fer ence to n e w or m odified device s o f both agencie s: ~uch ~e s.cri~tions 
ade quately illu s trated were publishe d in 1940 by the '?mcmn~tl D1str,~ct 

nd e r the title "Descripti e Pamphle t on Stream Gagmg. E qu1pment . 
E xperiments with various types of equipment were contmued , and the 
re sults were published as "Supplement to Descr iptive Pamphlet on 
Stream Gaging Equipment in August 1942. " 

Mississippi River Commission: The Mi~s i ssippi River C o.mmission 
is an autonomous agency under the Chief of Engm.ee~s , . ch~rg.ed w1th the 
planning for navigation and flood control of t~e M: s s1 ss1pp1 R1ver b elow 
the Ohio . The actual engineering work requ1r ed 1s per.for~ed b>:" the . 
A r my Engineers who have a division office a.nd three d1.str1ct off1ce s 1n 
that area . The division engineer is ex- offi cio the pres1dent of the 
Commission. During the major flood of January 193 7, the Commission 
became interested in the records of the Survey1 s Vicksburg station, and 
requested daily discharges at that point, and also at a station to be in
stalled on the Atchafalaya River at Krotz Springs, La. 

D~r~ng the early part of the present period, the Commissi<?n 
continued that cooperation which had includ~d the maintenance of stage 
records at the New Orleans station. In 944, the cooperation was dis
c ontinued as the Commission decided that its own stations at Vicksburg 
and near Krotz Springs gave sufficient Wormation. The support of the 
New Orleans station was also discontinued. 

Annual cooperative funds available: 

940 
19"41 
1942 
1943 
1944 

$4,000 
4,000 
4,670 
4,975 
2,717 

It may be stated in passing that the Army Engineers during the 
1947 fiscal year , w i th the approval of the Mississippi River Commission , 
resumed cooperation at the Krotz Springs and New Orleans stations . 

State Department . - Most of the cooperation with the State 
Department was through the International Joint ·Commission in the 
ope ration of the gaging stations along the northern boundary west of 
the Great Lakes and of the tributaries to the boundary waters . During 
the period , the number of international gaging stations increased from 
53 to 73 . The completi on of the Grand Coulee Dam caused backwater 
at the International Boundary and it was necessary to establish a station 
at the boundary; also a station on the lake ~t Grand Coulee Dam. A 
stati on on Skagit River near Hope was made an international station 
as the city of Seattle proposed to back water fr om its Ross Reservoi r 
across the international boundary. The bulk of the increase was in 
Saskatch~wan where increased development in the Battle Creek and 
Frenchman Creek Basins made i t necessary to add in that Provinc e 
th ... a dditional stations . 

In addition to the internati ona l s t ations . the State .Department 
fund.s, known ~s "Waterways Trea ty funds" were used to . support 37 
stat10ns at wh1ch gage heights only were obtaine.d. Those were c hiefly 
for the purpose of measuring the change in slope at the s tati ons affected 
by backwater . 
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The fie l d a llo t men t s t o the d1s ·:ricts fo r th e operation o f the gaging 

stations descr ibed we r e a s follows : 

1940 
1941 
1942 
1943 

$3 6 . 6 00 
3 8 ,1 50 
39 , 8 0 0 
3 9 , 70 0 

1944 
1945 
1946 
1947 

$41.800 
48,085 
53,200 
51, 900 

For the auxi lliar y ga ge i n s talla tio n on the Columbia at the interara
tional boundary , it was n e ce ssar y t o i n ..; ta.ll a 6 x 6-foot shelter on rock 
badly s eamed. Addi t i onal fu nds were p r ov ided as follows : 

' 942 
943 

$9 , 996 
1, 354 

Under the international treaty with Mexico, effe ctive April 18 , 
1945, the gaging stati on on the Rio Grande near San Marcial, N . Mex. 
was transferred from the International Boundar y and Water Commission 
to the Survey July l , 1946 . a nd he Stat e Depar tment provide d $4, 3 00 
for the fiscal year 1947 , as i t wa s n e cessary to ke :;p a resident engineer 
there for the frequent m e .... sureme.n t s requ ired. 

Bureau of Reclamation. - Dur i ng th e f ir st two years of the 
period . the Burea u of R e clamati on contributed to the P ecos River 
Joint Investigation $38, 00 0 . of whi ch $ 27 , 2 0 0 was allotted to the Surface 
Water Divi sion. · During the e ntire pe r iod, the Bureau was making com
prehens ive inv es t i gati ons of i rrigation possibi ities and as the cost of such 
possibilities was prohibitive for irrigation alone , it wa s neces sary to 
consider other uses also . mak ing the inv estigatio ns those of m ultiple 
purpose proje c ts . Fo r some years , the Bureau i n some s tates where 
State and Survey funds we r e insuffic ient or the purpose, carried o n 
its own stream gaging progr am of new s tat ions . It d1.d , however, 
transfer to the Surv ey funds for th e maintenanc e of a few s tations of 
particular i mpor tanc e . T h e mainte nance of i ts own stati ons proved 
to be unsati sfa ctory, and dur ing the ast three fiscal years, the Bureau 
transferred funds to the Surv ey for the maintenance of practically all 
additiona l stati ons in whi ch i t wa s i nterested , and as many of the 
stati ons had been installed on a temporar y basi s , funds were also 
transferred to enable the Survey to r eha bilitate them a nd brin g them 
up t o Survey s ta ndz-.rds . Dur ing the l a st two ye a rs , the funds trans
ferred included those f or the m aintenance of the 125 gaging stations 
in the Missouri River Ba s in - Depar tmental Plan. 

A t the end o f the per iod , 3 93 sta t i ons which included the 
125 stations , were being wholly o r par t i a lly suppo r ted by Bureau of 
Reclamation funds . 

The annua l funds availa ble : 

1940 $14 , 200 1944 $ 6,93 3 
194 1 15 , 64 3 1945 76,465 
1942 3 , 485 1946 262,766 
1943 9, 3 17 1947 538 . 959 

In additi on to the Burea u funds availabl e during 1947 , Congress 
increased the Survey's appr opriati on by $50, 000 to apply to the ex
pense of maintaining stati ons for the Bur eau. 
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Tenn:e ssee Valle y Authority. - C oo era t ion which had be en effective 
sinc e the creation of the Tennesse e Valley Authority in 193 3, continued. 
During the period, there was no definite basis on which funds were re
queste d , further than the general understanding that sufficient funds 
would be available to ·cover not only TVA ' s sh are of the maintenance of 
the regular gaging stations, but also of special work requested from 
time to time. In 1933, 100 gaging stations we re supported wholly or 
in art b y T VA, but that numb er was graduall y increased until on 
June 30, 1947, there we·re 155 stations of which 93 were in the Chatta
nooga· District , 53. in the Raleigh District and 9 in the Charlottesville 
district . The reservoir stations were not included . 

Annual coo erative funds : 

1940 $102,000 1944 $ 59,500 
1941 51, 000 1945 62,500 
1942 55,000 1946 60,560 
1943 57 , 000 1947 80,000 

The lar g e increase during 1940 was due to a large WPA con
struction program for which TVA provided a bout $.50 , 000 for materials , 
supplies, tools, etc . The increase in 1947 was to provide for increased 
cost of operation.57/ 

57/ Letter from F . M. Bell to author . 

Department of Agriculture. - Both the Soil Conservation 
Service and tne Flood Control Coordinating Committee contributed 
funds for the continuation of the sediment projects started during 
the previous period . 58/ Most of the project s were discontinued in 

5 fi) p. 81 , ~ -I 1 9 2 8 - l 9 3 9 ) • 
1940 but the Boise River Water shed project was c.ontinued until 
November 941, and the Little Tallahatchie project, until September 
1942. The combined funds of the two agencies available were : 

1940 
941 
942 

1943 
944 

$69 . 700 
72,100 
45 , 977 
22 , 075 

775 

A very considerable amount was carried over from year to 
year, and was not used . The exact amounts used each year are not 
available at this time . 

Weather Bureau . - Except during the last year of the period, 
direct cooperation with the Weather Bureau was imited tq checking 
the Bureau's river gages in a few distr icts; i n addition, the Weathe r 
Bureau furnished gage-height records to several districts . During 
the last year, however, under a cooperative agreement with the · 
Survey and Army Engme~rs, the Weather Bureau contributed $4 , 500 
toward the cost of installing recorders on the Ohio River at Cin-
cin a ti and ortsmouth. At both point s , the Weather Bureau wa s 
particularly interested in the records for flood forecasts . 

The C incinnati installation replaced a gage in a power plant 
which required a long intake that not only bec~me inoperative at 
frequent intervals but on account of drawdown , the well r eadings 
were not a true index of the river stages . At several conferences 
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betwee n the Survey, Army Engineero , and Weather Bureau in 1945, 
it was agreed that a new ·s ta tion should be installed adjacent to the 
suspension bridge between Cincinna t i and Covington. The estimate 
cost was $7, 500 and each agency agr eed to fur n i &1 :: third . It was a 
year or more later wJ:len the· installatlon was completed and costs had 
increased so greatly that eac h agenc y contr ibuted an additional $ 1, 000. 
A descripti on o£ the c oncre te installation havi ng a n over-all height of 
99 feet is given on P a ges 132-133 . 

The Portsmouth installation w a s that of a k e y Weather Bureau 
station, but one 1n which the Survey had no direc t interest, as under 
the present main Ohio river station program, it does not benefit the 
Survey . exce t from the standpo in t of p u blic a.nd cooperative relations.59/ 
~ Letter rom F . • Sc ra e r to aut or . 

Follqwing the flood of March 1945 , the local Americ an Legion Post 
started an agitation to !lave an adequate recording gage at P ortsmouth, 
as several gage s had been used in the previous years and the corre
lation of their r~cords was somewhat uncertain. Following several 
conferences between inte r ested agenc ies , it was agreed that the 
Weather Bureau, Army Engineers , a nd the city of Portsmouth would 
each contribute up to $1 , 000 , and the · Survey would make the in
stalla t ion; any addHwnal funds needed would be supplied by the City. _ 
As the installati on was made in the fall of 194 7, it is beyond the 
scope of this history, but it may be stated i:o pass~ng that a galvan
ized pipe well 72 feet high was installed near a pier of the suspension 
toll bridge. 

Annual cooperat ive funds ~ 

1942 
943 

1944 
1945 
1947 

$ 448 
20 

133 
76 

4 ~ 500 

Fish apd Wild l ife Servi ce . - Under the P .resident' s second re
organization plan , the Biological Sur vey was tra nsfer r ed to the De
partment of the Jnterio r from the Department of Agriculture, and 
the Bureau of Fisherie s from the Departme nt of Commerce July 1 , 
1939q One year l ater under the third reorgani zation p l an , the two 
we.r.e consolidated into the Fish and Wildl ife Serv ice . 

During the prev iou s period, · th e B iological Surv ey had trans
ferr.ed funds to the Surv·ey ior th e ,pur po s e of maintaining gaging 
stahons on the Souris R iver B a. s i n., N . Dak. , the Malhe"Ur Refuge in 
Oregon , the Seney Migrator y B i rd Refuge i n nor,thern Michigan , 
and on the headwaters of the South Fo!'k White Riv~r in South Dakota. 
Of the four projec;ts, three wer e continued , but the White River 
Project wa.s disconti nued Septem'be r 30 , 1940. By tha t time , the 
difficul~s with the powe r c onipan y6Q" ha.d been s e ttled out of court · 

6ol p . B9 {192S- i 939 ~ . - . 
and there was no fu:dher need f o r the records . 

. Twor'new p r oje c.ts were s tarted dur ing the latter par t of the 
penod. The Fish.a p.d Wild l ife Se1:·dc e d e sired to establish a wild
life refuge _in a swampy a:re il.l. bo de:dng Par ker River i n Ma s sachu
.setts . As that p r o j e c t woul d i nte:t'fere w i th duck hunting a nd was 
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o ppose d b i ocal. and Sta re m te r e "ts a r e p rese ntative of the Se creta ry 
m a d e a n ir_vestigatlon. At tha t t :.m e J H . B . Kinm .s on pointe d out the 
uncertainty a s to whe the t the p1 op o sed _ \"OY a ge of m ore water in the 
r e fuge would be a help o .~· a hindz a n ce to the w a te r power at a snuff 
mill l ocate d fa r the l: do n E- tr e a m . T o se tl e tha t poi nt , funds were 
p r ovided in Oc. to b e I 19 45 f or the msta i a t ion a nd ma:!.n enance of a 
gaging s ta tion on Par k e i Riv er .. 

T h e Fish and Wildlife Se rvice w a s p u r ch a s ing water from the 
Bureau of Re clam <; .. i on fo :r the f i sh in the Yaki m a R iver Basin, and 
in 1946 r equested the Sur vey to opera t e two te mporary sta tions dur 
ing the i r n ga..tion &ea s on f o:r the p u r po s e of checki ng the amount of 
wate r d elive r ed. 

Annual aLo tm e n t s fo r the proj e·c ts : 

"940 
94 1 

~ 942 
943 

$6 , 000 
3,800 
3 , 838 
2 ,, 20 0 

i 944 
. 945 
1946 
1947 

$2 , 165 
2 ,1 94 
5 ,_1 23 
3 , 22,5 

Na t iona-.1 P a r k Servic e . - Cooperati on with the National 
Park Serv i e fo x- the m a i n tenance of a gaging station on Rock 
C r eek in th e D i st:r: ict of Columbia continued. 

Annual a l otme n ts for the purpose : 

- 940 
~ 94 ~ 
1942 

943 

$ Z50 
35 0 
3 50 
350 

1944 
945 

1946 
947 

$338 
400 
498 
000 

In add. i t : on" th e r e wa s cooperatio n i n se r v i ce s , c onsisting in 
furni shi n g gage ob s e r v e r s a t 6 sta t ions i n Yellowstone National Park. 

Indian Se rvice.- At the beginning of the p e riod , the chief 
work fo r the India n Service was the continued operation of some 
80 s tations on ditches serving India n lands in the R i o G r ande Basin 
in New M ex1co . In the fi sca l year 1943, the annua funds were 
reduc ed from $ 15 , 000 t o $3 , 000 , and the number of stations r e
du ced to 25 . Sub s eq·<..lent ... y , the amount was increa s e d s lightl y each 
year. T he 5 stations b eing mai nta.ined on the Crow Reservation, 
Mon tana , b eca me a p<n t o f t h e Mi ssouri R iver Basin-Depar tment-

. al P rogram d u r ing the }947 fi cal ye a r . 

The India n Se r vice pur ch· s e d wate r f r om the Bureau o f 
R eclama tion fo r use on the Yak ·rna Re servation , a nd to check the 
amount of wate r del ivered , 6 gagi ng s tati on s were maintai ned 
during th e p er iod . Be ginn ' ng in M a y 1944 , the Surve y ope rated 
du r ing the irri ga t ion s.e a.son a ga ging sta t ion on the P a o Re ser
vation. Fou r s tatio ns were m ain ta ined on the Shoshon e R e ser 
vation , Ne vad <:t . 

Annual e xpendi ture o f fu nds were : 
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940 $20 ; 050 944 $ 6, 200 
94- 17 , 750 1945 6 , 200 

1942 17 , 750 1946 6,500 
943 '5 , 850 947 9 , 400 

Federal Powe r Commi s ion. - The Survey s functions in 
connection with the Federal Powe Cornmission6:1J c o ntinue d unchanged 

6)] p . 97 (1919-1928) -
except that near the nd of the 1947 fiscal year , m o st of the supe rv1s1on 
of p roject operation was trans f e n .• ed from the Water Resources Branch 
to the Conservation B r anch. In gen ra .' such supe rvisi on was limited 
to power projects s i tuated on public la,.nds outside the forest s, and as 
the Conservation B r :a.nch was charged wit h the l a s6ificatio n of public 
lands , that B r a n .h wa s the l ogical agency t o exercise suc h super
VIS ion. When the Federal Power Comm ' ss i on bega n to issue permits 
and licenses about 1920 . the Conservati on B r anch had no field offices 
and for c onvenience a nd e c onomy of operation , the s upervision of 
projects was delega ed to the distr i ct offi ces of the Surface Water 
Divisi on. However " w i th the estab ishme nt of fiel d office s by the 
Conservati on B l'an ch , i t was logical to t :t>ansfer the supervision of 
projec t s to those offices. The supe r vis i on of s t ream gaging remained 
with the Surface Water D ivis i on. 

Annual expe ndi tures of Fede r a l Powez Commis s ion funds for 
field expenses chargeable to supe r v i 10n of p~OJects : 

1940 
194 1 
~ 942 
1943 

$350 
431 
264 
195 

944 
945 
946 

$ 153 
259 

68 

The law creating the Fed e r a l P owe r Commi ssion prohibited other 
agencies from chargi ng i t for servi ces rende r ed. 

The amounts exp-sn ed by perm1ttee s and lic ensees in the 
maint enance o f more than 300 stati ons under Sur vey supervision 
were : 

1/ Estimated 

940 
94 1 

1942 
:i 943 

$25 ' 000 .1./ 
23 , 631-
~ 9 ;556 
25, 059 

944 
1945 

946 
947 

$2 7 , 366 
35, 865 
31,007 
36, 566 

Nahonal Resourc~s Planning Boar . - The Nati o nal Re
sources Committee was an agency c reated by Executive Order in 
the earl y d a y s of h e Franklin D . Roosev elt Admini strat i on and 
was financed b y gt'CJ.nts fr o m PWA. I t d i d not r es t on c ongress
iona.l author ity and when PWA fund s ere approac h i ng exhaustion 
near the end of the previous pe riod , an att.e mp t was m a de to obtai n 
a di r ect a ppr opriation from CongreE E!. As the re was considerable 
opposition in C on gress to the o v e r a ll p l anni ng which touc hed many 
phases of Amez' i c a n E fe . the Committe e wa r-. m e r ged wi th the 
Federal Emp oyment Sta.bili zati on Office which had been c r eated 
by Congres s , a.nd the merger beca me the National Resource s 
Planning Boa rd on June 7, 1939. Opposition c o ntinued, and 
finally Congre ss declined to c o ntinue the a ppropriation fo r that 
agency and it wa s d i scontinue d J une 30 , · 942 , excep t for a small 
sum to wind up its a ffair s during the next fi scal ye a.r . 
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In .t' • ch ' 9 o, ·_:~ JO n t 1nv"' ~:~ • .~.gc: •1on o: the Peco3 R iver m ode lled 

on the P, c. G rande Jo~.nt Inve st g-::.t1on of ~936 , wo.s -:;b~rted by the Nation. 
al Resources Con m1Fee ~.nc! was c.onlp).eted 1. .. 1. .942, I 

62/ P• l~ o -
..Jl~fall of ~939. a. gener-: . plan for the Jomt Investigation of 

Southe ster r. ::: ... o.!id. watc ,. r _. sources, to be spo n.:.or ed b y the Nation 
al Resou-rc.·~s Fla:m 1.n g Bof.'rd was d l SC'.lS.s ed wirh va . .nous Federal 
agcnc ie s . 

The ced fo ·• the inves igat10n wa s ~h wn by Alex Orr , mayor 
of Miam1, who was :nuch concerned with the enc! oachment of salt 
w a ter re::>"..~ .!Tng from the heavy pumping t o meet the r a p idl y increas
ing demand fo r w :er :m the soutbe~ :;tern pa.:rt of Flonda. He con
tacted the Nat:tonal R esources Planning Bo~.t d 1n Wc.shmgton, and 
that agency eferred h;m "~;O the Survey for 1'hr-. pU'I:·pose of d i scussing 
the situation; it was dec.Lde d tr.a.t an i n veatlga rwn was needed . Unlike 
the p :::-eviou s joint inve s tlgat10n s t o which the Nat:tonal Resource s 
Comm.itLe h;~d c ontributed S·ub <Jtantl r.: ~ ly from PWA funds , the Planning 
Boa d, not ha ·n ng access to such fu nds , wo.s unable to make a con
tr ibution but offer d to furni sh a coordma t o r fo . the effort s of the 
various agenCles to be e ng:?.ged m t:he JOm t etfqrt. T he Survey offer
ed to mater. State o r lo-:a ~ funds m th e mvest1gation of the surface 
and ground waters and ' he1r q"t:.a..Ety. As State c..gencies were unable 
to rai se al the f nds needed , Mr . Orr s .c...ted · hat he would ra1se the 
money loca~ly. The c :~.ty of M1am ' was the ch~ef contributor and 
coopera tive work was start.:!d. :m the fiscal yec.l' 1940. The Planning 
Boa_ d fu. :r ni~. hed the se·:vic.e s of a c oordma tm: c.. f i r ~ t . which indi 
cated that othe:: Feder a..L -:.. ge nc1e ~ were b e &' n 1ng other phase s of 
the JOint inves t i g;;.tion.. But <.he P::.annmb :C.oard ' s. funds were exhausted 
after · .few months ';l.nd ~he r ea.£te·~ the N;;.tural Resourc ~s Planning 
Board dropped our of the p1 -r.ure, and the water resour c e & 1nve sti
gation was continued on a cooperctive bas "s between the Survey and 
the loca: commt~. nit:Ies. The d etcs.:.l s as described unde.,. the activities 
of the various d :, v :i.swnE' in F l o r:dc... 

Durmg t.r."'~ e pedod , the fu nd s contributed b . the P lann1ng 
Board we re for the Peco s R1ver Jo1nt Invest1gatl.on only and the 
amounts a! l. oc2.t ed to the Surface Wate:t D1vi ion we i: e as fo ows : 

1 / Es timat ed. 

1 940 
194 " 
1942 

$ 6 , 054 
~1 5 08 1/ 

923-

Public Works Admimstr2.tion .. - ln. the i 942. £1 ··cal yea r, the 
Public Works Ad::ninistro;•.don ma.de a final C:l.llotment to the Surve y, 
of wh1ch $3 , 950 was used b y the Santa fe Di s h J.ct . 

Bonne·v·ili e Power Admini strati on. - The Bonnevill e Power 
Administration was c r eated by A c t ~. £ Congr e ss o:%.ppr oifed August 
20, 193 7 , 63/ a s a p ovi ;-iona1. agency set , p fo::: the t.r-ci'.nsmission and 

63/ 50 pt. 1-;--Staf:' L ., 732."' 
scale of Co~umbia. R1ver hyC.r o -electr i :: p ower from the. Bonne v ille 
Dam , the n nea:dng completion Dur 'ng p art s of the f i scal yea rs 
1942 and 1943 , th:.:.lt ~gency desueG. particu~arl y durmg low water, 
daily record s of the sL.ge and f~ow of the Columbia and Snal e Rivers 
in connec tion with the ope . a. t ion of the Bonnevil! e Powe and ar ranged 
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with the Tacoma Dis trict to fu rni sh current re cords twice monthly. 
The Power Administration al so i n sta ll ed telemar k recorders at the 
Dalles and Trinidad sta tions . In 94 5 , fu nd s were provided for the 
e stablishrnent of statio ns on the Columbia R iver near Umatilla and 
on the Snake River near Pasco. The s tati on at Umatilla was attach
ed to piling at the Standard Oil Cornpanyr s dock and when the tele
phone company was req ue sted t o onne c t the te lernark with its lines, 
the request w a s refused on the grounds hat an explosion might 
possibly occur if wa s tage of o il at the unloa d ing dock c o incided with 
a telephone call to th e te leina.rk. Therefo re, the Umati lla telemark 
was not used. The Powe r Adrni m stration i tself installed telernark 
recorders at these sta. t ions. In accordan ce wi th the agreement, the 
Survey , for the P a sco s t a t ion , mai n taine d the low-water r ati ng 
curve up to 30 , 000 s e c ond - fe et . c..nd fu r n ish e d a li st of m ean daily 
gage heights , but not the dail y d ischarges . 

With the installation of t elerna rk r e corders ? the power load 
dispatcher at Vancouve r coul d c all up the telernar k stations several 
times a day and obtain the stage au toma t ically ; then by means of the 
rating curves , he coul d de te r mine the di schar ge for the next few 
days and operate the Bonnevi le plant much more effi ciently. 

Annual amount of availabl e fund s : 
I 

1942 
1943 
1944 

$ 224 
5 00 

50 

1945 
1946 
1947 

$5.600 
606 
750 

The Umatilla stati on was op e rated b y the P ortl and District 
and the Pa!?co s tat i on by the. Tacoma Distric t . 

Southweste r n Pow er Admini stration~ - As a war measure 
to insure powe r fo r th e v i tal aluminum w o r ks i n Arkansas, the 
Secretary of the Inter ior cre a ted on Au gus t 3 1, 1943 , the South
western Power Administr a tion fo r th e purpose of u nifying the 
control of the power p lants a t the Grand R iver Darn , the Norfolk 
Darn , and the Deni son Da rn , a nd m arketing the power . Of these, 
only the Grand Rive r Dam in Oklahoma concerns this history . 

On November 2 1, 1. 94 , a s p e cial representative of the 
Federal Works admi ni strati on , had taken over th e operation of 
the Grand R i ver Darn _on Novembe r 2 1 . 1941 , a s a war measure 
and when the Southwe\lte r n Powe r Administration was created, 
the same r ep r ese.n tative was continued. Fr~m November 21, 1941, 
until September 1 , 1946 , ,.;J::i.e.n the Grand. R iver D a rn was returned 
to the Grand R ive r Dam authority , a Sta. ~~ a gency , the cost of 
operating the f our gaging sta t ions r e quire-d by the FPC license 
was paid· either by th e Federal Wor ks Age!Ilcy or the. Southwestern 
P ower Adl'!lini str a.t ion , from th e d a m 's p ower rev e nues . The 
records show that f rom Jul y 1, 1945 , to Sep tember 1 , 1946, the 
funds were provided i n ti)e na.me of the Southwest e r n Power 
Administr ation a s fo llows:: 

1946 
1947 

$2 , 820 
463 
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F e deral Wor <. s Agenc y.- The Federal Works Agenc y was 

created by the r eor ga n izat10n p lan No. 1 made effective July 1, 1939 . 
In it w er e grou eel the P ublic R oads Administration, P ublic Buildings 
Administration, P ublic Vorl- s Administration , and a numbe r of 
s m alle r a gencie s. 

T h e Grand River Dam Authority, a State agency and also a 
Federal P owe r Comm ission licensee, was taken ove r by tl:'i e Fede ral 
Work s Agenc y o n November 21 , 1941, and operated the Autho rity until 
the fiscal year 1946, when the South w e stern P ower Authority was 
C! eated for that purpose. Four gaging stations were b eing maintained , 
and th e Federal 1 forks Agency furnished fund s for the op eration of 
those station s as follows: 

1942 
194 3 

$ 1, 22 4 
2, 413 

1944 
1945 

$2,579 
2 , 949 

D e fens e P lant Corporation . - The D efense Plant Corporation, 
a war - time agency of the Re construction Fina;nce Cor.poration, acted 
a s agent for the Phelp s-Dodge Corporation in ·financing the ~e(X)nd 
Gila River investiga t ion. 6L. / 

64/ p. 18. -

The funds allotted to the Surfa<:e Water Division for that 
investigation were: 

1944 
1945 

$27,922 
22,171 

War P roduction Board . - To pay the cost of the pig-iron 
survey reque ste d by the War Production Board on March 2, 1942,65/ 

657 p. 10. 
the following funds were transfer red to the Survey: 

194 2 $47,440 1943 $12,951. 

ublic Heal th Service. - In the spring of 194 7 , the P ublic 
H e alth Service s e l e cted the Emory University Field Station as an 
outp ost to d escribe as soon as p ossible any entrance into the 
United States of typical malaria or similar diseases, and during 
the r ema inder of the p eriod p aid a part of the salary and expense 
of the e ngineer who had been maintaining the general hydrologic 
p rogram at the Field Station since September 1942.f:IJ/ 

66/ p . 1 21. 

The amount c ontribute d was $871. 

Federal' Stations 

Dur ing the previous period, the F ederal stations s1,1pported 
wholly by funds appr op riated to the Survey for that purpose had bee n 
known as " Federal-type stations , " 67/ but during the war years , and 

6 71 p. 10 (19 2 8- 19 3 9) • - . 
in k eeping with the rush of events, "type" was dropped and they be 
came known as F e d e ral sta tions. 



85 

Congress continued sympa thetic a nd during each of the first 
two years of the present p eriod increa sed the a mounts for that purp ose, ' 
but thereafter granted no fu r her increases until 1-94 7 . As the war drew 
toward its close , more and more thought was g iven to post-war planning, 
in which the Survey records were e ssential to both the Army Engineer s 
and the Bureau of Reclamation, the two Fede ral a gencies chiefly con
cerned with water At th e s ame t ime. the cost of operating existing 
stations was increasing to su ch an extent that it was feared State 
coope ration might not inc rease suff i ciently t o make it possible to 
continue the opera t i on of some cooperative stations needed, parti
cularly as the needs of the States were concerned with many streams in 
which the Federal intere st was no t paramount . 

Therefore , the Survey formulated a l ong- range plan having a 
goal of ·1 , 000 Federal stations forming a net w o r k to be known as 
base stat ions, permanently equipped and to be continued indefinitely. 
For 194 7, the increase of $68 , 200 was included in the Budget estimate, 
and Congress was so strongly commi tted to post-wa r planning that 
not $68 , 200 but $79, 800 increase w as appropriated. 

I 

The following tabl e shows the annual amounts appropriated 
for Federal stations and the numbe r of such stations: 

Year Appr opriati on Number of stations 

1940 $ 106 , 000 188 
194 1 1 iZ, 500 189 
1942 112, 500 191 
1943 112 0 500 19 1 

944 12,500 191 
1945 12 , 500 191 

946 H Z. 500 191 
1947 2 u ~ 000 218 

Interstate Compac t Requirements 

the Col orado R iver Compact~ had In a ~revious period , 
6 8 I P . 99 (1 19 - 19 2 8). 
directed the Survey "to cooperate to promote the Systematic deter
mination and coor d ination of the facts a s to flow. T o secure the as
certainment and publication of the a nnu al flow for the Colorado River 
at Lee Ferry. "69/ Under that author i ty , Congress had appropriated 

69/ Art. V. -
funds for the establishment and operation of stations required. Such 
appropriations continued in the a mount of $50 annually until the fiscal 
year 194 7 when more i ntens i ve studies showed the need fo r additional 
gaging stations and the a mount was increased to $ 105 , 000 . As a 
matter of passing interest , it may be s tated that Arizona which had 
refuse~ to sign the Colorado Riv~r Compact originally, finally did 
so dunng the pre sent peri od while the treaty w i th Mexico 70f was 
7~ p . 87. -
being negotiated. 

~t . the e~d of the previous p e riod and during the p re sent one , 
four add1tlonal 1nte r state c ompacts havi ng s tream- gagi ng require ments 
became . eftective ; the R i o Grande , Republican R i ve r , Belle Fourche River 
and Costill o Creek. ' 
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The R i o Grande Compact, whi ch had b een the ultimate goal of 

the P10 Grand e Joint Investiga tion, 71; was negotiated by the state s of 
71 I . 78 ( 19 2 8 - 19 3 9 ) • -
C olorado , N w Mexico, and Texa s, and was consented to by Congr ess 
and signed by the resident May 31 , 193 9 . o administer the com act, 
the gove r n o r of each state appointed a Commissioner for that state, the 
three offi cia ls forming the Rio Grande Compact Commission; the 
Fe deral go ve rnment appointed Berkeley Johnson , the Survey's district 
enginee r i n Santa F e , as the Federal representative who was chairman 
of the Commi s s ion , but in accordance with the Federal p olicy of 
neu trality, h a d no vote. The Commi ssion was r equired to have main
tai ne d and op e rated 12 gaging stations at specified p oints , in order 
th11 t the terms of the compact in allocating the water suppl) be tween 
the thr e e states should b e fulfille d . Some of those stations h ad been 
m a intained for some years by the Survey and its State-cooper t ing 
age ncie s, and those stations were named in the compact as USGS 
stat ions. There wa s no requirement that the compact stations should 
be mai ntained by the Survey, no r were special funds provided for flat 
purpose, and the stations continued to be operated by the Colorado a nd 
N ew Mexico Survey Districts in which the requir.ed stations were sit
ua ted. 

T he dry years of th nineteen thirties had shown the need for 
mor e e x tensive irrigation in the Republican Rive r Basin, lying in 
Colorado , Kansas , and Nebraska, and the disastrous flood o f May 
a n d June 1935 ha d shown the even greate r need for flood c ontrol. 
As a r e sult, the Bure au of Reclamation b egan making an investigation 
of th e wate r resources looking toward thei r development, and the 
Army Engi n e ers began studies of flood p revention. The n ormal flow 
of the u pp e r rive r was as usual ov er - appropriated and. to settle the 
con£ icting c aims of the three states , a division of the water supply 
was needed, before plans for additional ir.rigation, including storage 
could be d e cide d up on. The Governor of the three states met 
D e cember 22, 1939, t o discuss the nee for a compact and as a r e
sult , each Governor appointed a state commissioner , the thr e e form
i n g the Republican Riv er Compact Commission. As the Survey was 
a tive l y enga ged in mai ntaining in the Republican River Basin in the 
thre e state s, gaging · stations, the records of which would play an 
ilnportant role in determining the water supply allocations to each 
state, the Federal representative selected was Glenn L . Parker . 
A compact was finally negotiated and approved by Congress May 
26, 1943. The compact set forth at great length, the amounts 
allocated to each state and the tributary sources from which such 
allocati ons were to come . Perhaps, following the preceden t set 
by the Colorado River Compac t, and also by the important role 
that stream - gaging records would play in the operation of the 
c o mpact, the Survey was directed to 11 collaborate with the official s 
of the States charged with the administration of this compact in the 
execution of the duty of such officials in the collection , correlation, 
a n d publication of w.ate r facts necessary for the proper adminis 
tration of this Compact . 11 72 / T o enabl e the Survey to perform its 

72/ Art. IX. - . 
duty of collecting and publishing the records from 18 gaging stations 
required, the urvey inser te d in its estimates for the fiscal year 
1945 and succeeding years, an ite m f o r the operation of thos e 
stations. The follow ing annual amounts were made available : 



1945 
946 

1947 

$2.5 , 000 
25 . 000 
27,500 

The Belle Fourche River rises in eastern Wyoming and flows 
into South D a kota where it j o i ns the · Cheyenne River . Water rights 
had b e en acquired i n both states and the citizens of South Dakota 
wis hed to hav e a compact a llocating the available wate r s uppl y be
tween the two states . in orde r that an assured supply might be used 
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to the best advantage in future planning ; Wyoming al so wished to have 
a de finite an-iount reserved for its uee in future development. Accord
ingly . each State appointed commissioners and negotiated a compact 
which was approved by Con ress F e bruary 26, 1944.73/ The Compact 

73 Pub 1c • ong. n Se ss . -
contained the same requirement or the Survey as that c ontained in 
the R epublican R iver Compact . and d i rectly taken from tha t compac t. 
A gaging station at the State line was required and an item· for the 
establi shment a nd m aintenance of that station was i nserted in the 
Survey' s estimate f o r the fiscal year 1947. The amount of $2 ,7 00 
was m a de available . 

Costillo Creek, a small tributary of the R i o Grande , arises 
in Colorado a nd crosses the Color ado-New Mexico State lines three 
times before enteri ng the Rio Grande in New Mexico . A compact 
approved by Congre ss June , 1946 . provided for the mainte nance 
of twelve gaging stations to . fur~ish the data necesaar y for admin
istration. In that connection, the Compact c ontained the by now 
usual direction to the Survey to collaborate in the colle cti o n and 
publication of the stream- flow records . When the Compa ct was 
approved , it was too late to obtain Federal funds for the operation 
of the ga ging stations during the remainder of the pre sent period. 

International Treaty with Mexico 

Irrigation from the Col orado R iver i n Mexico , just south 
of the California-Mexico Internati onal line o had been active for 
many years and the amount of water utilized has been steadily 
increa s ing. To assure both countries an equ itab " e divi s i on of 
Colorado River water, the United States p r oposed a tre aty cover
ing that river . The Mexican Government was more concerned 
about a divis ion of the water of the R io Grande i n view of the 
rapid expansion of irrigation on the America n s ide of the lower 
R i o Grande Valley . and des "red that the propose d t r e a ty cover 
both the Colorado R iver and the R io Grande. A trea ty . which 
also included the Tiajuana River . the thir d i nternational stream, 
was negotiated and r atified by both countrie s . The protocol of 
exchange of ratifications was s i gned i n Washington , February 
3, 1944, and the Sena te ratified the treaty and p r otocol April 
18 , 1945 . 

In addition to d ividing the water ,:. of the inter national 
streams, the treaty stipulated that the jurisdiction of the Inter
national Boundary Commissi on shoul d be confined to works on 
or along the boundary and to those devoted exclusively to the 
performa.nce o f treaty functions . Heretofo re 0 the Amer ican 
se.ction ~f the International Boundary Commis s i on had main
tamed smce 193 1 the San Marcial gaging sta tion o n the R io 
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Grande , which measures the inflow into the Elephant Butte Reservoir 
that wa s built art! y t o insure delivery of 60, 000 acre -feet annually 
t o Mexico. In view of the treaty ' s limitation on the Commis sion's field 
of o. eration , an agr eement between the State and Interior D epartme nts 
was r e ached whereby the Survey was to operate the San Marcial stat ion 
and the 'tate D e artme n t was to join with the Interior D epartment in 
ex~) l a 'ni!lg to the Bureau of the Budget and to Congress the reason fo r 
the transfe r of that station , and the need for funds for the relatively 
expe nsive operations which required several discharge measurements 
weekly. T he Survey item for the fiscal year 194 7 included $4, 300 
for the San Marcial station and it was transferred to the Survey on 
July l, 1946. 

During the period, n o additional work on the Colorado River 
came to the Survey. The agreement mentioned previously p rovided 
that the Survey was to continue the operation of the Yuma station, 
but that additional stations below that point were to· be i r: stalled and 
ope rated by the International Boundary Commission; Neither did the 
Survey have any additional work iri Tiajuana Basin Gl.S it was already 
maintaining_ a number of gaging stations in cooperation with the city 
of Sa n Die go. 

Missour i River Basin-Departmental Program 

During the period covered by this history, 125 gaging stations 
w e re authorized, distributed as follows: 

Montana 36 
;·r yoming 18 
Colorado 10 
Nor th Dakota 13 

South Dakota 
Nebraska 
Kansas · 

Total 

13 
22 
13 

125 

Most of the stations were in operation on June 30 , 1947. 

Pe cos River Joint Inves t igation 7}:_! 

7'4/ p. 15. 

Although the agreement for the investigation was signed in 
February 1939, funds did r~ot become available until July of th e new 
f iscal year and field work was started in August. As this was an 
inter state project, the Santa Fe district established headquarters 
at :Zo swell with three engineers, and the Austin district had head
quarter s at Pecos, Texas ,. with two engineers . 

T o obtain records of stream f~ow and storage of the Pecos 
River, its tributaries, diversions , wastes, drains, and reservoirs, 
from the headwaters in New Mexico to a point below the irrigate d 
lands i n Texas, a valley distance of about 400 miles, 104 stations 
were established which vith existing stations made a total of 132 
stations . Of that number, 20 were at pumping plants where records 
of performance were kept and the pumps rated by current mete.r . 
In addition, ·a ser ie s of seepage measurements in the Toyah Creek 
and Comache Creek Basins were made. The field work was te r
minated December 1.940, at which time most of the additional 
stations were discontinued. A few stations for which the records 
had lasting value were made a part of the regular stream-gaging 
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programs . 'The computed records wer e furni shed to the Planning ·Board ...,c., 
engineer in charge of the i nvesti gation. In addition to i ts cash contribution..:_-1 

75/ p. 17 . ' . h 
the Bureau of Reclamati on furnished a number of records connected w1t 
the Carlsbad project, and the Army Engineers-paid for the installation of 
a station on the Pecos R i ver needed for flood studi es . · 

Funds available for the 
were about: 

New Mexico 
Texas 

surface - ~ater phase of the investigation 

State Survey 
$5 . 000 $5,000 
10 , 000 10,000 

Of the total contributions by the Natur a l Resources Planning Board 
and the Bureau of Re clamation , the exact amounts devoted to this phase of 
the investigation are not a vailable but i t probably was about one-third. 

Be_~r River Investigation 

Bear R iver is an extr eme l y inter-state strea m . It rises in 
Utah, flows into Wyoming . agam mto Utah, back into Wyoming, then into 
Idaho, and finally into Utah and discharges into Great Salt Lake. It is 
highly developed and like most western .rivers , its water supply is in
sufficient at all times for the demands upon it. 

In 1939, a dry. year , there was trouble i n administr'ation and 
the Idaho water users threatened to file suit against the Wyoming and 
Utah u.sers . To· avoid such a sui t, which would be expensive and long
drawn out, as all interstate water suits are, the State Engineers of the 
three States de.cided to appoint a committee of water-users to work 
with the State Water Commi ssioners until such t ime a s a Compact 
Commission could be appointed and a compact negotiated. The water
users committee was appointed in 1940 to make a survey of Bear 
River and dete rmine the best method of administration. 

That same year , the Bureau of Reclamation was making a 
basin-wide investigation of a ll irrigation possibilities which was started 
in 1938 , and at a meeting of wate·r-users held i n Evanston, Wyoming, 
July 17 , tha t agency explained the various possible projects, and 
stated that from 750, 000 to l, 000, 000 acre -fee t of water was wasted 
into Great Salt Lake annually, or enough to irrigate 250 , 000 acres 
additonal. 76/ Before definite plans for new projects could be made , 

76/ Letter from L . C. Bishop , State Engineer of Wyoming , to author . 
the Burea·u felt that the conflicting rights of the water-users in the 
three state s should be settled by the State s . That required complete 
information regarding the actual diversions in each state as well as 
the water supply available at various points. 

In 194 1, the State Engineers of the three states, as an aid 
to the water -users committee appointed the previous year, agreed 
to make inturn measurements of the d i versions from Bear River, 
especially above Bear Lake inlet. These series of measurements 
were started early in May and continued with some breaks until the 
latter part of October . As the r iver was measured at vat"ious point s 
as well as all divers ions and inflows, it w a s possible to determine 
gains and losses in various section s of the r iver . Thus for the fir st 
time , information regardi ng actu 1 d ivers i ons and river gain s and 
losses for the river above Bear Lake outlet, a few miles below the 
inlet, was available . 
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Du rin g th e s · rneasur e ments , i t became apparent to the e n gine ers 

mal· in g th e m e asureme n ts that additional gaging stations were r e qu ir e d 
t o obta i n mo r e complete data and in the fall of 1941, the Denver Dis
t r ic t of t e Survey installed fo r yoming two additional stations on 
B e ar Rive r, and in the spring of 19 42, the Boise District installed 
f or Id aho a station on Thomas Fork, and the Salt Lake District f o r 
t h e Sta te of Utah establishe d the station on B e ar River near ood 
ru!f. Those stations became a part of the r e gular stream-gaging 
p r o gram . 

T o co n sider the work for 1942, a meeting was held in the 
o ff i ce o f the Utah Stat e Engineer in January 1942, at which the three 
S"ta te Engine ers, repres e ntatives of the Bureau of Reclamation, 
and the Su r vey's dis t rict e ngineers of the thr e e districts conc e rned 
fl ere in attendance. At that time, the Bureau of Reclamation 

a nnounced that it had employed Thomas Curtis, an experienced 
h ydrographer, tb make measurements of the principal diversions 
and· son1.e additional measurements at the Survey's river stations; 

_ a lso e s tablish additional so-called ·development stations in orde r 
th 1t a cle arer picture of the diversions· and the gains and losses 
might pe obtained. It was proposed that the States and Survey share 
w ith th e Bureau the co st of that season's work, the Bureau itself offe r
i n g to p ay a quarter of ·the entire cost. The States were unable to 
p ay a sha r e o f the cost and as · the Survey could make funds available 
o nly by coope ratin g with the States, it also could· put up ·no funds. 
How e ve r, the Survey and States, under existing agreements, could 
car r y on their r e gular programs in the Bear River Basin. The 
Du r e au agr e ed to carry the burde n until the next sessions of the 
Sta te L e gislatur e s could appropriate funds for that purpose. T o 
coo rd inate the work, R e id J e rman, for the Bureau of Reclam ation, 
and A " B . P urton, for the Survey, were appointed co-directors of 
th e i n ve stigation. 

T o negotiate a compact, when sufficient informa tion wa s 
a vailable, e ach State ap ointe d compact commissioners, and th o se 
commissioners h e ld a meetin g in Rock Springs, Wyoming, Jun e 7, 
1943 , to organize the work for that year. By that time, the legi s
l a tur e s had provide d additional funds and the States and Survey we r e 
i n a p ositi o n to share in the over-all costs. Tha,.t meeting was 
att e nded by C. G. Paulsen and the three district engineers concer ne d. 
T h e Bur e au of Reclamation announced that a successor to that 
age nc y 's hydrographer would have to be chosen, and that definite 
a r ran ge m ents should be made to fix responsibility for the work and 
t o fi nance by all agencies interested, an adequate investigation of 
the entire basin. At Mr. Paulsen 's suggestion, it was d ecided that 
a ll hydrometric data be handled under one agency, and that one-
half th e necessary funds be contributed by the States and Survey 
t ogeth e r (on a 50-50 basis), one-quarter by the water users, 
a nd o ne -quarter by the Bureau of Reclamation. It was further 
d ecided that a project engineer was to be selected by the Survey 
a nd tha t all personnel-- Survey, State, Water users, and Bureau 
of Re clamation--engaged on tha t investigation were to report 
dir e ctly to the project engineer; in other words, a separate or
ganization was to be created. W . V. Iorns, of the Salt Lake 
Office, was appointed project engineer July l, 1943, and head
quarte rs wer e established at Logan, Utah, with an engine e ring 
personnel of five, together with seasonal employees and the nee-
e s sary clerical staff. The three district engineers and the Bureau 
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of Reclamation engineer in c11 arge of t he Utah mve stigati ons , with 
T . R . Newe 1, chairman, acted as an -:-d~isory commJttee to the 
project enginee r . Durmg the period ., at least one meeting d the 
committee was he d each year to conaider the project engineer 1 s 
progress repo_ ts and future plans, a.nd settle a.ny p o ints of p olic y or 
procedure which might arise . Its funct10ns were purely advisory, 
as full responsibility rested with the p r oJect e ngineer . 

In the divi sions of costs, much of that supphed by the water 
users for the work was evaluated se r v ~ ces of water commissioners 
and othe rs engaged direcf y in compiling re cords ~ a nd also d e
predation on equj.pment fu r n i shed by the various agencie s . As these 
items were ela.s t ic oJnd c r.msed c onside r a b le a.rgument , and as the 
actual cash by the States , Survey" and B·u.reau -was a bout e qual, a 
new agreement was entered into September 2 1 , 1945 , whereby the 
Survey , Bureau , · and the three States as a unit were each to con
tribute $12, 000 annually, making a total of $36 , 000 . The reafter 
the evaluated servi e s were not · matched·. 

The first yea:t' , 79 base and development stati ons were 
maintained , t oge the r with 443 additional stream and canal stations 
in the basin , and substantial~ y the same stations were :maintained 
dur i ng 1944 and 1945. 

F or the 194 6 ir r i gation season , it was decided that diversion 
recor ds on tributary streams, e x cept Smith ' s Fork , be ·discontinued 
and with some o ther c hanges that reduced the numbe r of base and 
development sta t10ns to 70 , and miscel1a neo·..1 ga ging stations on 
canals and tr ibutaries to about i 50 , and 10 stati ons on tributaries 
below d iversions . 

When the ;m ,estigati on was started there was no definite 
time limi t fo l t, and to clanfy that situation , the thre e State 
e ngineers on No ember 3 , 944 . dec1ded that the exi sting program 
should be continued unt1l such tlme as the S tat.:! Engineers decid ed 
that suffinent d.? t-1. fo r compact purpo e s had been col ected. 

For the u e of Sta e and Federal o ficta· s c..nd the water 
users concerned the fo llowing repor s were pub"1shed: 

Bear R tve r Hydrometric Data Report 1943 
Bear R1 er Hydromc:_t:-ic Data Report j, 944 
Bear Ri ·e1 Hydrometric Data Report } 945 
B ear River Hydrometri.:: Data Report i 946 

In 1945 , the Comp.;-.ct Commissioners began to consider 
the kind of compact to be negotiated. . Before that c ould be decided 
u -On, it was nece ssa:r-y to h_ave an anal ys1s of the data being collected, 
a nd the State Engineez·s requested the Diredor to e nlarge M r . Iorns' 
authority for that purpose as the latter was best qualified to make 
that study . T hat would requ:;.re add ~.tiona1 funds o. nd November 26, 
1946 , the Directo a.dv ed he Commis s ... oner of R eclam ... tion that 
$3,000 addit10nal wou.Ld ben c ,c d for studie s for . the compact, a nd 
the latter author ized the expenc h:t..r c .. of that amount from the funds 
appropriate d to the Survey for Bu:xea.u of Reclamation work . Authori
zation for M r. Iorn s t o make the t echnical stud ie s needed for the 
compact was give n F ebruary 6 , 1947. 
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The following enginee1~ing as sistants w _re emplo ye d on the Bear 

li1·.· • 'C r t · ·' _ L vc s 1ga ;. C), n : 

B . S . Robis01 
I. V. Goslin . 
C. F. \Vilcomb 
M.S. l~cters on 

A. B. Harris 
'I. Jib son 

July 1 , 1943 to J une 30 , 1947 
Sept. 17, 1943 toMar. l5. 19 6 
May . 16, 1945 to Feb. 15, 194 6 
Feb . 2 5, 1946 to June 30, 19·17 
June 1, 1946 to June 30, 19 47 
July 15, 1946 to June :. ~ . 194 7 

There we r e seve ral Bure au of Reclamation · mployees assig.1cd 
t o the Logan Office. In addition , there were a number of em loyees 
engaged dur ing irr igation season s only. 

Available funds 

Combined Bureau of E val. Dept . , 
Year States Survey R e clamation etc . Total 

1944 $10,788 $10,288 $ 10 . 16 8 $ 10,893 $42,137 
194 5 13' 396 10,657 11,683 10, 89 3 46,6 2 9 
1946 13' 590 13' 200 12, 03 0 10, 9 00 1 . 'r2G 
19-7 12 , 58 7 11, 781 15, ooolf 11, 600 50 , 968 

1/ Of this amount, $13, 500 was charged to the Survey's account of 
funds a p ropriated to the Survey for work pe rformed for the 

Bureau. 

Mr . Iorns' extra work with students is de scribed under the 
activitie ~ nf the Salt Lake C1ty :.-:.st ict . 

Incodel 

In codel, the official abbreviation of "The Interstate Com
mission on the Delaware River Basin," was an outgrowth of the 
Inter state suit brought by the State of New J e rsey against the State 
of New ork and the city of New York , with the Commonwealth of 
.... ennsylvania Intervenor . 77/ 
77/ Supreme Cou rt of the United States, October, 1930, No . 16, 
- Onginal May4, 1941. 

The city of New York wished to increase its water supply 
by diverting water from the Delaware Piver, an interstate stream, 
and tried to negotiate a compact with New Jersey and Pennsylvania 
for that pur ose . Being unsuccessful, the city started construction 
on the proposed diversion, and was sued by New J er sey, with 
Pen .syl a nia as int ~ . "' n o r. T he decision of the Supreme Court 
permitted the city to div e rt water, subject to two restrictions : 
The first was related to the flow at Port Je rvis, New York, whe re 
the - iver leaves New Yorl and flows between New Jersey and 
Pennsylvania, and where the Survey had a gaging station; the 
second was a pplieu ~ .. Trenton, New Jersey, and was related to 
the salt-water bar rie:· in the river at ' hiladelphic. · r: ·1 arther 
downstrea~'11., and involved the Survey's gaging station at T renton, 
the lowe s t station o n the river and ju st above tide-water influence. 
When the flow at P ort Jervis is l e s s than 1, 535 second -feet, and 
at T renton less than 3, 400 second-feet, the city shall release 
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from the ctorage reser 01r~ ,: uffiu":nt wate:c t o ncrec.. -e the flow to 
those volumes, except unde:r ..:erta.ln _ond itions , 

A d ive-rs ion of the p :r-cposF..d magnit,-~.de from t .e D elaware River 
requires ec: rs to compie ve and. :.n the me-::1.nt• rne , the De ...... w a re River 
Basin States of rew Yo:o::k . New Je sey , P e nnayl.vani <: ., a, d Delaware 
agreed to act harrnoniou s~y towo.rd the goal of planning the develop
ment of the basin mo· e .a.d vantage ously and thus f o .r-estall another 
TVA . Each State C:t'ec..ted a, con"!mls5 ·on on In er- sta e c ooperation . 
consisting of a Sta e sen:a. o membe::t' of the Hou - e of Representa -
tives , a member of the Govel'n r ' :; cabme. a.n oL'icia.l of the State 
Planning Board, a:nd a ··de.~egate ;. ·· ..t g· ., The fo r comm i ss ions . 
about 1939 jointly ol"g~mze · -:nc.ode", the p7imcv.qr obj ective of which78J 

78 I IIlcodel. a repo . on -:r:;6 a_.- t:!_vi ie s 3.nd: ~~. ~ ~ompli shments . July L -
1944, to June 20 . 9-45 " Ph~l ~d :..ph1~ p -: . 

nas been , is r and will continue to be . to p r omote governmental 
cooperation and o co :r din~ e - 1"' project for the d velopment . 
improvement and p r otect:on oi' the D e awa~ ·~ R ive r Va ley. Head
quarte rs were esta.bl ' ':ihed in Phi" ad l ph1a. w 1th an executive secretary. 

One of .mcode~, s £:rst a :Lvi ie s was a stud of the str eam
flow records in the bGJ. in, during wh1ch thr.>.t agency consulted with the 
Survey s district enginee r s i n New York , New Jersey, and Pennsyl 
vania . To complete a. sat ' sfacto ry network of stations in the basin , 
Incodel decided tha t three a.dd1tion::>.l stat.:.. ns , ~.'1: ... in New Je rsey , 
were neede d and l' e commended 'h· t the tzte pro vi e funds for 
the ir instaHation a nd m in na nr:e .79J The :re c o r d s f or a U stations 

791 p . 34 . 
on the De lawa ·e R ' ve r Basin were fu· niahed. to In odel for use i n 
studying cond: tlons i n the dra.m::q~e o.. s n oefore . th ~ a ·version was 
comvleted. 

unprovement in equipment 

The e ffects of shortages bo.tb 1n.·personne1 and materials 
during the war yea were not conducive to tmp rovement in existing 
equipment or devel opment of new equipmen . Ho ever, the need 
fo r powe r equipment for flood mea surements of lar ge rivers led 
to the de velopment of a battery-ope" a t ed reel and :he construction 
of a limited numbe r . 

In 938 , the Columbus Office devi sed an e~ ectrically
driven ree l and crane to obt in etter d : scharge !n.easurements 
under d ifficu t measuri ng conditions " with a miiU.mu:m expendi
ture of physic.ai energy. Unllke oth e t ' power- driven equipment , 
the electrically driven reel wa. small ~ compact .· and light. The 
reel and crane were moun ed at e ight of a fou r wh eel truck 
30"x48 '.' , equipped w i th b-inch r ubber wheel s . The r eel was the 
s tandard type E reel ith an elec. ric motor· m oun t ed on the right 
end in plac e of the conventional crank. The 11 0-vol t AC or DC 
motOJ' · developed one horsepowe r undex continuous operation or two 
horsepower under a fif_te n - min te ratmg. Fr m tests with the 
ree , a · 00 -pound we1gh . was raised 4 , 2. feet per econd; a 200-pound 
weight . 3 . 8 feet ·per second, .\e heaviest we ight for whi ch the reel 
was des i gned .8oj . 

80/ Wate r Re s ources B 'IL, May t 939, p . 386 et ~ 
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During 1942 and 1943, furth et wor k was devoted to an electrical

ly dr1ven r ee l, now ca1led a "battery-operated reel,'' which could be used 
with all s tandard cranes and gag:ng cars . and with e:~.ther type B o r type 
E reels, by plac .ng a spr·ocket on the reei shaft An incentive to the work 
at that t1me wa.s doubtless the rece1p t of pictures taken by the Army En
gineers' Vicksburg Offic e while experimentmg w1th battery-operated 
reels .. 

As would be expected, many changes were made in the first 
Survey model, resultlng in a un1t that appeared to be satisfactory, and 
in 1942, 6 un1ts were assembled for field tests. both by the Survey and 
by the A rmy Engineers . The startmg motoi was mounted on a frame, 
clamped to the crz.ne underneath the reel. The power was furmsbe d by 
a 170-ampere-hour 6-volt lead-acid storage battery.EH/ 

81 / Water Resources Bull . , Aug" 1942, pp. 123- ..~.27 

The battery - operated reel proved to be satisfac tory, and there 
were more calls for i~ tha.n the Columbus Office could supply, owing to 
the shortage of materials As a result, the Baton Rouge and. Iowa City 
Districts each developed a somewhat s1milar battery-operated reel. 
For the d escription of a power-operated unit of somewhat different 
type devised by the Austm District8q' . 

82/ P· 164 . 

Flood repor ts 

Unlike the prevwus period , which was marked by a large 
number of major floods affe cting several state s, there were few 
major floods dur ing the present per10d Although there were many 
moderate floods, most of them covere d rela.tlvely sm.a.ll areas and 
as thos e areas were usually w1thin a single state, the ensuing in
vestigations were made by the diE>trict affec ted and the re suiting re
ports published either as water- supply papers or State publications _ 
Wide- spread storms in A•.1gust .t940 caused floods on many streams 
in the southea s tern states and the Water Uhlizat10n Division Ple1:nnecl 
and supervised the invest~gation which was made by the six d1stncts 
affected. 133; 

837 p . 390. 

Stud1es m National Hydrauhc Laboratory 

W":!en full- scale models of artifiClal controls w ere t ested in 
1934-5 in the flume of the National Hydrauhc Laboratory , the avail
able water S'.lpply limited the head on the models to about 0. 8 foot. 
It was expected that tests would be made on small- scale models, 
permitting h1gher heads, but lt was not until 1940 and 1941 in the 
prese nt pe:r10d. that those tests were made . 

Seve:r.a l small-scale models on various scale s were made 
and tested under maximum h eads wh1ch cor"~"esponded to 3 . 5 feet 
for the Trenton p r ototype, and 3 . 0 feet fo r the Columbus prototype. 
This extension of head was vex y helpful in study~g the behavior of 
those types of -control under higher discharges.l:34f 

8L/ Wate r Reso1.1rces BulL Feb. 1947 , pp 56-5.7. 
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In addition , calibration tes.s were made on small-scal e model s 

of seve ral smaL d::tms used as gaging stations in the Tren ton Di str ict. 
Ass i s ting the L aboratory staff in the tes t were C . H P ierc e, A . D . Ash , 
and E . J . Kennedy. The resu· ts we e a,na lyzed. by Mr . P ierce . 

The Los Angeles Off1ce had developed a c ontrol diffe rin g 
mate r ially from those of the Trenton and C o u m b s types, and had 
equipped a c onsiderable n mber o gaging stat10ns with it . In the fall 
of 1939, a small SCG.le m ode was constructed and tested b y Messrs . 
Pierce and Ash , the test~ bemg made be ween Octobe and D ecember . 
The r esults were fu.!'ni shed the Los A ngeles Offi ce 

Put-chase of Gaging Station Si tes 

Taking a l ong-lange Vlew, the w.s.sh ' ngton offic e vi suali z ed 
a situat i on whereby a c &ange of land ownership might make i t 
necessary to move a gaging station , even if the s · te oc cu p e d were 
the b e s t available . T o avoid uch a po ibility, wh1ch w ould be of rare 
occure nce, the Su~ve des1red authority to purchase ga ging station 
site s , and a lso. pe xmanent easements , the. latter would elim ina t e the 
nece ssity for annual r enewals in those cases wher e it was nece s sary 
to l e ase land fo r ga ging stations Acc:o dingl y . a. bill was introduce d 
into the Senate in 1942 , and the Senate committee on Public L a n ds, 

· while holding hearings in · Glenwood Springs, Co orado, i n September 
· of that yea r , on various b ill s affecting P ublic L ands , i nclude d the 

Survey's bilL · T he author was requested to rep resent the Survey at 
that h earing a nd expl i n the purpo se of the fill . T h e h e a r ing on the 
b i ll wa s he l d unde r most favorable cir umsta.nc:e s ; Se nato r Pat 
Mcca:rran of Nevada., Chairman of the Committee, i n call ing atten
tion to the bil , stated that he had a very f:l'ie n d y fe eling for th e 
Survey, reme mbe mg when a schoolboy, hav ' ng the j ob o f reading 
a s taff-gage in Nevada and thereby earning a m ost welcome $ 10 per 
month . Pract 'cally no opposi.tion t o the bill was shown a t the hea r ing, 
a nd D ecem ber 24, 942, a l a w was enacted 85/ authorizing the Su rve y 

85/ S6Sta t I. 1686 . 43 U. S. C. Sup . f, Se c 36b" 
to acquire not to exceed 10 a res fo r a single site , when funds we re 
later appropna ed fo that purpose . The bud get esti mate for the 
fisca year 1944 had al eady been approved by the Bur e au of the Bud
get, and it was oo late to include an item f or p urcha s ng site s that 
ye a r . It was not unt1l the fts al year 1946 that favorable action was 
obta ined Be ause of t _ d1ft c~l y o o aming an addit io nal item 
for that purpose, it wa propcsed to change the language o f the stream
gaging so as to ai ow p.a.yment o be made or such s ite s a s a part of 
th e regular expenses o the B ranch up to a total of $3 5 . 000 . That 
ceiling limit was reduced by the B l"eau of the Budget to$ 0 , 000 
for the purchase of sttes and n gh s-of-way, and with tha t cha nge, 
Congr ess gave the nece ssary authox·ity .. 

Duri~ the remainder of the pe r1od, 1t was not n ecessary to 
pu r chase gaging s tation sites, but a hundred or more ease m ents 
were purcha sed for mall sum , · t s i tes p evious ly having annual 
r i ght- of-way agreem nts . 

S ow Surveys 

During he presen pe.r·od . more attention was given to 
snow sur eys . The :rst snow su veys by the S rvey were started 
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in ')22 )y t11 .H l<•na •district :.n Glacier Nat10nal a r k, i n con:1cctwn 
with t:v J hernat10nal agreement on the wat~rs of the St. Mary a nd 
Mil.~ Ri ·=~J Six sno~ c u·rses were v1sited ear .~.y I May each year. -
Qne L<..ul ~ ....:was d isc on ti ~din i92.7 a<- D•"'incr un.:>u.tlsfa tu .r y out tl11e 

remaming 5 coursGS cont1nued to b e measured early 1n May Ly engineers 
of the Survey and of the Dominion Water and Power Bureau of Calgary, 
Alberta. In 1·934, the Army Engineers became mtere sted in the snow 
su r v ey wor k and requested the Survey to e stablish courses o n the head 
water basins o i the M 1ssouri River . Twenty courses were e stablished which 
were measured rronthly from January to May , .nc u s ive . That number 
had been redu ced to !4 in 1949. Antedating the Montana surveys by two 
years, the coope ra t1ng State agency in Mai l').e had star te d snow surveys and 
those surve ys became a part of the cooperative program. In the winter of 
19 3 7-38, largely as a result of the 1937 floods where melting snow was 
an important factor, s n ow surveys were started in N e w England and New 
York , 50 c ourses in the former and 200 c ourses in the latte r district . 
The Hartford d1strict s tarte d snow surveys m 1941, measuring at 21 
points. 

With snow surveys b eing made in the :rQrtheastern states , the re 
was a commun1ty of interest in that subject and following the prece d ent 
set by the We stern Snow Confer ence, E . S . Cullings, chief engmcer o f 
the Black Rive r Regulating D i s rict of Watertown, N . Y. called a meet 
ing of interested individual s and agencies, Federal, State, and pr ivate 
corporations , on September 16, 1940. To form a medium for the ex
change of informatio n and id eas related to snow measure m ents, and 
other snow problems, the Eastern Snow Conference wa s organized. 
That conference, through occasional meetings, did much to Increase 
the 1nteres t in snow surveys . Results of snow surveys made by the 
var i ous m ember s of the Eastern Snow Conference were fur n1she d the 
Albany Offi ce of the Weather Bureau and were publishe d at the end of 
each s e ason. 

In the Pacific Northwest, the Portland d istrict for the Soil 
Conservat1on Service had star te d in 937 reading s at 8 snow courses 
n ear gaging stat10ns. The Tacoma Office started readings at 16 snow 
courses in 1943 -44. In general, the snow course s were visited about 
3 times dur i ng the winter . 

Research Projects 

Early in the fi s cal year 1947, when research funds be came 
available, a committee cons istmg of F . M Bell , C. H . Pie r ce, and 
J. V. B. Wells was appointed to recommend projects . l t was decided 
that for the 94 7 funds, the projects should be divided between pur e 
hydraulic re s e arch and devel op ment of equipment, and that the ob 
j ectives of the program were ( 1) improvement of accuracy of str e am
flow records, and (2) reduction in the cost of obtaining them. 

Five major projects were sel ect e d , three in hydraulic 
research, and two on equipment. 

Uppe r Columbia Snow La bora tory. - In the summer of 1945 , 
the Army Eng1neers a nd Weathe r Bureau began the installation of 
the necessary equipment in the M iddle Fork of the .Flathead River 
Basin, along the contin ental divide in Montana for the purpose of 
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determmmg the hydro-meteorologica l re lati ons . The Army Engineers 
at that time requested the advice o f He1ena D i strict in the selection o f 
sites for two- gagin-g stations and the p r oper equipment. The stations 
were establisheq, one being equipped with an artificial control. In the 
fall of 1946, arrangements were made whereby the Survey was to per
form some of the field wor k, and c·omplle the stream-flow records . 
S. E o Rantz was detailed to ·the Processi ng and Analysis Section main
tained at Sacrament o . The st:r:eam -: flow records · were computed in 

· considerable detail; during period s ··of snow melt and open-water 
periods . of m a r ked fluctuation s, the recor ds were c omputed on the 
hourly basis. That investiga tion came withi n the scope of the 
research program and $800 of research funds were allotted to it. 
Previou sly , the Survey' s wor k had been on a . r epay basis . 

Electronic method applicable to str eam gagi ng. - A graduate 
stuqent at the Utah State Agricultural College .at Logan, Utah, V . E . 
Hansen, in connection with h i s the sis , was studying methods of 
mea suring electronically the hydr ostati c pressure he.ad , and as 
that showed p:ossibiliti e s for use .in stream gaging, Mr . Hansen ' s 
project was adopted and $500 allotted to him. To e l iminate intakes 
and the troubl es inhe·rent in those in muddy streams, Mr . Hansen 
proposed to locate an electronic pickup on the bed of the stream and 
connect it with the recorder by me?-ns of a transmission line follow
ing the contour of the ba.nk. The immediate objectiv e of the inve sti
gation , as outlined by Mr . Hansen, was t o develop an e l ectronic 
pickup unit that would mea sure hydro static pressures . By so doing, 
fr i ction and inertia inherent i.n pre sent float and ·mechanic'al devices 
in use would be reduced tp a minimum. By ha ving the pressure 
affect an electronic circuit, i t could eas ly be supe r imposed on a 
carrier wave for l ong-distance transmission to a central receiving 
station. Upon the c ompletiqn of the project in the spring of ~ 94 7 , 
a, report of the results was tr a nsmitted to Washington by Mr . Iorns , 
who was i n close touch with the pro ject. He commented as follows : 

Mr . Hansen is to be commended on his 
accomplishments in the short period of researc h on 
th1s problem. From the results obtained , *·'1'* i t is 
i ndicated that a su ' table electr oni c measu r ing d evice 
c a n be constructed and it.is recomm nded that addi - · 
tional .re search and development work be c a r ied for
ward on this project . 

It was apparent that much more intensi ire investigation would 
be require d before it became a practical device for the determination 
of gage height . 

An investigation of the backwater profile f or ste ady flow 
in prismatic channels . - A contract was entered into with the 
University of ll~inois for the continuation and broadening of a 
research project· star ted i~ 1944 in the fluid mechanic s and 
hydraulics laboratory by two Survey engineers , E . G , Barron 
and W. D . Mitchell , as a thes.is fo r a graduate ~egree . The project 
involved the determination of cer ta1n factors pertaining to the opera
tion of slope gaging s ta tions ' n O:t'd <? r that the comput e d profil e could 
be compared with the actua profile . An al'tificial channel, rectang
ular i n cross secti on , had been constructed , having cro ss se c tions 
varying in r oughness and also in area due to overflow. Origi nally, 
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two of the cro·ss sections had been n v e: stigated, The present agreement 
rovided for the investigation of 5 add1tional cross sections . In a ddition 

to the r~search funds, the University and the Urbana Distric both con
t ributed fund s. The l a tter loaned. nee ded equipme~t and Surve y engineers 
made more than 1.00 current meter measurement s to check the flow in the 
cha nnel. T he Water Ut1h.l.ation Di viswn g.: .ve helpful advice and cr :ticisrn. 
The laboratory work as completed , but f rom the preliminary anal sis, 
it appeared that further analyti cal ~ or k was n eeded before the full be nefit s 
of the project could be reahzcd. The re sul t s of the investigation were 
published by the Univcrs1ty of Ulmois as Bulletin VoL 46, No. 51, 
March 1949 . 

Developmen t o f snowmob1le - The 1n rease m the number of . 
gaging st tions at high altHude s and in Isolated locations, and the grea ter 
emphasis being placed on winte and early spring. recor ds, made it 
highly desirable that a small snowmobile suitable for Survey work b e 
developed . G . D . Clyde , Chief, Division of :Xrigation a nd Water Con
servation, Soil Conservation Servi ce, with headq!-larters at Logan, Utah , 
w s much interested In snowmobile s for snow survey work and during 

· the war , helped the Army develop a light t st mode'! and operate d one 
of them on tes t runs under m ountain con .It · ons Duri ng the spring and 
fall of 1946, V . W. o rns , whose headqua rters were al so at Logan, 
discussed -snowmobiles with Mr , Clyde and was s hown some m ovie 
film of the Army machine. In operation. 1v1r. Pa lsen at a later dat 
also saw the fi m and was so favor«biy 1mpressed that he suggested as 
a resear ch project the development of a similar mach~ne , working in 
cooperation with tr c Soil Conservation Service . An informal agr e e
m ent was made with the So1l Conservat) on Service whereby Willis 
Barre tt, ·engineer of that agency , was in charge of the p ro ject and 
Emrnett Divine , a machinist , was employed :;;y the Survey to work 
with Mr . Barrett. Two snowmobiles we e being buil t, one for each 
agency, and the fab ncat10n and assembly were made with the help. 
at tin~e s , of student m a clnrusts and welde rs . The basic de signs 
w e r e the result of sugge s twns of Messrs . Clyde . Tarns, B rrett, 
a nd Divine . Shor tl after the e n d of he period , the Survey snow
mobil wa s comple t.ed and ready .f ~ r testmg " 

Branch equipment shop m Co mbus . - Toward the e nd of 
t he fiscal year, the remamde of the r esearch funds ava ilable to 
the D ivision were used to pu_rchase shop tools to a.ssist in equipping 
the B r anch equ~pment shop at Columbus . 

Summary of dis tnct operations 

A summary of the operatwns of each district i n sufficient 
deta1l to present a fairly complete picture 1s g1ven. Attention is 
called to the fact that the t'ermmal dates of personnel in one district 
may not, in some instances , coincJd.e with the initial dat of duty 
of the same pe. s onnel transferred to another distr i c t ; the ac crued 
leave may be included in the terminal date, wh1le imtial dc..te is 
always that o£ entrance on duty . Only personnel holding Survey 
appointmen t s are llsted .. 

Attention is c;.lso called t o the section on State Coop e ration 
whicli conta1ns the details of such cooperation, _ncluding the rea sons 
for it. 
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Augusta, Me . - The numbe r of stations was increased from 38 

with 37recorders in 1939, to 49 w th 48 recorders in 947 . The chief 
increase was made dur ing 1941 and 1942 as a result of Army Engineers 
and other Federal cooperation. Duxing 93 8, the Agusta Office e stab
lished 4 stations and in 1941, the Boston Office established 1 station in 
New Hampshire near the Maine border; since 1939 , the Boston Office 
has provided funds for half the cost of the operation of the 5 stations 
by the ugusta District sinc e the reco ds were of interest to both 
Maine and New Hampsh.ire . In addition to the gaging stations , evap
oration records were maintained on Moosehead Lake and Cobbosscee
contee Stream at Gardiner, the latter being discontmued in 1942 . Al
though powerhouse records c omputed by power companies continued to 
b e received as they had been for many years , only three records were 
published during the period as the others were not considered suffi 
ciently accurate . 

To meet the need for rec ords from very small drainage area s, 
a n e ed felt by many of the districts , a station was established in 1945 
on Gales Brook near Parkman having a drainage area o f less than one 
square mile ; in contrast, the next smallest drainage area measured 
by an existing station was one of 76 square miles . It was planned to 
establi sh other stations in comparable a reas in different parts of the 
district . 

Snow surveys, which were first started by the State Water 
Power Commi ssion in 1920, were continued as a part of the coopera
tive program, about 40 points be ing measured in February, March ; 
and April; each year a map showing the water equivalent as of March 
1 was prepared and sent to thos e interested. The m easurements of 
observation wells for the G r ound Water D ivi sion was started in 1939 
with one well and increased to 5 wells in 1942 . The preparation of 
duration curves, resumed during the previous period, was continued. 

' 
The Public Utilities Commi ssion was interested in water 

power and early in the period, the district office spent conside rab" e 
time bringing down to date the census of developed and undeveloped 
water power made by the State in 1928 . 

In spite of war -time restrictions, a certain amount of repair 
work was per ormed, that at one station taking an unusual turn: 
The station on Sebec R iver at eb c was r ebuilt in 1942 and to save 
an annual rental fee of $25 exacted by the owner of the land, the 
station was relocated at the opposite bank w here no r e ntal was 
involve d . 

The w inter of 1941-42 was one of unusually low flow and at 
the station on the Aroostock River at Washburn, the intake was fro z en 
for a distance of 270 feet, making the well gage he ights worthless . 
lt w-as a p e riod of serious power shortage and a knowledge of the 
ac t al discha rge was of great importance , and a portable steam
thawing outfit was rente d and the intake thawed by introducing the 
steam to the intake through a garden hose . The intake was thawed 
out in 9 hours but subsequently froze again. No further attempt 
was made to tpaw the intake until Spring , but as r e cords of dis 
charge were required, to obtain that informa ion, gage heights were 
taken twic e daily with outside gage and weekly m easure ments we re 
taken with current meter for 10 weeks, beginning in January . As 
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the use of automobEc- s was re str1cted , It was necessary for the engineer 
to rna e the trip to the stat10n by t:c ain That meant leaving about 1:00 
a m. , if the traJ.n was on time . and arr 1v1ng at Presque Isle about noon 
where a power company employee furni shed transportation to the stat10n. 
The return::.ng tram arrived at Augusta about m . dnight, also if on ttme . 
That 23-hour work day repeated ~eekly const1tutes a Branch record. 

M . R. Stackpole continued as distnct engineer and had the follow
ing Civil Servtce engineering assistants ~ 

Name 

P. J. Sheehy 
W , J . Sande r· s 
K . B . Young 
C . H . Mine han 
G . S. Hayes 
J. H . Har twell, Jr . 
R . A. MorilJ, Jr 

Penod , 

July 1, 1 9 3 9 t Feb. 9 , l 9 41 
F.e b. 940 to Nov 2 0 , 940 
Feb. 7 , J.94l to June 30, 947 
Apr L 194 ' toJulyi, 941 
July .2 1 , - 1941 to Oct. 1946 
Sep . '11, 1941 to Dec . 194·1-
Dec 3J., J.946 to June 30, 1947 

Lura G . McLam was district clerk. 

Bo ston , Mass . - In additwn to the states of Massachusetts, 
New Hampshtre , and Vermont, w G:.h compr1sed the Boston District 
durmg the prev:wus period , cooperation with the State of Rhode Is l and 
started in the fiscal year 194! , added tha state to the distnct. The 
numbe~ of stat~ons m rea se d from 9 7 m 939 to 149 in i 94 7, 145 being 
equipped with recorders . The ~49 stations were ocated as foilows : 
Mas sach·.1 se tts , 54: New Hampshne. 45 . Vermont _ 39~ Rh~de Island, 
10 ; Connecticu t , 1 The 1n::rease was due to lc..rge:r Sts:te a nd Federal 
funds . The A r my Enginee s " fl ood studies were just getting under way 
in New Eng~and at the beginnmg of the penod, and to aid these studies , 
the number of Army Eng1neer stations we1·e 1ncreased from 2 to 43, 
some of which were stat10ns p r eviously maintained on the State-coopera
tive programs . Cooperat10n WI h Rhode Island added 10 stat10ns . All 
but 5 New Hampshire stations ope ated by the Augusta Distnct for the 
Boston Distnct , were ma1ntamed d1rectly by the Boston Office , Long
distance recorcer s were established at three Army Engineer stations, 
two being immediately below flood-control ciama, o.nd the third on an 
index stream entering the nver just below one of the dam.t> During 
the first 18 monthb, 34 stat10ns were e staKished, a.ll in concrete 
structures . A n mber of artifici!'t . .._ control3 w e re bu11t at these stations . 

Early m the period . the Boston District developed the de sign 
and constr uction of the steel "h" columns fo :r the support of cablewa ys . 
The columns have entl.rely sur.planted the "a" frames for cable supports 
on new structures m the district and are now bei ng used i n other dis
trict ·. They were a part of the de veiopment of structures for gaging 
stations m whtch the ~se of wood was entuely eliminated with the 
exception of the instrument shelf. 

For wor<k I.n the field, the d1stnc.t was div1ded mto 7 areas 
and an enginee 1 1 ~- as~1gned to e • ch who was ::>e sponsible for the 
operat:on and 1naintenance . developmen_ of ratmg curves, and for 
the elimmati.on of : ost record. Reco.rds of lost re cord by areas were 
posted monthly. Th1s proC:uced competition which hel ped to lower 
the amount of 1ost record in the district . About half the records 
were computed by means of the integrator as power reguJation made 
that action necee<sary 
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In 1940, a t the request of the Department of P ublic Works , the 
Survey made an investigat ion and s tudy of bad water conditi ons on 
Millers River during flo ods and sugges ted channel changes to improve 
those conditions . The p l an was put 1nto effect by the State , and proved 
to be succe ssful. Also at th i s time, at the eques t of the Common 
wealth of M as sachu setts , a study recognized a.s the first of its kind 
was undertaken to develop a mean s of determining the magmtude of 
floods of various freque ncies on both gaged and ungaged areas in 
Massachusetts . The Kmn is on - Colby floo d flow for mulas 86; fo r 

867 roce e d ingsA.S. C . E . , March 1944, p . 2.61 : 
Massachusetts resulted from this work anu have smce been widely 
used in the hydta·J.lic d e sign of bridges , culverts , and dams in the 
region for which this work is a pplicable . 

Sever e floods o n t e headwater s of the Connecticut River 
occuring June 14 -15, 194 2 and June L , - · 6 , 1943 , d id considerable 
damage, much of which was b elieved by t e :r-e sidents to be due to 
the Pittsburgh reser o · r. As the State desired reports , investigations 
of both floods were made . The first food was caused by a rainfall 
of more than 9 inches i n 2 hou s ; the second was caused by a cloud
burst-type storm which was probabl y the most severe within the 
memory of the oldest inhabitants . The r e s ulting floods in New Hamp
shire and Quebec were the greatest on re cord; n estigations and 
repor t s of both floods were made by district personnel, and the 
reports published in the journal of the Boston Society of Engineers, 
VoL XXX, Nos . 1 and 4 . 

Beginn.ing in October 942 , the distr ict began the publicat ion 
of a monthly Wat~r Bulletin, as a re sult of seve ral factorsg the 
p revious year had been extremely dry and wate ·r power was deficient ; 
industry was mcrea sing rap idly in preparation for war , and in 1942 
the p ower ·deficiency became acute . Requests for information re
garding the wate r supply we re so numerous that the monthly publi
cat10n was s tar ted. Each i.ssue contai ned the a vera ge precipitation 
for the d1str1ct, s t.re a.m fl ow fo r serected stati ons showing runoff 
as depth in inches and al so percent of normal. storage 1n rnajor 
reser voirs , and a statement by the Ground Water D ivision on g r ound
water levels . The J a nuary , Februa y , a.nd March is sue s contained 
the result s of snow surveys c oll e c ted n ot onl y by the Survey but by 
other agencies . T h e bulletin was sent to the Army Engineers, the 
Weather Bureau , and others in New England interested in the water 
supply ; at the end of the pe iod , there was a mailing list of 07 . 

Like o ther northern d i stric ts, the Boston D is tric t had 
trouble with frozen intakes du:r. i ng periods of low flow accompanying 
extreme cold weather , and dur!ng the winter of 943-44, a portable 
steamer used by p a p e r hangers for removing w all paper was pur
cha sed. By its use, a Z 1/2 - inc h intake was thawed at the ra te 
of one foot in three minutes. The succe ss of ' he steamer ed to 
its use by some other districts , at least by the Denver District 
to the author ~ s knowledge. 

In the spring of 944, the station on Lake Winn ipe s a.uke e 
Outlet at Lakeport , New Hampshi re was · ee stablished. A s the r e
lease of water is controlled by gates , the r e i s no constant stage
discharge relation To replace the one - p o int continuous me h od 
obtained for a short time dur i n g the previous period, a Keeler 
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deflec.tor rneter a nd a Stevens up' LX reco der were installed to avoid 
the constant attention required "t:;· • curxent meter ., 87J J[ts op e r ati on 

87/ Wate r Resources Bu!'JJ.eti Tugu~TTb~94S. p .. n.Zb. 
during die remainder oi die perTo<I was entu.elly satisl'actory. 

Read1nge at least th:tee fa nt s a wi:nte! or.. t e 50 !Snow c ourses 
started during the p1"evtou!S' p riod were contm~ed . The results, to 
ge ther with those fo the Alba:ny District ) fo ·med a 1report by the · 
E astern Snow Confe1·ent:e and we!':e p11bH. hed by the Weathe r Bu r e a u 
in Albany .. 

Du. ing the ~ast year of .. he pe:do , · 161 i.! result of increa 'Sed 
cooperatlve funds for that pv.. . por.:;e, 431 begb:m.ing W<i\!31 n'lade on a pro
gram to estabU~5h in Ma!S!e~achu.setie each year one or tw·o stations on 
small streams ~raining a:raa h ·cm Z to ,.., :SY[lare miles. T wo sta t ions 
equipped ith record~rB and -,on-c.re t.e cont!'ols were established , and 
to make the station :t'e .ords of greR.tl r . vall.1e , :ffi. rainfall station a nd 
an observation well gage we:r.e also eJJt.a.bHS~hed in each basin . Also, 
as a result of the 1nc:reased funds. tlu; p!~pll',rat.~on of a special r e
port on the hyd:t'ology of .M- !!>oachusetts w:s.s tarted. It was p lanned 
t o publish th.ese dab!. in t~~o volu1nes p on,.. the comp tiation of records 
a nd the other their a~lyse~. · 

To :rid himself of tlhte ubiql.l.itous sman boy while making a 
br'idge measurement of MiUer ·· Rive:t a~ Erving in 194Z 9 Geor ge 
Anthony thought he ha,d solven the problem of .eubsid ing the boy with 
t e n cents to stay away. ThE rea.!telf " the pre~·eden&: ~ving been se·t, 
he had to continue the .·sub~i.dy du:d.ng l!!lucc.eediJ:lg ·measurements. 
Moreover 9 when another eng:meer app•e'&>!'ed l&ter ,, t!!e price w a s 
fo rced up to fifteen centa . The ul ima .~.e outcome iiJ unknown to the 
author ,. 

H. Bo Kinnison contin·ued ~s dh>t-r>oic·. engineer and had the 
following C vil Se rv:lce engmeering assutante ~ 

Name 

G. K . Wood 
C . L . Muntz 
C. E . Kno x 

W. L . lsherw·ood, J1:. 
M. A . Patch 
J. W o Gurry 
M . T . Thomson 
M oA. Benson 
F. J. Flynn 
A . M . Moore 
D " L . Milliken 
A . F . McVariah 
R. J . Greer 
L . J . Keef e 
W. P. Somers 
W. Ro WUliam.6 
B . R . Colby 
W. S . Daniels 
L . W. Lenfest 
C . C . McDonald 

Per::.od 

July L X939 to June 30. 194'? 
,July l. JL939 to ApX'. L 1940 
July L Jl.939 to Oct. 194 

Military Furlough 

b.'!ay 14, 1946 to June 30o 1941 
July L 1939 to Apr U 1 , 942 
July L Il.939 to Ma1r. 22, l94i Y 
July L .i939 to Ja.n~ 1941Y 
July L ll939 tiC! Aug. 3L 1941 
J· y L 1l939 to June, 1943 
July 1 1 ~93-q to Apr. Z6~ 1944 
July L 1939 to June 30 , 1947 
July L ~939 to Fe o 194 3 
July L 1!939 ~o Feb. 2 p ~ 940 
July 1 n £939 to .Feb. ~ 5 p ll 943 
Oct. l 9 p ~'B&to Jun ' 19, 1194(! 
A~.!l g. H> , iL 9 3 9 tc, June 3 0 • 1194 7 
July ii. • 939 to Oct.. U 94 1 
May 22, TI940 to .M&:!r' " 18. X943 
June 1 , ~940 w June 30, 1947 
Sep. 23 o 940 t~ Sep .. 8 o li943 
Nov. ll? 11941 io .M!d'.:r..Z!o 1946 



Name 
(Cont'dJ 

K. M. Kelley 
George Anthony 

Period 
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Military Furlough 

D. J . Fogarty 

Oct. 1941 to J une 30 , U947 
M&r . li , 194 1 to Apr . 9 , 1943 
Aug. 25 , 1 94 ~ to June 30, 1947 
Mar . 7, 1941 to Nov. 29, 1944 
Sep. 11, 1941 to June 30 , 1947 
July 12 , 1941 to June 30 , 1947 
Jan. 3, 1941 to Feb. L 1943 
J une i 8 , 1942 to Jan. 3, 1946 
Dec. 21. 1942 to June 30, 1947 
May 1, l 94 1 to June 30, 1947 
J a n . 2 . i 947 to June 30 , 194 7 
July 8 , 1946 to June 30 , 1947 
July 16, 1945 to June 30, 1947 
Feb. 25 , 1946 to June 30 , 1947 
May 6 . 946 t o Oct. zz, 1946 
Feb. 25. 1946 t~ _ A;pr . 21-,! 1946 
Apr. 17, 1946 to June 30, 1947 
Sep. 20, 1945 to J une 30 , 1947 
Feb. 12, 1945 to J une 30 , 1947 
July 12, 1943 to J une 30 , 1947 
June 14, 1943 to June 30, 1947 
Oct. 2 L 1946 to June 30 , 1947 
June 20 , 1944 to Jan. 25, 1946 
June 20, 1945 to Sep. 26, 1945 
Oct. 12, 1945 to June 26 , 1946 

May 1945 to Mar . 1946 
H. N. Halberg 
J . H . Hartwell 
C . H. Minehan 
W.C. Schaller , Jr . 
D . W. Van Tuyl 
Miss L.A. Swallow 
E. L. Burke 
F. B . Cook 
L. E. Newcomb, Jr . 
G. H . Searles 
R. E . Steacy 
A. R . Brown , J r . 
A . C . Capaldi 
M . H . Coolidge 
J, V. Bagley 
G. A . Miller 
D . P. Preece 
R. W. Tucker 
N.C. G. Patev 
H. E . L inden 
R . C . Cutter 
0. W. Har twell , J r . 

!/Military furlough ; d id not return t o district. 

Deceased. 

Miss Elea nor P . Harr i ngton {Mrs. Lowell) was district clerk until 
November 1, 1943. when she wa s succeeded by Miss Evelyn M . Crowley. 

H:mrtford, Conn. - During the period , the number of stations 
increased from 33 to 38, and in addition , the city of Wate rbury, beginning 
in 1935 , furnished records of Shepaug R iver a t Woodville . As many 
Connecticut streams are a:;rtifically regulated, r e corders are essential, 
and 36 stations were so equipped in 1947. 

A station worthy of special men tion i s that o n the Connecticut 
Rive r at Bodkin Rock , at the head of the " Narrows" just above tide 
water, established J anuary 1, 1947 . for the Army Engineers . Bodkin 
Rock marked the supposed control for a s tretch of river known as the 
Hartford Pool, extending 30 miles upstream. That s tretch was a n 
important facto r i n the Connecticut Riv.e.J" flood -control system, designed 
to protect a thickly settled a nd heavily industrialized area, and a record 
of the discharge from the pool was essentiaL As Mr . Bigwood writes J:l8f 

8F/ Letter to author . -
"Determination of the stage-discharge rel~.hon anywhere in the pool 
is complicated by the storage factor v inherent in deeply pooled stretches of 
stream channels. The r efor e , accurate computations of the flood 
discharge in the pool requ ired accurate knowledge of inflow and storage .. 
or outflow and storage in relation to stage . The storage was determined 
from a number of valley cross sections obtained by the A rmy Engineers." 
That was an uncertain r ound-about way of obtaining results, and it was 
decided to e stablish a gaging station at the Narrows . where the storage 
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factor woul d be presumab~ y sm L. 'Until it was determine d by the rec
ords at the new station as well ~8 records o! inflow, c hange in valley 
storage, and othe factolt's 11 that Bodkin Rock was the actual control, 
that station wa:s insta Jed with slope-gage e.quipm n t . Dis c h a rge 
measurements were made from~ highway b. 1 . ge 100 feet above the 
river at high stages with 35-foot dept. S r. and the tag s e ttings on the 
meter ca"ble were mad.e by means of .field glasses Durin g rises 
a bove the tidal influence , · the discharge measurements were r eferred 
to the Hartford gage 30 miles upstream and the daily discha r ge com
p u ted by that means . No , ttempt was made to compute r e c o r ds during 
periods of tida influence . · 

Beg1nning in ·1941, tempor:&:ty ga!.ges were mainta.ined o n 2 streams 
near Bristol far interm1ttent fioo<i-flow ob..,e r vations in c onn:ection wi th 
a study o£ flood chEl.racterilitics by the Com..rnission. 

A number of specia.! flood mvesUgations were made at the request 
of the Water Comn1is ion. One was a ~ho::tt field investiga t ion and office 

·a nal yses of a. storm of June 2:4-2.5, 1944 , in the Bolton Lakes area; a 
s econd investigation was that of fl oods i n the upp er Housata nic River 
Ba.s.in June 18, 945 .. Ahur1d.cane storm'ofSepte mber 1944 , during 
which the pr.ecipittation wae 6 to 8 inches , resulted in le s s than 1 in c h 
of runoff . due to its occulfrence after a long dry period. 

Beginning J une ~. 1943, to supplement in greater de tail the 
Wate lf Resources Rev~ew. a ·typewritten repor.t -entitled " Monthly 
Water Resources Review 6lld Outlook for Connecticut" was sent to 
twenty agencies and ind'.ividualls interested. Regarding i t s use , Mr . 
B i gwood writes~89/ "The newspapers and rad i o g ive the r e le11se 

8 97 Letter to &uthor. . 
varying cover, depending on i ts ~newsiness', I expect;·" It contained 
f o r the entire a tate, a statemtr;:nt regarding the monthly runoff in terms 
of the 30 -y~ar re co r d on Quin ibaug R iver at J ewett Ci ty as the index, 
and the trend of gro nd-watel' levels i n several. key observation w e ll s . 
A forecase called "out ook" fo r r1mnoff during the following m onth , 
based on both current rstteam flow and gr ound-water leve s, was made 
for normal p r e cipitation, an a.lso for negligibl e precipitation. For 
th e Connecticut River Basin as a whole , the statement pr ep~red by 
the Boston District for its Wate r Bulletin 90/ was included, :as be ing 

90/ P o 101 0 - , ' 

of much interest to residents of .Connecticut. · 

. Begi nning with the winter of ~ 94 " snow mea-surements wer e 
made a t 21 points , three times each winter .. 

B. L. B igwood continued as distri .t engineer a.nd had the follow
ing Civil Ser rice technical assistants: 

Name 

L. W. Furness 
M . P. Thoma s 
J. H . Ehdch 
L. W . Lenfest 
T . J . Irza 
W. L . I sherwood , Jr. 

Pe:.riod 

July L 1939 to May L X 944 
July X 939 to June 30 , 1947 
July L 1939 to Dec .. 30, 1939 
Sep. 15 . 193'9 to Sep. 23, 194 0 
Feb. 8, 1940 to June 30 c 1947 
May 6, 1944 o to June 30, 1941 
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Mrs . E . K . F l ood was the di~tr ict clerk. 

Albany , N . Y.- During the period , the number of stations increas
ed from 154 to 19"'7";" prac tically all be ing equipped with re corders . The 
increase was due chiefly to the flood investigations of the Army En
gineers p as New York State streams were subjec t to severe floods . 
During the pre sent period, such fl oods occurred in the Susquehanna 
Basin in March and April 1940; the Delaware B asin in May 1942 , be ing 
the second-hi ghest known; in the Allegheny Basin July 3. 1942 , being 
the h i ghe s t in about 40 year s ; i n the Mohawk Basin i n October 1945, the 
highe s t known ; a.nd the Chemung Basin May 946 , the h ighest s ince 
1903 . The Survey investigated those floods a nd p r epared typewritten 
or m imeogt'aphed report s for local distribuf(on. 

For more efficient operation , as wen a s a b ility to reach stations 
quickly , two addit ional sub-offices were established. During the 
previous p~i-iod , ~ B ingha mton offic e had been established where the 
Army Engineers had an office . In 1942 , the latte r office was moved 
to Syracuse , a nd the Survey office wa s moved t o Ithaca. a more cen
tral location. The E l l enville offic e r emained unchanged; in J anuary 
1944, an office was e stablished aJ; Jamaica to g ive dose attention to 
the exacting w ork connected w i th the Long Jisland investigation; 91; 

911 P· 85 (t92,8- 1939L -
and m September 1944 , a su b -office was established in the Al bany 
offic e . b ut w i th its own personnel. The reason fo r the latter c,tctioh 
was to separate the oper&tions of gaging s ta ions from the adminis
trative functions of the district office; A . H . Harrington , the district 
engineer . spent mo st of his time visiting the various sub-offices, 
and it ·wa .s ne c es sary t o have a district office pe ·sonnel to give its 
entire t i me to the hea.vy administrative woxk . That personne ,· in 
additi on to the district engineer . c onsisted o£ H . W. Femr . p r incipal 
assistant a nd Mis s A. D . Bucha nan , district cle rk . lfn addition to 
the a dministrative work, Mr. Harringto n personally reviewed all 
stream flow r e c ords b efore tra nsmitt ing the m to Washington. Each 
sub-office was in char g e o£ an enginee r P-4 . w i th a n office engineer 
P-3 gr a de , seve ral other engineers , and 1 or 2. cierks ; e &ch office 
was respons ·ble for the Jield and office wor k in i ts a ;re a and kept 
its own accounts . An a llotment for each office was et u p a t the 
beginning o£ e a ch fiscal year; the entire available f nds .ere d i s
tr ibuted a nd as sessments were then made to pay the •cost of operat 
ing the d i strict o ffice . 

To maintain the high standards of a ccuracy for whi ch the 
d i strict was n oted . each enginee carried two meters, and each 
shelter contained a copy of the rating curve. fo that station; the 
engineer wa s requi r ed to compute the measu exnent as soon as 
m ade and compa:r·e it with the curv e . If it d iffe r ed b y more than 
a fe w percent . a second measu r ement was m &de at a different 
se ction , using the second meter . Needles s t o ~dd o the stations 
in New Yoxk state have fairly perma n e nt contr ols ., 

To keep the feeling of district uni y essentll.a to morale, a 
monthly publication ent itled "Gage House Gossi p" started in J a n
uary 1942 , was published monthly , each sub - office ta king turns in 
preparing the mater ial which was furnished by all the offices ; a 
striking feature of each number was the c over designed by those 
artistically inclined. The district offi ce mimeographed and cir 
culated each issue, and fu r n i shed a c over if the sub-office ran out 
of ideas . 
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The specio.l study sho ring <-h ?.ffect of Jcefores tat:ion on s tream 
flow started in 932 :tnd was co 1 Anue d unchanged , the rep ort c overing 
the resulta to be written t a later d a e . The intens1ve study of Long 
Island water resources started in 1936 was contmued a nd enlarge d i n 
1942 by the ~- s ablishment of two a dd1tiona l stations ea ~h year in 
cooperation w1th Suffolk county That study ~as an integral par t of 
and concun ent with the study of the ground -wate :t resources . 

The "New York State Coope:rative Surve y" started in the w i n er 
of 937-38 was conti nued, ,;ecords being rec.eured r o m about 200 snow 
courses. .:n addition . to e im.medi~te uses by the coope a to r s in 
c onnection vnth storage and reie ses, the snow- survey epor t s were 
u s e d extensively by various rai' t'oad; pa,;tticu la.:rly the New ork 
Central in c onnection with plans for rna "nta1nmg continuous opera tions 
during periods of flood from melting snows. Aho . some large dis 
tr ibuto r s of fuel o il !1'.nd gaso: ine used the records i n planning w inter 
stora ge faci t ties. 

In 943 , as a r esult of' coop~r tion wi1th W-est chester County . 
5 wat e r- stage re t.ot'de:r& were to be s u blished in a high - cla·ss 
r es ident ial d istrict a.nd the county authot' ~ties h&d their ar chi tect 
d e s i gn the s t ructu!'es which would have a mot e esthe tic appeal than 
the s tandard Survey structures . Those were . the d&ys when author 
i zation fo r rna.terials was to be obta.ined from the WPB~ T h e Surv ey9 s 
application w a s referred to Waehington ·here it was only one of 
many apphca.t i on s " c-.~nJ the war eno.ed be!~r· action wa s taken. In 
the mean time . by means unknown to the autho r ,, the m a terial s 
we 1·e obtained :sLTld with the help of the County which fur n1sh ed some 
labor, the s tatione were ' n etal ed. A sixth at tion e uipped with 
a sta ff gage was also e stabliJahe d. 

T he Army Engineers had e.et up a 1ood-warning syste.n: f o r 
an emergency program wher~by it.s engineers in v~ldous part s of 
the s tate t e legraphed to headquarters nver stage:s Emd weather data. 
During the spring montns, and st other specified ":imes. Survey 
observers at e rtain stations . repo ted daily ':tte river stage and 
weather da a . to th'! Army Engineer employee in the area affected. 

After the or gani zation of Incodel , 92/ recor ds !rom all stations 
9 -2/~p-.-9-2-. -- -
in the Del~_ware River B21sin were forwarded regul arl y to that a gency"s 
offi ce in Philadelphia. 

During I.e ine~een- twenti es, contacts h:::d been e s tablished 
with engineer1ng students: a t Rens elaer ~nd Co1rnell b y m eans of 
nearby gaging stations . the operation o f which was explained to the 
students . Such contacts were gradual y increased during th e en
suing years until at the end of the period . 1 had be co m e a n .a nnual 
event at the engineerin g co l eg s for Survey eng·neers to descr ibe 
the Surve y's work t o hydrauh c da.s ses 1n the mornin g . a nd give a 
fie l d demonstration at a nea rby gaging stat:ton i n the af ernoon , the 
students performmg much of the field work. That p rogram was 
carr ied out at R ensselaer, Co:fneE. Union, Manha•ttam. New York 
University . and Clarks on . The l?l,tte:t contact was m s,de late in 
the pe i od when Mr . Harringt n as a v ice presiden t of th e Ame rica.n 
Society of Civil E ngineers wen to Cla:rkson to address be e tudent 
c h apte r of th e society. Following that vi s "t. h e was req.uegted to 



include Cla:r·kson in the list of coheges to be visited annually. 

A unique method of rating a. gagi ng station was devised by F. F . 
LeFever on the Lake Ge orge outlet at Ticonderoga , where severe back
water conditions prevented the use of standard methods. · It was dis
covered that a well-defined relation between turbine- gate openings and 
discharge existed, regardless of backwater conditions . A weekly re
corde r mounted on a shelf was atttached t o the generator-turbine hook-
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up, to record the movement of the quadrant on the gate-opening mechanism. 
Later, 13 d is charge measurements , covering a gate -opening range from 
30 to 100 percent we re made, and those plotted within 5 percent of 
the average curve showing the gate openin,-discharge relation.93/ 

93 7 Water Resources Bull . , Feb. 1943 , p . L -

Mr . Harrington was a member of the _steering committee of 
the Mohawk Valley Sanitation Council, & group appointed by munici
palities , large industries, and county officers. for the pu·~o.se of de
vising means to clean up the stream pollution in the basin.' In that 
work , the stream-flow records played an important part. 

In 1946 , the Regional Civil Service offic e devised a plan where
by several teams each composed of representatives of different de
partments would visit t he various colleges for the purpose of acquaint
ing both faculty and students with the opportunities afforded by the 
government service . Mr . Fea.r , representing the Interior Depart
ment, teamed up with engineers from the Navy and Army and visited 
colleges in the northern part of the state where each described the 
work of his department . . It may be mentioned in passing that 
several junior engineers were obtained by the Albany District as a 
direct re sult of that approach . 

Mr . HarTington continued as district engineer and had the 
follow ing Civil Service engineering assistants ~ 

Name 

H . W. Fear 
G. E . Cook 
W. P . Cross 
T . Briganti 
G. D . Freeman 
W. B. Hanlon 
H. Johnson 
K . M . Kelley 
N.J. Lusczynski 
R. 0 . R . Martin 
C . C . McDonald 
J . J. Molloy 
G. L . Oakland 
C. P. Parki nson 
D . K . Serby 
V. Shamamian 
A . 0 . Waananen 
L . A . Wia-rd 
D . R. Woodward 
E. J . Billingsley 
G. M. Thayer 

Period 

J uly l, ~ 939 to June 3 0 , ~ 947 
July L 1939 to Mar . 6 , 1947 
July l., 1939 to Oc t. 9 . 1939 
July L 1939 to Jan. 15, 1940 
July l, 1939 to June 7, 1942 
July L 1939 to Octo 7 • 1939 
July l, 19 39 to Nov. 16, 1943 
July l. 1939 to Oct. 3 1, 1941 
July 1. 1939 to Apr . 8, 1944 
July L 1939 to Oct. 2 L 1941 
July 1, 1939 to Oct. 17, 194 1 
July 1, 1939 to June 30 , 1947 
July l, 1939 to Mar . 30 , 1945 
J uly , 1939 to Aug. 12 , 1944 
Jul y 1. 1939 to June 2 v 194 1 
July 1 . 1939 to Nov . 13, l 939 
July 19 1939 to June 30 p 19471/ 
July 1. 1939 to June 30, 11 947-
July 1. 1939 to Oct. 20, 194 1 
July 18 . 1939 to Ju.ne 30 9 1941 
Oct. 14 . X 939 to May 2 , 194 

Military Furlough 
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Name Period 
T . R~acKay Jan . 15 ,194 to 0ct. 10 , 944 
W. J . H i ckey Mar. 18 . 194 .. to A g. 24, 1946 
F. F . L eFever Mar . 2 L : 94 , to June 30, 947 
R . J . Martin, Jr. Apr . 1 , 1941 to June 30 , 1947 
I..S . L evine Ap:t' 7 ~ 194 to June 30 , i 947 
H. D . Brice Julv , i 94 1 to June 30 , ~ 947 
G . R . Ayer Au g . 6 , 94 t o June 30, 947 
C . L . Whitaker Sep., 19 , 1941 to June 30 ,1947 
C. W. Reck Oct. 2 , 194 1 to . June 30 , 1947 
R~ M . Sawyer Oct. 2. 6 , · 94 i to une 30 , 947 
C . E Knox Oct. 30 , 941 toM y ~ 3, 1946 
M . H . Schoer pner Jul y 6 . i 942 to Aug. 3 1. · 943 
L . W. Lenf'est Sep. 8 , 1942 to une 30 . 947 
J . H. O' Keefe ·. Sep. 16, 942 to June 3 0. 1947 
B . A . Plusnin Oct. • 1942 to Jan. 8 . 1944 
J . E. Wagar Oct. ! 6 , 942 to June 30 , 1947 
I. R . Leonard Ap:!:. 8 , 1943 to June 30 . 1947 
F . R . Heartz F eb. 8 , . 944 to De· c . 19 . i 944 
J .F. Molloy oJr. Feb . 2 8 , 1944 to Apr . 19 , · 944 

·w . A . Currier uly 17 . 1944 ~o Mar . 27 , 1945 
E. A . Tefft Oct. 9 , . 944 to J une 3 0 , 1947 
A . E. Voloshin Nov~ :. c i 944 to Mar . 15 i 945 
G . E . J ohnson Dec . 19 . 1944 to Aug. ·4 . 1945 
M. W. Grov e.s Jan. 5. li 946 to June 3·'() , 1947 
W. L . Car r · J an. 27, 1 46 to F eb . Z7 , · 946 
B. Dunn Feb. 18 ,, 1946 to June 30 . 947 
R. F . Johnson Feb. 2. 5 ; i946 to Mar . 8 , 947 
C . G . J ohnson, Jr . Apr . 4 , ~ 946 to J u ne 30 , 194'? 
C . H . Hardison une 3 , ~ 946 to J·ane 30 , 1947 
A. S . Toth Oct. 15 , ' 946 to .J ne 30 , 947 

Military Furl ough 

Sep . 1, 9·43 to Sep. 12,19 
/ Deceased. I 

O. P . Hunt Feb. ~ 8 . 946 to June 30, 1947 . 
1/ On assignment o Jap n ap.d Korea . December 945 to J une 

to Al aska Augus to November 1946. 

M i ss A . D. Buchanan was district clerk. 

1946 , 

T renton , N. J . ~ Dur ing the period , the number of gaging stations 
decreased from 80 with 54 record e rs to 76 , dl equipped with recor ders. 
The de cre ase in n mbers was mor e apparen than r e a l as early i n the 
period , 12 stage statwns on the DeLware River in c ooper a tion wi th th e 
D elawar e R ive r Joint Toll Bridge Commi s sion , we re di s con tinued. 
F ive sta,t ions were established dur :ng the firs t year or so , including . 
three to c ompl ete the network in the D.e awa e R iver Bas in. A few 
additional changes ~ccounted fo the net decrease of~ s tations. 

Some time afte r the station on the Delawa r e R iver at Monta gue 
was e stablished in 1940 , a comp~rison of its r ecords ' with those of the 
Dela ware at. Port J e rvis. N.Y •• 9 m ile up stream , indicated a n 
unusually l arge inflow between the two . To determine whethe r the 
apparent di sc r epa n c v w a s due to errors in the r ecord s or to a n 
actual large increase in fl ow 9 a n investigation was made durin g 
unusually .low flow in 1943 . All mc..ti t:dbu tary inflows were mea sur 
e d and those showed a bout the sa me surface r unoff p.er square mile 
as o ther stream s in the gener ·.1 vicinity , thus shedd ing no light on 
the p robl em. This sugge s ted that the un~ccounted -for gain was from 
grou n d water . and measu r ements of the Delaware a nd Never sink 
R ivers were made a t s everal in erme di te points ; the gain a ppeared 
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to be in two sec:tion.s, one in the main river some distance below Port 
Jervis, and the other in the' Neversink R ive r which enters at Port 
Jervis . In September 194.4, ::t year later, a. series of surface and 
bottom temperature me<:>sure·ments at 500-foot intervaJ s in the Never
sink R iver between he lowest gaging sta.Uon and the mouth, a dis
tance of 9 m iles was 1nade ; the temperatures . were the same except 
in one mile - ong sti etch where the bottom temperatures, being colder, 
indicated inflow from ground wa ter . Col d weather interrupted a 
similar test on the ma.ins re&.m and no fur t her inv·estigation wa s made 
during the period .. 

One of the two Army Engineer stations in the district had three 
recording gages . It was. the station on the Pompton River at Pompton 
Plains where the river i e. divided by an island a nd has , in each 
channel, a concrete O.am without gc.tes or flash boa.rds with a recorder 
just above each dam. A major flood showed that the dams were sub
merged . and in orde r to obtal.in extreme high-wate l' records, a third 
recorder was instQ.Hed 4 m ·· es downatrearn.; that site was used only 
during extreme h igh at.er as at lower stages. the control for low 
discharge was pooy ., 

One of the most i mpo:t> tant stations in the district was the Dela
ware River at Trenton . located a sho x·t d i stance above tidal influence . 
The records were used in connection with the so- called "salt-water 
barrier 11 in the vicinity of·Philadel phia. A study made by the State 
of Pennsylvania had shown -that the position of the barrier was 
definitely rel ated to the flow at Trentono about 35 miles upstr~arn; 
the lower the flow " the fafther upstream was the barrier 0 s position. 
Many indust:des from Philadelphia downstream use lar ge qu~.ntities 

of river wa-ter , and during low water when the salt-water barrier 
moves up-strre am , i t is necessary to treat the river water for its 
salinity. That is an expens:.ll'e operation &nd a~dva.nce~ notice of the 
fl ow t T renton is of great va.lue in determining when it will be 
neces sary to start treating the river water. In 1944, the Trenton 
Office began the prac.~ic e during the 1ow-wate::r season, of sending 
daily reports to a sma.H number of indu:3tries. Sinc e 1931. & 

record o f the daily fiow has been sent to a number of companies 
at the end of each month ., The number hes increased to about one 
dozen. During the ll.ast two years , the Army Engineers c ontri-
buted a sma.ll a,mount to help defray th~ c ost of keepi ng the record 
up to date and furnishing it monthly to the A Jr my Engineers' Phila
del phia. Office . 

A severe flood on Old.ma.n ~ s Creek ne.?.'r Woodst own in 
September l 940 destroyed a. gaging station under unusual cir-
cum stances. A concrete shelter was located a~t the upstream side 
of a concrete bridge • During the flood, which had a peak discharge 
of 8, 100 second -feet or 1 . 500 second - feet per square mile. the 
b ridge acted as a. funnel. ca.".lsing a scour rang1ng from 2 to 10 feet 
at the gage, .ausing the gage sheltel' " some 20 feet in height. to 
disappear . The shelter was never found and the assumption was 
that it toppled into the hole caused by sec ur .and was c overed by 
gravel upon the subsidence of the flood .. 

A huma.n-interest i tem wa>a~ noted 'in connection with the 
operation of the "Hatch Act .. -~~ A wom£n observer, in s ign:l.ng the 
required affidavit , ma.d+: a note on her affidavit stating that ·he 

. only organi:tation to which she belonged was the Method~st Church. 
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0 . W. Hartwell continued ~ o."J dist 1c t eng neer and had the follow
ing Civ1l Service engineermg ass1st nts~ 

Name Period Mi i tary Furlough 

Otto L auterhahn Jul.y :, 1939 to J une 30., 1947 
E. G . Barron July .1 . ~939 to July !9 ~ 1939 / 
R . W. Thompson . Jr .Julyl . 1939 to M~.r . l942 ...: 
Ever.ett Miler Ju y L 1939 to June: 30 , 1947 Feb. l94 1 to Nov. 1945 
""'.H. Tice uly 1, 939 to Julv 1941 
He le n P . StidworLy.Ju' y ~ 939 to June 30, 947 
A. c Lendo Ser-. 7. 1939 to Dec. 3 r 1946 I 
W. E . F . Mayhew Oc t.· ... o, 1941 !o Nov . 9 ~ 942 1 
W.C. Schalle~,J:r .. Mayl, i 942 toAug. L 1942 
J. M . Ludlow · Sep. ·; 942 to 'June 30 , 947 
R . J. Gr e er Fel:. l S . .1. 943 to Apr. 26, 1944 
W. T. Sittner Mar . 1, 1943 to June 30, i947 May 1944 to June 1946 
C . P . Park inson Aug .. .14 , 1944 to Nov . 18, .. 945 
E . L . B eau mont Oct" 23, 939 , t o June 30 , .. 947 
R . G . Macombex- Ma.r. 4 , 1946 to June 3 0 , :1 94 7 
G . S. Haye s Oct. 8 , l946 to ..~une 30, 1947 

... ! Military furlough ~ did not re turn to distr1.ct . 

Harri s burg , P a.- The impo rtance of flood studies and flood fore -
casting was perhaps t..b.e chief !acto r in increasing the numbe r o f ga ging 
stati o ns from 109 to 157 during the perio d . After t he d i sastrous floods 
of Mar ch 1936 , tb.e A~my Engineers m<P.d e intensive studies , particular-
ly of the Ohio River Basin "'.hove Pittsburgh , a nd a s a. r e 11ult of those 
s tudies, the number of cooperative Army Enginee1 s " s tations w a s incr e a s 
e d fr om 24 to q1., the c 1ef mcrease occurrmg in 941. In addttion , 
abou 2 3 spetaal stations we e operated for the Army Engin e e r s a s p e cial 
inve sti gations and reports , one group, located at propo sed r eservoir s , 
being s tage stat ·ons , in c onnection with existing stations , and a nother 
group whe re stage anc d1sc.harge data were furnished, b u t no records 
we r e c o mputecL W1th so many stations in the .,estern part of the sta t e , 
th e s ub-office establlsheci at Pittsbur gh :~.n 1938 b e came increasingly 
i mportant, and its engineermg personnel w s .in :,reo;sed to 7 in order 
to opera.te about 75 stc:..t:r.ons , a.s flash floods made it necessary to 
reach the stations as quickly as possible . included in the s tations 
main t a med, were 4 on the Ohio River s far downstrea m as Lock 
13 n e ar B e Laire , 0 io. 

T h e type of constru .. tlon used was cinder or c oncrete ·block. 
Although there w e re no not-::.ble structures, two were unusual in that 
r e inforcing rods were p1~.ce both horizontally a nd vertica lly, a s the 
blocks were l,,!Aid; the r ea son being t:b.__at both in stallat ions were in deep 
excava.tion s made in loose filL 

Flood 
Early in the pt;riod, the Feder·al-Stc:o.te/Forec~~ ting Serv ice<14f 

947 p . 19.1 {1 928-· "q39' 0 • -

bega n t o fu nct ".on w1th headquarters fa the Su<i~quehanna R iver Basin 
at Ha.r.riSbur g a nd for the upper Ohio R iver Basin at P ittsburgh. As 
melting s now is one of the ch1<!!f causes of the winter a nd sprin g flood s , 
a system oi s now measurements wa.a 1ncJuded in t he program . Daily 
reports of st:rea m flow and precipitation fo r key s tations were r e
ceived at the headqu arte:r'S, amd fo r a. greater num ber pf stations when 
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c'ritical conditions were deveiop1.ng. To a11oid inte:t ruption to te l ephone 
and telegraph communication during f .. oods, the St%te - owned high
frequency :radio network wa.s ue!ed in transmitb.ng the repor ts, many 
of which c~me from Sta.te F- restry ernployees. Late:f, the forecasting 
network was expanded to cover the en"'i:te etate . The importance of 
the flood-fo x ecasting serv1.ce wa:S ev:.:denced. by the fact that a lmost 
every yea.r serious flood. dama.ge o cu:n:: ed some N·here i n the state . 
As a corollary " almo.s:t every engine ~I who rem'a'.ine,d. a year o r two 
in the district , obt;c.:..ned va1Juable flood-work experience. 

Two outstanding flood1s were investiga.ted during the. period. 
Durin g the fl oods of May 1942. in the Delaware and Lackawanna River 
Basins, the Schuylk:UJ. Rive a:t Re·-ding was the thixd highest since 
1757 , the L ehigh River the second highest in 156 years of record, and the 
Lackawanna Rive r the highes t remembe:red. . Peak d ischarges we1·e 
obtained not only at all gagilng stations but by means of slope-area 
measurements p flow ovl:!r spillwa.ys and through cont:r~cted openings, 
at about 40 other points . The Albany and Trenton Districts furnished 
the data fo r their sta";es . The re ~.:mlts v t gether with. t'ecords of pre
cipi tati on , and elev,tltiona of all major flood s in the area were given 
in a r eport tha:, t. wa.s pubJ. ' shed by the Pennsyhr nb Department of 
Forests and Waters.95/ . 

95.) The F loods· ol May-1~4Z in the Deia.w· re and La~kawanna River 
Basins, 1942. 

The flood of Ju_y 11 942 in the upper Allegheny River and 
Sinnemahoning Creek Bas ins was the highest .eve:r recorded on the 
uppe r reaches of the Allegheny and Cla. ion Rive ... s . A similar in
vesti gati on was made, including determination of p -~k discharges 
at some 50 point.s where there were no gaging stations . The r esults 
were also pub.iahed by the'Oep .rtment o£ Forest~ and Waters .96/ 

961 The floo4 of July 1942 in the Upper Allegheny River and 
- Si nnemab.oning Creek Ba.sins, 1943, 

--------------------------------
For many y .. ars . there had been reqtte>Sts .fr om industries 

regarding the temperatures of the surface ~treams ;a,v<OJ.ilable tor 
industrial use, as well as their· qua iity , nd when cooperation be
tween the State and the Quality of Water Division becam effectiv e 
J uly L 944 . the need for temperatures was increa ed. Beginning 
in October · 944 ,. and c ontinuing for one yf;ar. f the ga ge observers 
we re equipped w ith the:t'rnometerg and read the ten1peratures at 
about weekly intervals . amd the surf~ ce water pe r~onne made 
temperature read:mg13 whenev·er dis harge me:~. surements were 
made . Miscellaneous temperature readings we·~e rnade both on 
streams and sp ings . The results of the temper&ture :r e .fldings , 
toge the r with ce:dain long~t me records maintained by power 
companie s, were published by the Departme~t of For ests and 
Waters .9'7J 

n l Tempera.tures ol Naturil1 WatersTn Pen.n. s 194.6. 

When the quali<~-y of water i.nv es .1gat1.ons were s tarted, spot 
samples we "Te obtaineO. at every gaging >Statl:>n. dUJdng the l ow flows 
of that summer. 

The office work of the Ha r ' aburg Dist!'ict wa. s oi greater 
scope than i n most dis :t'lc ts . As an ad.d t:o engineers, a card index 
of aU sea -level·bemch. marks in the st~·t~ · wa<S arra,nged b r counties · 
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fl o od profiles of the greatest floou.3 in every basin of 500 square miles 
or greater were deve loped; many studies were made for the State 
Water and Power Resources Boar d to which applications to develop 
water supplies thr ough stor ... ge or otherwise, were made . 

From February 2 5 to March 2., 1946 , the Annuill Sportman's 
Show was held at the Commercial Museum in Philadelphia. · The 
various State a.gencie s, includi.ng the Department of For ests and 
Waters , were invited to furnish exhibi ts . As this show afforded an 
opportunity to obtain de sir able publicity, the Survey arranged an 
exhibit which consisted of a metal tank c ontaining water in which 
a water- stage recorde!', a type A , and a pygmy meter were oper
ating . Other pieces of equipment were set up on the floor, and 
pictures of gaging stations and discharge measur ements in the 
making lined the wall . The exhibit was placed in a prominent 
po sition just inside the museum entrance, and was well · attended. 

During the per1od , J. V{. Mangan, who c ontinued as district 
engineer ana Chief of the State Division of Hydrography, was in
strumental in starting cooperation with the State in both ground 
wate r and quality - of-water· i.n-vestigations. 

Civil Se rvice engineering assistants were: 

Name 

F . L , LeMert 
J. V.B . Wells 
S. E. Rantz 
George Weber, Jr. 
R. C. Culler 
H. M. Erskine 
P. B . Williams 
R. W. Leonard 
John Horton 
R . S. Lord 
J . A. Murphy 
A . S . Toth 
J. R. McLaughlin 
K . I. Kollar 
C. J . Rossow 
S . B. Koks 
R. E. Fish 
F . N . Hansen 
David Barton 
E. A . Burti 
J . R. Hennemuth 
A . L . Smith 
H. A. DeWire 
R . K. Middleton 
R . W. Re ichle 
L. W. Weingartz 
R. J . Greer 
I . A . He ckmiller 
S . E . Crai ghead 
R . E . Bartoo 
G.E . T erney 

Period 

Jul y i, 1939 to June 30 , 947 
Jul y 1939 to Mar. 5 1940 
ul y L 19 3 9 to Feb. 9, 9 4 0 

J ui y L 1939 to Apr . 15 , 1941 

Military Furlough 

Jul y L 1939 to July 25 ~ 1946 Jan. 2 , 1943 to Nov. 20, 1943 
July 1., 1939 to Sep. 24 , 1941 
July 1, 1939 to Ma r. l8, 1947 Feb .1 3, 1942 to Dec . 2,1945 
Sep. 6 . 1939 to Nov . 16, 1941 
Oct. 16 ,. 1939 to June 30, 1947 
Apr . 15 ~ 940 to July 9 ," 1944 
Apr.24, 1940toFeb. 9 , 1942 J 
May 15, 1940 to Sep. 16 , 194·6 June 2 , 945 to Apr . l4 , 1946 
Sep. 16, 1940 to June 30, 1947 Aprill6 , 1941 to J'Mar . 1,1946 
Oct. 1" ~940 to Oct. 9 , 194 1 
May B , i 940 to June 30 , 1947 
Mar . 1, 194 1 to Sep. 19 , 1944 
Nov. U7, l 94 U to une 30, 194? 
Oct. i 4 , 1941 to June 30, 1947 
June 16 , 1941 to June 30 , 947 
Dec . L 194 1 to June 30, · 1947 / 
Dec . ! 6 , 1941 to~- 29, 1945l 
Apr . 6, 1942 to Feb. 4 , 1943 17 
Aug. 5 , 1942 to Jan.27 , 1944 A/ 
Dec . 2. 1942 to Oct. 10, 1944-
Apr . 2., 1942 to June 30 ~ 1947 
Ma.y 16, 1942 to Dec .. 5 , ~ 9432/ Decea s ed 
Jan 10, 19 44 to May 12, 1944 
Sep. 5, 1944 to June 3 0 , 1947 
Jan. 8 , ~ 945 to June 30, 1947 
Jam. 8 , 1945 to June 30 , 1947 
,Jan. 23, 1945to Oc t. 20,1945 
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Na.me Per:iod Militar y Furlough 

H. S. Rudd 
W. W. Mach1n 
W. C . Vaundrey 

Fro .. 4, 1946 to Oct. 4 . 1946 
May 7 . 1946 to Aplt' .. i\ 8, 1947 
Oct, 4 , 1.946 to June 30, 1947 

!/ Military furlough~ d1d not return to dist.~ic t . 

~ollege Park, Md,- The Middle Atlantic States D i strict became 
the Co lege Park D~,stirct when the . leadqua,rte~s we1·e moved from 
Washington to Co~lege Park. Md. , on th" campus of. the Maryland 
Agricultural CoUege June 5. 1940. That change was made chiefly to 
relieve the crowded condition w the Washington Office . During the 
peri od , the diatr1ct area was increased 'by the State of Delaware 
when cooperation with thi3l.t st~te beca,me effective in the spring of 
1943. On July 1 .• I 945 , the li. 0 stations on the Potomac River Basin 
in West Virginia op~ ra.ted for the Charleston District were trans
ferred to that district, 

The number of gaging stations increased hom 40 with 32 re
corde rs in. 1939 to 61 with 59 recordet>e in ~ 947. Of the 61 stations, 
45 were in Maryland, 9 in Dela.wa:re o 3 in West Virginia, a nd 2 each 
in Pennsylvania ~nd the District of Columbia . The Army E n gineers 
gradually increased the ir support from 3 to 27 stc.tions in connection 
with thei~ flood studies Those &re include d i n the 6 1 stati ons . 

At the gE.,ging sot,,t•on on Christina R iver a.t Gooch Bridge , 
Del. , it was necessa:ty to use .a bulldozer to lower the channe l and 
construct an a.rtiflc:1al contr-ol in order to avoid ba.ckwater from a 
m ill dam.. Duri ng :i. 944 , the rec.o:r-ds of all station a 5.n the Potomac 
R iver Be. sin, .and th~ remaining Maryland reco rds c omp:dsing in a ll, 
11, 900 stat10n-month records ~ equivalent to about 99 0 years , the 
longest be ... ng that of the Potomac Rive r at Point of Rocks , since 
1895, were compiled by the Survey and published ~y ,the State De
paz tment of Geology , Mines and Water: Re sou1fce s .)tj J 

987 BulL 1 , 1944.. . -

WH!h the beginnmg of cooperation in Delaware , '7 gaging stations 
were insta.Ued. in the 8pring of 1943, two 'be i ng at the &ite s of stations 
maintained by the Ha:t:dsburg Distrkt for a few years during the 
pre vious pe 'dod.Cfi/ An additional station was estabHshed the foUow-

9')1 p , 19o , I92S -- 1939L 
1ng year , One of the .stations near Wilnnngton was on Shellpot Creek , 
draining am <>lre& of 7 square miles ; that vicinity was c ha..nged from a 
r ural to a.n urban a!·e~ w ith a cor:re sponding change in runoff chara cter
istlcs, and a. knowledge of that change in "':Ina!.ll are;.,.,_s was de s i red. 
Near the close of the pez'iod in 1947 " cooperation with the New Castle 
County Soil Conse~vation District. in the Bramdywine Valley ,. of 
which 85 percent !ViaS in Pennsylvani1.11, iS:.nd the re~adnder i n Delaware , 
resulted in the infJt.&Hation and oper~tion of 1 st:raam gaging stati on 
and 8 recording ~o?ain ga.ges. 

A . H. Hor.ton continued s•.s dis tr ict engin eexc until his death 
March 4 , :K945. He was succeeded by V. R . Beru:d.on. Other Civil 
Service Engineering a..ssistants were~ 



Name 

A . D. Ash 
L. B . Pierce 
G . E . Ferguson 
E . J . Kennedy 
Harold Cla.dny 
D. B . Bogart 
F . H . Amul 
Mrs. M.A. Dahlquist 
Mrs. M. L. Keith 
W. R . Williams 
Miss E . M . Wilson 
L . A . Gennell 
0 . M . Davis, Jr . 
K . L . Kollar 
Mrs . C . V. Lee 
P . W. B:r e wet' 
M rs. M. R . Steffen 
James Thomas , Jr . 
R . 0 . R. Martin 
D . F. Dougherty 
L. T . Loomi s 

c::iod 

July l, 1939 t o Sep. 25, 194 
J uly 1 , 1939 t o Feb . 20 , 945 
July 1 , 1939 to Oct. 25, 1940 · 
July 1 , 1939 to Dec .. 10 , ' 946 
July , 1939to J uly ·s. ~9 39 
Oct. 5, 1939 to Sept. 24 , 941 
Jan. 4, 1940 to Feb. 18 , :... 941 
May 6 , 940 to Nov . 1., .1 940 
Oct. 2 L 1940 .to Oct. 16 . 1944 
Se pt. 22 , 1941 to Feb. 26, 1943 
Oct. 2 1. 1942toSept. 28 , 945 
Sept. 2 7 , 1943 to . ~ .. pr . 2 1945 
Jan. 24 945 to June 30 , 1947 
Feb. , 945 to June i 6 , 1945 
Feb. 26 , 1945 to Jun~ 30 , 947 
Apr . 16 , 1945 to June 30, 1947 
Oct. 29 , 945 to June 30 ; 1947 
Apr. 4 ~ 1946 to J une 30 , :1. 947 
Apr. 5, 946 to June 30 , 947 
No v. 8 , 946 to June 30 , 947 
Feb. 25 , 1947 to Nov. 18 , 1947 

There were no m ilitary fu rloughs . · · : 

Charlotte sville , Va. - The number of gaging stations was in:...,. 
creased from 91 of which 85 were equipped with recorders, to 152 of 
which 09 were equipped with recorders . The increase was made 
possibl e by additional Army Engineer funds which increas ed the 
number of stations so supported from 15 to 83 , of which some were 
existing stations , and by practically doubling of the State appro
priation. 

. 
In order to operate more sati sfa·ctorily the stations on 

streams in southwest Virginia , a sub-office was established at 
Marion on July 19, 1942. This offi ce operated stations in which 
both the Army Engineers and TVA were interested , the latter sta tions 
being increased from 7 to 10. As of June 1947 , 31 stations were oper
ated by the Mar i on sub-office . A second s~.b - office was. me?dntained 
for a short time at Danville, Virginia .• in 1942 , but was closed f o r 
lack of personnel when the engineer in char ge w~s given military 
furlough. All stations except those in southwest Virginia were then 
maintained from the m a in office in Charlottesv iile . 

In the e st~blishment of new stations, it was the di strict polic y 
to make temporary timber or pipe -well installations for recorders, or 
non- recording installa tions a t first , a nd if the sites prov'e d to be satis
factory, permanent concrete structures were installed late r. 

During t,he drought year 194 , about 250 miscellaneous measure-· 
ments were made ; so small was the flow of m any str eams tha t pygmy 
meter s, tanks, and portable Parshall flumes were used . 

The flood of August i 940 . because of its severity and the 
damage caused, entailed considerabl e extra field and office work, es-

. p~cially as eve·r yone interested, and that included a~ great many , wanted 
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the flood records at the earliest p oo sib: e date . The stages were so much 
greater than the r!l.nge of the ratlng cu•ve$ that it Vltas necessary to make 
many slope-area measurements of the peak discharges The concrete 
structure on the Roanoke River at Brookneal wa& de strayed by the flood 
and a new site upstre;,m was sel ected where the station would not be 
washed out. After exc.;1vat:lon had started , it was discovered that it 
was necessary to dynam1te 20 fe*!t of solid :r ck; only hand drills were 
available and iot ... months were spent on that job ,. and another concrete 
gage house on Fa'lling River near Brooknea~:" Mo:te slope -area measure
ments were made after the flood of O~tober 1942 , and several after the 
flood of 1944. The October 1942 £ ood was the highest known in parts 
of the Shenandoah and Rap;><>hannock R1v-er Basins., 

During the war years , be au15e of the many A-rmy and Navy 
establishments and e:Jso bas .. c. industry supp ying war-time needs, the 
Charlottesville Distri· t pi e:pared much more than the average reports 
of other districts on wa.te supply Many o. the rc,ports required the 
establishment of tempora:ty gaging stations , where cities or towns 
needed additional water supplieso In the highly impoxtant mUitary 
area of Hampton Roads, an investigation for additional water supply 
required the establishment of 4 gaging stations , 2 being equ1pped with 
recorders The data furnished aict~d the decision by the Public Works 
Agency to build pipe lme s and a. low dam at a co-st of ten million 
dollars . fo.t' a : argely increased water supply for the . Newport News 
and Norfolk areas. 

During the spring of 944, the practice of taking the tempera
ture of the water when·!! ~re!' a. discharge measurement wa.s made was 
started, That c-,me about by the many requests from industrial con
cerns seeking locahons where water supplies and water temperature 
were suit;Q.ble . 

Larg-ely as a result of the increased inteiest in stream-flow 
records the compilation of Virgima records made in 1927 and pub 
lished by the State, was brought up to do.te, and those for the period 
1927 to 1942 were published in 944 by the Vug~nia Conservation 
Comm1ssion as a se:nes of four bulletins containmg records of daily 
stage as well as: dis ha.rge As fxequently happens when later in
formation becomes available . it was necessal"y to revise some of 
the older records 

ln September .~.946, the Army Engineex-~ requested the 
Survey to obta.in dc..ta on the va.r1ation in ve l ocity during the ebb and 
flow of the tide through the Lynnhawen Inlet. Lynnhaven Bay is 
famous for its nyste:t s, and silta.tion and sh1fting sand b~r s had 
destroyed .a. la.xge part of the oyster beds , and wa:· constantly chang
ing the navigation channe~e. , Four motor .boats , with a boatman fo r 
each, were !uznish d bv the Army Engineers and the Survey furnished 
2 engineex s for each of the 3 b oats ,, and a-. single engineer for the 
fourth . September l was selected, the fo:tecast for which was for 
minimum wind and ra1n> Two section were s-el .cted " one about 
300 feet wide on Long Creek ~nd the othe .. ~ .c:los Lynnhaven Inlet 
a distance of 2. 200 feet. Veloc::!ty me~~~turemen s for vertical
velocity curves at ec,ch ~ute were made as continuously as poss1ble 
thr ough a 14-hour period from b out 2 a . m. to 6 p.m. An extra 
boat~ rn:a.nned by the Army EngineeA s. Il'lade the rounds to x eli eve 
some of the men occasionally for shor.t rest peTiods , and wh t 
was of equislll 1mportance, supplying refr.eshments . In add!b.on to 
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the distr i ct engineer , 8 engin.eers f.r. om the district office p a rtic ipa ted 
in the m e asurements. Velocities _,. anged from 0 t o 3 . 5 feet pe r second; 
and depth s were as much a s ~ 4 feet 

During the summer of 1947 , an in·vento ry of the m a jor re se·rvoir s 
in the state was m a de by 0 . D . Mussey . As no p revious inventory had 
been m ade, it wa .. necessar.y t o obtain the information f rom the owners . 
The compilation of the replies showed 35 reservoi rs exceeding 1, 000 
acre - feet cap a.city , the oldest having b e 1en cons tructed a bout 1780 and 
five others befo re the Civil War . The r esults we lt' e publis h ed by the 
Virginia Conservation Commi s sionJ..CX¥ 

lOd Major s t o rage reservoirs of Virgini:& . Bull . 9o 1948 . 

J. J . Dirzulaitls con inued a.s district engineer until August 20 , 
1940, wh en F . F . Schrader was appointed a.s A cting Dist rict Engineer 
for a. shor t period , followed by D . S . Wallace as A cting D is t r ict En
gineer u n til June 94 · ~ at which time he was a ppointed District Engineer . 
Other C i v il Service engineeri ng personnel were : · 

Narne 

F . F . Schra de r 
A . R . G r een 
T . F . Hanl y 
o. D . Mussey 
T . W . Edwar ds 
R . D. S chmickle 
R. E . Cu r tis 
J. S . Cragwall . J r . 
B.L. M i ms ,Jr. 
R . H . Tic e 
G . C . Col vin 
S . G . Ander son 
C. H . Hannum 
H. M . T u ttle 
W . E . Patten 
E . H . Ogilvie 
Mrs . V . W . J ames 
Mrs . E . T . Abr am s 
J . L . Smi th 
B .. Y. Canipe 
G . M . Thayer 

Period 

Ju y 1 . 1939 to Jan. iO, 1942 
July • 19 39 to ,June 3 0 , 194'7 
July L ~939 to May l 8 o 194 6 
July L 939 to J une 3 0, 1947 
July 1 o 1939 to Jan. 15 ,1940 
Oct. 27 o li 941 to June~7. 1942 
Mar. Z.6 o i 941 to Jun e 30 . l 947 
May 19. 1.941 to J u ne 30 , 194'7 
Aug. 21. 1941 to Feb. 4 , 946 
Sep . 8 . · ~ 94 1 to June 3 0 . 94 7 
Mar. 23 . 1942 to Feb. 28, 947 
Jul y 20. 1942 to June 30 " 1947 
Feb. 9, l 942 to June 30 , 94 7 
July L 1942 to May 31, 1945 
Jan". 28 . 1943 to Nov. 24 . 1946 
June 19 . li 944 to Jun e 30 , 1947 
Sep. 11, 1944 t o June 3, 1941 
Aug . 28. 1944 to June 3 0 . ~ 94 7 
Nov. 2 , 1944 to June 3 , 1945 
Jan. 21. 1944 to Jan. 5 , 1945 
Se p . 24 , ~ 945 to Jun e 3 0 . li 947 

Military Furl ough 

June 18 , 1942 to Dec.l3 ,1945 

Feb. 2 3,1942 to Nov . 4,1945 

Sep . 14 . 1942 to Dec. 10 , 1945 
Apr . l 9 . 1944toDec. 3 , 194S l 
Sep. 10,1943 to May 19 , 1946 

Ral eigh . N . C .- The Ral eigh District expand e d its a ctivities from 
the ope r a tion of i 03 t o li34 staticnsp of which 129 were equipped with re
corde r s. T h e inc r ease was due c hiefly to the flood -contr ol study being 
carr ied on b o th b y 1t:he A r my EngineeX's and the Soil Conservation Se r vice , 
30 s tati ons h a v i ng been .s ta1blished dur ing the f i rst 18 months of the per
iod and some dis c o ntinued within a few years. Tha.t stud y was intensified 
beccmse of the severe flood of August 1940" During the fiscal year 1942, 
at the reque a t o f T VA, ~0 etation s wer e established by the Ral eigh Dis
trict in the H iwas s e e Rive r Basin in Georgia. In clud ing those stations, 
the Ral eigh D is t ric t operate d 53 TVA stations. 

The 940 fl o od was a hurricane flood c overing the western part 
of the state and c a us i ng record runoff in a drought year . so se v e r e was 
the flood that half a. doze n station s were d estro y e d .. The top "Qf the 
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shelter on the Roanoke Rive r at Roa noke .Rapids was submerged in spite 
of its having been r aised 6 fee t before the !rood ; afterward it was raised 
an additional 6 feet ~ the cableway had a 900-foot cente r span , supported 
by A-frames ; so much drift caugh t on the cable that it ripped out the 
concrete anchorages , uprooting a 6-inch tree in the process . The A
frame s were late r r eplaced by stee l towers p and a 600-foot span added 
on one side and 500-foot spa n on the o th e r, making a total span of 2 , 300 
feet . Following that flood , the dis trict made an intensive investigation 
which is descr ibed on Page 390 o 

In .the Coastal P l a in , the river slopes are flat and the flood plain 
is usually heavily t imbered ; a s a result, the flood flows are seriously 
retarded resultiing in a n avera ge r a nge in stage of about 15 feet . Where 
bridge s i tes are suitable , those wer e util i zed for d i scharge measure
menta, but at other stations , i t was necessar y to erect cableways . In 
order to measure the over -flow through heavy timber , it was necessary 
to clea r a space f r om 40 to 80 feet wide under the c ableway , through the 
overflow areas . At 8 stations where the overflow was an important part 
of the discha rge , the l ength of the clear ed space r anged from 500 to 
2 , 200 fee t, a nd to keep down the fast - growing brush and trees, the 
cleari ng had to be done annually. 

Cableways ov e r navigable streams caused special problems ; 
on the Cape Fear Rive r at Lock No. 3, where the cable was suppo1rted 
on towers 30 and 40 feet high, a w inch was installed behind the . anchorage 
and hooked onto the cable in front of the turnbuckle, thus making it 
possibi e t o l ower the cabl e for passing boats . The personnel at the 
lock lowe r ed the cable when necessary. 

To make r eadily ava ila ble to the public all hydrologic data i n 
the Ca pe Fear iver Ba sin, the Sur vey and Weathe r Bur·eau collabor
ated in the compilation of the r ecords of both agencies . The Survey1 s 
data for 20 gaging stations we r e presented in mean discharge in m illion 
gallons per d a y (showing the influence and interest of water works men 
in the records ) , de sc r iption of ground-water investigations with 
accompanying data , and chemical a nalyses . The report wa s published 
by the State in 947 , 

The district off ice was moved from Asheville to Raleigh in 
October , 1943 ,101/ and Asheville not only remained a sub-office but 

10::7 ~ J8 . - ' 
lia l.ts own sub-office at Bryson C i ty to operate the stations in the 
western par t of the State . In the center of the .Piedmont region , a 
sub- office was establi shed at Statesville p near the close of the period. 
The su b-office at High Poi nt, establishe d for that investigation .JO~/ 

102/ Po 196 (l92S - l939 »o 
was c ontinued unt il March 3 1. 1944. 

E . D . Burchard continued as d i strict ' engineer until his re 
tirement April 30, 1947, when J . L . Lamson became acting distric t 
engineer . Other Civ il Service engineer in g person~el were: 
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Name 

E. B " Hodges 
J . W. Gambrell 
K . A. Mac . :c· a.."l 

V. W. Rupp 
R . W. Leonard 

Pe r iod 

July l, ~ 9 39 to June 3 0 , 194 7 
Ju"y , 1939 to Dec.l7, 1941 
Jul y L 1939 to Dec-. 9 , 1941 
""ul y 1. 1939 to Jan 1. 1940 
July L 939 to Sep . 5 , 1939 
Nov. 9 ,. 1941 to Dec. 2.1,1945 

P . G. Ford Nov. 27, 1939 to June 30, 1941 
J. L . French J an. lO, 1940 to J une 39 ,1942 
G . E. Harbeck , Jr . Ap . 3 , 1940to,Jan. 5, 1946 / 
H . S. Rudd Ma.y 27, 1940 to Dec. 30 . 940 = 

R. H~ Peck · une 13 p 1940 to J ne 30 ,}.947 
J. M . Terry Au g.Z7,l940 to Oct . , 1943 
R . J. Smith Apr . U. 94 to June 30, 947 
H . A . Taylor Aug. 7, 194.t to June 30 , 1947 
E. G . Woll in · Oct. 29, 194l to Jun e. 30,1947 
R . W. GunwaldsenNov. 0 , i 941 to Jam. lp 1942 
H. C . Creasman Nov. 18 o 194 1 to Apr . ~ 0 , 1944 
R . B . Vice Dec.l5, 194 t o J une 10 , 1946 
J.R.S. Hill Apr . ~ 6 , 942 to Jan . 3i . " 943 
J. W. Hankins May 1.. 1942 , to Mar . 8 , ~ 944 
R . Y. Canipe Ma.y 25 , 1942 to Feb. 24. 1943 l/ 
Margy G. Bean .J an. 1 , 1943 to July 3 'i1 ,. 944 
A . J . Taylor May 24 , 1943 to Nov. 15, 943 
D . C . Mur row Mar. 16. 943 to June 30 . 1947 
H.A. Whitman Sep. 1 , 1943 to June 30 p 1947 
W. R . Eaton Oct. 18 , n943 to June 3 0 , i 947 
W. T . Utter July 24 , 1944 to Dec. , li 945 
H. A. Ballcu:d Sep. 1 , 1944 to June 30, · 947 
A . B . Goodw1n • n. 17 , 945 to June 30 . ·· 947 
L . D. S tephens on Apr·. 7 , I945 to De c . lO n · 945 
H. A . Carl son uly !• i 945 to June 30 , ~ 947 
F . P . Bar.nes .:an. 27 . 1947 to June 13 , k947 

Military Furlough 

-
Sep. 8, 194~ to Jan. 15,1946 

Feb.l9 , 1943 to J an . l,l946 

Nov. 28,1940 to Dec . 3 ,1945 

Jan. 25, 1943 to July 9,1946 

Nov.27, 1942 to June 26 ,1946 

Mar . 22, 1944 to Oct. 7 , 1946 

!) Military fu lf l ou gh; dld not retu n to district 

M r s . Effie T , Workman was district clerk u ntil January 1 , 1944 , 
when she was succeeded by M. V . Harrington. 

Columbic.. " S. C - Additiona c ooperation wi th the Army Engineer s , 
most of which occurred early in the period ,; wii>l. s chiefly r esponsible for 
the increase in the numbe r· of g~ging station s !:rom 33 to 54 , of which 50 
we r e equipped with recorders. To me.et the ne·eds of the Army Engineers 
so far as po ssible~ about 80 pe r cent of the st&tiona were c onnected with 
sea level datum" 

C o ntinuing the dose contacts with the State Hi ghway Department , 
the Survey furnished the Department w i th data on rive r stages at times 
of flood, and correlated. those stage s with the Weather Bureau forecasts . 
Also , he Hi ghway Dep~rtment c ontinued t o submit bridge plans for the 
Distric t Engineer 0 s exami~tion of the flood openings . · One plan was 
for a b ridge across the 9 . 000 -f:>ot f. ood plain of the W~teree River , 
where g&ging station records indicated that a bridge opening of 4, 200 
feet would be sufficient . and the remaining d i s tan c e could be earth fill . 
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The wide- sp1:'ea.d flood of August 1940 ,l03; raached stages consider-
10-J/...---P-· _3_9_0 .. -- -

ably above p rev i ous mec-.surements, and coo rdinating the investigation by 
neighboring d i stricts , the Colum b1a Di~tt ict made fl ood surveys to deter
mine the peak discha~ges at po1nts not covered by discharge measurements, 
and prepared a repor t on the flood for all dAst:dct stations. 

An unusual coop erative program was that with the Public Service 
Authority s ta.rted in the f~.scal year ~ 944 The Public Service Authority 
was beginning t he opet·ation of the Santee-Cooper development, which 
combines hydro-power , navtgation , and in less deg!'ee , flood control on 
the lower Santee River . It was impor-tant tha t the Au thority have flood 
data at up s tream stat"ons i n order to operate the spillway gates of the 
large rese rvoiz·s and p revent water waste ; ·01t other times, stream flood 
r ecords were t equired in connection with the geneza.tion of power, and 
the conservation of low w.ater . Soon after the system was placed in 
operation, a flood occurred during which A . E . J ohnson furnished the 
Author ity strea m flow records from up s tream s tat ions; that information 
proved its value, a nd at a subsequent c onference , tl:he value of c ontinuous 
upstream records was demonstrated. As a :t'esult of the ensuing c oope r
ation, the Surve y furm.shed a daily report 6 times a week, giving the 
dis charge of the upst:ream g~. ging station~ , t.he stages of the reservoirs, 
and the rainfall Qnd wea her fo recasts , as fu!'ni hed by the Weather 
Bureau. 

In the Coastal Pl in , the str eam s meander within a heavily 
timbe r ed swamp area f rom one to five miles 1n w ·dth, and a s sta tion 
cont rol s are p ractlcallly non-exi stent . the most desirable site s for 
gagtng stations a re at buffs. Use was mad e of an ~il"plane for 
reconnaissance when the trees were bare by means of which not onl y 
were the bluff sections located but all available roads a nd trails were 
noted for use during cons truction. In the Piedmont section, where 
the s treams h~ve alternate pools a nd riffle s o the use of an a irp lane 
was also found advantageous , as shown b y the following incident: 
A station was- desired in a. wen y - mile reach of the Tyger River . and 
an engi neer s pent 3 days m a k ing local i nquir i e s and exploring ~ but 
found n o l"iffles; then two engineers spen t a day de scending the rive r 
in a motor boat, w ith a thir d man in a ca:;r following a l ong the nearest 
highway ; fina ' y, a site wa s selected. Lci>!.ter, by use ~fan airplane, 
the same infox·mation was obtained in fifteen m inu te s*Oif 

lOl.d Water Resources Bull . , Aug. i944, p . 124 

The contacts with the_ civil engineering students a~ the Univer
•t of South C.a>.r olina started dur n g the previous pe riod ;taS I were con-

lOS I p . 1 8 -
tlnue 

A .. E . J ohnson continued as district enginee t:, and had the 
following C i vil Service engineering assistants~ 

Name 

J . M . Terry 
L . B . Xa-r ger 
F . W. Wa ge ner 
H . L . Smith 
W. W. ~vett 

Period Military Furlough 

Ju y .i., 939 to Oc. 6 , 194 0 
.iu y i , 1939 to une 30 , 1947 
July L 1939 to June 30 • .1947l/ 
Oct. 4, l/. 94 0 to Ma~. 1, 1943 _ 
Oc t. 4, 1943 to June 30, 1947 



Cont'd 

Name 

J. M. Carns 
L. L. Finley 
Vf. T . Utter 

Per10d 

Mar. 'L 1943 to Apr . 13, · 943 
Apr . 16 ,, 1943 to June 30, · 947 
Dec . 10 , 1945 to June 30 , 1947 

Military Furlough 

]J Military furlough ; did not return to district. 

Mrs. L. P. Knox was distr i ct cle r k . 

Atla.nta , Ga. - The number o f ga ging stations was increased 
from 64 with 40 r ecC'rde r s i n 1939 to 92 w ith 77 recorde rs in 194 7, 
the greatest inc rea £e occurring in the first ye~·. wh en the Army 
Engineers supplemented the State program by furni shing funds for 
15 stations. This cooperat i on was increased during the period as 
the Army Engi nee:cs . requil'ing additional re c o rd. s fo r flood-c ontrol 
projects associated with th~ serious power shortage , and for 3 
multiple-purpose :r-eservoirs being pla ced under construction, c on
tributed addit~.cnal funds towa:rds the mai ntenance of existing stations 
with the resuH that by the end of the period, 50 stations were support
ed wholly or in part by that agency. 

Serious deficiencies in water resources information in 
connection with water suppl y for milit~ry establishments and defense 
industries were immediately a pparent in the beginning of the war 
effort. Military establishment site s we're often sel ected by high 
authori ties on the assumpti on that water supply and streams for 
sewage disposa were readily availa ble . As a result, the Army 
Engineers charged w i th construction of camps and air fields fre
quentl y demanded m inimum flow informatlon on stre&ms for 
which no records were a.vailable . On one occasi on , the local 
Army Engineer Office called the Suz'vey and stated that Washington 
was on the phone and wanted immediately information re gar ding the 
minimum flow of certain sma ll streams. To meet this ituation as 
soon as possible , the district made spot measurements 1n October 
1942 at 117 sites on small, unregulated , representative streams, 
chiefly in the Piedmont Plateau, supplemented in the following year 
by additional spot measurements in adja.cent province s. Fifteen 
index stations , equipped wi th staff gages . were established to 
supplement existing pe1r m a nent gaging stations. The drainage 
areas were measured and the low-wa ter flow per square mile com
puted for each stream that had been measu red. By hydrographic 
comparison . using the permanent gaging stations c:.nd the emergency 
index stations , the minimum flow for 1942 and the drought year 1941 , 
were computed. W n these result s were studied, a general pattern 
of low - water yields was indicated , from which reasonably accurate 
determinations of minimum flows could be ma.de for any small stream 
in North Georgia. Maps showi ng the resul t of this study were dis
tributed to the Army and defense agencies . with the resu;lt that re
quests for "nformation dropped from a doze n or more per month to 
practically none . 

Wh · e this investigation and study were in the nature of a 
wartime emergency task . the results were of permanent value to 
serve the needs of many s mall towns in Georgia requiring expanded 
water facilities for municipal or industr ial u s e. Subsequent in -



vestigat.ion on specific sh~eam<5 showed that the estimates c..ould be 
verified w i th a high o rde r of accura.cy, provided the geologic 
characteristi cs of the x egion we!"e pr opeX'ly conside:red. 
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Cooperation with Emor y Univer s ity F i eld Station for the purpose 
of investigating hydrol ogic fa c.: tors r£1ated to m alaria control had started 
informally in i 937 when a numbe r of ga.gi ng stations 9 which were selected 
by the Survey . were installed and equipped with staff gages and operated 
by Field Station personnel. In 1942, the Field Station. installed water 
stage recorders at 5 sta d.ons and pl anned to c orttinue their operation; 
however , the draft boards took ao.U but one ma.n from the staffD so their 
organization was d · ~banded in September ~ 942. The ope!'ation of the 
gaging stations wa,s then undertaken by the Survey, who employed the 
one remai n i ng man. He devoted a P=· t of h is time to those stations 
during the remainder of the pe!"iod " exc.ep t during the last four months 
when, to meet the need of the Public Hea~.lth ServicetoS/ he devoted 

106/ P• BL.o 
pra.ctic<il1y' all his time to the F ield Station investigation, 

In 1945, E . L . Hendr icks was detailed to the Field Stati on to 
study the data collected on the hydrologic pr·ogram including, besides 
the gagi.ng stat ions ' r ecords p ground wate observations at 89 wells : 
pond level records on 19 ponds ; an e vaporation station:; and rainfall , 
temperature and humidity gages" Ea.rly i n the investigation , it was 
established that as the ponds , which were of primar y interest to the 
malaria prob1em ~ had impervious bottoms . a nd we e not effected by 
ground water l evels. the ground water phase of the investigation was 
terminated. 

Xn i 944, 7 gaging s;tations were eiitablished for the Army 
Engineers who we :re revising the 308 Report of the Altamaha River 
Basi n " In the fiscal yera<t· 1946, as ~ r e s~1t_of increased State 
cooperative funds for the purpose cf investigating small streams . 
many sites w<::r e: investigated . pb ms prepared for new stations . and 
equipment purchased. However. with ..._ change i n the political picture 
in the· state . i a ppeared in«l!dvisable to p r oceed with the installations ~ 
a w i se decis ion " a.s late r the State Auditor reduc-ed the appropriation 
by $5 . 000 . 

In the spring of i 946 . Tate Dalrympl e, who was on the 
Washington Office staff as liaison member for Sta.te Highway Depart
ments , contacted the State Bdd.ge Engineer -~nd found that he was 
concerned with a compl ex stream flow c ondition at a particular 
bridge site o M r. Dal rymple , with the assistance of~. Ro WiUiams , 
analyzed the situati on and furni shed a solution. As a result. several 
other simila.r problems were referr ed to the Survey and the State 
Highway Department in the fisc&l year 1947 ~ began cooperation with 
the Survey. 

During the per.iod,. two sub-off1ces we :r.e maiintained p one at. 
CamiUa during a part of R 942 a.nd 1943 " and t he othe r a t Newton from 
July 1945 to the end of the period ; both m c onnection w ith the Emory 
University Field Station a nd other gaging sta.tions in the southern 
part of the state _ 



122 

F M . Bell was district engm eer until September 1, 1941, when 
he was transferred to the Chattanooga Distr ict and was succeeded by 
M . T . Thomson. Othe r ·vn Service engineering personnel were: 

Name 

J. L . F rench 
R . F . Conard 
J. M. Carns 
M. R. Williams 

L. K. Dunagin 
A . F. McVarish 
0. K . Ander son 
S. A . Berkowi tz 
E . L. Hendricks 
L . R. Mills , Jr . 
J. F . Gibson 
Mrs . H . H . Bell 

· C . M. Bunch 
T . L . Davis 
C .' M . Sellers 
W . H . Cone , Jr . 
G . T . Condrey . Jr . 
:!) r:ar1ton 
A..·N . Came~on 
J . E . Heatherly 

Period 

July L 1939 to Dec . 3 1, 1949 / 
July 1, 193Cf to Arp •. 18 , 194 .?; 

Military Furlough 

July 1, 1939 to Feb. 2 , i 947 
1
Apr . 1 6 , 1943 to Dec . 31,1~ 

July 1, 1939 to Nov. 18 , 1945 ~"-t 
June 8 , 1946 to June 2, 94 7 
Jan . 2 , 1940 to Sep. 20 , 1942 lJ 
J an. 3 , 1940 to Mar . 9 , 1944 
Nev. 20, 1940 to Mar . 27, l 942Y 
Oc t>20, 194 l to Jun~ 6 , 1942 .. / 
Feb. 28, 1942 to J une 30 , 1947 
May 22, 1942 to June 30, 1947 
Sep. 1942 to Mar . 6 , 1943 
Oct. 20 , ' 1942 to Mar . 3 1 , 1944 
Sep. 2 , 1943 to June 30 , 1947 
Feb. 4 , 1944 to Oct.' 5 . 1945 
Mar. 26 , 1944 to June 30, :Y. 944 
May ! 1944 t o Feb. 28, 1947 
Nov. 8, 1944 to June 30 , 1947 
Mar . 19 , 1946 to July 3 L 1946 
May 3 , 1946 to June 3 0, 194 7 
Mar ~ 1 0 , 1947 to June 30 , 947 

;_I ~ilitary fur l ough; d id not return to district. 
_: Tempor ary detail to Japan. 

Mrs . Effie T . Workman was distric t clerk until January 1940, 
Miss Gladys Boulton February 1940 to May 1943, and Miss A . L , Cain 
dur ing the remainder of the period. · · 

Ocala, Fla. - At the beginning of the period , cooperation with 
the city of Miami for the purpose o£ s earching for an additional water 
supply increased the number of gaging stations on canals in the Lake 
Okeechobee and Everglades area by 20 during the first year , and that 
with the E verglades Drainage Distr i ct by 10 in 1942 . Cooperation 
with the Internal Improvement Fund resulted in the establishment of 
15 regular stations and 7 stage stations , ch i efly on small streams, 
during the last 2 year s . The Army Engineer stations were increased 
from 18 to 39 . These various increases together with a few stations 
established in cooperation with cities and c ounties , increased the 
number of sta.t ions from 56 at the begi nning of the period to 111 at 
the end of the period , of which 59 were equipped with recorders. 
There were also 78 stage stations where the flatness of the topo
graphy made it impracticable to m easure the discharges . The·ir 
value was due to the :fact that the sta6e recorded represented the 
water elevation over a somewhat extens ive area. 

The cooperative programs with the city of Miami ~nd with 
the Everglades Drainage Distric t , b r ought about fi eld w ork in the 
Everglades, a regi on unl ike any othe r i n the Uni ted States. Con
ditiqns were totally different and a somewfia.t detailed a ·ccount of 
the ·unusual problems and how they were sol ved appears warranted. 
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The M iami p xoo gra:m required a study of the r a infall a nd runoff 
of the Eve rglade s ~.rea ributa:t y to the Mi ami area i tself for the purpose 
of evaluating the su:rfac.e - water supplies available , Besides the gaging 
stations . it was nece(;;l':,O>.:t. y to s uppl ement exi ·' t i ng r ainfall stations with 
18 a.dditiona,l stations ~..nd 4: e vapor;:·t:ion sf.atio:-:'Ys , insta led and operated 
by the Survey. 

The g;a,ging sta tiona w r e l ocated chiei1y (in the canals draining 
the Everg ades , w1th a few entering Lake Okeechobee . the r ecords from 
which wei'e needed to coordinate the studi es of the Ground Water and 
Quality of Wate r Divisions in the :mvestigation of an additional water 
supply. The studies of aurfa~e and ground water were intimately 
r elated as w.c..ter p~·.s sed readily between the c hanne l s and the adjac.ent 
ground. 

At several stations, no stage - disc h r ge re ation existed; .during 
pe riods o f he:'"'.VY ra-infall , water from at.djaccimt cultivated areas is pump
ed through the canals an ~ i nto Lake Oke echobee a nd during periods of 
light rainfall ? the wate t.' is pumped from the c.anals fo r irrigation. As 
the stage in the lake is very n~a:!''ly. the same as that at the canal stations, 
the flow in the canals may chomge each d&y, not on yin amount but also 
in dire ction ~ To deterrnine the variations in velodty a.nd d irection , 
observer·s read tw'ic·e t da.y not only the s ge , but .ii.l:so made at a given 
point in e ach c.a na. a, floa t l'T!easu! ement. Wheneve r & discharge 
measurement wa. !'Ei made . the velocity at th:d given point was also 
determined. From the ar.ea of the cross ection·. the mean velocity 
was de termined from tli.e o int velocity 9 :a.nd the dis charge computed:07/ 

107 esources Bu • • .p. J, 

One of the r.n st pre $sing needs was a d termination of the flow 
-of the tide -affected Mia.mi Can 1 which nters Mi m i Rive r 3 1{Z 'miles 
above ita mouth. A recordex was i nsta1led at the city ~ s wate ~ant 
4 miles above the mouth of the ca.na:.l , the datum being s ea l eve l. A 
tide station ern istlng of r eco:rder in co nc rete well was l ocated i n 
Biscayne Bay into which the Miami Rive r f.l.ows. The stage at the 
ca.na.l station was constamt~\y ch nging with the t ide and with it . the 
d1scha ge of the c na.l 

Det~rmination of the c nal discharge was made either by 
hourly me&surements during the tide-· ycle of liZ hours and 2.6 minutes . 
if the minimum d i schargota wa.s ess than 200 second-feet , or by a 
-pair of measurements, one at maxtmum dies lia.r ge and the other a 
m inimum discha: ge if t he minimum was greater than 2 00 seco nd -feet .. 
As the mean-cy l e elevation of BiscS~.yne Bay is not constant , there 
was no simple d i scb..&rge relo. ion ;;,.t the gaging s'tation . and a thrJM 
dimension tide-cor:t>ection rnethod was devised by C . C , Yonkers . I 

1087 Wate r Resources Bull . , M y 1944 , pp . 79-82 . -
Each month . the E v e r gl&des Drainage Distric t was furnished with a 
statement of wate r-·supply condihons and with sp<F.!ci 1 reports on 
seepage measurements and flood crest profiles and other related 
subjects. The data collec ed proved so valua.ble to the1 Everglades 
Dr ainage District that c ooperation Wlth that agency began in the 
fiscal year 194 3o Like tM.t w ith the city of MmmL the prog7:'am 
required stations chi efly on the canals. 
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Aside from the c.hanges.in 1.-.ve:s , the measurement of the canal 

flow was made more diffi ult by the he vy covering of water hyacinth 
and other aquatic phnts in many pla. es. Du:ring the previou s period , it 
had been necessary to make float measurem~nts at s ome stations:lp 9f 

1097 p. ? (1928-1~3"9 ). . 
but during the present. me,suri~g section . were cleared e ithe r by 
me chanica or che:m1cal means. A subnuu' ine weed-cutti ng saw· was 
used on some sm~U str eams and cana s. By means of a boat the saw 
was stretched across the canal, a nd al owed to sink near the bottom; 
men on each ba.nk oper~ted the saw o alternately pulling it .back and 
forth and slowly moving ups tream . and we re able to c ear a section 
75 feet long , 40 feet wide nd 10 feet deep ~ i n about 15 minutesDO/ 

1:0/ Water Resourees Bull. ~ Au . 1944. p. BZ. -
t oug satl s ~ctory r t a met o was too expensive to be used 

genera l y . The Everglades Drainage District ed on its cana s a 
chemical spray applied a t -fir st ·from a plane but-late r from a boat. 

Beginning in Noven1ber 1945 , a .se& pl ane was .used in re ching 
som-e stations i n swamp-bordered inte r-connected lakes and river 
reach es in the Ki s simmee l.River Basin . as the oose sand roads were 
either too wet o r too dry fo r ordinary use. Formerly , it was 
necesary to use e i ther a car· o:t' be~t from. the m ain highway and then 
frequently . swi m to the station as the sh ~ters wer e some distance 
from the gently-sloping shore H ne ; the phm~ 1 nded in the water 
and taxied to the shelters . Seven stations were visited in half a 
day a s c ompared with about Z da.ys by car and boafJ.lJi . 

111/ Wate r Resources BulL, Feb. 1946, p. 7. · -

A number of sped al studies of the amount of flow during a 
tidal cycle on several coastal str&ame were ca.rried on in cooperation 
with the A rmy Enginee r s . in connection w ith harbor and other navi
gat"on studies and with the State Board of Hea th and the city of 
Jacksonville in connection with pollution studies. The methods used 
were similar. to tho s e used in the St. Johns River a t Jacksonville 
in May 1945 o whe:re two recording ga ges were pli1ced 7 m ile.s apart. 
At a. given poi nt in the cross section , ve o city measurements were 
made at frequent ·.nte r val s as an index to the variati-ons i n dischar ge 
of the river . Four disch arge me&surements, 2 during flood tide 
and 2 during ebb tide, were made by 4 engineers working simul
taneously from the bridge. station , each measuring one-quarter of 
the flood . By means of these measurements, and the i ndex of the 
variati on of flow from the point velocity mea surements , the total 
discharge during the 12 hours 26 minutes o tidal cycle was com
puted. Sc:.~mples of chloride a nd suspended sediment we r e c ollected. 

When cooper~.Hon w i th the F lorida Geological Survey was 
resumed i n the fiscal year 1942 , it included the measurement of 
springs , l.~kes , and sink holes. The lakes s elected for measure
ment were those at which lowering of water levels when an~lyzed 
with evaporation reco Tds ~ indicated a possible rechar ge to the 
underlying limestone form&tions . C ntinuous r ecords of 6 springs 
started in the previous period ~ wer.e mainta.ined and periodic 
measurements of other sp 'ings were made . Floridil. has many 
sink hales containing water ~d the depth of those holes was an 
attrac tion to the tourist • As ha,it t o enhance that a ttraction . 
owners ·of the sinl,t hol es were prone: to exaggerate the depths to 
fantas t i c figures . The measurement of the depths b y the Survey 
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frequently provP-d the f~.lsity of those c a ims . However, three sink , 
holes were found to have d .pths of · 67, 175 , and 208 feet, respectively~2t 

:..12/ Wate r Resources B 11. , A g . 1943, p. n1r. -
In commenting qn the unusua condit~ons in F l o rida, Mr. Ferguson 

st~ted tha t it i sn•.t every state where sec.. cows knock the float cables off 
the recorders. 

D . S . Wd!ace w s district·engineer u nti · June 2, 1941 , when he 
·wa s tran sfe rred to the Charlot e svill e district and was succ eeded by 
G. E . F ergus on, who had been in the dis t rict since October 29, 194.0. 
Civil Se.rvice engineering .Q..Ssistants were: 

Narne Pe r iod Military Furlough 

E . L . Hendricks July 1 , 1939 to Feb. 2.6, 1942 
B. P . Sla.ter July L 1939 to Jan. 21. 1942 
H. H. Coope r , 'Jr·. July .. i y Y 939 to De ~. 3 , 939 
T . G. J ohnson De c. ~.·1939 toAug. 15 , ' 946 July9 ,1 942toApr.l4,1946 
Jo W, Pepper Nov. 28 , ~ 939. to July 9 . 1946 Y 
C. C , Yonke! s ·oct. U , 940 to une 30 , 947 
l. M. Bu !alao-:·hi Jan . 4 o 1940 to Sep. 29, ~ 943 · 
G. B. Ha.rrelL Jr . Jan . 2, 1940 to Sep. 30 r 194 '1 J tme 9 , 1942 to Ma.r . l8,1946 
¢. W. Lingha.m Nov. 25 . ~ 940 to June 30 , 1947 
J . A . Mc.Cabe June 8, 1940 to June 30 , 1947 Apr . 2.3 , 1943 to July 19,1946 
G. C.Goddard, Jr . Sep. 8 , i 94 1 to June 30 , 194 7 
R . L . Taylor Mar. 8, i. 94 to ,June 30 , 1947 
D. B . Bogart Sep . 27 ' · ·94i. to June 30 , ~ 947 
J.C. Ber kenbosch_t\ug. 2; 942toJune30 , 1947· 
M. S . Gardne r ocj. i O" 1942 to .June 30 , ' 947 May 2,1944 to Jan. 21.1946 
R . C . Heath Nove 2.4 . 1942 to June 30, i 947 
Miss H . M . LisenbyDec . 21. 1942 to Nov. 2, 1945. 
T . H. Simons Oct , L · 945 to J une 30 , 947 
A . R. C o rbe tt Ap r . 12, 1946 to June 30, . 947 
w. R . Kidd , Jr . Jan. 14, 1943 to July 15 , 1946 

l/ Military furlough ; ·.did not return to district 

Montgcme:ry , Ala . - At the beginning of the period , the Montgomery 
District comprised ~states of Alabama, Mississipp i, a nd Louisiana, 
except for those reas in the Tennessee R ive r Basin in northern Alabama. 
and a s012 ·1 s ection in the northeast corner of Mississippi where the 
'stations were mainta1ned by the Chattanooga District. Loui siana be- · 
came a. sep£rate district in X9·42 . and. the activities for the entire period 
are de scribed unde · the Baton Rouge District. Sta.tlons in Mississippi 
were operated by. an office loc· ted in J ackson, Mi ss . , which computed 
the re c ords, kept its own financial ac counts, •nd maintained cooper-
ative relations ; in 1946 , that office becam e virtu ." ly independent and 
actually independent . une , 1947. D .. H . Barber was district enginee r 
until c alled into m i itary s e rvice fo ' SJ. year 0 s train ing November 1 , 
1940, a.nd H. C , Bolon was acting di~t:dct engineer until August 21, 
194 1, when he bee me district engineer of the newly created Lincoln, 
Nebraska District. E . B. Rice bee m e ;J.Cting district enginee r and 
admini stered the district from th · Ja cskon Offic..e un il October 21, 
1941, when Mx·. Barber returned fr om t:r ining and remained until 
January 12, i 942 . when be entered the Army. M r . Rice wa again 
acting distr-ict engineer f om Janua.I y :n . 1942 , to February 10, i 946 , 



when Mr. Barber returned and remained as district engineer until re 
tirement June 1, 1947. M. R. Williams succeeded him. Beginning 
October 14 , 1944 , Mr . Rice admini stered the d i strict from Baton 
Rouge a:nd C . H. Hardison was in charge of the Alabama operations. 

. As the activities in Mi ssissippi a r e described under the Jackson 
office, only the Alabama activities are here d~scribed . 

_The ntlmber of gaging stations was increased from 44 to 75, of 
which 67 were equipped with r ecorders. A l~:nge part of the increase 
was due to additional Army Engineer cooperation whereby the number 
of stations was increased from 14 to 3 3. Although no sub-offices 
were maintai ned , the s tate was d ivided into thr ee sections and an 
assistant engineer placed in re sponsible charge of each . 

Low -water flow was of particular value in Alabama and during . 
a period of extreme low water in 194 1. many miscellaneous measure
ments of sm&ll streams were made. The drainage areas were also 
measured and the discharge per square mile_ determined. 

The Montgomery of~ice began in Januar y 1941 to send out 
monthly statements enti led " .::~ '.n:face Water Conditi ons and Outlook 
for Alabama ,. " based chiefly on the flow of two index stations . The 
storage in Lake Martin. having a capacity of 1 . 622 , 000 a~-r~ -feet 
was also included. The r ·unoff outlook for the following month was 
for the most probable, a nd smallest probable , mean flow, depend- . 
ing on the precipita tion. Twenty - four copies were sent to all in- . 
tere sted State Departments . distric t enginee rs in adjacent states , 
and others inte r ested. 

From Februa.ry 1943 to April 1944 , availabl e State funds 
made it possible to establish 10 stations at strategic points on 
streams having dr11.in ge reas ranging born 24 to 3 18 square miles. 
As their continuation depended upon futu re funds , the stations were 
equipped with staff or wire -weight gages. Although l ow- water flow 
was the chief reason for their installation . the stations were main
tained during the entire 14 -month peri od ; thereafter, 8 of them be
came a part of the regular program and the remainder we~e dis
continued. 

Requests for information. regarding water temperatures were 
being received and t o a ns_wer those requests , water temperatures 
were read in connection with the regular discharge measurements 
beginning in October 1943. ' 

As a result of increased cooperation with the Army Engineers 
in 1944 Jll3/ a :humber of addi tional stations were established " and 

1137 p. 75. . . . 
back records for st.~tions previously ma.intain ed by that agency were 
computed. 

In 1944, a study of the na.tural wate-r losses from selected 
drainage ba,sins was made 9 the los s e s being taken as the diffe r ence 
between the average p recipitation and the runoff from a basin in a 
given period. The purpose of the study wa,s ,to dra~ ;,inferences" 
from the rainfdl records prior to the beg1nning of the stream flow 

· records . The results were publishe d by the Geological Survey of 
Alabama as Bulletin 56, 1945 . 



Toward the end of the pe:ioc, the State Highway Department began 
the practice of requesting flood f equency studies on streams where new 
bridges were being de signed. Another request for a flood study was that 
made by the city of Mobile about 1945 for a s t1·es: m on which no records 
ex:is.ted . That resulted in the development of a unit hydro graph. 

The following CivH Serv1ce engineering assistants were employed 
in Alabama during the period~ 

Name Penod Miiitary Furlough 

l27 

S.C . Moore 
W. S . Daniels 
C. H . Ha r dison 
E .l. C o cy 

' July L 939 to June 30, ·1 947 Apr . 25 ,1943 to Aug. ll.l944 

W. e . Griffin 
P. J . Mathis 
E. J . Taylor 
R . W. Carter 
H. E . Drake , Jr. 
J. J. Button 
N. J. Lusczynski 
W. N . Phillips 
L . B . Peirce 

July l. .. 939 o June 24 , · 940 
July X, 1939 to May B . 1946 
Ju1y :, i 9 39 to Sept. 29, x940 
July L 1939 to June 3 Or 1947 
Nov 14.1939 to Oct 22 , 94 1. 
Nov 2 L1 939 to Aug . 31 " J 942 
Oct ., 9 , i940to June 30, i 947 June 8,1945 to Apr . 9 ;1946 
A~J.g . 28,194 ~ to July 17, 942 1/ 
June 1942 to Jan . 13 , 1944 l/ 
Apr 7, 1944toAug. 6, 1946-
OcL 3 , :i. 944 to June 30, 1947 May 16,1945 to Nov. l7, 1946 
Feb,Z4 , 1945 to June 30 , 1947 

!/Military furlough; did not return to district. 

Jacks on , Miss .-· Although Mississippi was a part of the Montgomery 
Distr ict, 1t was operated as a sep;..rate unit , and after D . H . Barber's re 
turn from military fu lough in · 946 it beca me v irtually independent; the 
only connection being the inc.~.us10n 'of the monthly :reports with those of 
the district. E . R . Rice was in charge of h e Mississippi work until he 
became acting district engineer of he Montgomery distric t and was 
succeeded by I. E . Ander son M rch 26, 942 , who remained during the 
rest of the period. 

The number of stations was incxeased from 54 in :. 939 with 36 
recorders to 70 in 1947, 48. bei ng equipped with x·ecor~rs . Much of 
the increase came during the first year or so .. 1.1'1 the year previous 
to the pre sent period , the State coope:r-ation had been greatly increased 
and larg-e. sums of WPA a.nd PWA funds were made available for con
struction, much of which was perfo :r'med in .he first year of p _resent 
period when 18 station we· e established . In 942, 6 stations were 
added , 5 in cooperation with the Forest Service , which in connection 
with the work of the Flood Contro_ Coor dinating Cornmittee . desired to 
start a prefect i n the Hornoc .. itto S1nd ~uffa1o Bayou B~sin, s1milar to 
that on the Litt e T~llah · tch1e R :i.verP-4/ Work on this project was sus-

ll.[?' p. 90-n·:zs-=-t~? ~o -
pended a · few months !ater on account of the war and was notre e..uned. 
Increased cooperation with the Army Engineers m .; 944 made it 
possible to establish additional stat~ons subsequently.. That cooperation 
required the computa.:t}9n of back recoi d s ior stations maintained by 
the..,£-~my Engineex·s,L5j and the making of check measurements in the 

ll5/ P• 75o -
future . As several of those sto.tions were situated in the ur-per Tombig
bee Basin, and .a. s the Sur -rey was ma..1ntaining a number of staCons in 
that part of the state , a aub-·office was maintained at Tupelo rom May 
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1944 to June 1946 for the purpose ~ f computing the Army Engineer records 
and performing the neces sary field work . 

During the low-water period of 1942 , spot me~surements of sma.ll 
streams were made in connection with the regular f1eld work. Some tlme 
later , it became the practice to t ake wate r temperature~ throughout the 
year at the regular stations and also when spot measure~ents were .made. 
Tha t procedure was followed, though man-power shortage made it neces
sary to reduce the number of measurements . The information was of es
special value t\) the Fish and Game Comm.ission. 

When the- Mis s issippi River Commiss ion cooperation was discon
tinued in 1944,11Cf ' it was no l onge r possible to maintain a resident engineer 

1167 ~· 76. - - ~ 
aticksburg, and thereafter an engineer from Jackson visited Vicksburg 
and m~asured the Mississippi .River· weekly. In making the measure ments , 
200- and 300-pound weights wer·e u sed on a singl e wire . Although 500 -
pound weights were available , they were not being used as a suitable 
wire to su~pend them could not be obtained . The Army Engineers were 
measuring four times a week at their own s tation one-fourth mile down
stream, working from a power launch , a nd since the fall of 1945, using 
a fathometer which was found to indicate soundings. accurate to 0 . 1 foo t. 
A comparison between the Survey and Ar my Engineer measure..me_nts 
showed that the Army Engineers took four times as ·many soundings and 
about a quarter as many velocity determinations , each for 5-minute 
intervals. Comparison between 18 s imultaneous pairs of measurements 
by the two agencies showed average agreements within 3 percent.· All 
measurem~nts were used in the joint computation of the r ·ecords .ll1 

117 7 Water Resources Bull . , May 1947, p . llZ. 
. e power -operate crane an ree at e 1c sburg station was sent 
to Fort Smith during the flood of AprU 1943 , and at other times was 

1lS7 P• 1S6o 
loaned to other d i stricts for spec.ial investigations . 

The personnel of. the J ackson office was very civic-minded, 5 
of 6 enginee r s were members of the Junior Chamber of Commerce, 
2 being d'irectors a nd 3 participated in all war drives . 

The Jackson Offic e had the following Civil Service engineering 
personnel: 

Name 

J . K . Searcy July l, 1939 to June 30 , 1947 (Nov. 26 , 1940 to Nov . 24 , 1941 ) 
. (Aug. 24,1942 to Dec . ll,l945) 

D . F. Dougherty J uly 1, 1939 toAug . 29, 1942 J./ . · · 
N. 0. Thomas July L 1939 to June 30 , 1947- · J1,1~ 19,1943 to Apr. l8,1946 
F . J . Mahoney July 1, 1939' to Feb. 15 , 1940 · 
D. L. Davie s, Jr. Nov. 17, 193 9 to Oct. 21, 19421/ 
S. A . Berkowitz Nov. 2 1 ,1 939 to Oct. 18 , 1941-
G. C . Calvin Dec . 4, 1939 to M c.r . 24 , 1942 
K . I. Da rmer Apr . 6, 1940 to Oct. 2.9 , 1946 
J . D . Shell Nov. 16 , 1940to Feb. 1946 
A . E . Hulme Mar . 10 , 1941 to Dec. 1942 1 
I.E.Anderson Sep.19, 1941 to June 30 ,1947 
E . L . Grimes Nov . 1942 to June 30, 1947 Aug . 1, 1946 to June 30,1947 

Y Military furlough; d id not retut·n to district . · 
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Bat ?.z.: Rouge, Lc. .. - ....... ou .. s anc... t•"'mamed a part of the Montgomery 
District untTI September' c. l , l q42, a6 du.:nng th~t t ime , politi cal un
cer tainty regard:mg State · ooperao twn m .. g •. +.: ha .re fo1 ced c- rt.?- ilm.ent 
of the work. However, w1th a. new St"lte '""dminiSot ::;tion a nd the grow
ing demand for records , tc geth.er w1th the _ncrt:asing State c ooperation, 
it was felt that the t:rE:2.m-gaging p:rcgrs..m had become f :.rmly estab
lished , and Loui.:1ana becarne & &eparate cbstr1ct .. Except fo:r: m a king 
the financial a.r-rangements with coopeu tJ~1g a genc ies , it was v i rtually 
a s eparate d1 stric. before the change 

R . C . Marsh , who had been :...n charge of the Louisia..na work, 
became dist-rict engineer. and rema ·ned unt1l O-c tober 1944 , when he 
was transfe red to the newly-cl~eated Bisma!'c.k District. E . B . Rice, 
who succeeded him , was .. also acting d1.st~ ict engineer of the Montgom
ery District until Febr_ta J:'Y .. o, 1946 . 

During the period . the number of gaging stations was gradually 
incr eased from 28 to 63, the addit.'onal s tc tions bemg due chiefly to 
the in creased Sta>.te c ooperatlon , a nd :m lesse~ de gree, to the i ncrease 
in Army Enginee ~~ stations f om · 8 to 24" Because of the flat slopes, 
12 stations had auxJJ.lia:ry slope gages . Of the 3 s ations, 24 were 
equipped with rec order s , State coopex'ahon· which began in the 1939 
'fiscal year led to the z·api . establishment of gaging s tation s but e v en 
though aided by a WPA project , it was possible to install only a 
small number of recorder.s . The dt ymg ".lp of WPA funds and a 
little late r the war-time restrictions linuted, construction sedously. 
Consequ ently, recorde:t s we e 1nsta.!led only at s tations having rapid 
fluc tuations o stage . Many stream3 are of the 'bayo t ype and do 
not fluctuate :rap id y, mak1!lg 11 p•lss ble t o ob tai n fairly sati sfactory 
recor ds w ith non -reco dmg gages 

To meet the wide r~.nge of ond1 1cns from sluggish low flows 
to high flood flows e.a..ch field man carr1ed 4 meter s 9 a pygmy, a 
s l ow eloc1ty 1neter n the best po ~: s1b.1..e comhtion. a.n d two standard 
meters . one of wh ch was used for ro gn work dudng floods . A t 5 
stations • the flow was so sluggish du:r:mg · ow wate:r that b ats wer e 
used t o find the l east bad measu:ting se.:::ticn. The sf:>:> eams have 
wide ood plains and during flood& r i t was necessary to measur e the 
over-flow by means of boats,. the dist . ict owned 3 boats w i th outboard 
motors, and rented ot 1ers when needed . Four ba t e ry- operated cranes · 
and eels were available for high water measurements . One flood 
measurement was nota ' 1e , It W "' s made on the Re d R ver at Coushatta 
in Apr ll 945 . where it was necessary to mec:..sure the overflow along 
the m Q.in U.S. h i ghway for a diBtanc e of 1 m l..tes before reaching the 
station, a.nd in add:~.tion to the m ... m cb.annel itseif. Much of the over
flow , which was f:t·om l t o 10 fee t deep, was ponded 1:-ut in some 
sections . it wa.s :nowing eithe r at shorp angle s or parallel to the 
high way; te l eph one poles were used for section zn.a.rkings and de
pending upon the flow. the sect::on . were from 200 t:o ·~ 000 feet 
w ide . T wo men in a boat mea. u red the o ve:r:t1oVIr. Two men w i th 
power equipmen m~.~. ~mred the matn channel. fr om the bndge . The 
measurement requ ir ed 10 hours, c:..f er which twas necessary to 
spend the ru.ght ov e a fi.J~mg ta .1on in Clarence which was 4 feet 
u nder watet'. To that unusual experience w.s;os added one still mor e 
unusuah A foxhound had been res cued from the · ood a nd pia~ ed in 
the fill ing station~ as she had e. littex· of pups dtt.dng »he night, it 
was up t o the marooned engmeers to find f ood for the new arriva l s . 



130 

Records of stage were obtained on the Mississippi River at Baton 
Rouge ·and below New Orleans, as the ~rmy E.ngiz:eers desired c~>ntinuous 
records of stage at strategic points to determme ~nstantaneous r1ver 
profiles. · As the growing of rice needs irrigation. at certain p e riods, 

. water was diverted from one small dra inage basin to another, and a 
number of stations were established to show the available supply. 

A side light on field conditions is shed by a placard observed by 
the author in the reptile division of the State Museum of Natural His
tory in New Orleans, bearing the statement that there are 26 varieties 
of snakes in Louisiana, of which 6 are poisonous . 

In addition to the d~strict engineer, the district had the following 
Civil Service e'ngineering assistan ts : 

Name Period Military Furlough 

E. H. Orleman 
F. B . Sessums 
W. S . Daniels 
C. L . Muntz 
A. E . Hulme 

July .:!, 1939 to Nove . 5, 1941 
July 1, 1939 to Nov. 24, 1945 _ .. 
Aug. 26: ·1939' to June 24,1940 : 

J. M . Garrett 
G. C. Calvin 
E . J . Taylor 
R. P. Smith 
D. R . Aertker 
J. L . Price 

July 29; 1940 to June 5, 1943 
Mar . 10,1941 to Dec. 26, 1941 
Feb. 18 , 1943 toNov . l7, 1944 
Mar . 10, 1941 to July 30, 194'1 
Dec. 26, 1~41 to Mar . 23,1942 
Dec . 26,1941 to June 30,1947 
July 1, 1942 to June 30, 1947 
Oct. 10, 1942 to June. 30,1947 
Nov. 2, 1942 to Feb. 15, 1943 
Jan. 9, 1943 to Nove . 15, 1943 
June l, 1943 to June 30,1947 
June 1, 1943 to July 23, 1943 
Sep. 4 , 1944 to June 30,1947 
Dec . l, 1944 to Mar . 22, 1945 
Oct. 23,1945 to Mar. 1.1947 
Nov. 5, 1945 to· June 30, 1947 
J an. I. 946 to June 30, 1947 
Feb. 25, 1946 to June 30, 1947 
Mar. 20 , 1946 to June 28,1946 
Apr . 12; 1946 to June 7, 1946 

Feb. 13,1944 to May 6,1946 
May 27,1943 to Mar . 18 ,1946 

Mia s R . I. Cowan 
J. W. Gambrell 
F.F.Foil.Sr. 
L . J. Daigre 
P. E: Chambers 
J . D . Boswell 
J .' R.. Gardner 
H. J. Tracy 
J.D . Shell 
D . F. Dougherty 
J. E. Edwards 

There were five district clerks durl·ng the . . d . perJo : 
Miss C. H . Ness 
Miss M . L. Karns 
Mrs. E. H. Taylor 
Mrs. Mae Eastwood 
Mrs . M. K. Hodge 

July I. 1939 to Ap~ . 26, 1942 
May 25 • 1942 to Oct. 29 •. 1942 
Oct. 3 , 1942toJan. 5,1946 
Jan. 6, 1946 to Feb. 5, 1946 

. Feb. 6, 1946 to June 30, 1947 

Charleston;, W.Va._ 1n 1939 t 

. ' 

35 recorders in the Charleston D' ' . . here w~re 54 stations with 
87 recorders. That increase wa 

18jrtc~ and ln 1947, 96 stations with 
Engineer cooperation which incresas~~ targely to addition?-! Army 
supported by them from 41 to 75 M he number of stahons partially 
the first two years as the reco d. f ost of this increase occurred during 

ff . · r s rom the · t ' · su 1c1ent for the· Army Eng1·nee v exls 1ng stations were in-
. rs compreh . 

enslVe flood-control program, 
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particularly in the Ohio River Bas ·n . A fe '!!new stations -were established 
nearly e very year as the result of add'tional State S>.nd munic.ipal cooper 
atio~ . ~he College Park ?istrict . ad been operating '1 0 West Virginia 
stations m the Potomac R1ver Basm, but beginning . uly 1 , 945, those 

.were transf ered to the Charleston District. Fo:r econom ica l and more 
effe ctive oper('L.tion , a sub-office was estab_i shed a tE kins December 
2 , 1940, for the operat i on of stations in the eastern amd northern sections 
of the state. ' Its p rogram gradually developed untJl a t the end ·of the per
iod, about 40 stat•ons were being operated o a nd most of the records were 
computed a.!3o. From October 9, 941 , to May 23 o 1943, a sub-office 
was maintained at Hinto·n. The Army Engineers :re quested that action be 
taken to perm't more extensive field work in the extreme s outhern section 
of the state at a number of stations d irectly connected with the Blue stone 
Dam . wh'ch was in the e arly constr ction stage a t that time . 

During the period , there were a number of c oudburst-floods ... the 
most' notable occurring August 4-5, 1943 ~ in the no r th-central sectiun 
of the sta t=-. That flood was caused by a rainfa 1 wh ich was as much as 
15 inches in 2 hori:r ., Numerous special measurements were made 
foll owin g the flood - d a report .was pr epare d -for p blica:.t ion as a 
water - supply paper;_, 

In ll 943 . a program of low- water spo t m easurements at 
numerous pomt where such information was of value in connection 
with wate supply and was e d i sposal but where it was not e conomi 
cally possible to m intain st4.tions, wa star ted. About the same 
time , ' t became the prac · c e duri ng the , armer months to measure 
water temperatures when measurements wer e mad._e . and a lso to 
obtain ~aily temper a res from power compc:.nies , wat~.r compc:.nies, 
and other intere ated agenc1e s at some 3 0 or more stations. 

An investig~.tion of the principal springs was made during the 
summer a. d fall cf ~ 945 » a 1 sp:l'ings having a discha rge of l OO gallons 
pe r · m inute o r greater. n mbelirig 208 . we:r e vis ite~ a nd. m_easured in 
the summer o.nd lie more ~mportant we re measureo. a gall.n m the fall . 
During the earch for he · axger sp rings, 235 s~ll~r springs were 
loca.ted and mea su ed. Two recorde:ta were m .amtamed on repre 
sentative la.rge springs during the mve s tigation. 

WiU.iam Kessler. was distr ict e ngineer until September 23, 1941. 
when he wa succeeded by H. M. E r skine a ntl became associate en
gineer. Othe r CivH Servi e enginee ring pe,r sonnel were : 

Name 

L . B. Holl<ll.nd 
H.A Tayl or 
I-LA. Weggel . 
J. H. Fellouris 
V. R . Benn i on 
M. A . Wayne 
K . L . Kollar 
K. A . Mac ichan 
C. P . Hagensen 
W. F . Sigler 
J . D . L illy 

Pe:dod 

J y L l 939 to June 30, :i 947 · 
uly L 1939 to Aug. 5 , ~ 94 1 . 

.J. y J\, i 939 to July 3 L li 94 0 I 
May 14, 940 to Aug. n. ~94 1 !-

Military Furlough 

July 9. ~ 940 to Oct. ~.7. 1941 
46 J 1 !. 3 .· 1944 to Apr . 30 . 1946 No-v'. 25 ,. 1940 to June 10 . ]. 9 u Y , 

Oct. 9, 94X to an. 31. i.945 
Oct. zo. ~94li to June 30. 1941 / 
Jan. ?.,'1, 1942 to May 20 .a 1942..;, 
July i 1943 to J u l y 26 ~ · 946 
Jan. 1'. 1945 to Jan . 10 • i 94 '1 
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Cont'd 

Name Per-iod-

Leon Rock Nov 5, 945 to Dec. 7, 1946 
W. H . Truslow, ,k . Nov. 30,1945 to May 1. 1?46 
W.D. Pickering Dec. 5 , 1945 to June 17, 946 
H. G . Hinson Jan. 2·, 1946 to J une 30 , 1947 
H . C . Hickerson s ·ep . 30 , 1946 to June 30, 947 
Hymen Carp Dec . 2, 1946 to J u ne 30, 947 

y Milita ry furlough; did_ not r ·e turn to dis t r i ct ; 

Military Furlough 

Louisville, Ky. - In addi tion to stations operated . in Ken.~cky, the 
Louisville District ma1ntained four s ta tions in illinois and Indiana, and 
nine stations on the main stem of Ohio River. Field work for these . 
nine main-stem s~tions was perfor1.ned mai~y by the Army Engineers 
with most offjce work and part of the field work by- the Survey. The 
total ~umber of sta tions in the district was increased from 50 to 93 · 
during the period with an i ncrea se iri reco~ders from 15 to 64. The 
greatest increase occurred .. ~'::ring_ th~ . first two years when 23 .a~di..,, 
tional stations were installed. Pra t:llcally all of _the other add1t1onal 
stations, about 20, were established-prior to and inclu4ing 1944, about 
half of these in coope r ation with the Army Engineers and ' the balance , 
all-on small streams, i n coopel."ation with the Highwci'y Department 
and City ·of Louisville,.apd ·Jefferson County. In 1 9~9 the Army 
Engineers cooperated in the· operation of 50 stati ons and in 194 7, 
this support had incr eased to 71 stations . 

Most o{ the la r ge groupo( stations established i n the first two 
years of the pe:L".iod were .equipped w1th record~rs, ·some inCluding 
cableways, and thi s extensive constru·ction program was m ·ade possible 
by the WPA project, which was· in,itiated during the previous period 
and continued until June 194 1. .Uncfer that program, .selecti'on of 
station si.tes, preparation of plans arid estimates were-made by the 
Survey, but the actual construction was ·performed by four crews, 
each consisting of a foreman and laborers 'under general Survey 
supervision. The foremen were selected from am~:mg former · 
hydrographi c· field assistants in other .Survey districts , and wez'e 
experienced in this type of construction. Of the some 50 ind ividual 
gaging-station projects in the 2 .. 1/2 year WPA p;ro·gram , 4~ gage-
well stru ctures either p ipe well, ·mostly ~ith concrete sumps,_ or 
reinforced concrete were constructed and e i ght cableways were in
stalled. Many of the gage 'str uctures exceeded an over-all height . 
of 50 feet and i 1 of the ga ge structures ranged from 60 feet to more 
than 90 feet i n height... · 

The most notable construction ·by th·e .LouHrville District 
·during the period was the iastallation of the' concrete gage ho~se on 
'??io River at C incinnati. jointly financed by the Survey, Army En
gmeez:s, and vt:eather Bure~u . Comple ted in Novemoer 1946, this 
structure has an overall height of 99 feet . and rises 84 feet above 
the ground level on, the ;river bank. The·· s tandard, 6 -foot reinforced 
cor~:<::rete ~tructure was the h i ghes.t station of that type in the country. 
The l~cahen on the downstream· s1de of a p ier of the beautiful old 
sus~ens~on bridge conn~cting C~nciririati with Covington, Kentucky, 
des1gned by John R~ebhng nearly a hundred years ago , provided 
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an excellent oppo:rturLity ior desirable publicity as thousands of people 
cross the bridge daily. The structure was extended to the walkway of 
the ~rid~e, giving direct access to the recorder. To acquaint the 
pubhc w1th the use of the structure, as well as to satisfy the curious, 
the metal -cover ed door with its brass knob and inset lock has four 
.panes of polished .pla.te gla~s , t?~s providing a view of the' recording 
mstruments and the carefully fuushed interior. In addition to the 
S~evens A-35 recorder, .which f~rnis.hed the base record, an Au long
dlstance telerecorder vnth recetver m the Weather Bureau office in 
Cincinnati, was installed. Other features include ~ telephone f ixtures 
and connections, electric lights and wall plugs installed in the house 
and under the floor " .amd the ·flush tank and electric pump under floor . 
The power and telephone wires were laid under the bridge floor . An 
outside staff gage, with conspicuous foot-mark numerals . was in
stalled on the well and the bridge p ier for the convenience of the 
pubhc and the boatmen on the river . Two intakes 3 0 feet long at 
eleva.tions 9. 0 and H . 3 , gage datum, were provided . Pool stage 
on the Ohio River is at elevation 44L 1 feet , above mean sea level, 
and the ·lower intake is at elevation 438 . 6 feet, above mean sea. 
level. The structure was completed in a.bout four months at a cost 
of $10, soo.ll9f . 

ll9f Water Resources Bulletin, Feb. IO, 7947, pp. 22-25. 

The flat slopes and severe floods made it necessary to operate 
nearly a. third of the stations as slope stations, many of them for a 
major portion of the year; at some stations. in addition to the two 
slope gages, a third gage was used for the low-water rating. Oper
ation~S to obtain the final record of daily discharge for these slope 
stations involved an extensive amount of field work. , office analyses, 
and office computations).a:y 

l2!J/ Water Resources Bulletin Nov. 1946 , p . 217. 

In 194U, sub-offices were established at Paducah and Williams
burg mainly for the purpose of more rapid and efficient coverage of 
floods and improvement in the operation of important gaging stations . 
With one engineer for about a year and two engineers thereafter, the 
Paducah office ha..ndled the field work on important gaging stati ons 
in the lower reaches of the Ohio, Wabash, Cumberland , Tennessee, 
and Green R iver· Ba.r. i ns, and office work mainly on assignment from 
Louisvi lle. With two engineers and a part-time clerk . the Williams
burg office handled both field and office work except for brief final 
review of recol."ds in Louisville for stations in the Cumberland, upper 
Kentucky . amd Sandy River Basins" 

As the two principal· cooperating agencies, Kentucky Depart 
ment and Army Engineers, were interested mainly in flood records, 
every effort wa.s made by the Survey to obtain flood measurements . 
General high flood~ in 1939 , 1943, 1945, and 1. 946 provided favor
able opportunity to obtain needed measurements . The flash flood 
of July 5, X 939, in Eastern Kentucky .was notable for the extremely 
high rates of rainfall and runoff and t_he severity of the damao.ge and 
loss of life over a comparatively small area.l21{ The flood of March 

l W Water-Supply Pa.per 967-B. k945. by Floyd F . S~hrader. 
1945 on the main stem Dliio River was the highest smce the 1937 flood 
and at Louisville, Kv., it was exceeded in magnitude only by the 1937 
flood in the 100 yea,r "s of Ohio River flood records at that pomt. 
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The adverse cond itions enc. u t e r e d in m aking flood ~easur e-

t · 'll t ated by a measure1nent of the Cumberland R1ve r rnad e 1ne n s 1 s 1 u s r 6 h · h d · 
a t Cumberland Falls during the flood of January 194 , t~e 1g es t 1s-

h ment made at that point since th e establishment o f sta-c arge measure ~ f 
t . · 1907 In a width of 500 f e et with maximum depths of 15 eet, wn 1n . 1 . . d 
the discharge was about 50, OO? s econd -.feet and the ve oc1t1e s ra.nge 
from 12 to 15 feet per second m the mam part of stream .. St nd1ng 
waves with a magnitude of 5 feet between crests and troughs and a 
distance varying from 10' to 20 feet between crests: th~se waves 
remained sta tionary f or several minute s . Determ1na t10n of the m~an 
water surface required as long as 10 minutes . Howeve r, as the r1ver 
b ed was smooth ledge rock a ctual soundings were attempte d only at 
a few points . After one long velocity count, it was found that sub 
merged drift had completely flattened the upper half of meter cups 
although there had been no interruption in the c ounts . 

For use primarily of the Department of Highways, J. V. B. 
Wells, in 1942 , prepared a r eport on " Flood Discharges in Kentucky," 
in which he presented a summary of flood d i s charges , enveloping 
curves of maximum discharge and curve s of flood frequency. The 
enveloping and flood frequency curve s were indicated for each prin
cipal sub-basin. This report was extensively used by State highway 
engineers in their bridge studies . 

In 1945, the Louisville Distr i ct assisted State agencies and 
educators in the compil~tion of a volume on Kentucky 's R esources 
for use as an educational unit in the school systems and for general 
distribution to acquaint the people of the state with their resources. 
The section on Kentucky ' s water resources, assembled and pre
pared by F . F . Schrader , was extensively illustrated and combined 
condensed facts with descriptive mater ial to provide info rmation 
on the water resourc e s of the state , water problems in general, 
and the general methods of conducting water-resourc e s inve sti
gations . Through cooperation of the State geologi st , a separate 
bulletin containing the section on water resources was later pub
lished by the State . This project was cons idered most-helpful 
in advancing the water resources wor~ in the state . 

In addi tion to the regular operations , the Louisville District 
annually pe r formed work on two projects involviri,g the Ohio Rive r 
Basin as a whole . At the end of eiach watet: year , the d i strict 
p repared an Index of .Discharge Records in the Ohio Rive r Basin 
for distribution to all Survey offices , Army Engineer offices in 
Ohio River Basin, and 9ther interested parties . Also, after the 
end of each water year, the district conducted an extensive study 
to corre late all main- stem Ohio R'"iver discharge records from 
P .ittsbur gh to Metropolis, together with principal tributary records 
a.nd pr.ep~red .a repor~ on these comparisons . Thi s report was the 
fmal f1eld a ctlon on d1scharge records for the main- stem Ohio 
River for the water year involved. 

F . M . VeatGh was district engineer until February :29, 
1940, when .he' was. transferre~ to the Tacoma Di strict; J . v. B. 
Wells succeeded h1m and contlnued in charge until he was trans
feh~rfed fto thed ·W·a~hington Office January 23, 1946, later becoming 
c 1~ o the 1V1s1on. F . F . Schrader succeeded him as distr ict 
engmeer September 16, 1946 . 
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Other C ivil Service enginee r ing personnel wer.e : 

Name 

F . N .. Hansen 
A . L . Reed 
R . E . Fish 

Period 

July 1. 1939 to Oct. 14 , 1941 
July l, 1939 to June 4, 1946 
July l, 1939 to Nov. I 6, 1941 

Military Furlough 

July 7,1942 to May 22,1946 

.J . E . McCall 
R . W. P ride 
J. A . Hanlon 
L. V . Page 

July l, 19 39 to June 30,1947 Feb . 26, 1942 to May 1,1946 
July l, 1939 to June 30,1947 
J u1 y 1 , 19 3 9 to Dec . 14 , 19 3 9 
July I, 1939 to Mar ... l3, 1940 
Dec . 8 , 1941 to J une 30,i947 

M. I. Rorabaugh July 1, 1939 to Aug. 29,1944 
R. B . Vice Nov. 25, 1939 to Dec . 3.,1941 · 
C . F . Hains Mar . 18, 1940 to Nov . ll;l946 
W. J . Moore Sep. 3 0, 1940 to Apr . 22, 1942 l/ 
H. C . Hickerson Feb. 1 , 1941 to Sep . 29,1946- July 16, 1945 to Aug . 1a.,.1946 
P . W . Hensley Apr . l, 1942 to Aug . 30, 1943!/ . 
G . E . Rule Jure t .. 1942toDec . l7 •. 1945-
D . R . Moulton June 11 , 1942 to J a n . 5, 1943 .... 
H. F . Hall June 16.;1942 to June 30,1947 ;une 5 , 1943 to Feb. 14,1946 
C . E . ·Le.wald July18 , 1942 to Mayl2 , 1944,! . 
W. H . Jackson July 16, 1943 to J une 30,1947 
Miss L . R . Cummings Aug. 18 ,1943 to Dec. 1, 1943 
D . D . Dickstein , Jr . Oct. 27, 1943 to June 30 , 194 7 
A . S. Curtis Feb. 5 , 1944 to J une 30 , 1947 
J . H . Kelley Apr . 26,1944 to May 23 ,1944 
D . M . Phe}4ps Oct. Z1 ,1944toApr . 29,1946 
R . L . Bailey Apr . 2 , 1945 to June 30,1 947 
E . M . West June 20, 1946 to June 30,194-7 
Miss R . Shaw Nov. 4 , 1946 to June 30,1947 
E . J . Kennedy Dec . 12,1946 to June 30, 1947 
E . G~ . Barron A pr. 10, 1947: to June 30 ,1 947 

·y Military furlough ; did not return to district. 

Apr . 19,1944 to July 28,1941 

Miss C1a.ire E . Putz was district cler~ until November 2, 1942, 
when she was succeeded by Mrs . Irene E . Fraser . · 

Chattanooga, Tenn . - The number of stations was increased from 
118 in 1939 t0 128 in 1947, all 'but one equipped wi th reco;rders . Of the 
128 statlons, 12 were in Tennessee R iver Basin in Alabama, 3 in 
Georgia, and 1 in Kentucky. · · 

With TVA , the principal cooperating agency, the district opera 
tions were dependent to a large e xtent on the requirements of that 
agency. Like the operations during the previous period, stress was 

. placed on flood measurements . However, with the operation of new 
dams and power plants which had previousl y been in the construction 
stage, the emphasis was placed on thos e stations directly co~cerned 
w.i~h·such operation, The TVA had built up a system of daily fore
casting of river discharge at key stations and by that means , the 
Survey was notified of floods and was a ble to have IJ;'len at the stations _ 
when needed. In conne ction with that system, the TVA installed 
numerous long-distance recorders, telemark gages, a nd radio stage 
transmitters in Survey stations. 
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During m ajor fl o ods at thos e sta tions requi r e d for op e ration , 
e nginee rs obtained m e asur e m ent s on ris ing and fall ing stage s to 
d e v elop the loop s ta ge-discharge c u rve s . Me a .sur e ments of the large 
rivers wer e made by battery-ope r ate d cra nes a nd reels using !50-
and 200-pound we i ghts , ther e by c uttm g in half both personnel a n d 
time It m a y be menti on ed tha t a s a batter y ch r ge was usually 
sufficient fo r one lon g measu r ement . The fie l d men car r ied two 
batte r ie s, i n order tha t one might b e re ch arged wh1 e the other 
was in use . 

With the completi on of power pla n ts a nd the in sta llation of 
hydro- e l ectr i c e qu ip m ent a t f our pla nts, the Surv e y was called 
upo n to che ck the m anufactu r er ' s r a ting of gene rato r s by m eans of 
current meter . As p ower plants we re i n the dams , that was th e 
only method of making the checks . As the qua ntities measured 
ranged from 10 , 000 to 60,000 second -feet , it was necessary to make 
the measurements from boats and tho se measurements were usually 
made at night when i t was p o ss ib le to keep the power load steady , 
and when weather conditions were favorable . At least two J>airs of 
measurement s w e re made for each generator , using differ e nt meters 
in the same eros s- section; the agreement i n resul t s was within 1 
or 2 percen t . 

Dur ing the war, TVA power was a vital fac or i n the war 
activities of the region and that agency was able to obtain l;ligh 
priorities for construction materia ls . TVA also had a well-equipped 
canst uction organiza tion so during those years, all new gage 
shelter and cableway construction was done by that agenc y, using 
plans and specifications prepared by the Su rvey . T his arrange
ment resulted in a number of exce ll e nt stations at strategic loca
tions which , because of manpower shorta ges , the Survey could 
not have buil t. Among the more i mportant stations were those 
essential to the ope ration of t h e Cherokee, Douglas, Kentucky, 
and Watauga projects . 

The gaging stati on on Clinch R iver at Scarboro was within 
the Oak Ridge area fenc ed i n by the Atomi q Ener gy Com mission , 
and as that was a closely-guarded area , the Survey at first had 
difficulty in convi ncing the mi itary police that it was necessary 
to visit the gaging stati on ; the first contact requi red 2 days to 
obtain cleaTance, and then one of the police accompanied the 
engineer t0 the station , remained dur ing the measurement, and 
escorted him back to the gate . Later, when Oa k Ridge reached 
the production stage , the Clinch R iver records became very 
important. Certai n m inimum flows were r equired to dilute the 
wastes dumped into the rive r , and Norris Dam farther upstream 
released water as needed, the amounts to be released depending 
on the flow at the Scarboro station. The Oak Ridge managemew.t 
installed a long distance recor der in the shelter with the receiv
ing recorder at the plant. Thereafte r, the only formality in 
gaining e n .trance to the station was the p r ese ntation of a pass, 
which was renewed monthly. 

C. E . McCashin was distr i ct engineer until September l, 
194 1 when, on account of physical disability, he was relieved of 
administrative duties, and was succeeded by F . M . BelL C ivil 
Service engineering assistants were : 
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Name Perwd Military Furlough 

W. R . Eaton .July , 1939 to Oct. 18 , 1943 
W. J . Perry July l, r939 to June 30, 1947 July 23,1941 to Mar . l.1946 
G. H . Wood July 1, 19 3 9 to June 3 0, 194 7 
A. 0 . Patterson July l, 1939 to June 30, 1947 
Chas . Wells July 1, 1939 to June 30 , 1947 
D. D . Lewis J uly i, 1939 to Feb 2.1, 1942 
R . H . Otness July 1, 1939 to Apr . 2, 1940 Deceased 
Max Noecker July 1 , 1939 to Dec . 27, 194 1 
M . F . Cook July L 1939 to June 3 0 , 194 7 
F . C . Ames J uly 1, 1939 to Sep . 28, 19 39 
D. M . Corbett July ~, 193 9 to Sep .. 12 , i 941 
W. M . Branch July , 1939 to Aug , 31, 1939 
E . M . McClure Ju~y 1939 to June 30, 1947 
G. W. Martin Nov. , 1939 ll:o Apr . 1, 1942 
0 . H . Jeffers Oct 31, 1940 to Oct. 9 , 1945 
Milburn Hassler Julyl5, 1940 to June 30 , 1947 July 17,1942 to Dec . l7,1945 
E . P . Mathews Dec . 2., 1940 toJune30, 1947 Jan . 8,1943toMar . 4,1946 
R. E . Steacy Mar . 25, 1940 to Jan . 7, 1943 Y 
L . D . Barker, Jr . Dec. 30,1940 to Sep. 4, 1942 
R . B . Sullivan Dec. 21, 1940 to June 7 , 1941 
M . J . Slaughter Mar . l, 194 1 to June 30,1947 
R . D . Donnell Oc t . 2 ,1942 to Jan . l2, 1943 June 22., 1944 to Jan. 2.,1946 
C . B . Palmer Aug 1, 942 to June 30 , 1947 
Miss T . L . Hinton Oct. 2 0, 1942. to Aug . 31, 1945 
J : M . Terry Oc t . 8, 1943 to June 30, 947 
H . L . Abercrombie Oct. 28 , 1946 to Apr . 30, 1947 
Daniel Car ton Dec , 1, 1944 to Feb.lO , 1946 
L . C Gray May 17, 1943 to July 26, 1943 
J . 0 . Joerns Nov . 22, 1944 to June 30, 1947 
Miss V. E . M cGu.ir e J uly 6 , 1944 to June 16, 1946 

(Mrs . V . M . Aberc rombie } Aug 20,1946 to Sep. 20 ,1 946 
D . W. Sykes Apr . 26 , 1943 to June 30 , 1947 
H . C . Cook Mar . 31, 1947 to June 30 , 1947 

1/Military fur lough ~ did not return to distr ict . 
~Q • 

Miss Martha S . He !'levi was d is trict clerk until April 20, 1946 
when she was succeeded by T . J . Quarles. 

Columbus, Ohio .- The activities of the Columbus District 
increased greatly during the period ; the number of stations was in
creased from 91 to 187 and special investigations expanded the acti
vities more than was indicated by the increase in stations . Much of 
the increase in the gaging sta tions was due to the additional Army 
Engineer cooperation. Early in the period, the Army Engineers took 
ove r the Muskingum Water shed Conservancy District, and the 38 
stations being maintai ned in cooperation with tha t district. Addi
tional stations required for that and other flood-control programs, 
increased the number of Army Engmeer statwns from ;3 5 to 122 . 
Included in the 187 stations w ere : 6 .:>n Army Engineer reservoirs 
in the Muskingum R iver Basin. 

The heavy demand for water for cooling purposes, by the 
steel plants in the Youngstown area o f the Mahoning Valley, made 
it necessary to keep current records of the inflow to and outflow from 
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the city - owned M1l ton Re s e r v oir of 9. 5 b illion gallons capacity, located 
40 miles above Youngstown , in order that a minimum amount should be 
released from the e s crvoir to m a1ntain the requi red flow in the river . 
The spe c1al inv es tiga tion by the 'urve y b e gan in June 941 when E . J . Tripp 
and an assistant , w e r e s tationed in Yo ungs town and the two existing 
gaging stations we re m c reased to 8 by a dditional installations . During 
the first year, the Survey e ngineer or h is ass1stant started out at 5 a.m . 
on his daily task of r e ading the 8 gages , and wa s back in the office and 
a report of the discharge p repared by 8 a . m . , the discharges being 
determined from rating curves che ck e d by fre quent measurem~nts. 
The steel companie s , power companies , and Army Engineers were 
notified by telephone of the da1ly d i scharges , a nd used that information 
in regulating the reservoir releases by special arrangement with the 
city. After the hrst ye ar, local observers were employed to read the 
gages and telephone the Survey Office, thus eliminating the 5 a . m . 
schedule . During the crit i cal year of 1942, the Survey's services 
were credited with conserving a b illion gallons of water, a very c on
siderable amount cons idering the wate r shor tage . In . 942, the · Army 
Engineers constructe d the Berlin Reservoir of 29 7 billion gc:~.llons 
capacity, and became more d i rectly interested in the regulation of 
the river, and three additional gagi ng s tati ons were established . 1ri. 
1946, with the constructi on of Mosquito Creek Reservoir of .32 . 5 billion 
gallons capacity 1 the Army Engineers b e gan to call the local observers 
each morning and relay the gage he i gh s to the Surve y, which dete:r
mined the discharges and notifi ed the major steel companies . The 
reservoir operation occupied only a part of the time of the Survey 
engineers I and the y m a mtained about 20 additional stations. 

A series of seepage measurements in the Licking R i ver and 
Mad River Basins we r e mad e in the fa ll of J. 943 a nd the summer of 
1944 I for the purpose of de f inin g a r elation between geology and low
water flow; Dr George White, who in 1945 became State Geologist , 
was employed by the Surve y to interpret the geology of the area. 

Another s·pecial i n vestigation was that made for the ci t y 
of Columbus du ring the winter of 1944-45 . At the beginning of the 
winter , the water supply in the two city reservou s was very low 
and the unusually cold w e ather prevented the usual winter runoff. 
To increase the flow of the Scioto River whi ch supplied Columbus, 
the city pumped water into it fr om abandoned quarries . At the 
city ' s request, the Survey made 35 miscellaneous measurements 
at 3 points on the Scioto a nd tributaries, and furn i shed daily rec
ords from a regular gaging station during anuary and February. 
It may be added tha t the city supply was almost exhausted before 
the winter break-up i n February. 

As a result of cooperation w i th the State Highway Depart
ment , 14 gaging stations on s t reams havi ng drainage areas ran ging 
from 1 to 2 square miles , well distributed throughout the state , 
were established during the l a st two years . This pro gram has as 
its purpose the collection of data upon whi ch can be based improve d 
and more economica methods of c ulver t d e sign. 

Information regarding fl oods from small areas is very 
meager and to obtain additional data, an investigation of the flood 
of June 1946 in Wa.yne and Holmes counties wa·s m ade soon after
ward . The flood was caused by rainfall of cloudburst intensity 



a nd t o supplement the few -~ eat (; B·.1reau records , 12 local obser
va ti ons made by 1mprovised rain gages - ere obtained Peak di s
char ges were obtained a.t the one ga.ging stat"on, and a t 12 o the r points 
b y means of cont:racted openings or by slope -area m easur ements . The 
repo r t was prepared by W . P Cross and was publish ed b y the Ohio 
Water Resources Boa:rdf.~ Tha.t was the fir st of a series of spe cial 

1221 The Flo od of June i 946 in Wayne and Holmes Counties ; BUll. 9, 
- Mar . 1947 .. 
mve s tigation , the abject o! which was to make bc.sic stream-flow 
da ta of greater use to the public 

Another publication was a compila.'tion of past flo od s at exi st
ing gaging statwns with a study of their frequencies, also p repared 
by W. P .. Cross.lZY 

1237 F l o ods m Ohio, M a gnitude and Fl'equency. BulL 7. Oc t . 1946 . 

C . Y. Youngquist continued as d1strh .. t engmeer until 
Sep tember 12, 1945, when he was given a W AE appo intment which 
e nabled him to accept temporarily the position of chief engineer of 
the Ohio Water Re sou!'ce s Board . Tate Dalrymple, w ho had been 
i n the district smce Octobe:t 1 ~ , 1939, was acting di stric t engineer 
until September 9, 1946, when he was transferred t o the Wash ington 
Office a nd wa s succeeded by 0 " H . Jeffers " who h ad been in the 
d istr ict since October 10, 1945 OtheX' Civil Service engin e er ing 
perso nnel were : 

N:r.me 

H . E . Cox 
E J , Tripp 
H. F. Dowdy 
C . J. Rossow 
L . L. Sphar 
E . H . Curt s 
L . H . Skillman 
C . L . Muntz 
Nye Grant 

Period 

July , 1939 to .J. ne 30, 947 
july 1. 1939 to J u 30, 1947 
July L 1939 to June 3 0 , 947 
July 1, 1939 to May 2, 1940 
July 1 939 to May 1; 1941 
July X939toJune30,1947 

Military Furlough 
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J . L . Sheaf£ 

July L 1939 to Ap:r o L l 940 
July 1, 939 to Aug 1 i, i 945 
Oct. 2, 1939 to Novo 15, ~945 
Nov. 18 , 1939 t.o Oct , 21,1946 
Dec. 28 . i 939 to June 27, 1940 
Feb . H , 1940 to Dec. ·· 4, 94 
Apr. 2, 1940 to June 30 ,1 947 
Sep. 2.3 ,1940 to July 10 , 1946 
July 5 , 1941 to Mar . 31, 942 
Feb. L 1942to June 3 0, 194'7 
Aug. 24, 1942 to June 3 0, 194'1 
Sep 16 , 942 to ,June 30 , 1.94 
Sep . .2.1. 1942 to July 31,1944 
Oct. i6, !942 to July 19,1 946 
M<ll.y 7, 1943 to J une 3 0, 947 
June L 1943 to June30,194'1 
May ~ 6. 1944 to Oct 25,19 46 
Aug. 23, 1944 to June it 4, 1946 
Dec . 26, 1945 o June 30, 1947 
Feb. 4, 1946 to June 30, 1947 
Feb" 4 , i 946 ~0 Aug. 7..7, 1946 
Feb. 4 , 946 to July 26, 1946 
July 29, 1946 to une 3 0 , 1947 

J an. 1 , 1942 to Mar . 24 , 1946 
R . M . Bush 
S . E . Rantz 
H . H . Ellis 
L . R . P eter s on 
F . W. Kennon 
E . E. Webber 
R obert Davies 
F . W . Wo rkmaste r 
M . D. Brands 
W. T. Augu r 
J . B . Shje.tlo 
0 F . Cle mmer 
T. S . Graff 
R . K. M iddleton 
W . P . Cro ss 
H . F . Wil s on 
Kenne th Birath 
J . A . D u ffy 
G . A . Francis 

Feb. 20 , 1943 to Mar . l5 , 1946 
Aug.l2, 1942 to Feb. 7, 1946 

M a r . 24,1944 to Apr . l,l946 

Ap r . 30,1943 to Feb. 4,1946 
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Cont'd 

Name P e'riod Military Furlough 

L . A. Rausch Oct. 2, 1946 to June 30, 947 
W . F . Smith Oct. 7, 1946 t o June 30 , 1947 
L . E . Bidwell Nov . 21, 1946 to J u ne 30, 1947 
D . K . Koegler Oct. 14 . 1946 to J une 30. 194? 
G . D . Francis Jan. 20, 1947to J une 30,1947 
B. A , Williams Jan. 20, 1947 to J une 30, 1947 
W . P. Rothwell Jan. 20, 947 to June 30 , 1947 
M . R. Fisher F e b . 24, 1947 to J une 30 , 1947 
Walter Hofmann J une 26, 947 to June 30,1947 

A . ,J. Lawler was distr i ct clerk. 

Indianapolis, Ind. - The States of Indiana and Michigan continued 
to comprt<"s e the Indianapolis district . H . E" Grosbach was succeeded 
by D . M . Corbett as district engineer , Septemb~t~.l4, 1941, and there
after, under the unique State cooperative set-up4 in both States, the 

1 ~ P . 48 an~ P · 51. -
istrict engmeer represented both the· Surface Water and the Ground 

Water divisions. 

To carry out the administrative· duties of both divisions in 
each State , Mr . Corbett set up an administrative office in the Indianapo
lis headquarters which handled matters of cooperation, personnel, 
finances , and equipment inventories The engineer in charge of each 
technical project was held responsibl e for the work of that project and, 
what was equally important, for keeping within the budget for his 
project. In addition to ground-water investigations in each state 
assigned to ground -water personnel. and the surface water investi
gations in each state assigned to surface-water personnel, the lake 
level work in Indiana was assigned to J . L Perrey and the responsi
bility for the stream-gaging records in Indiana assigned to M.A. · 
Benson , who succeeded L.R. Sawyer August 15, 1946 . Also, toward 
the end of the period , the position of distri ct hydrologist was created 
for the purpos e of making special interpretative reports of the stream 
flow data for the State Highway Department, including flood frequencies , 
and base flow of streams needed in the ground-water investigations . 
Toward the end of the period, the Highway Departments of both State s , 
perhaps as a result of Tate Dalrymp~e 1 s work on flood discharges 
through bridge openings from .t 943 to 194 7 , began to furnish the 
Survey preliminary bridge plans at proposed sites , and the Survey 
made reports on the hydraulic: factors i nvolved . These reports con
tained flood da.ta including frequencies, area, velocity, stage, dis 
charge, and curves, and where a gaging station was near at hand, a 
cross section at the proposed cite showing the .. 8 depth velocities 
as hciving a bearing on possible erosion. L . W. Furness was acting 
in this position following Mr. Dalrymple'' s detail to the district . 

For the Michigan surface _water investigations, the principal 
office was in Lansing, one sub-office was at Houghton in the upper 
peninsula, and another sub-office waa at Grayling in the northern 
part of the lower peninsula. Each Michigan office computed its own 
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records and sent them direc t to Washington, and if necessary, battled 
with the Washington reviewers over the re sults A . D . Ash in charge 
of the Lansing office was the district engineer's representative in the 
state and also coordinated the technical work of the Surface Water 
Division in the state . 

The increas i ng need for stream-flow records in both states as 
shown by the great expansion of State cooperation, resulted in an in
crease in gaging stati ons f rom 68 to 180 , and to the establishment of 
staff gages on 190 lakes . The problem of the lake level control in 
both states required new studies by the Surve y. 

The increasing 1mportance of water , parti cular! y in the 
middle west, Y'as reflec t ed by the publlcat ion in the Saturday 
Evening Postl25f of an article entitled "Will There Be Enough Water?" 

12S/ May 27, 1944 pp . 28-29 . 
The author of tha.t article refers to the Survey as "a steady old
fashioned agency wh ' ch all tl~se yeax·s has p lugged along without the 
aid of a public . relations division." Mr . Corbett was quoted in the 
article , and a p i cture of a. bridge measurement by means of a reel 
and crane was included: The writer of the article, after describing 
the Survey's work, added~ 

SJ:> the chap you may see dangling fr om a cable 
over some rivet", intent on the movemem of a queer 
device immersed below him, or the lad on a bridge, 
earphones in ploce anci manipulating an out-landish 
gadget m the cur!'ent, may be getting an answer . 
What those delicate mstruments tell about the quan
tity of moving water added to what i s knovrm:.al?out the 
detail of loca.l geo:i.ogical structures, ca.n mean either 
the green light or the warning signal for specific 
factories whose very life blood today is water . 

Indiana - At the beginning of the period, there were 38 
stations, 3 5 equipped w1th recorders . During the first half of the 
period, additionaJ Army Engineer cooperation increased the number 
of stations by 13, of which half were metalled the first year . With 
the increased State coope:ra.tion beginning in the i 943 fiscal year, 
11 stat ions were established that year . At the end of the period , 
as a result of i n creased State and Army Engineer cooperation, the 
latter cov ing 27 stations . there were 81 stations in operation , 
43 being equipped with r ecorders . In a.ddition, the .J;' e were 105 
lake stations equipped with stalf gages . At the lake stations, 
severed measurements of_ the outflow were m<i>de at different seasons 
each year . 

Ma.ny of .,ndism~'s lakes had become rec:t'eational centers and 
conflicts had .s.risen between the 1·· ke shore residents who desired 
high lake levels, ana the a.griculturGl interests who objected to high 
levels whi ch inter.·fer ed with the drainage of the lands bordering the 
lakes . Legi s ;a:Jtion ena.cted in 1935 had provided means whereby 
20 percent of the land owners could petiti on the State courts and have 
a lake level raised and maintaxned by means of a dam, the level not 
exceeding the natural high water . 
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In 1945, the Depe:.rtment 01 Conser ti on was authorized. to 

establish the water l evels of all lakes , amd c onstruct or superv1~e . 
cons truc tion of a 1 spi lwa ys a nd c ontrol works nece?sary to ma.1ntam 
such levels . The new authoriza. ion for the cooperating Sta te age nc.Y 
made it necessa.l'Y for the Survey to esta blish s.taff gages .on 80 addl
tionallakes, in order that with 25 gages esta bh sh ed prev10usly, rec
ords of the more important lakes could be obtained.. It was also 
necessary to etermine the normal level, and the h1ghwat.er mark_s 
and, if possible , the highest point to which the lake ha d nsen durmg 
the past 10 yea r s . The latter was difficult to obtain accur&tely , 
being Qa.se.d ,on statements of local residents .. Not only the maxi~um 
elevations were required but the flood flows mto the a ke and theu 
effect on the lake levels were stu ~ed . The problem in de signing the 
dams , which wa s that of the State agency . wa,s to keep e a ve rage 
level of the lake at the elevation established by the Department of 
Cons ervation, a nd not allow the maximum level to be mor e than 1. 5 
feet higher. An add .t i onal inves tigation to give a more complete · 
picture of the lake control problem wa s the obse.rvation of temper
ature s to dete1m.ine the seasona l v riations from tfie sur fate to the 
bottom of about 25 l<>~kes . This information was of valu e to the State 
and Federal Fish and Wi dlife Services. 

Indiana streams are ~ct 'to severe floods and for emer
gency flood measurements , four power-operated c r anes were ob~ · 
tained from the Co umbus Office for u ,se with 50-pound weights . 
The floods of March and May 943 afforded an opportunity for ex
tensive flood measurements . R ising-, e re st-. nd falling- stage 
mea surements were made at more than 50 s t.:..t ions . Those mea
sureme nt s were made by 20 Survey field parties br'ought in from · 
Michigan, illino i s . Kentucky . and Ohio ; and 3 parties furnished 
by the Army Engineer s . Many miscellaneou s measurements had 
been made through contr~cted bridge openings and Tate Dalrymple 
was detailed to Indianapolis for three months primarily for those 
computations. Later in the summer , M. A . Ben on of the Boston 
Distr ic t and L . W. Furness of the Hartford District were de tailed 
to assist Mr. Dal rymple and Mr. Sawyer . 

At flood stages , there are frequent y wid~ overflow area s ~ 
that on the Wabash Rive r at Riverton r e ach a total width of about 
4 1/2 m i es . At tliat.S~ation, the highest sta g a e measured 
in the five openings of the railroad br "dge . Realizi ll<g the risk of 
making flood measurement s from .rai road bridges . t wo engineers 
after measuri ng the R iveJ' ton station in May 943 " tied themselves 
togethe r while walking on the ties over a w&shed-out section of 
railroad fill . One fell ' through and nearly dragged his c ompanion' 
with h im; fortunatel y , the la.tter recoveF"ed himself a nd then 
dragged out his companion. The only casualty was the l oss. of the 
notes for the flood measurement made p r eviously. 

At some stations , it ,.,as necessary to make flood measure
ments from boats , a.nd during one measu rement of the .vernon 
Fork of Muscatatuck River at Butle r ville made in March l 94 3, the 
Surve y motor boat containing L . R , Sawyer and I. A . Heckmiller 
was forced against a tree by the swift curr ent , and was so badly 
dc:ma~ed !hat it aank. The engineers for tunately we r e e quipped 
w1th life Jackets and managed to reach the b ank , 150 feet d i stant ; 
the e qu ipment was lost bu later recovered. 
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Indi o.n a clai ms the credit for bein g the fir st state in which a 

measurement was made by a woma n empl oyee ; Elizabeth Hurst , ari 
enginee ring aid , m ade a supe rvi sed wading measurement on Novem
ber 19 , 1942; in 1944 r L or a i ne Pomp , 2:. so an engineering aid , ~de 
several wa.d ing measurements unsupervi sed and unassisted . . . 

Towar d the e nd of the peri od , the S_tate Department of Health 
became more .interested in s tre .m fl ow r ecords. i n conne ction with 
it s pollution investigations , and fr e quently· whe.n hat a gency took 
river samples a t point s remqte from a ga ging stG~.tion , the Survey 
would make a miscellaneous meo,surement at that poi nt at the same 
ti;me . Beca use of contam inat on of w~ter supp ~es during floods , the 
Department of Health was anxious t o obtain fl ood war nings, and the 
Survey wa s equipped to help with such warnings . The field men 
would telephone flood data t o the di stric t offi ce , frequently at night, 
and the informc:.tion w ould be relayed to the Depar tment of Health 
the next morning. Because of this up- to - the minute t1ood infor
mation , the Weather Bureau .would check w ith the Survey befor e 
issuing Hs floo d warnings. Tho?.t wa.s pa:t' t i culari y important on the 
Wabash River, whe re the conditions of the l evees along that stream 
dete r m i ned to a c onsiderable extent the flood crests to be expected ; 
such information was frequent! y fur n i shed by the field men. 

Michigan. - During e period . the numbe r of gaging stations 
was increased from 30 with ? recorders , to 93 w ith 52 recorders . 
Tha t number in luded. i 6 sta.t ions in the Seney Refuge in no rthern 
Mi chiga n, tr n s fe rr•ed to t he Indianapolis d i strict in the fall of 941, 
but promptly reduced t o b through the action of the F i sh a nd Wild
life Service . In . ddition , the re were 85 stations on l akes , a t the 
outlets of whi ch sevex-al discharge measurements · were made at 
different seasons each year . The fir st substantial ·incr ease came 
in the 1942 fisca.l year w 1th the ..... stablishment of Z 1 stations as a 
result of the g :r'e atly enla !' ged State c ooperation at that time and 
each of the 1 ·s t four years s a w substantial increases in the number 
of stations . At the very end of the pe riod, 7 sta t ion s were estab
lished fo r the U.S. Public Health Service near the mouth of streams 
flowing into Lak e Superior. That a gency was making a pollution 
study of the b oundary waters for the Internc.tional Joint Commission. 

Mi higa.n w i th it s l l, 000 l akes ox aH sizes , m~ny of which 
a r e recreation centers, has ' a similar p r oblem of l a.k e level control 
to that in Indiana , a nd i s a tta cking i t a l o ng the same lines . In tbat 
conne c t ion , 9 5 l ake stations equipped with s taff g;a;. ges were in
stalled. Whenever the c ontr ol of a l ake leve l was being c onsidered , 
the State called on the Survey . n o t only for the exi sting records of 
stage , but fo r a n es t." mate o:f the m a x i mum flood t o be expected at 
the outlet. Th ~ t r equired a study of fl ood frequencies ranging fr ozn 
5 t o 50 year s , and perhap s a map of the 1 ke to dete r m ine its capac
ity. The St te officia l s would first hold a. meeting with the l a.ke 
association to d iscu ss the p r oblem , and Mr . Ash at the request of 
the State woul d o c cas ional y be p r ese1 t a s an advi sor to furnish 
available in£ rmation. There were f :cequent conflicts b etween 
resort owne:r s on the ~ake s , and power c ompanies operating on the 
streams, a.nd the Surveygs l'eco rd s a ided the State i n maintaining 
friendly rela tions with both; 
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Severe floods in the southern par t of the State occurred during 

the last 3 years of the p eriod , the 194 7 floods being the worst. During 
that year, there were 12 p arties , including 7 sent up from Indiana, 
making flood measurements . As a re sult of that i ntensive field work, 
the rating curves we re well defined up to the crest stages . The floods 
were perhaps most severe on the Saginaw River, and after the 194 7 
flood, a report covering major floods in that basin from 1873 to 1947 , 
w ith special reference to the latter f1ood was prepared . It contained 
a study of flood freque n cies . As a result of the frequent floods, flood 
hydrographs giving flood stages and d i scharges, from which the base 
flow was deducted , were prepared fo r each of the 40 or more stations 
in the southern part of the state . 

In connection with the Ground Wa te r Divi s i on ' s investigation 
in the Iron River area,J26j 7 sets of 1 measurements each along Iron 

1267 ~- 2£9 0 •• 

River were made to determine the seepage loss to the glacial drift 
through which the river flows . 

In addition to the distr i ct eJ:?.gi neer , the Indianapolis District 
had the following Civil Service engineering personnel : 

Name 

J . I . Perrey 
L . E . Widm~n 
I . A . Heckmiller 
J . C . Merrell , Jr . 
v . M. Mann 
S . W. Wiitala 
A . D . Ash 
Max Noecker 
L . R . Sawyer 
A . Homyk, Jr. 
W . L. Isherwood, Jr . 
J . D . McCoy 
Mrs . E . H. Widman 
R . L . Gibson . 
M . A . B enson 
G. E . Stanton 
L . W . Furness 
L. W. Carrico 
L . Pomp 
S . B . Koks 
W. B. Reid 
D . Pettingill 
T . E . Robertson 
J . D . Goshorn 
C . L. Alderson 
D . J. King 
B . F . Cooper 
C . W. Pari s 
J . E . King 
M.S. Skamser 
M .P . Mahey 
H . L . Hoffman 
E. R . Buxton , J r . 
N. R. Rasmussen 

Period 

July L 1939 to June 30, 1947 
July 1, 1939 to June 30, 1947 
July l, 1939 to Sept. 3, 1944 
Jul y 1 , 1939 to Jan. 19, 1944 
Sept . 6 , 1939 to Mar . 22, 1946 
'oct. 1, 1940 to Aug . 12 , 1946 
Oct. 941 to June 30 , 1947 
J an . 5, 1942 to June 30, 1947 
Feb. 20,1942to Dec . 20 , 1946 
Mar . 14,194Zto June 30 , 1947 
Apr . 1, 1942 to May , 1944 
Aug. 7 , 1942 to · Nov . l9, 1943 
Oct. 12, 1942 to Feb. 28, 1946 
Dec . Zl , 1942 to Aug. 4, 1944 
Oct. 7 , 1942 to June:: C. 1947 
Apr . 16, 1944 to June 3 0, 94 7 
May 4 , 19 44 to June 3 0 , 1 94 7 
Aug. 1 , 1944 to June 30, 1947 
Aug. 7, 19 44 to J une 30,1947 
S e p . 19 , 1944 to June 30,1947 
Dec . 1, 1944 to June 30,1947 
Apr . 1 , 1945 to June 30, 1947 
Apr . 30, 1945to Ju.ne 30,1947 
Jan. 14 , 1946 .to June 30,1947 
Feb. 28 ,1 946 to June 30,1947 
Aug. 26 , 1946 to June 30,1947 
Sept . 9 , 1946 to June 3 0 , 194 7 
Sept. 16 ,1 946 t o Feb. 12 ,1947 
S~pt . 23, 1946 to June 30 , 194 7 
S e pt. 23 ,1946 to June 30 , 1947 
Nov. 4 , 1946 to June 30, 1947 
Nov, 12,1946 to June 30 , 1947 
Mar . 3, 1947 to June 30 , 1947 
Apr . 28, 1947 to June 30, · 1947 

Military Furlough 

Aug. 28 •. 1940 to Dec . 23,1 

Sep. ll,l942 to Jan. 25 ,194 
May 21.1945 to ·Mar . l , l94 

Jan. 29 , 1943 to Oct. 2,1945 

Deceased 
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a drainage area suitable for such s dy, stations h":ving greater areas 
were eliminated from the more than 100 gaging stations, as were those 
on streams having controlled flow. A s a result, their remai~ed 58 
stations for which uni t hydrographs were computed. Exhaushve studies 
of available precipitation records were.- made by various methods , al so 
of infiltration used in i ts broadest sense, to separate the precipitation 
excess from the total pre cip i tation. In addition , search was made to 
determine flows other than those caused by the base storm. For each 
of the 31 basins in which the 58 stations were grouped, there were pre 
sented the maximum recorded discharge for each gaging station, pre
cipitation data, unit hydro graphs . distribution graphs, ground-water 
depletion curves , and a comparison between observed and c omputed hy
drographs . The proje ct c ontinued beyond the present period and was 
completed in May 1948 , with the publication by the State of "Unit hydro
graphs in illinois . " 

Although funds were available during the 1947 fiscal year for the 
small-streams program, difficulty in obtaining both materials and la
bor prevented any of the stations being installed that year . The con
struction funds d id not lapse ; however, as advance payment had been 
made by the State Divis ion of Wate rways. 

With funds available for research in the 1947 fiscal year, a study 
of the backwater profile for steady flow in prismatic channels which 
had been started by W. D . Mitchell and E . G. Barron as a the sis for 
a masters' degree , was continued as an official projectJ-Jq 

130 p . • 
Durmg the last year of the per1od, an olftce study was started under 

the title of "draft-storage project. " The scope of the project as first 
conceived was the bringing down to date of the flow-duration curves 
which had been published in the Transactio.ns of the American Geo
physi cal Union for 1936. But as frequent! y happens, the scope was 
broadened as the so-called "pilot studies" were ·made and procedures 
developed. By the end of the period , certain draft-storage data and 
curves, somewhat s imilar to that in "Flood data and draft-· storage 
curves for major strea-ms, 192.9-1937," Publication Z8, of the Mary
land State planning Commi ssion were added, as were the procedures 
outlined in the Survey's "Instructions for unit-storage ·curves, July 
1946." Only the pilot studies had been completed by the end of the 
period. 

To make the special studies .. during the last two years, a special 
studies unit was set up under the ·general supervision of the district 
engineer and the technical supervision of Mr. Mitchell . Referring to 
those studies which were actually in the field of the Water Utilization 
Divis ion , Mr . Morgan writes: 131/ 

lJl/ Letter to author . 
Our speci~l studies unit has remained under the Surface 

Water Division , although the Water Utilization Division re
viewed its work and took part in its deliberations with our 
State cooperating parties. The arrangement has been very 
harmonious and helpful. 
J . H·. Morgan continued as district engineer· aiia1laC:lt'lie "following 

ivil Service engineering assistants: · 
Name Period Military Furlough 

W. D . Mitchell '7/ 1/3'3 to 6/30/47 
J . H . Montgomery 7/ 1/39 to 6/30 / 47 
Myer Kramsky 7/ 1/39 to 6/ 6/46, 
E . G . Barron ? / Z4/39to 4/ 9/47 
Alfonso Wilson 9/ 9/ 39 to 6/30 /47 
J . R . Stipp 9/18/39to 6/30/47 

Z/1/41 to 3/6/46 

7/Z7/4Z tol /ZZ /46 
2/19/42 to 3/25/46 
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R. A. Sti:irn i 10/ Z,f 39 to 1/ 1/40 
K~ I. Darmer 12/U/ 39 to 4 / 5/ 40 
L. E . B idwell 12./B / 39 to 0/20 /41 
C. E. Dahlstrom l/ZZ/40 to 7 / 5/40 
H. A . Weggel 8/ 2 / 40 to 3 /12/ 41 
E. W. Beckman 4 / 1/ 41 to 6 /3 0/ 41 
G. R. Beare 4n6/41 to 5 7 / 4 2 
W. E. GulS~afson 5/19 / 4 to 2 /16/ 42 
H. F . Kroeni g 1/21/41 to 6 /3 0/ 4 4/2.2 / 43 to 4/15/46 
Ir.ving J o seph 8 / 4 / 41 to 2 / 11/43 Y 
0. E . Barte des U/ 3 / 41 tl() 8 / 31/4 1/ 
R. A. Groninger 5/ Z5 / 4Z to 5 /18 / 43l7 Killed i n action. 
K. M. Oga a 10 /15 / 42. to 6 / 30/ 41-
R. A. Kroeni g lZ/ 7/ 42 to 7/23/ 43 
Stella Tatlock l'Z/ Z8 / 4Z to 6 H 9 / 45 
J." M. Busalacchi 10 / 13 / 43 to 6 / 30/47 
L. H. Hansen 5 / 30/44 to 6 / 30/47 
T. E. Anderson 5/1/ 45 to 6 / 30/47 
Marjory Bean 6 /lZ/ 45 to 3 / 31/47 
W. J. Pusso 10/ ZZ/ 45 to 6 / 30/47 
J. G. R oberts 10/ZZ/4 5 to 6/30/47 
Sarah With spoon 10/2.9/45 to 6/30/47 
R. M. Stauffer Z/lZ/46 to 8 / Z/ 46 
F. R. Walsh 5/14/ 46 to 6 / 30/ 4 7 
W. V. B~tes 7#15/ 46 to 6/30/47 
C. C. Huffer 1/ 23 / 46 to 6/30/47 
C. D . Moore 10 / Zl/ 46 to 6 / 30/47 

,!/ ili a r y furlough; d id no r eturn to district. 
M i s Ro em&ry Woodwo:rth was dbtrict clerk unti11 MaJrch 15 , 1943 

when she was suc (Ceed d b y Mrs. Dor& C ifford . 
M d i ono Wbc.- A t the be ginning of the period o there were 89 

riveiS'fi'tions o of which 73 wer e in Wisconsin and 16 in northern M i ch
i gan n the Seney R !uge of the B iologi cal Survey. T h e Michi gan sta
tions wer t ansfe ed to the Indianapoli~J District i n the fall of 1941. 
Added inte e t in Wisconsin streams by the Army Engineers resul ed 
in an increase in Army Enginee r stations from 9 to 31 . chiefly i n the 
fiscal yearB 1943 a.nd 1944. At th end of the period , the re were 94 
river sta i ons . of which 48 wer-e equipped with r ecorde r s . In a ddi tion, 
there were Z8 Rake s t&tions . 2.7 equipp<ed with staff gages . &nd 1 with a 
recorde l!.". at which r~ords of. stage were maintained. Power r egula
tion wa so w:~..de pread that r . o ds fo r Z3 stations were computed by 
means of lthe: integ:rato . The development of dams on a number of 
stream b.&d r eached the point by the end of the period that i t was dif
ficult to find gagi ng - station i tes with sufficient fall to afford fX'ee 
control. · . 

Working closely w i · the Pub ic Service Commi s sion and largely 
for i ts use. the p l!." o c edu e of keeping up duration curves and tables for 
each s . tion o which was a ta ted in th previou s period, was c ontinued; 
revisions we e madeewer y two ye a rs. The Public Ser~ice Commission 
in connection with its l'esponsibi ity fo r a ppr oving ·p lans for dams. 
would ~equest unit hydrogr aphs on which to base the p roper gate - and 
spi llway-cap.B.l.d. y. About 1942 o with the increase d inte rest o£ the Army 
E ngine ers in Wieconldn F l oods . the proc edure of preparing st&tion 
lists showing he maximum flood r ecor ded a t each station . the :runoff 
per s quare m ile. &nd the percentage on the Myers scal e of flood values. 
was s taX> ed. The liste wex-e brought down to date each year and s e ntt, 
together with the dura ion tables. to the Public Service Commis~ion , 
Army Engineers . c onsulting engineers . and power compani es 1n the 
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state. When the author ~sked if it was nece sary to revise the flood 
lief each year , he wae informed that , t wae, a a each year showed a 
larger flood recorded at some station. The State Highway Commission 
plotted the Myers scale percentages on maps and sent the maps to ita 
divbion engineers for use in designing waterway openings. 

The many power plants on the str eams were of very considerable 
help in computing gaging station r ecor ds during ice periods. Compar
ieons during the open season betwee n flow and kilowatt-hour recorda 
of nearby streams showed close agreement and as a result, the kilo
watt-hour records were used as a basis to. determing the discharge 
during the ice periods. 

There was a widely held view in the state that . the low flows of the 
streams was decreaaing and the high flow& increasing, due to chanaes 
in land uses. To show the fals ity of that view, Mr. Christopherson in 
1947 made a st&tisticd study of three str eams, ne arly free from reau
lation and having no storage. By means of mass diagrams, it waa 
shown that there had been no significant change in the runoff distribu
tion during the 31 years of record. That study was cireulated amona 
water users, and others throuahout the state. 

F. C. Christopherson continued as district engineer and had the 
following Civil Service enaineerlng asaiatantst 

Name Period Military Furlouah 
c. c. Yoiiker 7/ 1/39 to io7 3 /40 
R. H. Brigham 7/ 1/39 to 6/30/47 
M. S~ Sacha 7/ 1/39 to Z/17/41. 
D. C. Hurtgen 7/ 1/39 to 6/30/47 2/ 4/42 to 1/21/46 
J.' H. O'Keefe 7/ 1/39 to 9/10/42. 
L. L. Bidwell 10/21/41 to ll/20/46 
D~ L. Miller 8/22/42. to · 6/30/47 
K.' S. ·Brigham 2/13/41. to 6/30/47 
W. M .. Shimasaki 6/17/44 to 7-/2.8/45 1/ 
LaVergne Becker 8/ 7/44 to 6/30/47 

!/Military furl ough; did not return to dis ict. 
Miss Helen E. Cunningham w&s district Clerk until December 2.0, 

1946, and was succeeded by Mrs. Marion L. Mather. 
St. Paul, Minn. -At the beginning of the period, the St. Paul Dis

trict comprised the state of Minnesota, the Hudson ·Bay Drainage in 
North Dakota, Z at& tiona in Iowa, a station in South ota, and 2 
Mi&sissippi River stll.tions in Wisconsin; a total of 85 J'iver stations 
and 1.39 lake stations, at which stage only was recorded. The Iowa 
stations were transferred to the Iowa City District soon afterward, 
and when the Bismarck Dis.trict was crea.ted in October 1944, the 1.3 
stations in North Dakota were transferred to it. That left the Minne
sota stations and 2 each in South Dakota and Wisconsin. In 1940, the 
Thief River Falla sub-office was moved to Grand Fo!'ks but was dis
continued in October 1944. 

During the period, the State's progr~&m on controlling the lake 
· levels was so far advanced that recor ds of stage were no longer 
needed, and all but 33 lake statiens were dropped. The number of 
river stations was increaaeci to U4. The gr eater part of that increase 
was due. to the e-xpansion of the Army Engineers• program fl'om ll to 
51, reaching a maximum of 60 in 1945. Of the increase, 10 were sta
tions at which the Army EJlgine ers furnished the records and the Sur
vey made check measurements. The dr ought years of the previous 
period had been succeeded by a serie a of wet years, ·during which 
major f·loods occurred on a l most every atream, especially in the Red 
River Valley. Cooperation with the Iron Range Rehabilitation CGmmi
• sion resulted in 5 additional stations in 1942 and war wor k for the 
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Army E ngiilleers accounll:ed for 3 s ations ; State nd m iscellaneous coop
eration ccounted fort' the e m ainder. Th«:l Gophe 0 dnance Wo ks near 
Rose mont wa a smoke~ess powder p ant; the acid wastes from w ich 
were dumped ;' nto the Ve r milion River ~ and the Survey operate d 3 s ta 
tions a long the river to determ ine the degree of s r eam pol ution. Tof 
exclude all animals and p e sons " and to avo id possible Hlne s from the 
waste s, he right- of - way a l ong the rive r was purchased by th e O rdnance 
Wor k s and surr ou nded by a h i gh ence for a di tance of several m iles 
downstream. 

Owi ng to the "r i s olmtion. 2 inte national stations were vi ited r e
gularly by a i rplane. The B~uswood station near Wi nton was v i s i ted by 
a plane which landed on & nearby lake surface i n s umm er. and the lake 
ice in winte r . The plane was obtained at E ly 20 miles dis ant, and by 
its u s e . the s · tion was vi ited i n h«11.U' a daJ.y, s e .., d of the t wo days 
r equired for a boat t:dp. On one or two occasions during the w inte r 
when a pla n e was not a vailable, i t was poss ibl to r each the station by 
driv ng to it on the ice. Once a snowmobile w s u ed after a b lizzard 
and bef ore he s now o z e . and that required n a:dy a s m uch push ing as 
driving. The return howew·eX' was easily m a de in t h e e e n 'ng after a 
solid c rust had formed. The othe r station was th e Namikan Rive r at the 
outlet of L ac La C r oix , n international station ope!"&ted by Canada . at 
which the Survey made check measurements. Under regulations gove r n
ing commercial flights , an Ameri can plane c ould not c r o ss the Interna
tional b ound ry. and it was necessary o hmd on the Ame ri~an side a nd 
take a boat to the station &bou t 3 mile down tream. By the use of the 
p ane . the vis it tothe s &:ation wae m a de n half a day. Without a p lane , 
it wa s n ce s8ary t o hire a boat. which was equ ipp d by the Survey with 
an outboard motor. field men carrying such mot o rs a s a p r t of their 
field eq ipment. Th r were two wa ys to reach the station by boat, the 
shor w~y in,vohing the 4 1/Z miles Daw son portage o ve r the old Dawson 
tral and now me h.;iinb:ed by me .ns of tr cks . w i th boat tra ilers whi ch 
can be et d own into e wate surfa c ; the l onger way involved two 
shor er porta.g~~<J, Loon La .e and Beatty portages . where on a littl 
track. a ca:r fo, he bo t.s was pulled to th top by m e ns of a wi nch . 
opera ed by an old Model T E n gine , and h em coasted down the o the r 
s id • E th r :rout equ ·red about 1 1/2 days for the round ·ip. Th 
Namikan tat on i s a key station in the e gulat ion of t he Namikan chain 
of la.k an the Rainy La-ke levels by the )In e:rnational Joint Commission. 
It is equipped wi th a 2.-way rad io b y mea n of which the Interna tional En
gineer'ng B &lt'd l s not.ifi d of h discharge . It may be a dded that l oggers 
in that a:R' a are . utho:dz d t o use the z adic, a.nd by that me ans, informa 
tion regarding the p :lri g br lil.k - up becomes avalla1Ms . 

Du ing the p eriod , moet of the station s esta b lished had co rugated 
iron p ip e wei w i th small l"e co:r.der shelters. Wh e re sev e !'e i ce condi 
t ons might de:a1t:.roy ·he p ipe wells or floods that m i ght overtop the econ
omi . 1 he i ght fo the ~h 1 ers. a few c oncrete st:r ctuxes we r e used. 
Water - stag r e c orde rs subj ct to overtopping we:re equipped w ith sub~ 
me r a; · on c over s.l3?f 

132/ p . 2o8Sl (1928~"I939)o 
As a c o:rollary t.c th many lak e reco ds . it ma.y b added that be

cause ce:rmin lake na m e we)fe du pH cated or triplic t ed , there wart fr e 
quently a n uncel"tain\l:y ae to which 1 k was m~ n t wh en r equests weY'e 
:rece i ved for the :re col'ds of stage. 

A fa r m · 0 s cupid~.ty for guy wire on an A - frame h ad disagreeab l e 
results for one e ngineer. The eng:iinee . w s ju:Bit ~taX'ting down he in
cline from he A-f a m on the M innesota Rive near Ca r ver when the A
frame fe n a nd threw h:lm i nto t:he flooded river . Fortunately . he was 
able to reach s .or om 2 m iles downstl.':'eam but had to waik back to 
the ne rest house in l 10-above tempe:r ..... tu!'e . When the house was 
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reached. an ubiqui tous dog sta te d o .ha h im away until the farme r 
came to the rescue. 

P . R . Speer was district eng· ee.r dur·ing the peri od and had the 
followi ng Civil Service engineet'ing assis a nt s : 

Name Pe iod Military Furlough 
K. B . Nel son 7 I . "il.0 / 31 44 
B . R . Colby 1/ .1. 39 to "> /" 5 / 40 
0 . H . Jeffet's 7/ J./ 39t.o 0/26 / 40 
C. H . Prior 7/ l 39 o 6 / 30/ 47 
A . V. Leppanen 7/ 1 39 o 9 / 30/40 
J Q C . Mer rell , Jr . 7/ / 39 to / 31/41 
R . E. Oltman 7/ 1/39 to 4/ 3/ 46 4/13/ 43 to 1/15/46 
M . 0 . Schmid t 11/22/39to 9 /3 0/ 40 
J. C . Be:r-kenbosch 8 /29 / 40 to 8 /21/ 42 
J . B. Shjeflo ll/ 30/40 to 9 / 8 / 43 
E. B . Stevenson 10/ 1/40 to 11/ 2/45 
F. W. Thor stenson 11/ 9 / 40 o 9 / 4 / 45 
E . J. Carlson 5/1 Z/41 to Z/ 29/41?:/ 
C . E . Dalstrom 6/ l'Z/ 41 to 5 / 8/42 
R. E . Myers 2 / 3/4 to 12/ 6 / 43 
E . H. Bekkedahl 6 / 18/ 42 to 6 /3 0/ 4 7 
N. E. Henning 5/27/ 4 2 to 1/ 28/43 
D. S. Spielmann 4 13/42 to 2/ / 43 
D. A. Bar ton . 10/27/42 to 4 /11/ 44 
G . A . Haven 9 /23/42 to 2/ 6/43 
J. E . Johnson 12/22/42 to 6 /3 0/ 47 
C . H. D. P ihlstrom 1/ /43 to 10/21 /45 
J . 0 . Rostvedt 7/1/43 to 6 / 30/47 
L. C. Guetzkow 1/25/45 to 6/3 0/47 
H. A. Sandven 2 1 6/4"> to 9 /28 / 45 
G. C. Froney 9/27/45 to 6 /3 0/47 
J. H. Hess 11/1 8 / 45 to 6/30/47 
D. B. Ande r son 1/10/ 46 to 6 /30 / 47 
R . E . Leskel a 4 / 1/46 to 6 / 30/47 

1/M' lita ry furlough; d id not return to d i str ict. 
-M. P . Hull s iek was th d i s trict 1 r k . 

low C i ty, Iowa. -At the beginning of t e period , 69 stations 
were in operation , of which 10 wer e in bor dering states a ong the 
Mississippi R iver . The studies of the Ar my Engineer s for flood 
control project s atarted i n the previous period and expanded in the 
present period , r equired addi t ional str mflow data , and 16 stations 
were established i n 1940. These gaging ata ions on the rivers a nd 
streams of Iowa were so essential to he flood studies and related 
problems that he A r my Engineers pa ... tilcipated in some degr ee in 
the maintenance of 50 to 56 s tatlons , the financial support be i ng of 
the order of about one h ird of he t otal funds available i n the per iod . 
In 1942 0 L . C . Crawford decided that the Survey districts in which 
the out-of state stati ons were actually o cated should operate them 
and the ope ation of those s tation s was transfe rred to the respective 
adjacent d i s t r i cts. 

Stat ons were established f omtime o t ime during the remain
der of the per iod, increasi ng the total number to 82 , of which about 
50 were equipped and operated m ost of he time with water- stage 
recorders . Included in th e 82 stations were 10 r egular lake stations 
which were mai ntained in cooperation with the State Conservation 
Commi ssion. In order to obtain more satisfactory records . wa ter
stage recorders were placed on two of the important large natural 
lakes and one on the first a rtificial lake constructed by the 
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Conse rvation Commi s ion. Du:ring the period . lO r e info:rced concre te 
wells and houses and 6 m i s cellaneous types of p ipe well s wer e instal ed. 

As a. part of the State program. the di$trict office prep~red 2 spe
cial bulletins which were published by the Iowa Geologica l SurveyJ-3.1 

133/ -
Water Supply Bulle tin No. 1: Summaries of Yearly and F l ood F low Re
lating to Iowa Streams . 1813-1940. 
Water Supply Bulle tin No. 2: Surface Wate r Resources of Iowa for the 
Period October l o 1940 to September 3 0 , 1942, 1944. 

The networ k o! gaging stadons ope:t>ated and maintained b y the 
Survey in cooperation with other a gencie s was utilized by the Weather 
Bur eau for flood wa ning a nd forecasting through out the State, thus 
eliminating duplication of effor t a nd :dve records. 

During the pe:dod . the d i s trict inaugurated a unique feature i n the 
coope r a tive program v which was the c ol ection and c omputation of con
current r ecords of water'and suspended sediment d i s c har ge at 4 sta
tions where water temperature and quality of water data wer e also ob 
tained. That work. s o fa r as practicable, was integrated w i th the needs 
of inve s tigations of the s everal Ar my Engineer d is t2'icts and other Fed
eral and State Agencies . 

Th e computation of sedi m e n t discharge was a corollary to the 
joint sediment inve sti gati on which was carried on under the auspices 
of the A r my Enginee r s and the Surwey i n ,cooperation with the Iowa In
s titute of Hydra ulic Resear ch ·and 5 other Federal a genciesJJ4' 

lJY P• 67 - 71 o 
oo s 1n an • par 1c a r y t e a , er, were o a recor -

br eaking cha r&cter at a la:Jr ge number of the ga ging s tations . the r ecords 
fo r some of which extended back to the 1903 floods. The widespread 
flood condi ions afforded the fir st r e al opportuni ty to make actual cur
rent-meter m asurem ents of high water nd c heck the r atings developed 
at some stat ons in the early formati ve ye l' S of me msur ement work by 
the Survey. The author w&s c rious to learn how the older ~atings 
stood the test of modern equipment and methods o a nd was i nfor med 
that some comparisons were not s o good and other s good . with the work ' 
of Albion Davis and C . He:rlofson in the period of 1915 - 18 deser ving spe
c al c om mendation for the pre se vation of important da.ta under gr eat 
handic p. These men wo r ked w ith R . H. Bolster v a one -time member 
of the Survey , who held a per ~diem a ppointment at that tim e and operate d 
cer min stations in conju nction with the activitie s of the Miss is s ippi R ive r 
Power Company in K okik. 

A s a re sul t of Mr. Crawford0 s c ooperative activities with State a
gencies he was appointed by the Governor as the r epr esentative of the 
Engineers on the Iowa Post - War Rehabili tation Committee ; l a ter , as one 
of three delegates to represent the State on the Upper Mis s issippi W.ate.r 
Use Council ; atillla te r. a membe r of three special committees to r eport 
to the Governo r on th e Lit e Sioux o Colralville. and Cha:dton River p r o
jects of the War Department in Iowa. 

R . G. Kasel continued as d ist:dct e ngineer until transf e rred to 
Washington as Ch ief of the Surface Wa ter Division . April 24 . 1940 v when 
he was succeeded by L . C. Crawford. C iwi Service engi nee ring assis
tants wer e : 

Na m e 
W. I. T ravis 
R. W. Re-vell 
V. A. Koelzer 
G. L. Whitaker 
B . H. Randolph . Jr 
J. B . Cox 

Pe:riod 
1/ l/39 to 6/ 26/ 43 
1/ 1/39 to 9/Z0/ 41 
1/ 1/39 oll /1 2 / 4 0 
1/ 1/ 39 to /ZS/ 44 

10/2.3/39 to 8 /28/40 1/ 
1/ l/ 39 to 5/24/4'7-

Military F urlough 

9 /17/ 4 2 to 7/ 31/4 5 



152 
Name Pe riod Military Furlough 

W. A. Shaw 7/18/40 to 1/17/41 
1 

L. J. Snell 9/16/40 to 2/ 5/43 ~ . 
H. H. Biendarra 10/ 1/40 to 1/26/46 
C. F. Lindholm 6/ 1/41 to 6/30/47 12/ 3/42 to 12/17/45 
P. C. Benedict 6/ 17/4lto 3/4/46 
H. D . Brice 7 / 1/41 to 11/21/41 
Samuel Mummy , Jr. 12/ 1/41 to 6/30/47 
R. E. Whiteman 4/ 1/43 t o 6/30/47 
R. E . Myers 12/ 6 /43 to 6/30 /4 7 
R. 0 . R . Martin 2/17/44 to 4/ 2/ 46 
B. R . Colby 2/ 6/45to 3/21/46 
H. H. Schwob l/28/46to 6 /3 0/47 2/11/42 to 4/ 3/46 
R . D . Schmickle 3/18/46to 1/3 0/47 
B. C . Colby 8/12/46 to 6/30/47 

1/Military furlough; did not return to district . 
-Mi ss Claire E . Putz was d i stric t clerk from November 2 , 1942 

to June 3 0 , 194 7. 
Rolla , Mo. -At the beginning of the period , the Rolla District con

sisted of the states of Missouri and South Dakota, and gaging stations 
on the Missouri River and tributary streams in North Dakota below Bis 
marck, and Missouri River stations in Nebraska and, through the St. 
Louis Office, stations on the Missi ssippi River at Alton, lll. , St. Louis 
and Cape Girardeau, Mo. , and on the Kaskaskia River at Carlyle, lll. 
Resident engineers were stationed at Bismarck, N. Dak., Mobr idge , 
S . Dak. , Pierre, S. Dak. , and Sioux City, Iowa. Beginning in July 
1943, measurements were made of the Missouri River at 5 day inter 
vals and on the tributaries at less frequent intervals. 

The S t. Louis Office ceased to be a part of the Rolla District 
February 6 , 1946, and with the creation of the Bismarck District in 
October 1944, the stations in North Dakota and South Dakota were trans
ferred to it. These transfers and the deletion of the stations operate d 
by the St. Louis Office reduced the number of stations from 132 in 1939 
to 96 stations with 43 r ecorders in 1947. Although Kansas became , at 
lease nominally, a part of the Rolla District about November 1941, the 
Kansas stations are not included in the district total. 

Missouri streams are subject at times to severe floods and the 
Army Engineers increased their cooperative stream- gaging program 
from 14 stations at the beginning of the period to 58 in 1947; some of 
the increased cooperation being concerned with existing stations in or
der to permit the collection of adequate records. 

The Tarkio p r oject in ~ooperation with the Soil Conservation Ser 
vice s tarted in March 1934P~/was discontinued June 30, 1940, when 

135/p. 81 (1928-1939) . 
cooperahve funds were no longer avauable. 

During 1944 and 1945, three stations on very small drainage 
areas were ·established and operated for the Missouri Conservation 
Commi ssion. That agency was making a study of the possibility of 
substituting a large numbe r of small reservoirs for a few of the large 
flood control reservoirs proposed by the Army Engineers. The study 
was completed in 1945 and as the Commiss ion was no longer ·interested 
in cooperating in the maintenance o f these stations, they were discon
tinued.l.:W 

136 / Letter from H. C. Beckman to a uthor. 
Resident engineers were stationed at Boonville and Rushville and 

in connection with the .Tarkio project, an engineer was stationed at 
Freder icktown until October 1939. 
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H. C. Beckman continued in c harge of the Rolla dis trict until 
Febr uary 1. 1946 . when h e relinq 1sh d the district to devote his en
tire time to his duties as regional engineer or the Mississippi River 
Basin. H. Co Bol on became d ist:t'ict engineer at that time . Other 
Civil Service engineering personnel wegoe: 

Name Period Military Furlough 
c. J. Ey'6e:rg 7/ l/39 to 2./10/45 
C. H. Jennings 1/ 1/39 to 6 30/43 
W. M. L ittlefield 7/ /39 to 10/15/44 
J. W. Odell 1/ 'l/39 to 10/31/39 
W. L. Doll 7/ 1/39 to 6/30/47 10/1 5/ 40 to 11/30/45 
E. R. Leeson 7/ l/39 to 9/ 7/ 42. 
G. N. Mesnier 1/ 1/3q to 11/30/41 
J. A. Short 1/ l/ 39 to U/30/ 44 
J. H. Meyer 7/ 1/ 39 to 10/ 4/40 
K. J. Craig 7/ 1/39 to 6/ 14/40 
A. G. Hely 7/ 1/ 39 to 6 / 30/47 
D. S. Wilder 7/ 1/39 to 11/23/40 
J. C . Berkenbosch 1/ 1/39 to 8/29/40 
L. P. Silve!'mam 7/ 26/39 to 3 10/4zl/ 
W. M. P ierce U/l.0/39 to 3/ 3/42-
A. L. P ost 12./ 8/3 9 to 2/11/4 1!/ Killed in Action 
E. A. Roemer 8/23/40 to 6/30/ 47 
G. W. Edelen , Jr. ll/ 6/40 to 6/30/ 4 7 
G. N. Hackmann 4 / 1/41 to 9/Z5/ 46 . 6/ 3/41 to 12/28/45 
K. L. H&rdine , J r. 6 / 5/4 to 3/17/43 Y 
B. H. Janda '7/ 15/ 4 1 to 9/ / 4£ 
H. L. Schwob 1/ 3 / 41to 2/11/42:}:/ 
W. G. S e pha n 3/ 3 / 4 1 to 1/ 2./ 4 S 
H. R . Stock o n 10/ 1/4 to 8 /l.0/421/ 
D. L. T sch 0/2 0/41 to 2/ 24/ 431/ 
F. E. Singl eton 2./2. 1/41 to U/ 9 / 44-
K. F. L iv gston 11/ t:J/41 to 1/27/43 
C. R . Trotte 4/27/ 42 to 4 16/ 43 
J. R . Snowden 6/ ;8 / 42. to 9 / 5/44 
W. L. And ws 3/ 1 43 to 6 / 0/47 
E . H. Sandhaus 8/ 9/43 ~ / 30/ 47 
G. B . R iddle 9/15/43 to 6/ 30/ 47 
H. E . Moo e 3 / Z/45 to 6/3 0/ 47 
J. P. Ha.l e p Jr 5 16/45 to 6 / 0/47 
G. A. Delashmit /15/46 to 6/30/47 
M. A. W Uk n on l/ l.Z/46 to 9/Z0/ 46 
A. L. Reed 6/ 5/46 t.o 6/3 0/ 41 
W. E . Willeford 3/2.5/46 to 6/30/ 41 

!/ Milita,r y furlough; d d no t etu n to district. 
M e. M. T . Ram sey wa dis ·r i ct cl .rk until September 10 , 

1942.. Mrs. T . L. Milli11!.:r from Sept 11, 1942 to January 6 . 1944 , and 
Mr s. V . B. Curtis du:dng the rema nder of the pe riod. 

St. Louis , Mo. -The func tions of the St. Louis Office continued 
virtually unchang d duX"ing the pe riod. Of the 4 stations maintained at 
the be ginning of the period . be sta ·lions in the M ississippi R iver· at 
Alton, 1!11. and St. Louis were continued; the st:a ion on the Kaskasia 
Rive r was t amsferl' ed to the U bana Dbtr:ict in 1943 as that d istrict 
was opera ing other st~tions on t at if\tream. and the station on the 
Mi s sissippi R iv r st Cape Gr~.re<a!.u. Mo. was superceded in 1941 by a 
station a Thebe , lll. • which was nea~er t e mouth of the Oh o R iver 
and m easu!'e d the entire .~~ow of th<!l Missis s ippi R iver a t that point. 
In 194Z. at the request of the Army Engineer • a station was 
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established on the Missi ssippi R iver at Cl e ster, lll. The solution of 
a difficult problem at the Thebe s station warrants a det~iled account. 

The Mi ssissippi River Commiss ion had long requ1red the Army 
Engineers to obtain daily d i scharge measurement s at Thebes whenev e r 
the Cairo gage at the mouth of the Ohio R iver showed stages above 40 
feet, and those measur ements had been made b y the Army Engineer s 
from a launch which r equi ed a party of 5 o more. To r educe that 
relati vely heavy expense , the Survey was reque sted i n 1941 to consi
der the feas ibility of ins ta lling a cable at Thebes and using that point 
as a gaging station. R . D . Schmickle made a stud y of the s ituation 
and found that a cable ins tallation would r equire a s pan of about 3, 000 
fee t, and to ke ep it t o the r equired clearance for navigation , one tower 
would be 165 feet h i gh a nd the other , 30 fee t h i gh ; the e stimated cos L 
was $32 , 000 . As that was prohibitive , the use of th e double trac k ra'il
r oad b ridge at Thebes was c ons ide r ed. There was insuffic ient clear 
ance to work from the b ridge . It was found, however, that the trusses 
were so supported on the p ie r s a s to leave space for a cable car above 
each p ier , and that if an I- bea m were i ns talled on the under side of the 
bridge, a car supported by the !-bea m would hav e a clear track of 
3 , 400 feet. The installation of an I-beam was proposed to the A my 
Engineers, and was acc epted by them as the best course to be follow
ed. To get around certain r ed tape, the Ar my Engineers let the con
tract fo l' t he erection of the I-beam at a cost of about $10 , 000. The 
Survey equipped the special stand - up cable car with motor hoist and 
electric drive, and at one abutement , constr ucte d a garage i nto whi ch 
the car coul d be run. So completely equipped was the station that in 
Mr. Schmickle'·s phraseolo~y , making measurements by one man "was 
stream gagi ng deluxe . "137/ 

137 I Water Res Bull Feb 1944 pp 14-16 
As there was some backwate r from the Ohio R iver at times , gage 
hei ghts were continued at the Cape Girardeau station , wh ich beca me 
the upper slope station for the Thebes station. 

Each station except that at Alton was provided with powe r equip 
ment for use with 300-pound we i ght s; the equipment designed by the 
Columbus Offic e was somewhat different fo r each station to fi t the 
par ticular br idge where i t was u sed. 

So important to the Army Engineers were the flood r ecor ds 
that dur ing floods, each station affected was me a sured daily, each 
measur ement requiring about 6 hours. the Army Engineers furnishing 
one or mor e engineers when needed. At lower stages, measurements 
were made weekly. To train engineers in Survey methods , the Army 
Engineers about 1936 had started the procedure of detail ing to the Sur
vey for a six - month period , an engineer to wor k under the d i rect 
supervis ion of the engineer in charge of the office. When one detail 
was completed, another was started. By sodoing, trained Army En
gineer personnel were a vailable to assist when needed. Details for 
training were d i scontinued in 1946, chiefly on account of a personne l 
shor tage. 

The St. Louis Offi ce was under the supervis ion of H. C. Beckman , 
the supervision relating chiefly to the general contact with the A r my 
Engineers. The office was a part of the Rolla District until Februa ry 
1946, after whic h date relati ons were severed., except through H . C. 
Beckman as regional engineer. All report s and records we r e rans 
mitted directly to the Washi ngton Office . 

R. D. Schmickl e was in charge of the St. Louis Office f rom July 
1, 1939 to October 13 . 1941 ; R. 0. R. Martin from October 15 , 1941 t o 
Febr uary 15 , 1944; and J . W. Odell from Mar ch 23 , 1944 to J u ne 30, 
1947. 



The com pl e te H 
follows: 

Name 
R· f>. Scbrnickle 
Milburn Has sle :r 
J. W. Odell 
R. 0. R. M a ll'Un 

t of C ivil StE.rvice ~nginee~ing personnel i s as 

P cerio d 
7/ 1/ l 9 to to / 13 / 41 
1/ 1/39 t o 1/15 / 4 0 

11/ .1/39 0 11/ 28/ 4 1 
10/1 5/ 4 1 t o 2/lS/44 
3 / 23 / 4 4 to 6/ 3 0/ 4 7 

G. N. Me snie r 12 / 1/4 1 t o 6/3 0 / 47 
H. W. Olla r I 8/ 4 5 to 6 / 30 / 4 '7 

Mr s Mari e B. P e :rry w !:l!.s d i s tric t cle r k . 
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For t S m i th . Ark. - T h e numbe r of statio ns ope!'a t e d b y the Survey 
incr eased a u ring the p :dod i'l'om 59 to 85 aS~ a. lresult of expa nded State 
cooperation a nd a n incre &se in the number of coope r a tive A r my Engin
eer s tatio ns . In &d.d i t ion to the A r kansa s a nd Oklah om a stlill.tions . the 
Memphi s s ta tion o n the Mis s i s s ippi R iver was ope rated by the Forth 
Smith District . as wa s one s tation e ach in Kansas a nd Mis sour i. 

T he a c tbities o f the d i t rict wer e l~rgely c once ·r ned with estab
lishing n e w stations ox- r e habili tating e xis tin g tst&tio ns by installing 
recor de rl8 o c h iefly i n pip e we lb a ttached o b rid ge p i e r s . during the 
early year s of the period and late r o b y mak in g a ny flood m easu r ements 
of the not infrequent floods to which the streams we re s ubject. A l a r ge 
number o f m easur<e m ents were ne cessa~y be cl!1l.u ~e of the shift ing cha n
nels o f the stre a m s ; a large flood occurred o n s o m e s tre a ms almost 
eve r y year . 

Most of the s tatio n s wer e l o cated ne &:r b r id ges from which 
measu r e m e nts were m a de du ring high a nd m a ximu m stages and fewe r 
than a doz en c a b l eways were utilized. At l ow stage s , the bridge sec
tions a re ge nerally poor . and a s the s t e a rns are t oo deep t o wade , boat 
mea sur ements were m ade. T h e d i s t r i ct h d 3 boa ts e quipped w ith out
board motor s carrie d o n Su rveytrucks qu ipped ~it:h special boat 
carrie rs ; w i h each b oat was L 500 fee t of a i r pl a ne str a nd , beaded to 
indi cate di t a n c e s , and the s tandard boat quip m e n t f o r measu rements. 

For ever 1 year du:fin g ths p e l'iod , wate r temperatures wer e 
take n ! o :r indu strial int~rests whemever d is harge m easur emen ts were 
m a de. F i nally . i t was d ecided tha t ~s th e e &sonal varia t ions d id not 
ch a nge gr e a tly fl>om y~a:r t o ye& • sufficie nt i nfoz> m ation on spot tem
peratu r es had bee n obta.med a nd the p r a ctice was d isc ontinued. 

A r kan a s : T h e i n c r e a e fro m 21 to 35 s tations was due c h iefly t o 
the in crea s e A r my E n gineer station {r om 3 to 13 ; a dditional State 
c ooperation a c count d ! or the emaind~r . In a d dition to ope r ating 11 
Ar my Engineer station s. r ecol'ds c olle c t e d by th e A r my Engineer s at 
12 other station~S were reviewed a nd pu bH he d . 

Du ri.ng 1941, 194 3 a nd 1945 . fl ood s on the A r k a n s as rive r were the 
g r atest sinc e the historic flood of 183 3 . T h e A r m y Enginee r s were 
particularl y anxious to ha v e the flood meaau r emen ts m ade w ith the 
best possible e qu ip ment and :i.n o x-d e:r> t o u ffi e 3 0 0 - pound weights , the 
power equipme n t fr om the Me mph i s s t , i on w&s p r e a sed mto service 
at the Little Roc k stat ion du r ing the Oc tob e r - Nove mbe l' 1941 flood , and 
was b rought i n a tlt'uck by the Ar m y Engm er s who were c oope :t>ating in 
the operation of that statio n . E xcellen t mea~.surements wer<eJ m ade of 
the flo od which lasted fo :f Be vez 1 week!!. 

Dux- i n g th e 1943 floocL in ad.ditio:n to the Memphis p ow e r e quip-
ment , two e nginee r s f r om the Jackson, M i s s i ssip p i Office d r ov e the 
Vicksbu r g e el£- p l'ope lled powe quipment t o tbe Va n Buren station. 
As r oad s we r e flooded and b r id ge s washed out . i t was neces a.r y to 
detour th e las pa t of the jour ne y v ia>. fo t'e s t t r ails in th mou ntains. 
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The first flood crest occur red a Van Buren before the Vicksburg 
equipment a rrived and in o r der to mea~ure it, S. K . Jack~on from the 
district offi ce had to dr ive about 200 m1lesg th e last 50 m1les over 
forest trail s , in order to reach the Van Buren station , 4 miles d i stant . 
He made frequent measurements fo r a week o r so , using weights up 
to 200 - pounds on a type- A crane ; the re sulting exercise was an ex
cellent sleep inducer. A special investigation of that flood was m ade 
under the supervision of Holliste r J ohnson , and the results were to be 
published by the Survey. Again in 1945 , the Army Engineers b r ought 
the Memphis equipment to Little Rock for da-ily measurements during 
the flood period. Local interest , which had been created by the 1941 
flood, was raised to a higher p i tch by the 1943 flood , a nd as the Sur
vey had taken many flood p ictures , the d istrict pe r sonnel we re called 
upon to talk about floods before the various Fort Smith civic clubs . 

The s tation on the Arkansas R iver at Van Buren wa s con s idered 
the key station in the d i strict and in addition to the d i scharge records, 
based on weekly measurements , daily sediment samples we re obtained 
by means of a sampler kep t at the bridge and daily samples fo r quality 
determination wer e obtained by the _bottle method , t he former be ing 
sent to the Army Engineers and the latter to the Quality of Wate r Of
fice at Fayetteville for anal ysis. 

A sub-office was maintained at Ha rrison for stations in the 
northern part of the state. Until March 1941, a r esident enginee r 
was maintained at Memphis for the Mississi ppi R ive r station at that 
point, and also for stations in eastern Arkansas. The reduction in 
Federal funds for the Memphis station made it necessary t o d i scon
tinue the residency and thereafter monthly measurement s at Me~phis 
were made by engineers from the district office . The Army Engineers 
made weekly measurement s at Memphis by means of a boat and the re 
cords at the end of the year were computed jointly bythe A rmy Engi -
neers and the Survey , beginning with the 1942 water year . ' 

Oklahoma: During the period , the number of stations was in
creased fr om 30 to 47 w i th 46 recorders . The largest increase came 
during the first year when the State cooperative funds were increased 
about $5 , 000 . In addition to the 16 stations maintai ned for the Army 
Engineers , r ecor ds for 38 stations mai ntained by that agency itself 
were reviewed for publication. The Oklahoma stations , except 7 in 
the southeas tern par t of the state maintained by the Fort Smith Office, 
were operated by an office i n Oklahoma City. That was more than a 
sub-office of the d i strict, as it had complete office personnel and not 
only mai ntained the s tations but also computed the recor ds , and p re
pared i ts vouchers for transmittal to the d i stri ct office. 

Pe rhaps the outstanding characteri stic of the Oklahoma streams , 
which are wide and shallow, is their wild behavior during the frequent 
floods to which they are subject. In a mean depth of 5 feet , diffe r 
ences of 3 feet between the peak and trough of the accompanying 
waves , 200 to 300 feet long , have been measured ; and the velocities 
have been as high as 20 feet per second. A measure of the shifting 
beds is shown on one stream by measurements at bank full stage of 
7 feet, the discharge during different floods ranging from 28 , 000 to 
110, 000 second-feet. At the Mocane station on the Cimarron R iver, 
the mainchannel i s 600 feet wide between cut banks and has a fla t 
sand bed; at low stages , a r i se of 1 foot will increase the width from 
50 to 500 feet. During the flood of May 4 , 1944 , on the Canadian R i
ver, an attempt was made to measure at the Newcastle s tation during 
the night; the channel was 1, 500 feet wide , the stage 9. 2 fee t, the vel 
ocity abo~t 22 feet per second, and the mete r was equipped with 100-
pound we1ght. As the surface was covered with debri s , including 
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bridge timber$o bru sh o and roots throughout th depth, the measure
ment was not an unqualified succe -ss . nd the dischalr ge was mo:re or 
less estimated as ZOO . 000 second-feet. The stage of zero flow is a
bout 2 feet. 

The flood of October 1946 on the North C .nadian R ive r had a 
peak d ischarge of some '1 0 o 000 l!!:econd - fe t a Beave r; about 40 . 000 
second -feet at Woodwa d . 90 m iles down~tream; and 5 ~ 800 second 
feet at E l Reno . ll.3 8 miles far the r downstream. P r e lim inary hydro
graphs ind ic&ted that t percentage of los ses to the total v olume 
were similmr due apphlrently to t h bank storage which d id not return; 
it may b e added that the d i scharg tEl Reno is always less than at 
Woodward. The North Cana.di n R h :r ows on ana r ow ridge, 
higher than the atr. am~:J on either siae , and may lose watrer to the 
adjacen stream • Anothe r cha:r •dtJri tic of Okla homa streams 
tending t o reduc e e:h a ccuracy o! the l?ecords is th~ face that on a 
third of the streams on whkh 11tation w e re located . a lar ge part of 
the total yea.r 0 s discn.a.:t> ge might occur dur ing !?. aingle flood. 

As frequen t &s flood!!J well'e. tbl!lre were times when the streams 
were pr&ctically d :ry fo:f long pel'iods . a~ marked example of that being 
the drought from th.e fall of ll939 to the spring of 1940. during the latter 
part of which the tored wa.te<f in Oklahoma City was !'educed at one 
time to a month as s ·illpply and the sou c;e of the s t o r ed water was dry; 
timely rains then l'eUewed th~t · ritic&l s i tuation. That condition 
emphasized the need for continuing stteam flood r e c o!'ds. In c on
nection w ith i ts wate J? s uppl y . Oklahoma City cooperated in the main 
tenance of two s tations . one on the North Can&dian R iver near El 
Reno . some distance 'bo ve the dty i ntake to its r eservoirs . and the 
other on the canal e~:Admg to the off-stream :re~e !'voir in another 
drainage basin. Wbel!lleve r .flood &ppl'oached the E l R e no station , 
the observ phon d the s ge to t&te city Water Depa.rtmen whi ch in 
turn contacted the Su vey of ice fo data on d l ch&rges. The Water 
Department would o tan ampl s of th6 water fol' analysis for hard
ness . as the flood might come from a portion of the drainage a r ea. 
whe re the w& r w s h av · y charged with gyp urn. In tb t event, 
the flood wate wa by~·pa sed0 iff .om tb. non~gypsum rea, it 
would be to ed. The canal t.a ion ·egis tered the m ount dive:t>ted 
as it was ne s ary that the toml amount d i:ve rte d during the year 
should not exceed the dty 0 s alloc&t<e~d d~version. 

In the s p :dng of 1941, th Bu~eau of Re clam tion reque ted the 
Survey to obtai n daily ediment s&mplee at 4 gaging stations in the 
Washita drainag ba_ain. A local obse ve r ook the integr ated sam
ples with a D-43 sampler and t e . e amp e were collected by an 
Engln e r whe n h., mad a tre&.m mea:>, urement trip through the area. 
Afte r the Qua i y of Wat r Dividon at Stillwa.te analyzed the samples 
for pe centage of ed ment. h Surf~ce Water D ivis ion, in connection 
with the records of df barge o omput d the oad ·n tons. 

Until Octobe 1946 . the Army E nginee had "'tationed an engi 
neer at Mangum to mea u e the Army Engi nee r nd. Su:rvey stations 
in that south we at a re& p but when that coop ration wan. a d i scontinued , 
the Surve y s at!oned one of its own engineers ther e . Be ginning in the 
spring of 1941 o a sub~ offic;e was established &t Liberal, Ka nsas. near 
the State line to ope:eate the s tatio !Sl in the Pa.nha.ndle (no:'ft:hwe st Okla
homa». Anothe!' engin e:r was sta~iontrld i n no th~~u1t Okl~homa. a t 
Vinita near the Gt'a.nd River D 'm during the per od. These sub-offices 
were :made nece ~sary by the frequeni: me :au:g-ements requ ed.. About 
20 Oklahoma stmtions were measur d weekly a nd the remainde't' at two 
or three w e k interv&ls. 
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J. L . Saunde rs continued as district enginee r a nd had the 

following Civil Service engi neer ng a.s istant : 
Name P eriod Mil i tary Furlough 

H. G. Th omasson . Jr 1/ 1/ 39 o 2/ 16 / 42 
Verne Alexander 7/ / 39 to 10 / 1 39 
L . L . Lai ne 7 / 1/39 to 6/ 30 / 4 7 
S. K. J ackson 7/ l/ 39 to 6/3 0/ 4 7 / 
F. T . Schae fe r I 1/ 39 to Z/ 1/ 4 3 _ 
C. J . Chappe l 7/ 1/39 to 3/15/ 40 
J. L. Patterson 7 / 1/ 39 to 6 / 30/47 5 / 21/ 42 to 1/ 2/46 
A . 0 . Gierow 7/ 1/39 to 4 / 4 / 4 1 
F.· C. Ames 9 / 29/ 39 to 6 / 30/ 4 7 
W. B . Spar kman ll/1 3 / 39 to 6/30 / 4 7 
R . F. Mc Ca uley ll/27/ 39to 3/23/41!:/ 
Jack Mc Gowan 12/ 4 /3 9 to /29 / 4 2 ·1/ 
J . D. Pipkin 1/ 8/40 to 7 / 29/46 -
R. G Bottoms 4 / 16/40 to 6/ 2/ 4 1 
H. J. Trac y 10/ 16 / 40 to 6 / 2/ 4 1/ 
G. L. Haynes , Jr . 4 / 25/ 41 to 6/3 0 / 41-~0/ 14/42 to 1/20/46 
W. F . Dunkle 11/ 24/4 1 to 6 / ?2 / 44?:. 
K . B. Sch r oeder 1 /26/42 to 4 / 13 / 4 7 
A . J. Hanson 2 / 4/42 to 6/ 30/47 4 / 5/42 to 2/ 5/46 
M. W. Proctor 3 / 21/ 42 to 4 / 6 / 43 1/ 
V. L. O' Neill 4 / 11/42 to 6/ 30/47- 9 / 11/42 to 11/ 3/ 45 
A. C . Collins 8 / 3 / 42 to 6/30 / 47 
L. D. Re id 10/ 1/ 42 to 6 / 30/ 47 
F. H. Millard 2/ 4/43 to 3 / 22 / 45 
K . W. Walker 9 / 6 / 43 to 6 / 30/47 11/1 5/45 to 4/20/47 
W. i. Murphy , Jr . 9 / 6 / 4 3 to 6 / 30/47 3/27/44 to 2 / 13/46 
C. C . Rose 6 /16 / 44 to 6 / 30/47 
Cecil Delp 7/ 6 / 44 to 11/ 1 /46 
Do L. Hart 7/ 16/ 45 to 6 / 30 / 4 7 
T. M. McClain 8 / 13 / 4 5 to 6 /3 0 / 4 7 

·.JIM" ."tary fu Iough; d id not r etur n to d i s tr ict. 
£;ismarck , N. Dak. -On October 16 o 1944 , the Bi smar ck D i s 

tr i c t, consisting of the states of Nor th Dakota and South Da ko ta , wa s 
created with R. E . Marsh as d istrict engineer. A s characteristi c 
of the a r e a i s its wi de open spaces with relativel y few st tions at 
fir st . en sub -~ office was establishe d at P ierre , S. Dak. , w ith W. M. 
Litt l fie l d . engineer i n char ge , to ope rate the South Dakota s tations . 
Mr. L ittlefi e d had been in charge of the South Dakota stat ions when 
they we re operated by the Rolla District. The P ierre office was 
virtually independent , except for major q estions of policy. The 
only two experienced men in the district a the beginning were Mess s. 
Marsh and L i t tlefi e ld , and w i th no ava ilabl e t ransfers from other d i s 
t ric s , i t was necessary to r ecruit per:sonnellocally. As the impo -
tant positions of clerk in e ach office wer e a l o filled by inexpe r ienced 
personnel , the men in char ge labor ed . at least in the beginning . u nder 
a doubl e handicap. As the state s are situated chiefly in the M issouri 
R ive r Basin , i t was a time of rapid expans ion a nd during the pe riod of 
less than thre years, the number of gaging s tations was increa sed 
from 68 to 144 , one-thir d having r ecorde!' s. 

North Dakota: Th e fir t yea1· was devoted l a l y to training 
the new pe aonnel and becorei.ng a quahited wi th the istrict. The 
real expans ion began in the f i scal year a nd c ontinued to the end of the 
peri od. The outstandi ng const r u ction was that o£ the station on the 
Missouri R iver b l ow the huge Garrison Rese rvoir that w · s being 
constructed by the Army Engineers. To pr ovide fo r seoul: after the 
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completion of the :te e:rvoir. the ·"'-foot · onc~ete p ipe st~u tu e having 
an overall height of 5 £ t had its bot om 0 feet b~low l ow water. The 
upper Zl feet of t.he tructure were endO$ d by · eW.ol'ced 6 - foo t pipe 
for p rotection against possible s lides. P an wer Iml,de for a cable of 
1.130 feet SJpa.n o ' s teel to ers 84 a nd 43 feet high . ·o be erected afte 
the end of th pe:r ~o~. The cost of the ~tation was sha:r:·ed equa.l y by the 
Army Engmee!' s and Mis sou_ i Basin De~rtmental .fund • The station 
had not been complete a. the e nd of th pe ;!; iod. 

InJune 1946 . & ub- office wa_$ esta.blished a , Dickin on . which 
was un·que in its set-up. The Qu ,1" y of W&ter Dhrhiion w:a.s m intain
ing 9 fuJ.l -.,time S€di men eta, ions and !:ievera~ pa~ t-~ time sta ions in a n 
a r e a i n Nor-th Dakota a.nd S~uth Dakom., of which Dickinson was the cen
ter. . and the Su:r.!aJ.c:e Wa e r Div "s i on wiills :mainUtining 19 gaging stations 
in the s a.m <F. a. ea. B. C. Colby w .s ttanaferred from the Surface Water 
Division to tha. of Quality of Wate't' . and p acted in charge of the office 
unde r R. E. Mar b 0 

• upervision of st:re&m gaging nd P. C . Bene 
diet's supe rvision for the qua.. ity of w ter wo rk. Th office force con
sisted of two assi stant who m&de the d i scha ge rnea1.su ements and 
c ollected the water aamples o a~nd a chemist who ma.de the analyses . 

Dul'ing the pe iod .. he tota.l number of gaging e: tion in North 
Dakota wa increased from 41 to 64 . of which ZZ we r eq,u ipped w i th 
recorderf.l. 

South Dakota: The exp nsion of th ~ p rog .am in South Dako ta be
gan tlitS lirst yealf. Tb Burea u of Rec amation waa'$ making &n inten
sive investigation an the southwestern pa:r>t of the state and to aid that 
'nvestig~& .i on , ZO stati ons were established on treamlal . and 12 s ta
tions o n ditches that diverted water f:t.>om Rapid C:t>eek abov~ amd below 
Rapid C i t y. A sub- office with an ngineering personnel of 3 was m ain 
tained at Rapid: C ity. 

T e o d ~t· J on o n the Missouri Ri~ a Ch mbedaltn was re
established. A it · t:: l ate , ~oop~l'< tion w i th the Sta.te Depa!"tment of 
Game , F i sh nd P r k 'became effect! e and 12. s tiiltions we e esta b
lished, one abo'tfe ~nd on be ow t <e l'me ·ton~ o tcrop of ach f six 
streams _:. ing in the Blac k Hil Additional ~ ~tions o n the Belle 
Fo cht?> below Moo · .:x: f " Wyo . and B e& · :r Cre~ nea._ Ne wcastl e p 

Wyo. , est:abl ed by e P i . e o.ffke p :t>:i.m a tiy fo Sou h Dakota 
"nterests became a pa.rt of the M i.ssott:d Rtve :t' B a i n Dep&~ ' men t.c.l 
P rogram and we1 e r.rans!err d o the Denver· Di strict. 

The· outstandi ng con ru• tion jo was tha.r of the Mi ssouri R iver 
stat•on , 6 m Hes b ow F o r.t Randal D<1>m ., es 'bH sh d lln Ma y 1941. 
Funds for the con tTuc.tion wer provided b , the A my Engineers who 
de i ed the stat .on or i r tudl ·. fo th ope:r~Hon o the dam out et 
works. The s i te selected jo ntl y by 5 rve . · 1nd A 'ifmy Engineer per 
sonnel w a8 on the w lB bank ~ nd ould not be rea.ched from that side 
without e x en 've i mprovement of r:&il aero the u gged te!::rad.n and 
down the hig 1 b l u.ff a · the gag s it • To ~:void tha expense . all ma
ter ia f' &nd equipment , indudlng a m <i ta· y carryall with £ou~. ··· whe 1 
drive . we . e loadt:1d on a arge barge a a convenient landing p lace a · 
bout 8 m iles \ilt.P t t~&J.m nd towed t.o the gage t .e. It w !!i anchor ed 
and u d a a ba e of op ·. a ti.on a u :ing the cons ·u tion period.. As' 
the ga ge site w a 'r<·s.ched f o m the opp si ~' b.xnk, the c.:~onst?uc:tion 
crew was trC:t.n.spo:t't.ed twlce a d . y ac.·!"'O$r!'f the :f'i e :t' in :& 14~·. oot oat 
equipped with outbo :.td mot:o . 

The w ell w ~·J const 'f.:.d d w lth prt:: c:a s t -einfo c ed cone e e and 
the excava ion ws mad~ : i!!MiE. tl:-te p ipe. Siixty ~- inc p ip e w · · used as 
long cr.e i t w ould I!S~ttle, ·1:nd th. ,n 48.,·inch p 'pe w ;a;. s; u 'ed unt:il tne bott om 
e levati on wa.s rea.ched. 
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T h e she lte a of 54- ' nc.h . ip • T he stluctu had in akes a t 
eleva t ions of 3. 0 and 6. 0 fee • Tne pi.pe ~ec ons weig i ng more than 
1 1/2 ons were handled bv the car y l o the b · r ge . P l ans were 
made for a ca bl e way of z: ooo - to 2 , 150 -f.oot s pan whi c h would be the 
l ongest yet con s tructed . 

The Ground Water Division was s udyi.ng the gr ound wate r 
supply of Sioux Falls, and a.t the eque t of the city , he P i e rr e. Of 
fice in January 1945 m ade two ser·ie s o f mea surements oft e B1g 
Sioux R ive r abov e and be w the well fie d. In omm e nting on th a 
work , Mr L ' ttle field writes: 138/ 

138/ Letter t o auth or. 
- Twenty -four inc hes of i c e slowed us u p a Uttle . 

R . E . Marsh c ontinued as dis :d.ct engin e er e nd W. M. L i t tle 
field as enginee r · charge of South Dakota. Othe C ivil Servi ce 
engineer ing perso nnel ln North D kota we e: 

1 <:. :_..__ Pe r i od 
K . . B. Nelson 1 I 1/ 44 t o / 30/ 4 '1 
J. R. Eastman 11 / 13/44 to 6 / 3 0 4 7 
H. C . McC eery 3/ 7 / 4 5 tto 6 3 0/4'7 
J . E . P owell 1/1 6/46 to 6 / 3 0 / 47 
D . D. Gabe 2/ 1/46 t o / 3 0/ 4 7 
R . P . ice 6 /19 / 46 o 6 / 3 0/ 47 
P . F . Fische r 7/ 1 /46 o 6 / 3 0 / 4 7 
F. B . Sessums 9 / 1 /46 to 6 / 30 / 4 
0 . J. Narum I 0/4 to 6/ 30 / 47 

Mi ss E leanor C . F eigu m was d i strict cle r k. 
C ivil Servi e engineering a · s t a nte in South Dakota wer e: 

Name Pe riod 
A. 0 . Him dch H/1&1421 to '/ 3 1 46 
R. A. Rath 9 / 1/43 to 3/29 /46 
D. F. Thore son 1. 0 / 2./ 4 4 to 6/30/47 
F . B. Sessums 10/ 2 45 to 8 / 3 /46 
R. L. Hol m es 10/19/45 to 6 / 30/ 47 
F. E . Singleton 7/ 5/ 4 6 to 6 / 30 / 47 
L . J. Snell 8 12/ 46 to 6 /3 0/41 
D. E. Quinne y 8 /'19/46 to /U ? / 47 
K. L. Bearry 8/26/46 ,o 6 /3 0 41 
K . 1. Dar mer 10/3 0 / 46 to 6 / 3 0/47 
0 . H . Swa nson 4 /2 1/47 to 6 /26 / 4 1 

L incol n . Ne b :r.- Wi th the e; paJ.ra tion of Neb aska !rom the 
De nve r D istrict in Au gu s t; 1941 and the t B-,n.s~er of ~9 Nebraska sta
tions , d i str i ct h eadquar te rs wer·e eetabU bed in L in coln with H. C 
Bolon , dist i ct engin e . No M; s~ourii R ive station s in Neb r & ka 
were in cluded a s those were being operated by the Rolla Dis ric t. 
With i ncreased fund s fo r the op _ ation o! h e Nebraska statnons . it 
was possible to m a ke weekly discM ge m easu r e ments at those 
having s hifting sandy beds, which m~~a~nt a m ajo riii:y o f the s tations . 
At th e r e mai n i ng stations . 2 m~asurements per month we e made. 

When the Republican River Compa c t bec&m e effe c thre in 1943J,39t 
139/ p . 86 0 

o ffida h of the thr ee s tate !i r togethel" wu;ti Survey l6fi p i' e si!nta:tive B , 
G. L . P arker a nd R . G. Ka sel, mt>~t to se11~d the s tations needed 
o ar y out th e term e of the compado They defmed the m a s all 

station on the mai n stem a.t S~te Hne • on an p 1rin ipi&l tributa 
r ies a t State line s . and on all p:~rindpa.l tldbuta.2'ie s a t; junction w i th 
the Republi.can R iver. E ightee n t&tions we e thus f inally selec ted 
--12, existing s tations and 6 new one s. Wh en compa ct fund 'beca me 
available n the fiscal ye a r 1945 D office ~pace fo 'l.t' h eadquar ters !or 
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the opera,t ion9 no only of he C !A'1pact s t ation8 but of othe rs i n the 
Republic an R ive!' Valley o was s ough i n McCook ~ the p incipa l city 
in the a :rea. Howe~er. wa - ime ac t.v i iee ade it imposs ible t o ' 
obtain s uitabl qua:rterf! tliler\l7 a.:nd Cambridge was sel ected . a nd a 
sub-office was 61!1t.. bl.s ed the e ith 3 Stllrw-ey engi neerl8 a nd a clerk 
and ill'- State empl o yee. For c:onomy of opel'ation, 4 c o mpac t s ta 
tions w e e o pera t e d by the Top ka Offtc • D r ing the perio d . no 
special !'eports we1:·e requ:b .>ed by th. Compact commission. 

S o flood conscious was the R~tipub:icb.!-n R iver Badn tha t he 
Topeka Office of tht!! We ,the:r Bu :r.-eau requested cre s t tages on 
practically eve!'y .d e in th basin 9 and fo the l arge floods , r e 
ports on stag e •we -z y ew hours to enabl e :flood hydr ogt'a p hs t o be 
pl o tte d. 

The requir~m nt of tlble Mi ssouri Basin~Departm!l'lntal P r o
gram during 1946 nd 1947 a~.dded 22 'St 'tion. during those years. 
In i 946 , Z sta .. ions o n smal td u tad es of the Mis ouri R iver , 
Omaha Creek a t Homer o :&nd New o k C eek &t He rm n , w e r e 
e stablished t the ~·equerst of the Army E n gineer s who were i n ves
tigating the run~off i' om a reas of 0 to 50 squa~ m ile s. 

In many of 8.he earlier i nstallati-ons , co:r u gated me t a l 
shelter h ad been:& ched to b idge p let>s to void l ong intake s 
a nd p oe il:ili ty of low wate flow shifting away f om bank installoal
tions. Howeve :t', ~onsiderable h ·oubl e f om s t b d been e xpe -
ienced and dur i ng the p :r .sent period , bank installatiron~S a bei n g 
the l e sse of the two e wil s , were made wh~ ever possible. The 1 

s tan dard type o f constru ct on wae 48 - Jl.nch galvanized corru gated 
i o n p ip e 0 a.n unusual!. featu e & the fl&t m •ta ) d oor ttached to a 
frame whi ch fitt ed the d.r<' ·ul shel ter. 

In addition to the Cambridge b-o{!ice ~ oth e were mai n -
a i ned at G nd I i nd o s iontj i n Centr 1 Neb l!'aska . a nd at 

B r dg por tot· t ons in weste n Neb kao where he State 
m aintained it!BI m in o l .e. 

A specia l offi ce · westig..; tion wa~ a udy of .flood f equencie s 
o n the P l t. R lv fol' he use of th . Sta ·e H i g way D p Ttment in 
designing bridge at No:r th P ] tte and F 't'emont. Th' t con$ist d in 
p lot ing on pe dal g 1a1ph papte a l floods on the P a~tte R h re , and 
from hat det rm·nmg t e probable 25- y r flood. 

Du i ng the annual c onvention o i the Na Uonal Re d ama tion 
Assodat·on t the Font ·neUe Hotel in Omah • o Od:obe _ 9 -1 , 1946 . 
the Wa .et' Re o rce Br n h joined w:fth tM T opogl' p h ic: a nd Geo 
l og c B ranche in an exhib •t. The Su fa e Wat e z- Division showed 
vatious equipm .n t inc:lu;;.ding a ype ·~A c~ ane wi h B ·~ re 1. c:u x> rent 
mete r " Sl.nd 100- c we i ght , and p i c es of gaging statio ns. 

H. C. Bol on ~onUnued as d:i.s ict engin~er until Ma y 8 , 1942 , 
when he join d tht' &Tmed fo t'e and was ucceeded b y D . D . Lewis . 
who <earn to tb. d i st ict Februat' Y 14 . 1942 . OtheT C "vil Service 
engineering p e lt sonnel w t<J:r e : 

Name 
L . ~nk~ 
c. V. Burns 
C. H . Car stens 
E . R . L eeson 
T . u ex Up church 
T. N. GTiswotd 
C . A . Shannon 
W. M . Sh rna aki 
C. B . Alber. 
D. T . Hartle y 
G. L. Whitaker 

Pe:r iod 
8 / '"""f}"4.[to 6/ 3 0 I 4 1 

U/29/-4 li to 6/ Qf47 
5/ 1/41. to 6 /3 0/41 
9 / 8 / 4 2 t o 6 / 30/ 4 '1 

i O )l/42 t o V i/ 24 / 411/ 
H/ ll2f' 4Z o 4 / 7/ 43 
U/ U8 / 4Z t o U/ Zr./43 
5/ Z7 / 4 Lo I 0 / 15/ 43 
6/ H n to li U 6/43 

H / U/ 4 .3 a 6! 0/47 
H 9/ 44 to . 6 / 30/ 41 

Military Furl ough 
472'6 / 43 to 7722/46 

6 /1 5/ 4 2 t o 1/ 3/ 46 
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Name P eriod 
J. D. Hungate 9/ 1/44 o b/3 0/47 
R. G. Me in inger 9/ 7/ 44 to 5/ 1/ 47 
J . E . Lind 10/ 10/ 44 to 6/ 30/47 
A . E . Hul me 11/17/ 44 to 6 / 30/47

6 T . E . Goolsby 10/1 8/ 45 to 8 / 3 1/4 
M. G. Zellars 1/27/ 46 to 6 / 30 / 47 
F . T . Schaefer 3/19/46 to 6/30/47 
G. E , Philipse n 10/ 2/46 to 6 /30 /.47 . 

1/Military furlough ; d id not eturn to d1s tnct. 
-Miss L illian A. J olliff wa istrict clerk. 
Topeka, Kan. - The period was one of very c·onsiderable expan~ 

sion , tiie number of gaging stations increasing from 49 to 80 , of wh1ch 
59 we r e equipped with r ecorders. The exp ns ion was due ch efly to 
the flood-control inves tigations of the Ar my Engineers . dur ing the 
course of which the Army Engineer s tations were increased f r om 14 to 
33 ; some be ing stations previou l y main ained by the State cooperative 
p r ogram , a nd to 13 stations for the Missouri River Basin-Departmen
tal Progr am. The forme r stations we r e chi efly i n the eastern part of 
the state, and the l atter, in the we stern part. 

Four stations in the Republican R iver Bas i n designated as com
pact stations ,J49 and which wer e fina nced from compact funds , were 

l4Q p . • 
turned over to the Topeka Office July 1, 1946 by the Lincoln Office. 
Two s tate cooperative stations in the western part of the state were 
near the Nebraska line and wi th no other Kansas tat ons nearby , 
they were oper ated by the L incoln Office. Wi th the e s tabli hment of 
the Missouri Basin stations in the fiscal year 1947 , sub .. office were 
established at Norton and Hayes , July 1. 1946 , to mai ntain s ome 30 
stations in these areas . The two Nebraska - c pe rated station were 
returned to the Topeka Office. The s hedule for those offices called 
for dischar ge measurements every two weeks. 

The State Highway Department had need for reco r ds f r om sta
tions on s treams having only a few squar m ile drainage are but , 
u nfortunate l y , exper ienced pe r sonnel wa lack ing to opera e uch 
stations. 

J. B . Spiegel c ontinued i n charge of the Kansas statiopns . How
eve r, because of inadequate financial support , the Top ka Distric-t 
about November 1 , 194 1, became a sub-office of the Rolla D i st ct 
unde r H . C . Beckman' s supervision , with J. B. Spiegel , engineer 
in c ha r ge . 
· Other Civil Service engineering personnel were: 

Name Period Military Furlough 
H. P.Brooks 7/ i/ 39 to 6 /3 0/47 --------_..;::;;-
A. J. Ferrin 7/ 1/ 39 to 6/ 30/ 47 8/1 2/ 42 to 3 / 20/46 
G. W. Edelen . Jr. 11 / 16/ 40 to 12 / 17/44 
A. T . Klamm 7/ 1/39 to 6/30/47 
C. W. Sullivan 2/ 16/45 to 6 / 30/ 47 
L. R. Lennington 5/ /46 to 6 / 30/ 47 
I. R. Egbert 7 I if 39 to 6 /3 0/ 47 

The office clerk was J . D. Rose . 
Aus tin , Tex. -The number of stations was increased from 140 

in 1939 to 218 In 1947. Twenty-eight stations were established dur
ing the fir st two year ~ , 11 being for the Army Engineers • 4 estab
lished i n the Pecos R1ver for the Pecos River Joint inves tig~tion and 
subsequently made a part of the regular p r ogr am , and 2. for the use 
of the ~tat.e Health Departme nt in connection wi th salt-water pollution 
from o il f1elds in east Texa ; 6 permanent stations wer established 
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for the Boe.:r d of Wa tet> Engm ·c _ s, a1.nd 4 !it'.al.\t.ions for the sea.sonal 
study of r etur n flow f rom rice h:r ig:~t tion fielde :!n 1944 ; a nd dur ing 
the last tlu:ee yce1ar~ ~ i 8 a ddition ~ ~~tion <:h i®fl.y :for the Bo a r d of 
Wa te r Engine ell"S 0 •eeds we:t>e e W.bU shed, An i m portan t ne e d for 
new s ~tions wa fu1 connection with additional w :&te t> supplie s !• 

where 1n a;o m e a !ea$ gr ound- w ,t 1: Stl>pphe W$re ina~dequate and 
surface s upp 1ea we :t'e r equ il"ed. Abo-at 2 0 ~ttaticns wer e mai n 
tained c h i e fl y i n tha t C'on n .t:tion. :-:,A few ~tations were established 
in o ther yea.)fs . a.nd som e etations·'we.re d i scontinu®d when the spe 
c ific n e ed fo :t· tho se 1" ·6-"ord ifl had b en m e t . 

T h e nu m lbe :i: c $Ita ions e <g1u ipp .d wi th ll"et:o:!'ders wa s i n -
c eased f r om 91 ·n ll 939 t o V68 i n ~947. Jrn gen~n·al p the non~ 
recor ding gC!l.ges w e::re a~: stcl1.tione i n th easU:e:f'n h~lf of the state 
where the fiu ctua Hon of the ~t~e~ms i.s not v~L y !'ap id ;; a f e w w e re 
on r e s~rvoh· s . 

At th~t> b e g in.nm g of th e p en:d.od. v the P e cos R lwer J o int Inves
tigation wa~ s tar 'd;ed and 37 addi tiC>nai st~Uoni!S " a majorit y <equippe d 
with re co d.e rs , chf.efly on d iv r ,ions both ditche~ a n d pumps , 
drains and wastew~&ye ,, wex- · e tabl.i hed, AU bu t 4 were d is c ontin
ued wh n the in ve f:ig~t~ion w as complet d. To maintain those sta
tions as W lf'U a s the existing ~t:&Uon in the Peco ~ R i:'!f'e:r Basin " a 
sub-offi "'·e w ith. 2 e n gin Ell' S wa s e $ta bH SJhed at Pecos ~ Texas. It 
wa>s an i :ntens i v in 'lfe tig· tion d e s igned t.o acc:ount fo:r· the inflow " 
ou tflo w " &nd c on s u mp ion o u;he u :d a.ce w~te:r.$ i n th e lar g a r ea 
s tudied. The i e ld work was c ompleted in Dec·~mber 1940 . a nd the 
compu ted e c o r dl'J tra n s m.i t t d to H. M. Sta!fo!'d who wa s in cha~ge 
of the J o in t mve :s t g&t.iio n. 

A gagin g s ·.at~.on wo:t> thy o not e is tha o n Ba, ker R e s er-vo i r , 
established i n 194b . T e dam and r ~Servoi~ are unique as they a :re 
fo:r m e d b y e~rth. s e ction 2llbout 14 mil~& l ong » a.ncll bav~.ng a " fi sh
h ook11 outline ~ the s i d.e · for m ing the ·r . se vo ir . On l'ecording 
ga ge i p l;u,. · e clo e t the dam ttnd. a n ofue n~ar 1!:he u ppel' end o f 
the r e r v J · 9 m 1les up tr·eam. T h e wo l ' c o:f'de r s a l'e nece ssa:t>y 
o ob a n n P.!. • Ut'Sl. te cord of' the :res~~>· voi content s » s they in~ 

d k a.te the . .11. p 1n the :t e e v oi • b ~.(:h tim e m ay be rather 
h i gh du t o h fgh st ge t the u pp 'g' g01.ge ca u s e d by h ~gh flow in 
Buf!a.lo B a you . wh1ch e nte:n; the- ) e ae voi r p a nd not t o any ef.f~ct 
f r om t. da m t e l • 

The Lo r Colo ado R ive Au tho .. it.y . a S ta t e a gency ,, op erate s 
2 flood con ~ol ~.nd or21g rea · o -re " &nd 4 h yd r oel ectri . plants. 
It i s a $50 . 000 . 00 p _ o j e . whic h hdl h c·ome a fin 8!.nd.al cces s be-
cause i , wa d s i gned on a d e qua e· stre ~·m flow Teco:r.·d s)~/ One 

14i7Sta te m n of C. E . E i'i wo:d h to · uthot> . 
examp le w ,s the r e ha,'6tf ita.tion a.l the pl· ·n~: at Au s tin p w1ucn h a d been 
d s i gned i n l 900 for a t1o1w ar i\n e x \C: · sa o£ th «ht w·~.ll~bl r; when re ~ 
desi gn ed by the Aarho n y i n ~ 9 38 v H c&pa d t y w<u :lfedu.c:ed to tho.1t 

hown by the 40 yl:"la l' of a~ailiacbie r e cords. T h e Sulfwey maintdned 
3 gaging s ta t i o n at which the joc~l obae :. we- r s ~epo_ t e d to the Auth

o .rity whe n th :d't"-el" '<l. hed pa:r· t.1\ c:d~ Ho~d stages 9 ~nd w i th the 
r a t in g c u 'V • v t:h~ Au ·ho . l. dete'lfmlilrA~'d •·h flow a t e a ch station and 
op , ·ated the ~y te rn :ac~c;oTdingly . 

Curr<en:t r.e · o ·t.>d~&~ of ~~.a g w e l'e '11 < ed ~ o a we 1:y con~i.de Ta.ble 
extent~ m~.ny pr~v' 1te ~. ~ t;t:~:r· e st:s · ~ :r :if<:!!llge w:Uh ob erw~ 18 to notify 
th~m o · flood s tage~ o - nd i n U.he ea ·t Texa $ IO!H fie l d " th e S21,H; Wa ·e r 
Dispo s a l Com m i t tee ,, ue II:'On\I.;!. Ol ing agency , bad, :som.e obs.e:r--ve s 
repo t dali.ly s ta ge in o :r·de1: tha.~ 2~lt w&te:t pu m p ed .f:t·om i' .· wel l$ 
and s t.o:re d i.n t.ahk.s ~ cou]d be dll.scb&r g d in t o th~ :d~· :t when the flow 
w ald u ffi d .enlt fo'lf d ilution. 
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Floods in June , July and November 1940 in south central 

Texas exceeded known stages on many small streams and at a few 
points, on larger streams. An investigation was ~ade, the special 
field work for which consisted in searching for ra1nfall records to 
supplement those at regular Weather Bureau stati ons , and r esulting 
in more than 50 acceptable records being obtai ned. Many flood 
measurements were made at regular gaging stations , where , as C . 
E. Ellsworth expresses it: 142/ 

l427Letter to aualor. 
- ***the methods used or the quanhty of water measured ffiiglit 
be considered unusual. A measurement was made of the Navidad 
River near Ganado , Texas, July 2 , 1940 , where the discharge was 
56, 600 second-feet, of which 23, 000 second-feet was measured by 
wading. This is a r ecord for a wading measurement in this district 
a~ ,...,_ay be a record for the United States 

Tlie resultriig report ortne investigc;. ~.· v· • 'Jir:i.- ~ .. ct>ared by s. n. 
Breeding and was published as Water-Supply Paper 1046. 

Serious floods, the greatest since that of September 1921. 
occurred in September and October 1946 on the streams in the vici
nity of San Antonio and on Calaveras Creek was the greatest in at 
least 60 years, the peak discharge being 2, 360 second-feet per 
square mile from 24. 6 square miles . Supplemental rainfall recor ds 
at 66 points were obtained. In addition to flood measurements at the 
one regular gaging station , 7 slope-area measurements were made at 
other points. A study comparing this flood with that of September 
1921 was made by S . D. Breeding and the resulting report was publi
shed as Circular 32. In comparing the rainfall causing the two 
floods, Mr. Breeding noted that in 1921, the Weather Bureau had re
jected a rainfall record of 21 inches as being improbable , but that 
"in light of evidence gathered s ince 1921, a rainfall of 21 inches in 
24 hours is not uncommon in central Texas. " 

Flood measurements required a power -driven type -E reel and 
crane, but the Columbus District was unable to make delivery. The 
need was met by removing a type-A crane from its base and mount
ing it on the front of a Chevrolet Sedan delive r y truck, equipped with 
red blinker-warning lights ; a power-driven reel using a power take 
off from the front of the automobile engine was cons truc~~9. The 
equipment was successful in handling a 150-pound weight;!-43/ 

l437 Water Resources Bull., Nov. 1946, p. 221. 
The Soil Conservation Service maintains gaging stations on the 

High Plains, at which the Survey makes some measurements and 
computes the records for two stations. During the period, seepage 
measurements which had been a part of the stream gaging procedure 
since the establishment of the Austin District in 191 5 were made 
chiefly at the request of the Ground Water Division, and at points 
specified , as the needs of that d ivision were predominant. In addi
tion, 4 gaging stations were maintained, chiefly for ground -water 
studies. 

There were many requests from war agencies for stream-flow 
records, one resulting in the establishment of 2 stations on Cypress 
River and a . third on a reservoir, paid for the Lone State Steel Com 
pany which was financed by the War Production Board to erect a mill 
and produce p ig iron. To answer many of the requests fo r stream
flow data, the Austin District compiled back records and analyzed 
them for the purpose of predicting the flow of streams having no 
records. 

During the later years, a start of decentralization in the opera 
tions was made ; the Galveston-Houston area was becoming highly 
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indus tri lized , and wc:tt.er supp~y w an increasingly impo!' ant 
factor. An office was established i n Hou!S! t on in i 94 i with a per
sonnel of 3 enginee t>s and a c erk o which not only ma.intai.ned the 
gaging stations but computed some of the r e ords. Other perma
nent field o 1ces we e m aintained a San Angelo and Forth Worth, 
and two seasonal offic:e s were maintain~Sd a t Ama: illo and Vernon. 

An a c count of the activities in Te _ a s would be incomplete 
without a bit o "local color": On one occardon , an engineer at a 
reser'lro ir station went down to re&,d the staff gaglt) inside the well, 
but when h e saw sever.z snakes c o il d around the ladder . and 
others in the well itself . he change d his mind. 

C. E. E llsworth conti nued s district engineer nd had the 
following Civil Se:rv:ke e ngineering assistant : 

Na!.m e Ped od 
Twigg Twichell 1/ X f 39 t o 

Military Furlough 

S. D . B reeding 1/ 1/39 to 
H. C. Pritchett 7/ 1/39 to 
V. L. Austin 7/ 1/ 39 to 
W. H. Goines 7/ l/ 39 to 
C. E. Ear hart 7/ U/ 39 to 

6 / 30/ 41 
6 / 30/47 
6 / 3 0/41 
6 /30{47 
6 / 30/ 47 
6/30/ 47 

M. V. Brooke 7/ / 39 to 4 / 24/46 
C. A. Young 7/ i/ 3 9 to 1 uS / 44 
E. L. Willis 7/ l/ 39 to 2/ 26/41 
0. L. P att 1/ / 39 oliO / 5/40 
F. T. Lander 7/ li/ 39 to 8/ 5/ 44 
Morris F r y 7/ ll/ 39 to 9/1 9/ 46 
L . N. Jor gensen U/27/39 to 6 /3 0/47 
Oscar KeJl!er i2/B / 39 o 1 / 3l/42 
H. J. McDowell ~2/1 4/39 to 6 / 30{ 47 

12/ 
U! 

5/ 
Z/ 
2/ 

/40 to 5/ 
/ 46 to 1/ 

/46 
/47 

/42 to 8/ 5/ 44 Y 
/ 42 to 11 / /45 
/ 42. to 3/ / 46 

P . H . Holl&nd 6/ U/ 40 to 6/ 30/ 47 4/ /43 to 3/ / 45 
E . R. Watson 3/Z R/ 4 1 to 5/ll 6/ 45 
G. D. P ock /Z Jl/ 4 1 to 5] 3ll/ 42 
T. W. Weinheimer 8/ 16/ 4 1 to 6 / 30/ 47_ .7/ / 44 to 12/ /46 
Lynn B own 8 / 1 6 /4 ~ o 4/ / 46±/ 
M. D . Hale 9/ ll / 4 R to 6/ 3 0/ 4 7 3/ / 4 3 to 8/ /4 6 
J. L . Crawford . Jr. 4/ 16 / 42. to 6 / 3 0/ 47 
Mrs. Shirley Hunt r 1 R/ I to 6 / 30/ 47 
L. L. McDani 1 8 / U 44 to 6/3 0/ 47 
H. W. Albe t 8/ 1/44 i;o 6 / 30/ 47 
W. C. Dodd 8/ 1/44 to 6 / 3 0/ 47 
C. R. GUb t 6/ 22/ 45 to H 6/ 4 
C. R. Conley 7/1 6/-45 to / 3l j 47 
F. D. F ranki 8/30 / 45 o 1/ 2/ 46 
Miss C. Swanson i 1/ 8/ 4 ' to 6 /3 0/47 
R . L. Allen 11 I 2/ 46 to 6 / 30/41 
P. B. Earhart Z/ Z/ 46 to 6 / 30/47 
J. 0 . J oern 4/ ZD./47 to 6/30/47 

YMn · ry furlougho d id no t eturn to d ·sn-ict. 
2/ On leave w , tho t pay begllnning Aug 6 . 1944. 
Mrs. T . C. Schmitt was the i tdc clerk. 
Helen· p Mont. - At the b ginn·ng of the pe:dod . the Helena Dis 

tric t comprised flie s tate iS of Mon~na and North Da.kota .• but with the 
creation of the Bi marck Db ict O"· tober 16 " 1944 p 4 No:tth Dakota 
stations we:t'e t ansferred to j,t. Du ing he pe iod , the interest in 
prote ion f om flood · nd n the dev·~: ' opment of the Mi s souri Basin 
in whi h most of Montana b s ituated . Jresulted in g:t-ea ly increased 
app rop ia.tion!'31 to the Bureau o Rec amation and Army Engineers. 
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Under the Missouri Basin Dep :ttment P :togr.l'i\ m , fu nds we r e p :r o-· 
vided for the c ons truction and ope Q.\tion of 36 stati01 s ~ a larger 
number of stations h.an fo:r a.ny other st~. e in t.he Missou i Basin. 
By 1947. 33 of those st~Uons were :mope a l\:ion. 1tn c onnect'on 
with the p l 3ln for flood c ont o1, th A m y E ngln <ee:if · p rovided funds 
to increase their stations f. om JlO t o .2.0 . These .!.ncreases occur e d 
chiefly durin g the 1 s~ two yeat.'s . 

The snow su:tvey a a nd the oper-.a.tion of the :l.nt.e national gaging 
stat ions fo:t the mterna\~ omd J'oint Commiss ion were c ontinued. The 
station on She burne Re s~ voi had. b en &tdded to the original 25 a nd 
i n the .fall of 1946 . 18 t!t:ations in the Battle Creek a nd Frenchman 
R iver B~sins we e abo de signat~d as inte:rna ionaJ sta.tions making 
a total of 44 international sta.U.on • Many of. it'h<t:!m :&re s i tuated from 
2 5 to 50 m ile s from good roads and p at c~~~tain till?-el &re ver y d if
ficult t o reac h. As C . S. Heidel 2ta.ted in U94ll: ~~ 

1!4l/Water Resources BUll. . May''ttJ4L p . 74. 
Be cause of varying condi 'ons of snow . mud , pools and run

ning water . :i.t has bee n necessary at times t o travel by wagon . 
s led . skis . saddle ho se a nd on fco t with equipment for makin g 
dis c har ge mea tiiu:rements . Some o.f the re id nts along th boundry 
do not send o r receive mail for periods of three months b e cause of 
tra.nsportation difficulties. 

il.t was fmporta.nt that li la 'plans oe .na.die to vis it these sta 
tions as s oon after the b x-eak of the i ce as po es~.ble . ~ nd i n 194 i a 
reconnais s a nce of s · stat i ons in one group was made by airp lane. 
The are a c overed in ~ 2 hour i gh t equired Z or 3 days tra1rel 
fo r in s p ec tion by the usua: m ans of t:&"a.ve l. The information ob
tained m ade it pos sibl e ~o arrange field woTk so as to ob\ta ln 
mea.su ements · t the r i ght time~M Tha · procedur ws. followed 

1457 op . cit.. 
e very sprlng subsequent y. 

While aeria tra~· 1 was used chiefly for r e conna i ssanc e . 
planes we:t'e used a;dvan ta.geou sly in a fe w instances m mald.ng 
routine mea~mrement . During the spring f 1 q4 , a number of 
flights w e e m ade for the pux'pose of taking aerial photographs fo r 
i n c lus ion in a. repo t o the Int ~na tonal J oi n t Comm.b.sion on h e 
water suppl y and i .s use lin a. specia c eek baain. A K -2,0 c mera 
was borrowed from the army and some ve y e~ati factox'y photo
graphs were obtained. They showed c onditions which it was i m 
poss ibl e to . ob~un·v !rom the ground a , ti me1s w en he ordina y 
trails we r i mpassable. 

The operation by the Army E nginee_s o ' the Fot> t P eck Res
ervoir in the inte_est of naviga ion equhad a s h i gh a de gree of 
accurac y as possib e in tn :reco· ds at downetr m sW.til.ona. 
Results of C'onsec u tive d ischa i ge tneiiau:eoements at som of those 
sta.tions toge ther w i th otherf3 on the Yellowstone showed such 
widel y va ryi ng c ondition of shift that it was thought po l!lsible 
tho s;e results m i ght be partly due to e:nroT s i n the measuremen s 
themselves. To inwe sti.gate that possib~ ity . a se :?'i~es of check 
measurE~mente wa$ retarted in Augu~S, 1940 0 a se c ond m asurement 
was m ade immedia ly following the f'rst . ustng altelfnate m easur 
ing points e xc .p t ne r p ie wa. The results showed th~t the average 
variati on was less than Z perc nt ~ indicating the accu!'aray of the 
measur ement and showing tba ~ the val!"iation in shift c o rrections 
were actually due t o ft:he c-hanges in bed and control t44' The che c k 

l4b/Wate Re sources Bull. , Aug. li9li. pp. i26-fZ1. . 
measurementiS we e repeatea ea!Ch yea • Another speclal imre s i
gation connected with tl:he Fox~ Peck Rese rvoir was the tal.ting of 
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the s p illway gc~ s during p ed. d i' ot ~el ·" Sii:l b y means of meter 
measurements made f:rom the c.:able sta.Uon a sho t d is tance down
stream. 

Se·v ral stations were loc.:ated on in~ "rnlittent coulees . ordi 
narily having no flow during the summer and w inter months ~ the 
chief flow occ:ur:dng during the spr:~ng br·e~k-up when highwater in 
all the str eams , and the scarcity of b )! dges makes the stations in
accessible. To obt.a.in reco:rds under t.he e c rcumstances, R. D . 
Schulle de·~.ri~ed an automatic s ' r .er which was placed on the re
corders a t 4 st~tiona. A notched ~haft w as SIO placed that it engaged 
a notch i n the periphery of the float pull y ~ when flow started. the 
float was .r-o.hed. thereby aUowing the notched shaft t o_:release the 
clock we i.ght and to e~ a :r-t its fall. s ta.:rted th -r:ecorder f47j By the 

JJ/1/Water R.esou:rces BuD.. r"Te'6. i 943. pp. z:t:~2:3 . 
use of the st<01r er . montflir;;;"Tonge i!'· :r~cora w;S:.s obtained each year. 

A clock-t s ting r ack fol" lf.e~¥ing d ifferent types of clocks was 
d e vised 'by W. A. B ll nka;fn. T he ra~C:k con is ted of 5 a r ums " with 
suitable attachment s " a nd had dock wi~e att ched to weights c 

wrapped a ound them. By meaniS of this :rack n d ocks were tested 
after the i r :r>etw?n from the jewe l :t" 0s. before being sent to the field. 

A . H . Tuttle continued a s district e nginee r and had the follow
i ng C ivil Se rw·ic e engi neering a1$Sbltan .e: 

Name Ped od Military Furlou gh 
C. S. Heide 7/ ilu 39 io 6/3 / 47 
F rank Stermitz 1/ n/3 9 t o 6 /3 0/ 41 
W. A. Blenkarn 7/ 1/39 o 6 /3 0/41 
E . H. B e kkedahl 7/ l/'l9 t o 8 /3'1/ 39 
H. C~ Eagl e 7/ li/3>9 to i/ 5/ 43 
R . D. Schul.i.er 7/ 1/~9 o 6/ 30/ 47 1/ /43 to 1/ Z/ 46 
G. E. Har be c k " Jl'. 7/ 1! 9 t o 3 /23/ 40 
C. D. Bue 8 / 7/39 to 6 3 0/ 41 
H. D. McCreery 9/ Z/3 9 t o 3 / 5/45 
W. C. Vaudrey 9/18 / 39 to 9/ / 46 
J. M . Spe . .rman 6/ 5 / 40 to 8/'2.5/45 
J . D. Gosho:tn 8 / 2/ 40 to 9/ S/421/ 
R. H. Schaeff 't' 3/?.0/41 to l/28/ 42 l / 
No M. Vo dseth 5/l9/4 U to 2/ 'Z/ 42"1/ 
A. H. Wll iams q/l3 / 4 U to 1/17/46 - 3/ / 42 to l Z/ /45 
L. A . Genn.el1 40.4/42 to 9 / 13/43 
Ro ·s Henry 10/ ]./4 3 t o 7/6/ 45 
0 . E . Moberg U/23/43 o b/ 30/ 41 
0 . J. Folsom 7 5/44 to b/. 0 47 U/29 / 45 to l/ 7 /46 
Q . L. Yuha 8 / 3/45 to 6j' 0 41 
G. W. Buswell 12/ 2]./ 45 o 6/' 0/ 41 
B. A. Ander' on Z/25 / 46 o 6/ 0 / 4 7 8 / 7/ 46 to 10 / l/ 46 
J. C. Ande:r Bon . Jr 2./25/46 to 10/ l/ 46 
F. C. Aagaard 6 / 3/46 o 6! 0/ 47 
R. E . You ng b/17/ 46 to 6 /3 0/ 47 
.!. N. J o <(lic:k 8/ 5 46 o 6 /3 0/ 4 '7 
T. J. F ishe . 10/ 1/46 to 6/~ 0 / 47 
R. T. Plunke 'iZ/ 4 / 4o t b/10/41 

,,!/ Milita't''Y furlough ;; d i d no~: ·· , turn to dist:r· ct. 
V. J. S t e :r m lt.z waif> d i s t .let cJ erk du.ring most of the period. 
Denve r . Colo. -The Denve.i:' Di t:dct unde r went ·bot:h a major 

and ·a minor ampulatlon of te:r> .r"tory during the period but . due to 
the intensive imre$ t.i g~tion by the Buu~au of. Reclamation~ opera ed 
a very consider b1y gr e a ter number of stations i n 1941 'han in 1940. 
Nebraska be a me a separate diotrict wi h 69 stations in Au.gus 1941. 
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and in July 1943, the 4 stations in the Bear River Basin in south
western Wyoming were transferre d to the Logan , Utah Office as 
a part of the Bear River Investigation. The number of stations 

14& p . 89. 
increased from 357 at the beginning of the period to 442 at the end , 
427 being equipped with recorders. 

Colorado: The Bureau of Reclamation was pushing its inves
tigations in all parts of the state and as the Survey's State-coopera
tive funds were inadequate , the Bureau was maintaining a very con
s iderable number of gaging stations itself , and as its investigations 
proceeded, required more. Cooperation with the Colorado Water 
Conservation Board beginning in the fisca.l year 1942, enabled the 
Survey to take over the stations which were being operated by the 
Bureau and the additional stations which were installed by the Bur
eau of Reclamation. These installations, unli ke those made in the 
previous period , gradually approached Survey standards, and the 
stations were operated with a smaller loss of records. Many of 
thestations were in the Colorado River Basin in the western part 
of the state, and for economy of operation , a sub -office was e stab
lished in Montrose in July 1941 , in charge of C. B . Ham. By the 
end of the period , three engineers were being assigned to Montrose ; 
one was an experienced hydrographer, detailed in 1945 by the Bur 
eau of Reclamation to the Montrose Office. 

A three-way cooperative arrangement in the Arkansas Vall ey 
was perfected in 1941 at the suggestion of the Army Engineers. The 
State Engineer was maintaining certain stations in that area; the 
Bureau, under Survey supervision, was maintaining other stations , 
and the Army Engineers, still others in connection with flood 
studies. Under the arrangement, the Army Engineers made 
measurements at all stations in the eastern part of the valley , the 
Bureau measurements at all stations farther west, and the Survey 
had general supervision and computed the records. By the arrange
tnent , the amount of travel was greatly reduced. 

Some Colorado stations having relatively l ow drainage basins 
have the bulk of their runoff during the melting of the snow early in 
the spring . A number cannot be reached during the winter due to 
their isolated locations, and it was important to learn the snow 
conditions before melting started in order that plans could be made 
to reach the stations later. In the spring of 1946 , C. B. Ham 
made an aerial reconnaissance flying 150 miles in an hour or so , 
and found that as far as the end of the road, horses could be used 
instead of the skis or snowshoes that had been thought necessar y. 
The previous year , he had obtained a "weasel" and had reached an 
especially i solated station ove r the deep snow. 

Very little construction work was perfor med until Missouri 
River Basin funds became a vailable in 1946 for the establishment 
of 10 stations. Those were chiefly on small streams and the con
struction work was of a routine nature. As local labor was prac
tically nonexistent . it was necessa.ry to make up the construction 
parties of a Survey engineer and several returned veterans employed 
as hydrographic fie l d assistants. That arrangement proved very 
successful as the same men were used on succeeding jobs and gained 
skill in the work. 

At the end of the period, there were 283 stations in Colorado , 
2 79 having recorders. 

Nebraska: During the two years of the period that Nebraska: 
was a part of the dis trict , the Survey had an engineer assigned to 
the Bridgeport Office until October 10, 1940, when decreasing 
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coope:rathre funds m ad it nec"'~sary a di ccntinu th<a>.~ detctU. 
In .Janua ry li 940 o an engineer wa&; !As :signed to Lincoln for the more 
economi.ca' operation of r.h.e s~ation~ m the e<ute :rn part of the s tate . 
A t the t i me Nebra ska became a tieparate di trict, there were 69 
gagi ng sta tion8 , SZ havin g recorde:r s . 

Wyo1ning: The pattern of the Wyoming wot'k was not unlike 
tha.t in Color~do. The Bur~&.~ of' Redam~tion w~s pushi ng its in
vestigation s in the Green R~ve:c Ba idn a and as u su l v ha.d est bU
shed ~dditionQI.l :stationa whi c h it w~s oper.a.U.ng. The enginee r in 
char ge of th«&t work had p t:viou ly been emp il.oyed by the Su rvey 
and being e:xp ·r ·enced in stream gaging . offet>ed to make the 
measuremte'nts · th~SuX'vey - t$tion in th~a~t a. a if th~ Surwey 
woul d compute th record~toJ fol· the Bur ac.u aRationfi. T ha t arrange
ment c ontinued un~h the tJumme:r of R 941 r whe n the Bureau was n o 
l onger able ~ fo b .c k of personneL to ha~·e one of its e ngineers 
m ake the G een R1ver. meas r ement!i :. &nd Betted the Survey a 
small am\Clunt whh:·h w~11 sufficie n t to en.,;b'1 e the Su ws y t o t a ke 
over the ope · ati«)n of the gaging aJta.t; onB9 a few of the Buz eau sta 
tions had be n dhH:ontmu d . To handle. that work . a ~:>ub -office was 
e s tablished .rt Kemmere~. Tb4ll.t offic~ was soon a>.fte r wa d m o ved 
to Rock Spl'ings and ~1~ntain~d until July L t 11 .• ::: , w~en it was 
closed. for l!.ack of p~ onnel . 

The p e~ious f~l , 940 9 t b State P lann ng and Water Con
serva tion Boa:r-d b&d. co op erated d i z- ec l y toXC" ~e first t ime and 
funds became ~vai ~.b]e for the instvttU&tion of i gh stations. A 
fe w of th new e~tatuons we r e desired by the B oat>d itself in con
nec tion w i th it$ own studie • but most of the ta ions were tho se 
desired by the Bur au o! Recla mation p which was thEm making an 
i nwestigati on in ths M i ssour-i R ·ver Bard n. With fund!:~ not a vail-

·. . able untb October " &nd the de i e t:o ~.n ta.H ' co:rder stations be
fl o e winter stopped. const 'llldion , two p~1dti~!i we:lfe p lac d in the 
fie l d immed a e ly , &nd with the a.id oi l o c'&l l&bow wh'ch wa.s still 
available . he 9 .a .ions wer p aced in op .:r&tion &s scheduled. 

No iJdit ona.l t.ations fo he Red· mat ·on Bureau were i n
s Ued unt 1 th spring o f 1945. whe th "!ped·\1 :&ppropr 'ation 
o the S t P l nning 111nd Wa.t ' Conse-rw lion Boa:ird e n a bled that 

ag ncy to c o p~r, e w l!.th the Su rvey fo tb pu p o se o! stablish
ing dur · g l:h nex · 8 months • 2 5 ta.tion · de i. ed by the Bu re&u 
of R e ci, rna ion. Reconnai s sance w~s s ·:a 'ted as soon as possib l e . 
and .tUJ gah· ized metal shel .er l!!l we e to , se-d . it wa necess-
a r y to get bid fo't' building the stru c tures. That d e layed actua l 
con trucU n until he b :tr:te part of May. No 1 .bo was available 
but sev eg 1 tea h :r~ in Wyoming h i gh schools were w i ling t o take 
summer job as hyd:rog apn.· field 1-ilSJs bt&nts ,, nd t\vo parties 
were p laced in t.he tield ~ ch c onsj ting of 2\ Sill ·'i·e y e nginee and 
two ache ssista n t • These parties n ·e;~ g .from o ne job t o the 

next w i hUt :le loss of time " had c on tl'u c ed a bout alf the s ta 
tion · t:h t se"'son. After the teac.her ~J · bore~~ s lef " a party c on
sisting of Su wey e nginee s cont ' nu d the c:onstlru cUon u n t:U winter. 
T ha fall M i sou:d R i e :t· B2ls in funda beca\me a.vad1Ql.bie fo r ue e s
tablishment of 11 4 adldiUonaJl st..a<tion • including three o n the Water 
C onaerv tion Boa~d H • t , wh·ch <..oulo n t b <!:lstabU shed with t he 
State fu:nd av~ilablE>. Th~:r- fo-r-e . th spring and summe of 1946 
was an extx·emely busy c on truction pe .d .od. Although many vet
e rans had r. .centl!y :r turr~td home " iew d(!!lsi. ed job as labox-er s 
on 't."'n stru c tion, "'nd it w:&B a gain n~ce ~~S sat:ry o m a ke up pao ties 
with field aslstantta o thi tme however w~. :h r e tu:t'ned vete ans 
who would take field 2 Bista.nt j obs . 
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The increase in the number of stations in norther n Wyoming 
made it desirable to concentrate t he supervis ion of field ope r ations 
in that area , and H . P. Eisenhuth, with hea dquarters in Sher idan , 
was placed in charge. Two additional assistants, in addition to the 
engineer in Riverton , were stati oned at Buffal o and in Worland be
cause of lack of living quarters in Sheridan. 

Work de sired by the Bur ea\,\ of Reclamati on , and the continu
ation of the long-time State Engineer ' s cooperative program , di~ 
not constitute the entire activi ties in Wyoming. The dry year s m 
the late thirties had shown the need for a closer regulation of the 
water rights in the Bighorn River Basin by the State Engineer , and 
he employed a water commissioner during 1940. The next year the 
S tate Engineer proposed an arrangement ·whereby the Survey would 
assign an engineer to the B i ghorn Basin , whose primary duty would 
be the maintenance of the gaging stations in that area, and also be 
appointed State water commissioner to care for the relatively 
little work in admi nistering the water r i ghts ; when so engaged, he 
would be employed wholly by the State. That proposal was acc epted 
by the Washington Office and as the measurements of the principal 
diversions were required, it was decided to investigate the in
creased flow in t ·he Bighorn River from the Bureau of Reclamation's 
Wind River diversion dam to Manderson, below the principal d iver 
sions, a distance of 151 miles . That investigation requi red sta
tions at several points on the river, at the mouth of each pr i n cipal 
tributary, at all diversions, and measurements of return seepa ge 
and other wastes. That work was started in the spring of 1941 
with J. G. Gyllenskog in a sub-office at Riverton , and continued 
through 1945. By that time , the number of gaging stations had 
increased to such an extent that the Survey enginee r was no Ionge 
able to obtai n the necessary measurements , and the inve stigation 
was discontinued. The results of each season!s investigation were 
published in mimeograph form by the State Engineer. 

Another special investigation was started in the spring of 
1946- -an inv.e stigation to determine the loss in transit of s torage 
water relea sed from the · Reclamation Bureau ' s Seminoe-Path
finder-Alcova reservoir system and transported to Guernsey 
Reservoir and thence to the Tri-State Dam in Nebraska, a total 
distance of 232 miles. At the suggestion of the State Enginee r of 
Wyoming, an agreement was arranged whereby the states of Wyo 
ming and Nebraska together, the Bureau of Reclamation , a nd the 
Survey were each to pay a third of the cost of the investigation 
which was conducted by the Survey with the assistance of engin
eers of the other parties to the agreement. Like the Bighorn 
River investigation, stations were needed at several points along 
the river at the mouths of the principal tributaries , and on all ' 
principal diversions. Many diversions were by pumps and those 
were rated and records of the daily hours operated were kept. 
Field headquarters were established in Douglas, in charge of 
R. W. Moor, assisted by H . E. Hodges. It was anticipated 
that several years would be required to complete the investigation 
and it was continued beyond the p r e sent period of the history. 

The number of Wyoming gaging stations increased from 108 
to 152, with 141 recorders. 

During the l atter part of the period, all Branches of the 
Survey joined in presenting a Survey exhibit. The American 
Mining Contress held a meeting in De?ver from September 9 to 
13, 1946, at the C i ty Auditorium, and at the sugge tion of D i r 
ector Wrather, space was obtained for a joint exhib it. T he 
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Surfa ce Water Divi s ion had a meter a nd heavy wei ght suspended 
from a c r ane . from the base of w hich th e wheels h a d been r emoved . 
to a llow fa stening to the floor ; a hea dphone wa s a ttached to the 

~ me te r for the u se of those in terested. Wa te r -s tage recorders 
and char t s were s hown a s well as :ra ting cur ve s and p i ctures of 
t ypi cal sta tions. A large wa 1 m p o f the wes tern s tates showed 
by mean s of p ins l ocating th e d i strict offi c es a nd containing on 
the ir h e ads the numbe r of ga ging s tati on s i n each s tate. The 
moving p a r ts of th e m e ter a t trac te d th e chief a.ttention of the 
surface- wate r exhib i t. 

The autho r c ontinued a l&l dbtr i ct e n gine e r a nd h ad the 
fo llowing Civil Se r v i ce engineer 'ng a s sis t a n t s: 

Na m e· P e :td.oo Mil• t a r y F urlough 
J . H . Baily 1/ H wrcibf 30/ 47 
H . P . E i senhu th 7/ ll/ 39 to 6/30/ 47 
L. F. Hanks 7/ 1/3 9 to 8 / ll/ 4 1 
H. H . Odell 7/ ll/3 9 to 6/30/ 4 7 3 / 23/4 2 to 12/ 3/46 
L . R . Sa wyer 7 / 1/ 39 (i;o Z! 6/ 42 
C . B . Ham 7/ l/ 39 to 6 / 3 0 / 4 7 
R . F. Ka e r 7/ n/ 39 to 3/ 31 / 4 ~ 
C. J. Osbor n e 7/ ]./ 39 to 4 / 4 / 42 
F . D . R e d 1/ U/ 9 to 1 f 2.6/ 3 9 
R . A. Wa.hl 7/ JJ./ 39 o 8 / 15/ 39 
L. J . Glasie r U / 4 / 39 to R/ 24/ 4 2Y 
J. D. Go shor n 1/ 3 / 40 to 8/ 2 / 4 0 
J. G. Gyll n s kog 4 / i/4 li o 3/29/ 46 
H. C. B il: ber 8/ 25/ 4 li to 6/ 30/ 47 9/ R/ 42 to 2 / 1/46 
A. S . Sol lid 9 / 20 / 4 !1 to 7/2.4 / 4 5 / 
J. M. Ingl e s 3 / 10/ 42, to 3 / 16/ 44,! 
F . W. P a ddock 7/ 7 / 4 2 to 9 / 10 / 4 5 
A . N . D e P u l o 8/ U / 4 2. to 6 / 30/ 4 7 
R . W. Moor lJJ.fY 0 / 42 o 6 / 30 / 4 7 
M i s s H . H. Hunton 12/ 1/42 to l/18/ 44 
Mi s s E. E . Keen 12/ Z8 / 4 2 to Z/ 8 / 43 
K. S . Es sex 6/ 5/ 44 o "/ 30/ 4 7 
A . B . Kap lan 7 / 16 / 4 5 to 8 / 5/ 4 6 
J . M . Sp e a man 8 / 21/4 to 6 / 30/ 4 7 
G. J . M '.k l a.s RO ll S/ 45 to 6! 30/ 4 7 
H . E . Hodge s 1/ 28 / 46 to 6/ 3 0/ 41 
W. P. F ulto n 2 / 25 / 4 6 to 6 / 0 / 4 7 
C . R. S i e ber 2 / 25/ 4 6 to 6 / 30 / 4 1 
H . W. Wo r t mann 3 / 6 / 46 to 6 /30 / 4 7 
E . A . I;Iop p e 10/ U/46 to 6 / 30/ 47 

_I l.1il i r y furlough ; d ' d not r etuTn to d i stric t . 
M i. s Ne l lie L . E ter y wa d i t:dct clerk . 
Sa n t a F • N. Mex. - Although th e num~er of s t ations at th e 

be gi nning of th 191 period was 159 . nd t the e nd . 162 , d i scontinu-
n c e of ol d tatlo n s and e s tabli hmen t of ne w one s c a used m Qr e 

c hange s tham indica te:d b y the s H gb.t ne t i n c e '. se. T h e chief re 
duc tion wa i n the · s tation B bern m a.in tained for the Indi a n Service . 
when in l 94 2 that a ge n c y r edu ed Us f ' ncb from $ 15 , 000 to $3,000 , 
and the nu m b e r of sta tions W &!.l$ reduc t! f o m 80 to 2. 5 ; the re c o r ds 
for the l a tte r we r e not compu~d , b'lll.lt m e ll:'e .y kep t in the file s. The 
greatest incr e a e came !.l.t th 'tvl!:lgi nning o f the p e r iod wh e n the 
Pecos R iwe J o i nt Jl:nve sti a i on {"t: e uired th e o e r a tio n of 67 addi -

14 p. o 

tional sta.hons , most of which we d.b <e o ntinued a fte r ward . The 
g e ate s t nu mbe r of sta t ion i!J ope r «ll. d du r ing he period wa s 240 in 
1940 . 





station wa · t he R 3.c Gu .. :nde a San / c "'· ·i . wh~ . , ohifts oi 2 feet L'Y\'0. y 
occuu in 24 h oa.rs l nd shif , of 5 f'=.d du:-lng th _. '!l·ear . '• 

One efft: · t , of flo d.s wa'.i\ o ndef' i ii."' tl·~ ... wel~ s wh i h we. e. , 
as a rule, 't_,uiH .wse t-o the shore t . e~~m " na..te l ong .int~ke s, ~nd in 
som 1ns tanc.:es s ue · tmd.e ~ m Jn ~- ~g (! ~ Ll,:-cC< \'h .e we .l a.nd she t e:r r.o ce.p 
size. T o a. ·,·oid f. . .Q .''~ p ' i:> i' .lJ 1. ·Y ,, he bot om of the higt.~. co.ncre t e 
she te:r on the Pecos R l..ie.r nea :r Gt.adal pe wao. mush:r-.lom ed ou t wi th 
einforced c ncre.~e t r,J :a. d.la.met t.z· o · 6 e · t ;: .t. t:he foundation. A 

fla,sh flood on the c .. n.rr:h - _, R ive:. · , t. above CfJn('hti)~ dam eroded one 
bank to a d~p h o f .39 ·-·e - ~ .:tnel wlth~.n a a t. of r.he A~fr'O!.me . 

. dd •t • . 4- • • h G.. J 'Jl.on to rn.a· ... :n. 1.n:rr. g , t r egu 7 . .?. p . og:ram ,. measu~ements 
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of drains nea.: · Ro :owel:. .ad been ma.de .s ~:a.c e 19- q i o r the Gt>ou nd- WCJ.te 
D vis ~ on 1 s i n vest:ga.L or .. c the ci le ian b . ~:.r.n ~~'La w~ c ontinued ~ a~ SCI 
fo:r: tha in re ~ tig t:~on " . , , . h- s of ~- ·ep ge tn-'a · emE-nts oril the Pe c os 
River from .A -~ .;.1_ ..... c~~ A~ ~q:· s i:a. W•.; ma..de 0 show tnt: :..nfl.ow t o ·che rive 
from the leak a gt:· fx-·om J:.e a.~'t ' i :axt 'ba i L• 

Resident engineer~ we:t'e obt.a:. 3ne d ta'.t Fa. ·m :lngt on " Albuqu e r que 
{2. , Soc orro v T y · <!li n~ , Rot:Jw ,~ " L~' s Vegaso ~.nd Ca s bado Th ese 
engineer s we.re .t ~· ·.a..te:!ld at i? -i .t ~~ er '\n~ ~ . A i t. was cl.most axio ~ 
ma ti .hat h~C only w~y to ob ·a i n &. •)\1.~.:-- wr...-o t o ::r ·n r b y " the resul t 
wa,s th t when --h ang s occu z ed ~ · .e new n (o n p··?.' ~hased o r e nted h i s 
p:redece s ors ho·· • -c_· . T . u s ,, 1r e n lt'W m .il!.n ,-o:s s e o! find ' ng a h o·u - e 
on h ' a.r iw 1. 

Be k e ey ohn o 
following Civil S . -ii~e· 

Na m e 
E . L-:-13 . row 
W. G. B ·.a t chi 
J. N. F itch 
C. A. M C e ' .a d 
R. E. Cook 
A. B . Goodw m 
F . F . LeFe ·e 
R. C. Curti 
V. R. Be nlor.t 
F ank RobJ n. · ort 
T . E . . at~ 
J. 0 . Voe ... n 
L. J. Re il<it:nd 
W. F B ·il'.osc· 
J . B . Col in~ 
R. F . P d .. .. :J'l:. 
W. S. Gl':'i o l d 
W. L . G · r ne : .. 
J . B . F rank s 
G. L Oa k 1zmd 
R. F. Mc C l e y 
L. B . Baca · 
L. E . Ca .. :ooll11 

Military Fu l ough 

Jl. 0 ll4 / 4 1 "t o 2/ 4/46 

or 4 43· to 11 t o / 4 5 
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the chart discussed the rive.);' prob~ ems to the presumably better under
standing of those problem ~':J?f 

15?7 Water Resources Bull . • Aug. 194Z . p. i 10. 
A t the end of the p eriod , Zi5 gaging stations of which 166 were 

equipped with recorders wer e be ing maintain d. Except for a r esident 
engineer at Bonners Ferr y who maintained the 17 stations in the Kootenai 
River Basin . all stations were opera~d f r om the d i strict office. 

T. R. Newell c ontinued as distric t engineer and ha.d the following 
Civil Service engineering a!l:ts i stants: 

Name Peri od Milita r y Furlough 
P . c:-Ifenedict 7/ i/39 to 6 / U/ 41 
F. C. Crai g 7/ i/ 9 to 3 / 2/ 44 
E. G. Ba ·ley 1/ 1/39 to 6 / 28/ 42 
P . H. Andros '1/ 1/39 to 3 /1 9/40 
H. W. J ohns 1/ 1/ 3 9 t o 2 / U 41 
T. 0 . Miller 7/ 1/ 9 to 6 / 30/47 
E . J. Rusho 7/ 1/39 to 9 / 17/ 40 
L. J. Snell 7/ 'l/ 39 to 9 /~ 2/40 
C. A. Thomas 11 1/39 to 6 / 30/47 
E. Hazel Haugse 7/ l/39 to 6/30/ 47 3/ 
P. G. Mor ken 12/ 4/39 to 9 / 15/ 4 ~ 
H. L. Walpole 3 / 5/ 40 to 1Z/ 8/ 40 
J. R. T hro ckmorton 10/2,8/ 40 to 3 / 29/ 4 1 
C." C. F i ske 1/24/ 4 1 to 6 / 30/47 1/ '!1. 7/ 43 to 1/11/ 46 
W'. H. Kra.b e r 8/ ll/ 41 to 6/ 30/47 
D. R . Woodward 10/21/41 to 5/1 / 42 1/ 
H. S. Hi ll 2/ U/42 to 4/3 0/42 I/ 
F. A. Johnson 6/3 0/ 4 to 11 4 / 44 -
T. N. Le thlean 8/ 1/42 to 6 / 30/ 47 
W. I. T rav ' s 6/30 / 43 to 6/ 30/ 47 
J . :& Spoffor d 6/ 22/ 44 to 6/30/\47 1 /17/ 44 to 4/ 2 / 4 6 
A. E. Comer 3/ 1/ 44 to 6 / .0/ 4'f 
M. G. Lew s 8 / 9 / 44 to 8/ 25l45 
R. W. Fereba e r 9/25/ 44 to 6 / 30/ 4 5 
R . W. Revell 2/1 3/ 46 o 6 / 30/47 
Leonard Ko s k i 3/ 12/46 to 6 /3 0/41 
C . R. Adelmann 4 / 1/46 to U / 13/ 46 

~/ 1 i litary furlough ; d id not retu n to dis tr i ct. 
2/ Absent Feb 4 . 1943 tOJ Mar 31 D 1944 due to illness. 
1n addition to her engin ring du& es " M iss Haugse acted as 

distr ict clerk. 
Idaho Fa11s o Ida - The dual Federal a nd State role played by the 

Idaho Falls Offic In c ollecting t earn-flow r ·ecords and in administe r 
ing the water decrees for the u e of IS o:ra ge and n&tur&l flow in the upper 
Snake River. which started with the c~eation of the Idaho Falls Office in 
19 19 . continued p r ically unchanged. as shown by the following state-
ment of L ynn Crandall: 158/ 

1587 L etter to Author. 
The activit i e s of the d i trict have become more or less standard 

ized through m a ny years of routine regulation of the water s of Snake River. 
That the system of cooper a ion betwe.en he U.S. Geological Su vey. State 
of Idaho . &nd the Snake R iver water u sers has pro--qe d fairl y s.~tisfactory in 
p ractice i evidenced by the f .ct that fo r 30 ye&x>s the waterusex>s h ave 
each year e lected the Distri ct Enginee x a s watermaster on Snake River to 
administer natural ow rights and at the arne time. he has been appointed 
as Special Deputy of the State RedamsJ;i on Engineer in charge of distr ibu
tion f sto!'ed wa ter from th warious ese voir's 

'.fhe eii st·ll.ct ope-ra !!; .d ,3ij re guJL :r gaging- stations and lO U stations on 
canal s dur :i.ng the i l' rigatiO>n e&son. 



I . ·d· - h em·~la a•. ·u ... a of he dL :t ·c • Mr. C andall 
n,. l.ton o e b- ·~r d "Pi {or Su 1 

in 1944m ~dew~hR. W. Dav"'npo·'Y,. ·:r~p: \". en '~w.e _ 2' n~ .... Pf.e -
menting the Flow of Missouri RhieY by Add ~tioncd Stof'.g,g Fac1 lttes. 
That wa~ mad . in response tot ..:·quest by the S creu.t .. Y tha th E" S~ur-

• o.'t. oposed plan~ of u~e Bureau of Reclamation for storage 
vey rev1ew wa p · . d h ared num 
in e Missou i River Ba ··in. Dur in the perto • e ·~ ~o P ep -

e t .. ..,·bul "·tton "'f l'eco ds, and as i ted Bureau of Re cla-erous ta em n , "'""- u. Q .., • h 
mation nginet:-rs in s u, ·e~ of w""ter ~upp1y C\nd wat ~ ng ts in c o nnec-
tion wit.b t~e proposed Pa'lsCJ.de rese:t•voir on Sn~ke Rver. In 939 and 
i 940 . he was ' member of the I ho State P ann ng Boar d. . 

Mr. Grand& con inued as d i s trict engineer and had the followmg 
C ivil Se r-vice as<:<istan .s: 

Na me Period 
W. V'. Iorns 71/ 1039 to ,'i5.t43 
H. C. Eag e 1/ 5/ 43 t.o 6 / 30 1 7 

School teachers wer employe as temporary hydrographers dur-
ing the irriga .ion season. . . . 

Sat Lake C ' ty . Utii.h. ~With the ~xceptlon of tattons requned un ~ 
der F ederal Power ii..c;e s--; the g.a.gi.ng s ation in the Bear R iver Basin, 
bott in Utah and Idaho , which had been ope ated by the Sal t Lake City 
District. we re transfe'!"r d on J l y 1 J 943 , to the! pecia.l Bear R iver In
vest1.gation with eadquarters a . Logan . Utah}-59f By mea.ns of add i tional 

J.59/ p . 90 . 
funds n both tn Utah and Nevada, the number of g~ging stahons excius1ve 
of fuo8e transfer ed to ~he Logan Office was mo e than doub ed, i ncreas
ing from 90 in 1939 to R9 7 in ll 947 , 176 b:eing equipped wi h record~rs. 
Becau e of phy ica d~aab:Hity . A. B. P urton. dist'dct e ngin er at h i s 
own equest . walSl relieved of adminietra ive re ponsibilities September 
16 . ' 942 . and w succ eded by M. T. Wilson. 

Urah. Du ing the isca years 942. and lt943. when c ooperative 
Sta."'e funds were inc ea3ed for that pu pose, the Survey included in the 
c ooper t•v pro g am 30 stations on small stream which had been main -
..,.in.ed 1by the State Engineer 9 s 0 flee, eith ,. independently or in coop

era tion with th Bureau of Re clamation in etu(l(v of small reservo i r 
projec Th ne t l arge inc e~se in station came durlng th last two 
yea IS of the p riod. In he 1946 H cal y ~r. th · B~.Ar~au of Reclamation 
wa mak' g an inve tigation of he Centr 1 Uta proj ct. nd the upper 
basm s t we· e attempting to d ivide the Cclor~do Rive water a llotted 
to th u pper bas fun.;; befo e the latter could b accomplbhed. the State of 
Utah w ished to know its con 1l.'ibution to th Colora. o R iver W er supply. 
Both mvest g tions :r qui red addition&l g&ging , Uons and the latte r, 
spe c ial field wox-k. To me .t both needs . he Sbt~e f11:1nds wex- e grea tly 
increa&ed dnd 41 additional s tlltions we">r:e etabH hedl during the last 
two yea:r .,. Wi h th &ddational sta<tions . t1l mll.mbeF of r esident engi
neers w~ inc a d to 6. w ith Held head~uarter t Green R iver , 
Mexican Hat. Hite " Hanksville D Roos ~- a. c>nd Vern 1 D Utah. At the 
first two locaU n{!l~ Held ~abo atories fc~ dete:nnining d~ily elilt loads 
we e main ined and d1 charge m2~su e~nt~a~ do;dl y ,a..nd weekly. 
r sp c:tive y " ~c&use of the e:t>l'atic shift 1g of thil'i a:tage - dischar ge 
relation hip . 

Among the spec· · 1 field lnvea:tiga,\tions welt' 3 boat t i p s on the 
Colo a.do and G een R i era a lt v 'ous po n . L~ Phrene. while 
:r-esident engineer at Mex can Ha.t on the San Juan R iver developed a 
fondn . as o Cotoradlo R i ver bo~01t t lps a ·~ li' sult o:f the acq·uain tance 
w ·h Norman NeviP . ~ o who ped.albed in t~k1\ng p£~senger · down the 
San Ju~n a..n.d Colorado R ive IS boats de s i gned by · imself. M:r 
H .ris a.nd as odates · ad bu.. 'N/o of h Nevills typ o boa s· 'bus , 
the m e.:lns ormaking the bo t t:dps we e ~ hand. T he fir t .i.n·;esti
gaticn was ball: of he Gre .n R hrer f:rom th.~ mou J1 o.f the Yampa to 
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City offi ce. His headquarter s were a Carson City ; a resident engi
neer with headquarters at E lko maintained the stat ions in the eastern 
and central part pf the state. At the e nd of the period, 47 stations 
were be ing operated by th e Carson City sub-office . 

The C ivil Service engineering personnel of the Salt Lake Ci ty 
District were: 

· Name Pe:t'iod Military Furlough 
A: B. Purton 7/ 1/39 to 6/30/ 47 
M. T . Wilson 7/ H 39 to 6/30/47 
LaPhene Har r i s 7/ 1/39 to 6/3 0/ 47 
J. M. He r ndon 7/ 1/39 to 3/ 1/ 40 
J .· R . Conrath 7/ 1/39 to 2/ 29/ 44 
A~ B . Harris 7/ 1/ 39 to 5/3 1/ 46 
C. A . Fox 4/ 1/ 40 to 3 / 4 / 44 
E ~ H. Pe irce 2/16/42 to 3 /1 4/ 47 11/ / 42 to 7/ /46 
A. V. Maxwell 6/ 2 / 42 to 6/ 30/4 7 
W. A. Jordan il/ 9 / 42 to 8 / 2 U 43 
Wilso·n Mc Conki e 12/ 1/42 to 6/30/47 
W. V . Iorns 12/16/42 to 8 / 2/ 43 
N. D ~ Nevills 10/11/43 o 6 /3 0/47 
R. C . Culler 11/20/43 t o 6/3 0/47 
W. A . Thur good 12/ 29/43 to 11 /16/44 
Elmer Butler 1/ 1/44 to 6 /3 0/ 47 
D: J . · Webb 3 / 2 0/ 44 to 6 / 3 0/ 4 7 
H. W. Chase 5/1 6 / 44 to 6/30/ 47 
R . S ~ Lor d 7/28/44 to 10 / 26/45 
E. S . Bor gqui st 5/ 22/45 tq' 8 / 3 1/ 45 
D. R. Woodward 1/ 14/46 to 6 /3 0/ 47 
W. H. Dean 2/ 4 /46 to 6/30/ 47 
R . L. Carter 4 / 2/46 to 6 /3 0/ 4 7 
J . W. Pehr son 4/22/46 to 6/30/47 
L. J. Jensen 5/15/46 to 6/30/ 47 
L . R . Sawye 8 / 20 / 46 to 6/30/47 
M. R. Cooley 11/18/ 46 to 6/3 0/47 

Tucson , Ariz .• - A the beginning of the period . 58 gaging sta
tions , fucludlng 8 on ~tJie Colorado R iver and on large ·:canal s near 
Yuma , we re being rna nta ined. The P icach o s tation on the Colorado 
was d i scontinued , a station was es tablished on the Gila Gravity Mai n 
Canal at Imperial Dam o and the station on the All-American Canal 
below P ilo t Knob wasteway wa s cha nged to the wasteway itself. Ex
per ience through the year s had shown that it wa s not necessary to 
make as f r equent measurements a t the Colorado R i ver stations , 
and although engineers were st tioned a t Lees Ferry , Grand Canyon , 
Boulder City , and Yuma , they each l ooked after more than the Colo 
rado R iver stations 0 as stations on the tributaries were gradually 
being installed near tho e points. The engineer at Grand Canyon 
took daily sediment samples and a nalyzed them in a laboratory in
stalled for that purpose. A monthly report contabling not only the 
sediment analyses , but i.\lso the discharge for the Colorado River 
at Lees Ferry a nd Grand Canyon &nd the main tributaries between 
Lees Ferry a nd Hoover Dam p wa s sent to 100 o r more interested 
agencies and indi vidual s • . The r por t w~s compiled by the Tucson 
Office beginning a bout 1939 to sati sfy the h eavy demand fo r current 
stream-flow inform ation. Weekly :re p orts containing the discharge 
and divers ions for a ll impo ta.nt tations be low Boulder Dam were 
sent to the same inter ested gencieso &nd he Yuma and Boulder 
City engineer s furni shed d ily report to the Bureau of Reclama
tion and to the Weather Bur eau. 
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with recorGet s. In &ddllUon t o the ~ *" JJ d nd.e l!f on h e o ora do R iver . 
of which the Yum a Office force W (il. tnc1-:-~a ed t o 3 ~ngine rs 9 there 
were ub -ofH.c s at Saffo .rd , Ho b:took Ci!nd P h 01 n ., With the i n c rease 
o! wor k i n the u ppe:t· G' a B m, and he pl\ll.b H M.ng of reports at 10 - day 
inte va.l s v he Saffo d Office g ew I om 1 eng].neer having uarters i n 
the Gi a Wa .e Commheion 1' 0 Of ice to .3 n ineers w ith offi ce s in 
the Fed a Build in • 

The Ho brook Offic e with one e .. gin e :e had c ha . gt> of , he stations 
in the L it . e Colorado Basin nd s pervi s loru o v the Lees Ferry a nd 
Grand Ca.nyon e ngineers. The Ho b ook 0 fi e abo had ·o furn.' sh a d
vance r eco ds at. 2\~ o:t -we k inter''f 1 ·o the p :r i nd .p :1. water sers 
on the L i t Ue Co o r do R h er. DW'i ng me war yea. • however 9 the ad
vance reco :t' s t . ou gh ne c ee ity w :t· d i sc.on t i nued. 

The P h oenix Office w~.ll:' Z ng ~ne; 1 s h ndl ed the ery c ritical 
coope r tive wo· k i n thc1.t •u·ea.. Thi ork c.onsis ted mostly of s t ream -
flow r ecor d s requi :ed by he Sa lt R 1ver Va 1 y Wate r Use r s Associa
tion in the i r wo :t>k on the Salt and Ve de R i 'Ve :rs • and ope :rations of 
rese :r o i rs on tho e reams. To ,suppl ement the As sod ation°s :t>e 
ports . t e S ve y e n gineer rn . e £ e quen c r :n m d i char g r eports 
at seve r a . station • To p e>.d o r m ad quate WOl:' k w it f we r engine er s 
during the war. two compl e e :t' d:lo r 1n m i tting and :re c eiwing sets 
wer e instal ed . the t:rans m :t ters being o c e d a.t ,wo gaging sta ions 
for which repor we e d shed . on on the Ve de R ive r a nd the o ther 
on Tonto Creek . T h Stevens t.e lema k a t e CJ.ch s U.on transmitted 
signal s once e v r:y llZ hou't'S be ow det rmined flood. tages u and hourly 
above hose stag 8. One :t> e c~iwe was in the S 'ifV y 0 s P hoenix OfH ce, 
and he other i n th W U e lf A esoci&U.on° P hoenix Office. The l6S 
cost of ins al ion wa s p id jo:m y b y h e Su ve· nd th a ssociation. 1 

.65/ Wa e r esource ~ • ~ • p. 
- The effec t of L k"e Me&d on tli flow of the Col o ado R iv e r was of 

live y i n te e 8 om he l owe r iver and a number 
of office d ie pe :l.od. T e fi at . nuii.de by J . 
S. Gat ood . w s de rm nat.ion of he · ow ~out ow balamce which 
inc:lud d spec ific: ~tomputaU n · 'o f. .ect o ' n ·o age. That stu dy 
wa con inued by J . A. B21 mga'!ftn 1n ll 9 , J . H. Ga :t'd i ne :r· c on 
tinued t e ·r ie s h11d y by i nd dmg 1t e v pora i o,n oss . a l a r ge 
fac or no t p r viou c. on id t'ed . B y o d~!Pg . h d i ded ·he total 
loss be t:w en v poration nd bank sto:t· ge . Uf 

16j]Wate lte s ou c · Bulf. . Aug i"Oo ll940 " p . ~ 
Two s p e ial e p ot> t>e p 'tepared a 'l itng The p eriod. hi R94o . at 

the reque t of th Co o .r.llLdo R ive Com ~ ion of A b ona. t he Survey 
comp led a fj mma ·y o Arizona 8 :ream flow ·eco d s p ior to 1938, in · 
eluding vir gin flow t mat • . This w & pubU h d a s a State CommiS ~ 
sion report. A1 o at thi ti time . Wate ~' - Supp ' y P aper 967-A p " F l oods 
of Septe m b :r> 19. 9 in Color do·R~' e B .sm b l o w Boul de · Da m" was 
prepa,r ed. 

A m or e boo~ r f the p e onnel i n th s ca tte; ed a nd . in some 
inst n c.:esv isolated l oc. tions v wa ~ta. P;' ted by Mr G& dine r s oon a fter 
he cam to Tuc o n i n Ap:dl 1938. I w s a mon ·hly pubiica ion known 
as " The Arizon W t e r Whee New 11 whi ch fir!Bt: app a:. ed i n May 1938. 
It contlel.ined item of both official a nd p sonne~ na.ro:r.e , contr ib uted by 
the distr ic offfl.ce artd. th~.i: va ~ous .s ·d n offices. Commenting on 
the va l ue of ·he HW 1t'e Whee. H. J. S. Ga wood told e &utho:t' that· 
through the cont ibutionl!ll a~nd xcll!amge of blliorm 1tion nd new items. 
"the dis trict was knM; i n t o a mor £f§.d n t: nd cohe s ve uni • uv 

J. H . Gar d ine contin ed as d i s t• ~.ct engi ne :t ' nd he ha the 
followi ng enginee ' i n a ssi bn s~ 



Nam Pe 10d 
A. Baumg r ne :r- 7/ i/ 39 to ,(3 0/ 47 

J. S . Gatewood 7/ /39 to 6 / 0/ 47 
7 / ~ 9 0 6 30/ 47 

R. H . Mon. oe 6/ 30/..,; l/39 '0 "2t 
W. L . He e 30/ 1 
A. A. F i sc ~ ck ,Jr. 7/ I 9 to • 
S . 0 . Decke r I 1/ 39 to b/ 3 0 / 47 / 
H. S . Hunter 7/ U/39to H / 4 i 1 

F . S . Artd rson I R/ 39 to b 30/ 4 
C b 1 7/ /39 to 6 / 30147 R. E . a e n6/ AO 

T S t 11 /39 to 5 li "J; W. • tuar . I 
2 E Dah 1! R/39 to X 9. 4 

H. • m n l / 2/ 4 2 

M i ita ry Furlo gh 

4 / 28/ 4 2 to 8 / 9/ 46 

A •• Hans on ~/i 39 to Hl.8/ 4 ~ Y 
E . C . Metz 1 1 39 to 6/3 0/ 47 1/ 6 / 28 / 42 to 1/ 2 /46 
C . T . J enk ns 1 39 to 41 1/ 43 I/ 
R . L . Bl ake 7/ 1/39 to I -
G . L . Haynes, Jr 1/ l/ 39 to 4 / 0 4 1 
M. D. Dykers 1 l/39 t o 6 30/ 47 / 

11 .,.,/39 t 7/ 8/ 42 _1 
Q . C . Cornelius, Jr. .a c. u o 
G. B. Sm th 5 R / 40 to 6 /3 0141 
J. H. Watk · ns 11 H 4 U to 6/30/ 41 

4 /1 2 / 42 to 1/1 5/46 

R . H . Lynn 9/ a/ 40 to 5/ 3/ 4 1 
R . B . Sa nderson 10/ / 4 to 6130 41 ~ 2/ Z.l 4 2 to 3/ 1/ 46 
C. A . Baker 2,/ Z/4Z to 6 /3 01 
Angelo Dalce r ro 7/n/43 t o 6/ 0/ 47 

. E. Kl ohr "'!/ 3/46 o 6 / 30/ 4 
L . R . Pe terson /ll 0 / 46 to 6 30 4 

U .4Ai ll r y fu r l ou g ; d id notre rn to d i d e • . . 
In addiition t o the u ua l duties of d i s t r ict c e k , tho se of adm m1 s 

tra .. ' v a s istant were pe r formed by C . T . P hen during t e p er iod • 
excep t w en h was on m~Uta y fur lough fr m Oc ober 1943 to Novem
b er 194 '5 wh n M.rs. Lucille Siber s was chie f d e k . 

T coma, Wash.-At th b gi nning of e per \od . the nu m ber o f ga
ging s tab.ons was abcut equally d t ·ided b e tween t ho s e east , a nd t ho e 
west of the Case ' d Mounta "n • bu the many new tatio n s . both per m-
anent nd rnpor r y . nstruct d in th we a e :rn pa. t of the sta e 
changed e ratio£ om l : U to 3:li by li 94'?. However . th e re gular large 
st earn progr m, ope a ed wi th the m ain State coopera ·or . was in 1947 . 
at"ll about qttally d ivided eas a nd west of the Cascades . The t o tal 
number of sli.ations waJ. s increa s ed from l 06 o Z6l., a ll b eing operated 
from t e d t r i ct offic e a no s b off ces we:re maintained . 

D ing the first few yea s , li S addiHona s t "on s we r e estab i sh ed 
fo the Ar m y E n gineers. T he l rge inc ea e . however. bega n i n the 
!isca year 943, due 1 r ge y t o the sm 11 s treams conti nuous - t ype in
e ntory of weste n Wash ngtorn, s .rt d for the Departm ent of F isheries 

a nd 1 ter :s ppol':'ted bot:h by t a tt a gency and the Department of Game '¥:>7! 
16 71 p . 6 6 0 • --

Each year a major basin w s selecte d , and a co m p rehensive ne twork oi 
gagi g stati.ons and m i eel neous-msa.s u r.emen p oin s we r e es tablish e d . 
Temporary s tations we1 installed on the smaJ.le r t :dbutaries where no 
re gul s a on was in opera ion md a. l'e lati ely .ar ge nu mber o f m is-
cellaneous m e surernents we!'e m ade a of ~r points. The tempor a r y 

tationa we m intained only for a yea.r o r o b u t are e xpe c ted t o be 
r eestabi shed nd op &ted a.ga · in conjunc ion with a r e pe t ition of the 
m i s ce .laneo s meaaur ment s every five to en years i n the fu ture . T h e 

ecord !rom them , toge th r wi th the records from the regular sta t ions 
wh char m intained indefini te y & a ba:se to which th e r ecord s fr om 
. n t rmedi e poln ·a can be related " furnished the beginn ing of th e des ired 
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inventory. By t e end of the pe riod . these i n'1tentory networks had been 
st ar ted i n four m a jo basi ns in wes t e1."n Washington . Upon the comple
tion of the first year of eachbas i n inve n o:r-y. a book of r ecords w ith hy
drographs and maps . the latter showing the 'J o c a ion of the measuring 
points . was p repared and furnished the Department of F i sheries for its 
use in gran ting the vari ous actua wate ;n ghts. These books were 
brought up to da.te peri odic lly by the addition of new shee s of r ecords 
and hydrograph . 

Due both to the net i ncrease of 1 5 tations and t.he establishment 
of ma ny temporary st~:ttions . a. tota o! 277 i nstallations w a s made. 
Early in the period . the use of demountable tim~er she ter s on e ither 
concr ete or i mber wells was stal'ted. The 4 1/Z-foot square shelters' 
were of the p anel type . as were a so he timbe wells. Smalle r shel
ters and we lls were used for the temporary station s. To construct 
economi cally and quick ly the l a t' ge numb r of s tructures required . 
arrangements were made w ith the Navy Department f o r the use af a 
large sto age and powe r - equipped wor k shop n bui ding of the Navy 
Supply Depot in Sou th Tacoma. The shop was i n charge of a Su r ve y 
foreman, a sk ' led me c ha n ic 0 who w i th one o r more h elpers . cut and 
finished the panels f o r the ides a nd r oofs of the s t uctures . The 
cutting wa s done by power tool s . a nd up on completion " the panels were 
painted by spraying . The p anels were then stored until transported to 
the fie l d by truck . At the time the author v · s i ted the s t o re h ouse . he 
found a very conside rable number of fin i shed pane'Ts a waiting field use . 
Afte r the well excavation w a s completed . thepanel stru ctures could 
be assembled in a few houra 0 time . T imber w ells at s i tes which we r e 
to become key station were lined w i th concrete a a later date . The 
ons t ruction was perfo r med by Survey p r sonnel with h i gh chool 

students employed a 1 bo er during th e s mme~ s eason. 
At cableways having s ide h i ll nchorage . "g rages" for the cable 

cars we e provided. Incid enta ly . i may be added that all cable cars 
used in weste rn Wa h gton have roofs ; that fact ~ together w ith the 
further fact that water ~proofing of forms for measur ement notes o ri
ginated i n the T acoma Dis rict in previous p riod o indica tes the 
prevalence of rainy weather i n are • 

F . M . Veafch 0 s per on inte .re tin the effect of changes of for est 
cover on s tream flow . p mp t.ed a special study beginning in the f i· scal 
year 1945. Sever 1 g gi ng stations l o cated gene rally i n pair s . one on 
an a rea t o be logged and th e othe on an area to re m in in the " sta tus 
quo" were e s tabli hed ; rain g ge s we r n led . and descrip tions of 
th forest cover made. A fter the station s had been in operation for a 
year or more , it was di cov red that to ob a i n the nece ssary ac c u r acy 
in the r ecords . s ome rt • ic ial controls were required and three we r e 
i ns talled by he end of the p rio d. 

Begi nning in 1946 . the Army Engineers were r evi sing the ir "308" 
repor on the Columbi a R i ver o and de s i red the installation of 50 special 
staff gages. As the range -of s age at some points was from 40 to 50 
feet . the ga ges were bolted to solid r ock and were r e ached by boat and 
by h king. no d i s-char ge measurements were rna.de at those gages . but 
their sta ges we r e tiecl t o two regular gaging stations a nd by th&.t means . 
rating curv es we r e p rep ared fo the staff ga ges. 

The d ist rict operated 16 snow CO\I.ll.rses in coope ati on wi th the Army 
Engin~er s . the city of Seatt e . and a power c ompany " being s t<il.rted in 
December 1943. As some, f not all , of the c ourses we r e at i solated 
locations high i n th mountai ns o about 20 shelte r cabins . o f wh i ch half 
were conrtJ ructed by the Sur~ey . we re stodked with provisio s o n o t 
only for the s n ow s ur ey but al o for the re gular field work · t gaging 
sta t ions i n the v icinity. Two snow courses were r eached :regularly by 



Army Engtneer · ' weas~ s", spec .d l y dt- m _ed snow ehtc. es having 
caterpi a r tr·eeitd In the sp:nng o1 ~ 4 ? as an expe.dmen ~ ~ heli-
copter- was used on a snow -sur'\- ey t:r- ·p bu t to.tm preven e~ tts 
complet ' on and the feastbih yo£ that me~hod was not determtned dur-
ing the pe icd. . . . 

Win er work invo v ing the ~. so ted st· t ons 1s ha.zardo s a nd 1t 
was petformed by two-man p «:< tie . Two mcident i ust ~te some 
of the hazards: In Febr ary 94 • Stanley Dragn1ch . wearmg snow 
shoes , s lipped off a. str ip of k y tr~ Li a nd bounded ~own the pre~i
p itous mounta ' n side for se-v ez·ai hund ·ed fee end g on the brtnk 
of a c iff ZOO feet above he tream. As he was b.a~d y wounded . h i s 
companion, Ste ling Osborne . being un· b c- o car y h i m , l eft h i m 
i n the snow w ' th a ll the ·a ' l e c o th g and w nt for help , return
ing 9 hours la er · h a i s ants. On anoth :t snow sur~'ey i n Apr il 
1947, Wi Ham Carroll s lipped down h i 1 on sk· s and by s eering him
self between two trees by m eans of h i s hands , he ski s were caught 
and stopped h i m . Both J.njur ed men w e incap c '.tated fo r sever al 
months . 

Earl y 1n h period , pe i odi c su_ veys o{ Ni qually Glacier on 
Mt. Ranier were star ed. The object was o determi n the long
range effec of the gl.acie t 1 r ecess ion on the t earn flow , and as 
the city of Tacoma obtained part of i ts w te suppl y from that 
sourc e . the urv eys we re made in cooper & '.on with the C ' ty L · ght 
Departmen • The survtJ ompris d a p ~ne -t· ble cont our map of 

the glacier by t e Conserva tion Branch ev ry five y ars wi h a nnual 
eros -sec ions a t critical poin s . 

An administ 'ati e man al for the fie d men , whi ch stee r ed them 
through the abyrinth gov ernment "r d t£p 11 wa p p r ed by Mrs . 
Lucille L Peterson . who had been the d~ t i ct c erk s ince 928 ~ It 
proved o v . u · b e that i w kep rr nt. She 19o prepared 
manua perta,ming to l o cal d i sbursing. Both ma.nua l we e used by 
several o t e districts. 

G. L. P arker was dt tr t c .,. eng· eer unti October 16, 1939, 
when he baca.me C ief Hydra h e Enginee and w succeeded by 
F. M . Ve . c.h , who came tot d i sh' ct on M ' rc l r 1940 . In 
addi i on o his du .ies as i~t:d.c .ngin eer , Mr. Ve a c h w~appointed 
to several boat·ds by the Lnte nationa l J o i n Commi s 1on~ulf 

16§_/ P · '39L 
Other Ci vi Ser'\Yic:<e nginee ing personnel were: 

Name P er od Military Furlough 
D . "T.l<-:- Ca k~ns I H 39 t o 6 / 30/ 1 
G. W. Ca · ghra 1/ 1/ 39 to U/ 4 / 4 
R . B . Kil gore '1/ H 39 o 9 / 30 / 2 
1. E . Ande son 1, li/ 39 to 9 / 13/] 
G. M . s. e r wood 1/ if39 to 5/ 3 1/4 0 
G. M. T ayer ·u · / 39 o O/ 5/ 9 
E . Z. Gray 7/ 1/39 to 7/ 2,4/ 39 
G. I. Teufel 1/ li/39 to 7 / 10/ 9 
F. V" BurkebU H B / 39 to 8 / 20 / 421/ 
G. . B dhaine 'i/12/ 40 t:o 6/ 0 / 47-1Z/X 4 / 4l t o I 6/ 46 
P. C . Ben 8/ / 40 to 61 30/ 47 2/27/ 42 t o U/ 28/45 
Wa l ~· r Hofmann li 0/ 2,2 / 40 to 683 0/ 47 
H. C. Rigg~ h0/ 24/ 40 o I 0/ 47 
W. H . Robin ·on !1 0 129 / 40 to b/ 30/41 U/ 5 / 42 to U/2 5/ 46 
S . W • Dragni ch ,; 3 40 t.o 6/30/ 47 _ 12/14 / 4 1 to 2/28/46 
J. G. Dr on 8 / H 4 ~, o li O/ 9/ 42.-}:i 
J. R . T l'llt 'ockmo rton 10/ ~ 0 / 4 1 ·o 6 /3 0/47 
M . M. M I. e Z. f l / 42 to 6 /30/ 41 1/27/44 t o 4 / 9/46 



18.5 
Name Pe no.d 

EdwiilNasburg 2 / 24/4<2 to UZ/25/45 
E: G. Bailey 6 / 30/4Z to 6 / 30/ 47 
F . w·. Kennon 9 /23/42 to 4/ / 46 
C. E. Chapma.n U/ 9 ·4l to 4 / 29 / 4 7 
H ~ A. Sandven 1 / 23 / 4 2 to 8 / 7 / 43 
H. M. K .rby 3/24 / 43 to U/llS/ 43 
H. C. Broom 6/ 7/43 to 6 / 30/47 
D. T. Se i ts inger n /43 0 I H 45 
P·. G. Sherman 5/ 4 / 44 ro 6/3 0 / 47 
J. H. Johnson 5/29/44 o / 31/ 45 
M. W. Hya t 7/ H 44 to 1/U 8 / 45 
Q . P. Bradfot d 9 / 19 / 44 to 7/ 2 / 45 
J. C . Iddings 9 / 23 / 4 to 6 / 3 0 / 47 
W. M. Carl'oll 10/16 / 44 to '5 /X 6 / 47 
W. F . Henage r Z/ 1/ 45 to 2/13/47 
W. L. Mc Kay 3 / 1/45 to 6/30/ 47 
F . B. Hagan 7/2.'H 4S t.o I 5/ 47 
W. M. Darden 9 / l / 45 to 6 / 30/ 47 
R. J. P arker 9/ 13 / 45 o 5 /2.0/ 46 
R: G. Row and 3/ 1/ 46 to 3 12 / 46 

~E. A. Moore 3/ 18 / 46 to 8 / 23/46 
G. W . Heath 5/ 14/46 to 1 /1 7/ 46 
Agnes Ranl ett 6 / 24/46 to / 3 0/ 47 . 
H. W. R ichards 10/ 1!46 to 6 / 30/47 
C. F. Troxell U / 1/ 46 to i2/ 3/46 
A. C . Kloske 12 / U/ 46 to 2 / 22/47 
L. V. Jacobs 12/ 13 /- 6 to 6 / 30 / 4 
s: R . Osborn 1/ 7/47 to / 30 / 47 
F. T. H dak 2/ 3 / 4 to 6/30/ 47 

Y lAi i ary furlough; did no r e tu n to district. 
Mrs . LuciU I. Pe te son wa district clerk during most of the 

period. 
Portl nd . Or eg. - The p:tesen p r io w as one of very consider

able incre s in ih . numb r o£ gaging lJ .a ions, that i ncs-eaae be ing 
from 2 5 wit 1 6 ~ recor rl!j in 19 9 . o 278 w i h 221 r e corder s in 

947. T ere w r two p incipal c u s: (1) the Army Engineer s 
early in the p :dod p ovided additional funds 9 both .for the e stab 
lishment of &.dditiona s ions nd fo 'l' suppo t of some existing 
st tiona o the number of c ooper t iv A my Eng neer stations in
creasing from 9 t o 38 ; nd (Z) b gmnitng in 1946 9 the Bureau o! 
Re clam tion p ov"ded fund to en .b l th Survey t o . ope r at_e 32 sta 
tions in Oregon o includi g 2 1 e .b is ed by the Bureau previ ously. 

To operate orne of the new st t ion , 9 a sub-office with t-1\ree 
enginee s was est .bUshed at: Medifo:t'd m the summe :1' of 1946 9 and 
with Survey enginee in tha a & o that office also took ove r the 
opera.tion of a numb r of St:& e cooperative stations previously 
maintained by State wat r rna s te :r. . A total nu mber of 52 stations 
were operated by the Med ord Office» which a lso computed the re 
cords. In Octobe r 1944 9 a sub ~offk.e or r sidency was-established 
in the S ¥:t.te Eng, neer 0 s OfHce at S l em ,, a.nd that action resulted in 
a c ose r SQ:ate ccntac ·, p :t>ticul&rly i n th su pervision of the sta
tions being m aintained by th St te Enginee 0 s Office. 

Beginning in· 1937 " sample from 8 ~now cO>u rse s inthe vicinity 
of gaging stations were colltllcted bout 3 times each w i nter for the 
Soil Conse r vation Servi ce. Some of the now c ourses we e at iso 
la,ted locations. There were 3 s now cour ses wi th elevat .ons rang
ing from 3 o 800 to 5 " 2 00 fee t in the vic inity of ~iamond Lake in 



No th Umpq a Ba in. nvolvmg = t ·n es • 20 m 1es o* foot trav-el, 
nearlya.ton k 1i> and he se o s.eJttrcab.n requ'ringusually 
8 days. The e were also three cou · es a e 1e at. ton a~ging fr m 
4 , 400 0 S, 75 0 feet near 21. gag tng tati n a Wa do Lake m the Cas-
cade Moun ains. The ~-day trip from Bend w . made by t.wo men . 
u ing skt s for a distance of 60 m les. T.he Sotl C~nserva ton S?rvt ce 
mamtumed two she t.er cabins sto ked wtfh prov ,.,,ons. t.he cabtns 
be ing located a ski-day d tsta.nce ap r 9 one being at the lake . On 
one r1p , the part in charge of Jo n Kov 'no'lrtch reached the lake 
afte r dark and being un<>ble o ocate th · c b 'n . we e fo ced to 
spend the night m an old lean~to without bb.nket& or food. Fortu
nate y . hey uffered no Hl e !ects , and h fo owing morning oca
ted t e ca :n within a few h nd ed feet. On 2·.nothe !' occasion m 

948, A. L Kimball and a companion spe:t.. th mgh i n an i mpro
vised b rush she ter :in the snow on No· .h Umpqua R ' ver . 

Near the end of the pe riod, as a result of requests for such 
information, the Survey began to take with r egu ar measurements , 
wa e r temperatu es which would show lat the effect of storage on 
he wate temperature , and its suitab\1 i t forfbh ife , and fo r the 

water supplies foy· indust ial and domest 'c p .rpo es. 
The> on y use of a.n ·~irpla.ne dur •. ng the period was ' n searching 

for the bodyof Blake We sh who was d r owne-d Apri 15 , 194 7 , while 
p repar ' ng to make a boat measur ement oft; e McKenzie R ' ver near 
Coburg p no high water 9 but a a s age too high for sa e use of the 
boat for measuring. The boat capsized and Mr. Wel sh was swept 
away in the swlft. wide stream. In ddi ion to e rching by two 

motor boats , an airplane was s d to ea ch both e iver and 
banks. A large p ile of drift was oc ted s me dist~nce downstream , 
and when the :river went down •. his dr" t w s l oo ened by means of 
a large trac o • borrowed om the County Road Depar ment and 
floa ed downs earn. On May 5 , ad p ty she ~ f continuing the 
search by a i p ane d i scovered the body 600 feet farther downstream 
from the site of the drift , i having een hidden by he dr ift. I may 
be added th Mr. We sh' drowning whi e making a discharge mea
suremen was one of a very few 9 1 s thafi ha f a do~en. s i m 'lar 
ac cident s s inc-e e days of the Irriga ion Su:-r.vey in 889 nd 1890. 

G. H . Canfield continued as du 1 t engineer and ad the follow 
mg Ci ·1 Se rvi. e engineering as s i s ant : 

Name Pe l'iod M 'litary Fur ough 
K. N. Phillip 7/ U:49 o 6 / 30/ 47 
G. A. Kirkpat.rick 7/ 1/39 to 6 / 30/ 4'7 
W. T. Mille 11 1/ 39 to 6 / 30/ 47 ?/20 / 42, to 6/1 0/46 
E . S . Borgqu · s I 'i/39 to 9/ 8 / 39 (W A E) 
M. D . B rands 1/ 1"'9 to 5/14 / 40 

I. A. Coope 
John Kovtynovich 
A. R . Peracca 
K • .J. Smouse 

M . L. Hil ~ger 
W. W. Dean 
G. A. Bu kman 

G. J. Backe 
L. J. J ensen 
M . D . Ca k in 
O. T. Dauel be g 

7/ 3 1/44 ~ 6/ 30/ 47 (W A E 
7/ 1/39 to 7/2./ 41 
1/ /39 to 3/ 1/ 40 
7/ 1/39 to ! 2,/43Y 
1/ 1/ 39 0 6/ 0/ 47 

10/ 8 / 4 to / 30/47 tW A E) 
3/ 2 / 40 tc 9 /1 / 40 
4/ 23/4C to 6/30/47 
0/14/40 to 6 1 ~0/ 4? 7/ 3/42 to 4 /29/46 
4/30/ 46 o 6/30/47 (WAE) 
3/ 3/41 to 6 / 30 / 4'1l/1/R4/ 4 1 to 1/ 14/ 46 
4/ l/ 4 ~ to 3/ 5/ 43_ 
3/1 8/42 o 6/ 30 / 4 '7 7/ 7/44 to 4/22/46 
2/ 1/ 42 Lo '1/15/ 46 



Name P e ted 
C. C. Scott 3 / ffi4no 6! 1/4 l 
E. H. Stolte 8 / 3 / 4 ) o 6/3 0/ 4 '? 
R. W. Ch .i d reth ll / 2,2. / 4 l to 6/ 0! 47 
J. F . Cl a ver 8 /ll4 / 44 t o 6 / 30 / 41 
C. A. Young 9/ 3/44 to b {30 / 47 
Blake Wel sh DO/ 145 to 4/'V- 5/ 47 
G. E. Ko b r g 6 / 18 46 · o 6 / 3 0 / 4 ? 
R. H. Ma cLauchlan 9 /16 / 46 o 6! 47 

,!/M"litary f ll:i l o gh ; d id not return o ie tric. • 
Mi ss Belle Irwi n was the d list 1ct de r . 
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San Framcisco ~ Cali£ . .. T number of tations wa increasedfrom 
279 WI11i""!b3 ecorde s in ["9 3 <} o 3'H wit 3ZO l.t ecor de .. during the 
per od. T h ne e2:. r y UOO ddi ~onal $ ~,ion~ we du e ch ' efly to the in
crease i n stations op r a ed iot- the Army Engi n e r s and Bureau of Re 
c amation. During he f i rs . e r o the Army Engineers requested the 
establis hm nt of 18 il!it tion ~n connecHon wi th their ood-cont:r.ol 
studi s ~ a nd du:dng e ensuin ye ·r" a.ddi ion& stations were estab
lished . h otal n mb r a t t e end of the p d od wa 44. The in c rease 
in the number o! Bw· liiu o.f Re a•.mation s a.tions was from 2 i n 1939 t o 
43 in ~ 947 p mo~t of the ' nc eas 0 r.: l' ing i n e n944 f i scal year fol
lowing ~ confer enc with Bureau officia l whi ch :t>e sul ted in 2.8 BuTeau 
s tations in the Cent a ' Valley P r oject be i ng tram !erred to the Survey 

for operation and rehabil ' · i on. In 'l-.ddiHon to tht: 3 71 s ation r e
ported o recoTd s fo:it 30 were f'urni hed for public a tion by the Los An
geles County F l ood C o ntrol D i s r i c 1:n.d 13 by power comp nies and 
other a,gend e • In addition t o the 4 l 4 stations ~ f or whi ch :t>eco ds 
were p b l h d . th b U ion~ mainta~ned fo Federal Power 
Commi ion p r m tte 1nd i en~e .. t e Te co d. for which were not 
cons:idered of u ! fide t g ne int r .o w&r a n p ublica ion in 
Water-Supply P .p ' S. : . December 94 ll., at th e s gge ion of the 
Waiihi.ng on Of k ',, an · ngi n e ll:' w ~ t:~tioned at the Sta.t Engineer cr s 
Offic e in Sa c r. m n*o. The C e atr ..s•l Va l y P r o jec ~ i nvolving the 
utilba o n o he s 1:re- m :Jn t n Sac &m en o and San J oaquin Valleys " 
wa in h . on t ct. en. ~ t· g and ·n tha conn~ct 'on . close cooperation 
with he t E ~gine r of CaHfo n 2.1. and e B reau of R eclamation in 
the ope ra 10n of ce ·t·tcu.n g"' g ng s ta i ons wa desi rab le. 

Beginning wi h h ~.ppoin~m n t o H . M . Sta.f o d v who succeeded 
F . C. EbeT t dect"a ed •S en in~er ' ch r g 943 " t} e Los Angeles 
Offic.e becam argel y ~.ndependent of he San F rancisco Office. It had 
i s own 1 otmen f nds " it:~~ own i s cal ace ount " comp iled :f.ts own 
· ecords and t.:ran m H:t d hem 11-o Washington . a nd m adn ained the ne -· 
ce s a:ry .oope :ion w 'th .h. C:O'!&nti s .nd c "ties cf sou the n California. 
The d i s J< ct n gine ,, h o wewe 'il". · :tranged th State coopera ·ion and 
appor t ' on d ho e c.:oope:ra t:Rw unds to t::a c:h offi e. The d ivis ion of 
the d ist:tic: t a ea ope Cl!. t: d by ch 10>£H c w rep esented by a, line 
betwe n S n Luis Ob po a nd th c es of h Tehachapi Mountains 
and extende d astw 1 d to New •,d . 

In he San Franci co ;ar a D in wh i ch 250 of th 37 U sta ·&ons we e 
located " a siden , engln e a w· 1 il:! deta l ed to A :asc dero i n 1942. when 

the Arm E n ginee qu ted ·he Su:t ve t o make de t ailed studies of 
the wate t' <e~ sou c es in th uppe't.' Sa ... i n il:.' R ' X' Ba ~n where the former 

a gency h a d const u ct d a. f'eser-~o:~ .o upply C ·mp San L u i s Obi spo , 
a n old National G 'l d Camp. A t If' iv rs on w s ' n t o another basin , 
it w s nee ea:ry o k ee p ac\!:' U )t t e c o ds o:£ t.h . diver s i on . and i ts 
effect on t:he S&linas R hre :t.' . lin ddi icn .o th 6 g g~ g stCI!tions e stab-

lished. aeep~&ge me 1. • elme !lh wer~ made dur i ng the low water sea. son 
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· 1 f the re s e rvoir to the mouth of the river, mea-at 3 - week mterva s rom · · 1 
b · d t 13 po ints of which 9 were on t.h e r1ver 1tse f. surements e 1ng rna e a ' 11 · h 

A sub - office at Merced with 2 enginee r s , and one a t Porterv1 e wlt 
· e established in 1944 , when the Sur vey took over the one engtneer, wer . . 

t . d h b1' 11' tat1'on of the Bureau of Reclamahon statlons con-opera 1on an re a · ' d · 
nected with the Ce ntral Valley P roject. The.re was no res1 en~ eng~n-
ee r at Lodi subsequent to 1942 , although off1ce space was reta1ned ln 
the pos t office building. 

One equipment casualty was dlarged up to the wa~: The Navy es-
tablishJnent at Tiberon was prepar ing to put a submanne net across 
the Golden Gate , and before des i gning the net , borrowed two meters to 
measure the tidal velocities . After the war , one meter was re~rned 
but t he other was reported missing as it had become entangled 1n the 
propeller of a naval ve ssel. . . 

The Los Angeles Office was in charge of F . C : Eb~rt unttl h1s 
death in the f i eld February 23 , 1943, and after· an mter1m of a few 
months , H . M . Stafford, formerly with the National Resour~es Plan
n i ng Board, and an early day Survey employee in California~f was 
placed in charge September 1, 1943 . 

1697 Follansbee , Robert , History of the Water Re ources Branch of the 
US Geol. Survey to 1919, p. 423 . 

Of the 371 regular stations in the San Francisco Oistrict , the Los 
Angeles area had 121 , whi ch was an increase of 41 stations during the 
period. A part of the increase began in the summer of 1941 when the 
a greement with Santa Barbara County became effective; 6 stations 
we re established that year and 17 during the remainder of the period . 
The records of the stations in Santa Barbara County were of particular 
va lue to the Ground Water Division's invesfigationsliDf and an engineer 

170 p 
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ginning in the fiscal year, the resident engineer , H . G . Thomasson, 
de voted much of his time in analyzing the accumulated stream-flow 
records and related hydrologic data, and in p reparing secti ons of the 
repor on perennial water ylields , which were incorporated in the 
Ground Water Division's three reports on the Santa Barbara Count y 
inve stigations .17Jt 

171/ p . 346. ·-------------------------------------------
- The Santa Barbara County work was not the only cooperation with 
the Gr ound Water Division, as during the Los Angel es River investi
gation fo r the Army Engineers, the Surface Wate r Divis ion analyzed 
t he results of seepage measurements made by othe r agencies. The 
chief cooperati on , however , was the measurement of about 200 obser
vation wel.ls at interval s ranging from monthly to yearly, which had 
been c:arr1ed on for many years, the number of wells gradually in
creaslng. 

Water is so valuable in southern California and the stream beds 
to sh.ift~ng that .many attempts were made to design artificial control s 
to ehmmate sh1fts , and 20 percent of the stations were s o equipped 
at the end of the peri od . In spite of the contr ols, however, it was 
necessary to make either weekly or bi - weekly d i scharge measure -
ments at some stations throughout the yearPq · 

17 21 f5 r o ce eding s Car son City Co nfe=:r:-:e::::n::-:c:::-e:--', <sor-:e:-:p::-:tc-Ti?rs--""'z~o:-,-...1'7'19~4..,6-,-P-P-· -z"'3--"""Zr1!5~. 
An important part of the activities of the Los Angeles Office was 

the i ntensive hydrologic studies made by H. c. Troxell , the firs t and 
most comprehens ive of which was the study of the San B ernardino and 
eastern San Gabriel Mountains , started in 194 1. 

T.h~ San Bernardi no County Flood Cont rol Distr i c t was organized 
to fac1htate the deve lopment of a c ounty -wide program of flood control, 
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as well a.s to b.c the contact agen f be'tween the County and any Federal 
agency planning floodocontrol structtn·e s. The County offi cials had no 
progra m and were looking for· suggestions. Mr. T r oxell explained that 
much val ua b le i nfo r m ation could be obtained !:rom an intensive study of 
existing hydrologic data. and as a result . the Survey was r equested to 
outline a cooperative program whi.cb. w.ma p~eaented and accepted. It was 
a 5-year office s tudy . ba.sed on prec:ip·H;ation and runoff o and a n analysis 
of each drainage basin in the San Berna rdtno and ,eastern San Gabriel 
Mountains. The purpose was to show th recove able water in each 
ba.sin, the amount depending on physiograp hy . absorp tive ab'i·lity of the 
soil . available ground. ~·wate:r stor~ge " and th ma;.gnitude of the natural 
losses . 

Headqu~:rh::ra wel'e e ta..bUshed i n the F l ood Control Di strict Office 
in San Be·rn(d). dino .. whe!'e- Mr. Trox<!!'U bad two fuH=time assistants and 

three part-time a s:s i tam 1:1 who maintatned the l"egula'l' gaging stations in 
that area. No additional stations wer e established for the study. San 
Be rnardino had been a sub =offic:e for stream gaging in that area since 
1919 . 

It was exp~.ct~d that he Gro'Wld Wate r Division would cooperate by 
fur nishing a ground ~water geologist " and P . E . Denni s spent about 6 
weeks studying the g ology nd prepa:dng a report on the "Geology of 
San Antonio Ca nyon . Cahfol'n lav in r e lation to gr ound-water storage." 
He a l so spen an additional month o r so pr epadng a report on " Geology 
of the San Timotes Creek Ba i.n . California p" with K Ro Melin. At 
the end of tha:.t time . it was nec esBary for the Ground W ter Division to 
place h i m in ch a rge o! the inve stigations in Utah. and the shortage of 
personnel du:clng the war years made it impos s ible to make another de-

tail o the i n '.e> sti g Uon. H . V. Peterson " in -bar ge of the Survey 0 s Soil 
and Moi s u re P r o gr ... ~m . '8Upe · vis~d the subsequ nt ge ologi c studies. 
The study itself was compl~t d in 1946. The report whi ch win be pub 
lished as a w ter - su.pply p-ape r . c ontained chaptt:r~ on physiogr aphic 
features ; a n.dyais o d rainage baii:ins by ltitude . av·era.ge exposure a nd 
vegeta hre cov f u.rni hed by the Fo est,$e 't'wi eh clima e a nd t emper-
ature ;; p :x· ecip ~ tat lo • the E>tud y of th prob~· ity or fr equ ency of preci
pitation on i.ndividua l days ;; snowfall;; solar rad iation; t abul&tion of flood 
runoff by l) .~day period~ • . s bei ng mo· e reHabl than recorded peak dis-
chal"ges , nd being a.s ]ong · ood r · noff ge nerally occur s . due to the 
absorptive qua,H -~.e ot th d :ta:inage area. s " were ia.ter peak d i s char ges 
supplemen al to the 5-da.y pedods;; and e~. soraal runoff. The ground 
wate r toratge was d · t e r mined f:r."om s tudies or predp itat:ion and runoff. 

With the o:t>e going a.s a n exa mp eo a s im ib.1' study on a smaller 
scale in R iv r s ide County was started in the fililca l ye r 1947 " during 
which.the study wa ID'!i!.de :m the Los Angel es Of ice. It was in progress 
at the end o! the period. 

While th e San Be na.rdino st:udy was i n pro gr ess o a study of the 
evapo- · ·~nspiraUon lo ses by he i!1<vy native vegetation i n the l ower Santa 
Ana R1ver Canyon was be ing m a deJ-73/ It was ~St&rt~d in the spring of l 944 
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for he pux·po k!l e 01 de'te:rm ihl.ng the amount bf th~ water l osses tn Ute ea::n 
yon o and t.h.e economic .feasibility of m <f'!asures which m i ght be taken to 
salvage some of those l osses . The los se~ Wel" d e termined by the basic 
equation involving i nfll.ow 0 outfllow~ f.l.nd change in ground ... water storage o 

and involwed mt:asurements o r est:imates of all quaHti.es of water , sur 
face and sub ~ su:t't.aJC:e p ente ing .. $to.te d !n n a.nd l ea 'Iring the c!!! nyon section o 
in a given inte:t"'4fal of tim e f.o:r ec1!.ch of the years i944 o 1945 and 1946. T © 
dete r m ine pe rm5ab''lity of the V<l!.Uey filL a pu mping test was made of 
one of the i rr i gation wel .s of the Sa.nta Ana Valley Irriga.tion Company o 
in Ma y 1945. The hydraulic gradient: a.t: tha.t cro~Ss se c tion was determined 



on the basis of water level eleva t ons n 2 wel s 2, 500 feet pa t The 
w1dth and depth of the water-bea ng m t:r ta sa the cross section were 
defmed by observation of w ;1.ter teve s tn wel s, and by a cross section 
of the valley fill, based on test bormgs made by o her agencies The 
study was completed in June 1947, and a ~po t ~~water Losses in the 
Lower Santa Ana River Canyon , by M B . Scott and H C Troxell , " 
prepared . The de scriptl n of the study was taken from th t report 

H . D . McGlashan continued as distr ' ct engmeer and had the fol
owi ng Civil Service Engineering ass istants : San Franc sco Office 

Name Period Mil1tary Furlough 
R . C. Briggs 7/ !/39 o 6/30/4 2/ 
Chas Le idl I /39 to 4/30/45 
Jesse Arnold 1/ l/ 49 to 6/30/ 47 
C . J . Emerson 7/ 1/39 to 1/ 30 /39 
B. C . Colby 7/ i/39 to 9 H 42 ~/ 
D . A . Dudley 7/ 1/39 to 6/30/47 
F . A . Johnson 7/ 1/39 o 7/ 14/42 
H . M , Orem 7/ /39 to li 5/42 
K F. Schumacher 1/ U/39 o 6/30/47 
A . C . Swan son 7/ 1/39 to 6/30/41 
P o M. Alexander 7/ 1/39 to 6/22i42 
H . J. Sexton 7/ 1/39 to 6/30/47 0/ 5/ 42 to 1/ 13/46 
H. C . Pr ' tchett 7/ ./39 to 8/ 39 
C . D . Bue 7/ 1/39 to 7/31/39 
Harry Hulsing 12/ 7/39 to 6/30/ 4 1/ 6 /43 to 3/13/47 
W1nchell Smith 3/ 4/40 to 6/30/47 
R . I Mayo 8/19/40 to 9 30/46 
M . L. Hilleger 9/ 4/40 to 7/22/41 
R . P . G'lbert 12/ 2 40 to 3/'!5/43 
J . H . Stollard 10/20/41 to 1 1 /?.3 /42 
J . W. Odell 12/ 4/4 to 3/ 12 / 44 
H E . Dahman 11/23/42 t o 6/30 / 47 
W . L . Wellman 12/18/42 to 1/ 5/45 
R . C . Wheeler 2/ 1/ 43 to 6/30 47 
T . A . Cooper 2/15/43 to 6/30/47 
F . C . Crai g 3/ 4/44 to 6/30 47 
D . L . M 'lliken 6/ 5/44 to 6/30/47 
F . B . McGraw 9/26{44 to 6/30/47 
R . S . Lord 11/ 2/45 to 6 / 30 47 
V . C . Bengal 12/6-21/45; 3/27/46; 

9/ 26/46 ; 3/31/47 
0 6/30/47 

A . H . Peracca 4/ 16/46 to 7/ U/ 46 
George Anthony 6/28/46 to 6/ 30/4 
!f· F . Matthai 12/2 1/46 n h/".0/47 
WI.Ji Venzuela Septemher 4 , · f~45 to ep ember 1 . 1 'J.<to 

ffMlhtary furlough; did not return ~o 01 Ulct · 

Los Angeles Office • 
Name 

F. C. Ebert 
H C . Troxell 
Jarrett ol ·ver 
0 . J Wittman 
K a R . Mel ' n 
R . S . Lord 
K. F. Schumacher 
G. I. Lang 
S . S Butler 

R Scott 

Period 
7/ 1/39 to 
1/ 1/39 to 
7/ 1/39 to 
7/ 1/39 to 
7/ l/39 to 
7/ 1 39 to 
7/ l/39 to 
7/13/39 to 
i/24/41 0 

2/ 2/42 to 

2/23/43 deceased 
6/30/4? 
6/30/4 , 
6/30/47 
1/3 /44 
4/ 14 40 
6/30/47 
6/30/47 
6/30/47 
6/30/47 



Name 
L. E. Kb.~ r 
W. E·. D ick inson 
R. P . . Dalton 

H. M. Staff or d 
H.' G. T homa.sson . J 
W. D . Gerke . 
Geor ge An h ony 
V. E ~ Wicks 
P . A . Fa and& 

P e:r-iod 
4 / 24 /4Z t o iZ / 14/42~ 

10/ 1/42 to 6/ 30/ 47-
12/ 1/42 t o 8/17/ 43 : 
10/ i/43 to 6/ 30/ 47 

9( /43 to 6/ 30/ 47 
2/ Zl/ 42 to 8/ 25/ 46 
Z/11/ 44 t o 6 / 30/ 41 

Y. 0 / 23 / 43 to 4 30/ 44 
7 f 5/ 44 to 6 j 3 0/ 4 7 
1/16/ 45 to 1/22/ 41 
6/1 / 47 to 6/ 30/ 47 
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S. E . Ranrz j"gq / 46 t o '! 0 /~2! 46 
C. E. Bulle 4 / 8/ 46 to 6/3 0/ 47 
A. S . SolHd 8/1,6/ 46 to 6 / 30 / 47 

_!/M ilitary fu n ou g ;; d id not retur n o d i strict. 
Mi ss Helen C. Smi h wa s the d ist ic.t clerk. 
Honolulu v T. H.- WUh a-va ilable .fund sub tantiall y the s ame ex-

cep t for increase take c:a .f'e of ere· sed osts . there was but 
little oppo tun ity to increaa. the n mb of stations a nd consequently o 

that number wa s only inc. :rea ed ! !'om I ~ 5 to 126 . a ll equipped wi th re 
cor ders . a nd 96 p erc e n t w i th a t i cia1 c ontrols. The rating of ga 
ging sta ion mod 18 started in he p e vi ou pe riod wa s s opped afte r 
Pe~rl Harbor . At t !lte beginning of the pe iod " a new technique wo r ked 
out by H. W. Pa m F 4f p e d d p the ime r e u ired t o p rep are and . rate 

17 9 pp. 0 

a mo e 9 n a a r e su t . 
The mo~t · ill c s ib l g oup o st t i ons'7L'were tho~e on the wi nd-

ward or h s Ide of the s and of Mol okai }:t::Jf When 
17STpP:16 -3 (l911J 1928) o 

we re l."ees t· bliehed in 1937 ., w a s cu stoma ry ·o hire sampa n to 
tak e the enginee o that c oast by sea " e x c e pt when t he weathe r was 
oo bad " as th only means of a.ppl'oach wa ove a 3 , 000 -!oot m oun

tain r idge . At the beg"nning o the' war the sampans were no t per ~ 
m itted to go out . and h B ot> a ge of &bor m de i t i mpossiblE' t o 
m a.intai.n the mount~ .n ' il. An .rt-a gement wa$ m a de w 'th the 
Boa· d of Hospi tals wh ereby the Su . ve p chased a 0 -horsepower 
diesel engine o · a b oa.t used t~on'lfey supplie s to the L e p er Settle 
ment ,. and h a boiA', wa mad BV<~\ lab e fo r:· reachi ng the w indward 
s ide of th · s a nd. 

A id 1 ght o n h e lmpr;ess~.ons of fie d conditions on a n ewcomer 
to the d i t t'ic. wer<C thos~ of m e :ngin e r who spe nt f.ew months here 
in R943 . When he fi · t vi.s !).ted a g ging sta. ion h e lt r o he took hold 
of the p adloc.k to unloc.k i t and e c e ived a c e ntipede sting o a nd upon 
opening the door ~ he wa s greeted by a showe of co r p ions a nd mor e 
cen t:ipede s o T he:r·eafte 0 he B.lw.a s kno c k d on the doo w i th a l ong 
s tick to shtll.ke l oo se the: i nh .b. tamts. 

The Honolu u Di t:d~ s would be expect d . feL the i mpact of 
the wa much m ore than my m ~inland d i ·ric t . Pe haps the most 
radica l effec on he d •st:r- :k ope tions wa s th . use of airp l anes fo r 
in t er -is land t a.nspo:r a iono &11 u ·.r: f'a e tr~.nsport.~. tion was immed
ia te y d i scontinued December ';' ,. U 94L a nd thereafter.o only a irp lane 
service wa~ available . U e o£ :ad..t. p l ·· n · a cont nued at.fte r th e wa:t- as 
r educed fares ma.de i economica l t o u se the p nes which m ade 
se ve ral trips da ily wh lle ships ofi'e red only weekl y s ervice. 

An effect fe ff: mo.r.: e ev rl y than n other d i stricts was that due 
to the engine er personnel of J a pa nese descen . With t he l oss of 
some of the most xp ienced. enginee.t's to he Navy . i wa s neces sar y 
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to carry on wit juniors and aid s 9 four of w om we 't'e Japanese
Amer ' cans o The understandable prejudic.e of the A my and Navy' 
agains Japanese at that time bar't'ed hem from ~any areas . and 
the non- J panese personnel had ·o assume a heavter burden of 
reld work. Some gaging stations were m areas taken over for. 
j ungl e tr ain 'ng where it was n~cessary to obt_ain advance perml 
ss ion from the Comma ndi ng Officer a nd m a kmg hat conta t fre
quently required as m en t ' m e as the actuaJ visit tothe stat on 
' tself. From thos e areas especially g Japanese were barr~d . T.h~y 
were a lso barred e ven as passengers from the boats u sed 1n v1s1hng 
the ga ging s tation on the north coast of the i sland of .Molokai. . 

Anothe r effect was that on the work of the ar tes1an well engl
neer . There were many wells in the Pearl Har bor area which 
were a cquired by t Navy and a s much construc tion work was 
c a rried on , many of the well s were ab<O.Indoned . However . under 
Territorial law, · all wells had to be sealed before abandonment. 
And although before sealing . the well p ipe was sticking out of the 
ground . such a p pe meant nothing t o the c ontractors , or t o the 
constantly changing Nav y personnel. and consequentl y , the arte
sian well engineer was kept busy spotting new construction which 
might cover u p a well before i t could be sealed, or its l ocation 
mar ked for futux·e a c ion. Since 19 15 , the investigation of the 
artesian well s has been a part of the surface-wate 'f' cooperative 
p r ogram wi th the Ter i o~y . That in lude s records of well head, 
salini ty . new drilling , repa ' r and abandonment , and administration 
of the Terr itor ial laws r ela ing to the conservati on of artesian waters . 

A m inor ffect of the war on the regular ac iv' ties was the short
age of food in the restaurant . The many service men stationed on 
the islands became bo ed with their regu ar mess and formed the 
habit of patroni zing the restaurants whenever possible , with the 
r esult that the restaurants woul d be sold out and cfose up some
times early i n the afternoon. Consequently r i t became the Survey 
practi e fo r the eng ' neers to ca rr y a supply of canned food to 
avoid going to bed hungry. 

War- i me e ques s for infor mation were of wo types ~ on 
available sou ces of water suppl y for m ilitary establishment 
and the othe r. estimates of the p obable s i ze of the flood pea ks 
where such p r oposed estab i hments were to be located along 
waterways . As M . Car son adds J.. ?:, _! 

176/ L etter to author . 
- one of the striking fe atures of thi s was that almost i nvariably 
the arne ' niormation would be requested by two or more different 
a thorit i e s and wou d be repeated from t i me to t ime as the per-
sonne hanged . · 
- The a tack on -::P"""'""e_a_r...,.l_H __ a_r __ '6_o.-r_w_ a_s_ w.ltnessedaCc o-se range by 
H . S . Leak who wh 'le on a nnua leave , was working for a cOt; tractor 
at. P earl Ha bo , on the morning of December 7th. When the bomb
mg occ r ed o being unarmed , although if ar med it would have done 
no good , he was a. h e l pl e s s bysta nder wi thout cover and had to take 
1t; fortu natel y . he was not injured. That same day , Paul Goo, a 
territor ia e mp oyee i n the d i s tric t, had the front of h i s house 
blown off w ile at breakfast with his family, but none we r e hurt 
except Goo Mms elf who had a minor injury due to a flyi 11g splinter . 
Messrs . Carson . Bea.rd:tn and Leak were members of a volunteer 
home guard uni o known a .'1e Business Men's Training Corps, 
wh ich was nifo m e d . armed and trai ned bythe Army and partici
pated in some of h Army maneuve-rs ;; late r. most of the work was 
guarding water wor ks v radio stations , warehouses and other essen
tial instal at ons . They took over those duties from the Army at 



night. Unti the battle of Mid way. whi ch m~rked the turning point 
of the danger to Hawaii . the i nha.bita n s wel' 9 n M r. Carsonv s wor as, 
"pretty jittery"" but afterwar d they .{e t th.:re was no :real danger of a 
second a.t ack. 

M. H . Car son continued as d~s ict · ngl:rt~ and had the following 
Civil Service engineering a sistarilt~: 

Name P el'iod Military Furlough 
W. E. Armst ong 1/ )if3"9To 6 / 30/ 47 
G. T . Hirashima 7/ l/39 t o 6{5 0/ 4 1 
H. W. P a lm 1/ l/39 to 6!/ 8 / 4 2 
H. C. McCree ry / 1/39 to 4 /1 0/ 4 U 
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H. S. Leak 1/ ]./ 39 to 6 / 3 0 / 4 ? 1Z/3 i/ 43 to 12/ 7/ 45 
J . W. Montgome l' y 7/ l/.39 to 1/1,5/ 42 
M. N. Nahm 1/ 'i/39 t o 4 /1 0/ 4 1 
E . H. Bekkedahl 9 /1 4 / 39 to . lf R4/ 4 1 
Kenm T a kum:i. 10 / 3 1/4 to 6 / 30/ 41 
Hisashi Kanno ··6 j U/4 2, t o 6 / 26 / 44 
R. K. Chum o/ U/42 to 6/ 0/ 41 
H. W. Beardin l'i/ 5 / 4 Z to 6 / 30/ 47 
Ge orge Ant ony 4 /25 / 43 to q j 2,5 / 43 
George Yamana ga 6/ 3 / 43 to 6 / 30 / 4 
D. W. Lee U/l6 44 to /1 6 / 46 
J. G. Chun 7 / 8 / 46 to 6 / 30/ 47 
C. A. Wyse 8/ lZ / 46 to 6 3 0/ 41 
M. Y. Lee 1/ 2 / 41 to 4 /1 .. /47 
Hajime Mat uura 5/19 / 4 7 to 6 / 30/ 4 7 

Alaska; - Although the Water Re ou ces Branc.h had carried on a 
lim ited amount of water inve s tigational work in Alaska i n c ooperation 
wi th the Ala kan B r nch from 1906 to 9 ll. 3, and a g in from 19 15 to 
1921 ,177/ no such work d b een p r o med b y the Su we y subseq ently. 

177/ Follansbee, R':obe . t . Hi to"t' y of Wat _, Resour ces Branch to June 30 . 
1 919 , pp . 291- 8 . 4 Z5- 8 . 
The gr owing sc city of wood pulp lin the Unifed State s p which had been 
a. p rime eason for he second inv e i g t ion 0 9 ~ 5 - 2 1)9 ontinued 9 a nd 
was m ade mo:t>e cri k al du i ng Wor d Wa · J.I when the suppl y normally 
obtained from E u rop e wa s IC'Ut off. As a we of pulp w ood i s available 
' n southeast rn Al~ ka a nd as gr ound wood pulp i s c:hea p but equi.res 
la.r ge amounts of power !or gr "nding r .n inv es ·' ga .ion of the power possi
bilit ies of that region was needed b ca u e the availabil ity of heap power 
was the p indpal unknown f c tor. In ~.dd! ion to pow t' fo r g rinding pulp , 
a n m be of citi s need d ad itiona.l wuter upplie . Wat.e inw·esti ga tions 
were the. e or req i.red.l7t3f 

178 /Sts.tementd' N. C. Grove o au tho • 
To m e e . .A.Uask o need 9 the Su r ve include;(! ln Hs e 1.ma.tes lor 

1947 an ite~ fo work in .Al?~. ska . and Congre ms.de availabl e $ 14 . 000 
for i t. A:s this was in ufHcient to e s tabli sh full -fledged d istric t i n. tha t 
region . wh r :e it co s ts about $ v 000 pe:r month fo"t.' saJa:t> y and expenses · 
of each engineer ~ the f ir t year 0 s wo~ k wa.s coni'.ned to a. r e onna :!.ssa nce 
and rehab ilitation of some s t&tions "'rhi ch ht~1.d bee n maintained du r ng the 
previous i nves U.g tt "on. A. Waana.n n wa bo:t' ·owed f r om he Albany 
Offi ce and placed i n cba :t> ge of the Ala kan mv .Hga tion . with W. W. Dea n 
fr om the Portland Off e a.s a ss sta.nt r .&nd hey rave Ue d by ~j ·r.plane to 
Juneau 9 &rri v i ng August 7 . 1946. 

The fir s t t ep was a conference wit . B. F . Hei ntzl m an r. the U. S . 
Forest Se r'!fice 0 a Tegion&l fo:r.este r o w o h ad ma. i n :ined subse que nt ·o 
192U a few of".t;he stations operate d y M:t> . Ca if'ield. M r. Hei.nt~leman, 
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who was also the regional representat.'v~ o~ the. F e de r al Power . Commi
ssion , had ong a dvocated Survey parhc tpatlon tn. a. stream- gagtng pro~ 
gram and was able t o fur nish ass i stance ~y provtdmg boa.t transportation 

d th · Other Federal agenc1es , Alaska Nahve Service, an o er ser tees . . d · · 1 
National Par k Servi ce , Public Roads Administrahon ~. an muntctpa 
groups in Sitka , Petersburg . and Ketchikan also furmshed valuable 

information . . 1' · 
In 927 , the Federal Power Commi ssi on _?ad t ssued. a pre tmtn~ry 

' t t I o_ J D Zellerbach of San Franctsco c ove n ng power s 1tes perm1 o . (){ . · f 
on e i ght streams , and another pe r m it to George J . Ca~eron ~ San 
Francisco for a power development near Juneau . Ga gtng s t a ttons re
quired by those permits were established and mai ntained by Wendall 
Dawson . for merly of the Survey: L ate r , he was emp1oyed.by the 
Forest Service and continued the maintenance of some stahons. A 
number of stations were operated until 1938 , but subsequently only two 
were continued; the flow was measured chiefly through power plants. or 
at spi llways from re servoi rs . Such was the background of Alaskan 
stream gagi ng in 1946. 

The first wor k was a ser ies of trips to various sections of south 
eastern Aliaska to i nspect the old s tations a nd make reconnaissances 
for new ones . Afte r the first month , the reestablishment of old sta
tions wa s begun. That on Sheep Creek near Juneau, having a weir 
control, started by Mr. Canfield i n 1916, was in such good condition 
that no rep a i rs were needed ; at anothe r station, where the channel was 
in a deep bed of gravel, the measurements ch ecked the old rating curve 
close y. In all, four r ecorders wer e installed and one staff-gage sta
t ion established , the latter at a station previous! y mainta ined by the 
City of Si tka , on Sawmill Creek. 

If ny work was to be done in the interior, it had to be started by 
the m iddle of September and accordingl y, at that time , Me ssrs. 
Waananen and Dean headed for Fairbanks in the Yukon Basin, traveling 
by boat from Juneau to Skagway , thence by train t o Whitehorse , and 
finally by bus over the Alaska highway to Fairbanks 9 the bus trip re 
quir i ng 70 hours. Even so , the bus trip was obviously a great improve
ment over the tr ip down the Yukon from Whitehorse to Tanana , thence 
u p the Tanana River to Fairbanks , a d i stance of nearl y 1,400 miles, 
requiring about 0 days, that r oute being the only one a vailable during 
the Sur vey0 s earlier work in .Alaska. A reconnaissance of surface
water supplies was made in the inter ior where the water-supply situa
tion is critical and during the winter season , the ground-water supplies 
from permanently frozen ground would have to be used . In passing, it 
may be stated that while Messrs. Waananen and Dean were i n the 
interior , the habitat of the famous Alaskan mosqui to , that " beastie" 
was not in evidence. 

To complete the work planned for the 1947 fiscal year , the party 
trave led from Fairbanks to Chitina, Valdez , and Anchorage on the 
coast b y truck loaned by the Survey' s Alaskan Branch Office at Fair
banks, the d i stances ranging from 367 m ile s to Valdez, to about 460 
miles t o Anchorage . As the highways are generally gravelled, speeds 
of 40 to 50 I?Ues per hour were made. Owing to the i solated region 
tra v e rsed . 1t was necessary to c~rry auxilliary gas tanks and emergency 
gas supplies. 

In th e Anchorage area , th e work :was chiefly a reconnai ssance, but 
a staff gage was ins talled on Sh' p Creek near Anchorage and later the 
Anchorage Public Utilities ins talled a staff gage on Eklut na R ive r at 
Eklutna Lake. Seward was reached from Anchorage by means of a , 
small .plane making daily flights. In the coastal area, there is a pparently 
suffic1en t water for all users but there are no records of ac tual quantities. 
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Before le' ·ing Al skB t!>a.rly in Nov mbe:t , th.r e reco ding gages 

were ins tal ed in s ou heaate. r-n Alcask4 o and one n &r Jun eJau . 
Late i n Ap:dl 1.947. field work was esumed b y R . I. Mayo, f o r m

erly in the San F ranc !sc.o Oi f1c..e, with he dqu arte:rs at Juneau. A t the 
end of the pe :r od b 7 gag~ng ttll.tio s wer in ope r a.tion. 

Reft"rring _to the wo k r. M • w~anan.en ~ in add ition to fu rni shing 
the infor mat on on w'h ' c. the !o gtt:~tng wa b& sed o stated tha h is 
persona ' e xpe:den c es 11 re gul 't" ,.nd norma' with Ht 'e or no 
excitemen o t ~ t ype u ua l y exp cted ir_ tJ !3!nd of the b ·own a nd 
grizzly be ar. 11 

GROUND WATER DIV ! ON 

The r eco gm.t o t of th e "mpo1rta nc.e of g ound -water supplie s 
rece ived gr e a i mpe Ub d ring the war The great increase in the 
use of wate r for ind s .r--a , ag.r" cu :ted. nd m u n 'd pa l p u rposes 
increased the d ra ft on g ound-wtlter supplies from 10 b i ll ion gall ons 
to 20 b illion gallon s p r d<liy ~n Ls tha~ 10 yea r . Throughou t.he 
nation, i became in.c 1ea s ngly appar-en t that wa e.r suppl y was the 
bas i s of the e c onomic de e lo ment and as grou nd wa er wa s prefer
rab l e f o :t" m any pu po e s , the States ecame i ncreasing! y aware that 
to par t ' cipate i n the owth of industry a nd a gr.t.cul ture , it wa s 
necessar y to ha ·e te:t'a.o e data on the extent and. c harac t e :t' of their 
ground - water resou ces . As a result p the States that had been 
coope t'atin g du 'ng the p re ious p e iod incre ased their c ooperative 
offering la gel y and aaditiona Sta .e began oo p ration w i th the 
result that the State coopet'a i e fund we e inc:r-e as d 200 pe c ent 
dur ing the p e iod. ~o thern C «n. i!o't'nl& and in s outhea stern 
Flor d p t g· eat y 1n c :rea sed draf c u sed d nge of salt-water 
e c ro chmen .l7Jf 

179 Base on o ·"' znc, .ton t .t n s e y 
To meet th in c s ing dema nd fo r irilo m ation on ground-water 

r epo rts p he Su't'v y Wa er - S pply P a p e 427 . published i n 
1 9 U 8 ~ which containe b b 1og ap y ol i gr ou nd - wate:t· papers . 
In the rev d o r> e cc;,nd ed~ -~~ on 9 not onlly we· e h e S r vey report s 
1i t ed p bu ho ' o e b S t a g nc· es ,, and ti lesbySurv ey 
pe r onnel p bh hed n v , ·ll u sc en k" echnical . and rade 
jo rn Ys .ssued th o gh an C1! y t 4 • ICt w s p ub :tshed in 1947 

s Wa t!:'lr: S ppl P.tpe t 99 • 
0 g nha von 

0 . E Mei n..oGer ":On in d as o. 
re · rem .nt Nov mbe r ~0 ,. ~ 94b ,. when he wa SUf::.ceed d by A . N. 
Sayre ; A . G .. F ielde t w d. i gna..'t,,..d ·~ · s ·n t c . ie on July 1. 1942 . 
V. T . S ring ~ e d had ge-n ra1 .up e :trts on awer fe lda vit ' e s east 
of the M l ~ s :ipp ~· R~v r ;; L . K . Wenzel ntil h ·re Jre men in 944 
exe · t.l s ·d e:r:uPn e.mounl of su p e Wil ~:t · on in h e Ml dd We e ; A . M . 
P ipe · w· 1 e n c. ha ge of itt e t ga lion in t.h P if~c Goa. t states o 

ntil h~ w a appo1nted S . Jf Sc ·e n l, Offke of the D i ecto ~ i n 
Oc tob U 946 ~ the>rea e the off ·ct: 'in · o e t tes wer e independ
ent. Beginn .. ng in il 4 5 . · r .. d on i numg n tH e bee 1me c h ' ef . A . N . 
Say e g we H m lt .d u pe ~ i ion ~o · e g tound -wate wo k n sta tes 
we st of ·he Mi !5lt B ·tpp o R t er . In g ne r«t- " t.be d A~S t:d.ct of i ces 
wel'e virtua :U y i nd p e dent.. 1'~p .rt'ng d.i:rec ly o h e Wash ngton 
Office . WHh he b g.Jn.ning of r..h . M s · · i B~~in -· Depar men -al 
P :r·ogl:' m . h~ ound - wa e .t w o k r q t e d b y th· t p ogram w a s 

nder ·h e d .J" ec , o n ot G . H . T aylor wi th he dqua tel:' a i n L incoln. 
That: wor k w~!B· . oord~nated so fa .t , p dole w th th :r·e- u la r 
.S,tate og;ra..m s ~ ~.nd a.r.ried o n bv t' e eg lar offi es except i n 
Nor h D.s. o <'~~ wh~ ·e the Gt>and F :rks O!H .e o ha i.ng the coope. ative 
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State work was too remote f r o m the Missouri Basin. ' eld 
D . G. 'Thomp son planne d and orgar:i~ed p ogr~ms. for n e w 

offices, and was respons ibl e for ot'gan1z1ng ve st .gatlons fo r h e , 
· d makt'ng the necessary c ontact s w t th other agenc 1e s . war agenc1es an . d 

After his death February 9 , 194 3 , C . L. McGumn~ss ~s~ume . 
responsibility for the investigations and answer s o mqu1~ J.e s re l a tmg 
to war work. Miss Jane Daniel was secre r y to the Chtef of the 
Division throughout the peri od. . . . 

Decentralization, which had been star ted m t~e pre~1ou.s per1od, 
was greatly ac celerated with the expansion of th e 1~ves t1gat10ns to 
new areas , due largely to additional State cooperation. The number 
of field offices was increased from 4 to 45. In ge neral, there was 
an office in each coopell"ating State , directi ng the wo k in that state . 
In Florida the work was di vided between independe n t offices in 
Tallahass:e and Miami , and toward the close of the peri od , there 
were offices in Grand Forks, and Bismarck, N: D . • the latter in 
connection with the Missouri Basin Depa r tmental P r ogram. There 
were also two offices in Michigan , one bei ng in nor thern Michigan, 
and those were virtually independent. In seve r a l states, the e were 
sub-offices reporting to the principal office in the state . Of the 14 
district offi ces in existence at the beginning of the period, or estab
lished during the first year, only the follow ing had th e same official 
in charge during the entire time: 

H . C. Barksdale, Trenton , N. J .: D. J . Ceder str om, Char
lottesville, Va.; H. H. Cooper, Tallahassee , F l a ; W. N . White, 
Austin, Tex.;' C. V. Theis, Albuquerque , N. Mex; and S . F . Turner , 
Tucson Ariz . 

STATE COOPERATION 
The heavy draft on ground-water supplies by war industries in 

most sections of the country brought a realization that such supplies 
were not unlimited, and that information regardi ng their safe y i eld 
and the possible sources of additional supplies was needed. During the 
war years , many regular State activities were cur tailed and surplus 
funds accumulated; it was therefore comparatively easy for the States 
to make new appropriations. As a result, State or muni cipal agencies , 
or both , in 18 states started cooperation during th e per iod or r esumed 
it after a lapse of several years. One Stat e agency d i scontinued a 
small amount of cooperation when the Missouri Basin Departmental 
Program became effective. At the end of the period , cooperation 
was effective in all but 7 states. 

The increase in State cooperation during th e l a tter part of the 
period when the effect on existing water s upplies by the war effort 
became apparent, is strinking1y shown by the totals for each year: 

1940 $208,450 1944 $262 , 675 
1941 215 , 259 1945 325 . 265 
1942 233,622 1946 492 , 5 8 
1943 215 , 132 1947 6 16 , 306 

The reasous for the increase in each s tate a r e presented in the 
following pages containing the details of cooper ati on. As cooperation 
was on a full 50-50 basis except during the 1947 fi scal year when 3 
percent of Survey cooperative f1 nds were he l d i n abeyance, onl y the 
State cooperative amounts are shown. 

Massachusetts. -Cooperation with the Dep rtment of Public Works 
cont.inued on. the sa~e level through the first half o f the peri od, but 
beg1nning wtth the flScal year 1944, the funds were increased t o enable 
the Survey to make a special study of the water suppl y i n the v i cinity 
of Cambrtdge . Under State law , communiti es in the Me tropolitan area 
are required eithe r to have supplies 10 percent i n excess o f the average 



consumption for the pr vioo s Hu-e y &rs , or t o connect with the 
Metropoli an wa ter syiStem. A he Depa.rtment of Public Health 
claime d hat Cambridge did not a ·e the required excess. a claim 
d · sputed "by that C it:y " the StatE. a gency reque s.Aed. the Sur 1rey to 
make an invesUg ·~.tion and the oope at{on was inc e a sed fo r that 
purpose. 
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The resul s a.ccompl:~lll>hed bv ¥.-h~ jl,nvest.i gations a l r e ady under -
t aken showed e des · ""abi:Uty o! .a< s~ te-w lde program. The Depart~ 
ment of P ublic Wo··ks h d $50 o 000 atv H able fo cooperation with 
all branc:he of the Su.l" I(;>Y • &nd g; e topograp hic wo:r·k was 
decreasing due to ne:..~rly c~mplet.e. c o\'fe age of \ h e st t e . coopera 
tion w i th ground wa t~~r wa!s ~ .c:.re.c:,sed to $9 . 500 du)!'ing 1947. 

A nnua:.l coope :t _atl\'1e Staf.; f1>J:nds &'!ri Hable: 
940 $ 1~ 000 1944 $2 . 500 
41 U, OOO U945 z.soo 

1942 , ooo R94 6 2.500 
· q4 L OOO n94 7 9 o50 0 

Connec .icu • - C o opet·a tion with th. State Water Commission 
which was t a ted i n t~e fiscal ye .!· t93 8 wa :s continued for the 
pur poses of keep rag t:u· :tent th cb e:r.\'f Uon-well p r ogr am a nd 
making s tudie ~ in ~ e heaw-Hy p umped 'eas of the state. 

Annu a l coope:raH'•fe S t G! e fund a , dJ a.b )le: 
ll 940 $ 500 1944 $ 2. 000 
Rq4X 1, 000 R94 2 v000 
942 n. ooo R94b 2 ~ oo o 

1943 1l.v 000 1!. 941 ZoOOO 
ing o the ,,: oo p a.tion . he State Wate r C o m m iss i ol} 

in its T en B i ennia l Re po1t for the x; &.r 1942 - 44 , stated: l~/ 
18Q/p . l1 2 Tent h Biennial Report o 

I'~.;e:::;S,_-;tf=·a~t~. ~wrr-._~~C~o-::mm~~ir:--:-::7{-::o-::n-ris~m~o-=s:-:o:t--=a-=p~p~r::-e~c=i&::-:t~--=v:-::e-

of the :.d g~w-en by he tHree o nd ~tal.ff of' the Ground Wate r 
Div.i :!.on o h Su r 'lley • . ~:fl. . Thei e vk e ha.ve b een of the highest 
orde a nd he ch · e ' c: oper Uon w · c h ' s b e n e x tended to the 
S te and t c iti . ns in fut'nishing -i.nfo ~&t• on is acknowled ged 
witb., u~nui.ne plea. • r 

Rhode -} . nd. -~ The liea-w y ·a alf . en grouno. -wiil.ter -pp.ue & by . 
war l nd str"e and. the many re ue t:s fo:r inform 1tion by industrial 
engineer fo n e w it.e~ .snowed the S a t Indu s trial Commi ssion 
the ne ed Jo a grr.mnd ~w· et i nvestigatio n . and c ooper a tion becam e 

ffec ~ tb i n the H cal yeat: 1945. 
Ann.ua coopet a~J~e St.ate funds vaH ll,.b1 ~ 

194 $ 1.2.00 
U946 2 o500 
1941 2 , 500 

Ne w York. -Co~p raHon wi h t:he New Yc r k St a t e Wa ter Power 
and Cont 'or-c'Ommi sswn o . Na.I$/S u County D partm nt of P ublic 
Wor k s . th·e SW:fo k Co'!:~ ty Board of Sup rvi ors" and the Suffolk 
Cou n t y Wate Au1~" w ·d ·Y ~ .o .. the pu pose of investigating the gr ou nd -
wate:t> condJ. ion n Long Island c ontinued dur .ing the . pe:dod . Until 
the fiscaJ y~a:r li 945 ~ th S1t :e c·ooper .ti'i'6 program h a d been con
fined to Long Islal.nd. The inc:rea.s.ed uae of g r ound water by indu s tr y 
during the Wi'.l.\.r y ars . >no lhe inquh~i.e J"e garding g ound - wate . 
supp lies 9 show~d ff} ,w n "'d fo · a St.ate · ide i nves tigation and the 
State Commerce Depa lt. t,ment took the le1?6d :iin Ul'g~.ng that inve sti gation 
by aU ing . m · U.ng in A b ny. A l' OUlnd tl;~.b e dis c~ssion par t icip a ted 
in by C ommel ce: Depa:d ;ment·,, St .te Mttse m . S ·a e Geo ogist o State 
Heal th Depa:r.·t:me t.. ~nd S' te Conae:rvation Department ~ showed 
c ea.- ll.y thtt. ne .d 'o.r the p ropo ed mwestigaUon . \i!l,nd the Commerce 
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Department put in its budget an t:::m fo.- i.t. 
1 
Howt ~~ r. h~ S i~~e 

Water P ower and Con ro Comm' ss on was d .. t <. Y c oncern ~ 
both surfa ce and gr ound wa e :t in th · v-.ue ,, ~ f' Le ts a ture rna e 
the app ropriation f or the State-wi. lm~e· ti.g<lll tor• o t · agenc y • . 

· · · A il 1945 an addition 1 a.g·"'e · m n wa ... effected w1th 
Bthegtcnnmg im . p rf tha ; pu· post . Tb w~l .e oJ the new ' nvestiga on 

e omm ss ton or 1!. • • • • d 
was shown by the inc e a. ed cooperation f'o 'lt d ·~mg '.. :t'e m aln er 

o f the period. . h th c · £ 
During the fi s ca ye ~.l 942 , o .• opeto. i,Jn '1.\- "1-t. - .e tt y o . . 

Roche s e.r was effected fo the pu pos.e of mvf'Stiga v~g an a dd1t1onal 
wa te :r su pply but due to a change in c .: y policy, -- !51!Jlrfae'e~w t er 
s uppl y wa s e lected and the coope:ration. Wi!<. not on i n ed. 

Annu<'Jl.l coopera 1ve State v Coun )' .nd Ctty f .nds avai · 'tble: 

Yea.t 
f941f 
1941 
194Z 
1943 
1944 
l 945 
1946 
1947 

State WP &Control Comm 
n:egular Additional Nass-u Co. Sutf lkGo Rocheste r Tot a l 

$2> , 850 $1 . SOO $Ltnrn $ l r.ITO 
2 , 850 6 . 500 z . ooo 11,350 
z , 600 6 , 00 z. 800 L q ~o 13, 850 
Z, 630 5,500 LZ OO 9 . 330 
3 , 000 5 , 500 4 , 000 12, 500 
3 , 000 $6 ,2 50 5 . 500 4 , 000 18 ,750 
4 . 5oo 18 ,750 s ~soo 5 , ooo 33 .750 
6 , 750 26 , 600 7, 000 5. 500 . 45 . 850 
T h e variation in the Suffolk County coope · a.t on duri ng 1942 

and 1943 was more apparent t an · ealo In 1942 , Surface Wa ter 
Divi s ion used $800 of that fund for the !St 'earn gaging stations con
nected with the gr o und-water inveetig. dons and p--id ce ' i n ground
water expenses during 1943. 

New Jersey. - Cooperation wUh the State W ter Policy Com~ 
m i ssion continued during the pe't'iod , h funds be- g grad ally in-
creased in the l a ter years on a.cC'o nt oft e " ed c ost. 

Annual cooperative Sh . e Fund av:.-.uab1 : 
1940 $ 8 ,1 00 1944 $ 8 , 000 
1941 8 , 050 1945 9.050 
1942 1o , ooo 1946 q . zso 
1943 7 , 73~ ~ 41 HP OOO 

Pennsylvania • - With the comp et:i.on of the St t.e~wjde «>. ' e~.l s\lirv yin 
~ration with the Pennsy]va.n ~. Topogr phic an.d Ge ologic 
Survey wa lim i ted to continuing the w eki y ·reading ' of t e observa
tion well • 

l8l/ p 305 092>8- 1939}. 
T he inc re sing use of gro nd w ,e fo't' municipal <Sl.nd indus -

rial supplie r:i caused in te :r' e t to be axoused m ll.b.e adwhab>Uity of 
enac; t i n g ground - wat e r laws o :rmpp em n t e comp <e~hensive system 
of Stat a w s fo sur face - wat. l' 8UppH e • Tb·~- i n 11:e st was quick e ned 
by e Navy Departmen~ 0 s appr ehl<enljk>n r g~'ff.'dli.ng .he d m&nd e on 
gr·o u nd water due to the war-time cti'~'+·id • A~ ..;). r-esult, the Stat e 
Geologist . G. H . A shle y , a on ~tim member o f the Geoitogic B ranc h , 
whose offtce was attached to the Dep· rtmertt cf lnt.e:rn&l Affair s . in 
c:r <tsed the c:oope rative fu nds in \th Hsc.:sJJ yea.~· ll944 for th purpose 
of making a gene a l ground~w~t<El . imrent<H·y of the e1n .h ·· St&te " con 
cen r ting on he high y indust:d.?>. lzed citi of P bila.de · phi011. nd 
P ittsbut' dlat ir st. 

During the war yeariti •. ' e S~te Geo O:gl.feit had b een will ing t o 
have a 1"'-\r ge share of the cooper .. 1'41' · i'v.inds sed in the P hiladelphia 
a ~a on account of he wa.r t&bluhments in tb. t area. Wliih the end 
of the wa o h owe·ver o bo h the S ;.t and Su:t'·~rey officials :felt tha t th~ 
Sta .e funds available should be: u ed on e St&.t~B~w·de p t>o gt>am a nd 
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~he P h il.ad ph.t P lann .. n g Comm ~:. ion wa s notifi d of tha de cision 
whi ch wou d a <r dl'tua~ l y d · s rc•on m utd t' e ground -wate r inves t i ga 
tions in that a t' e a .• T ('> p r e ve nt that aJ .ction o the P la nning Commission 
began c:oopet·a tton in be fisca l year 1941. , 

Annual Coopel'ati ~ S a e an d M n k pa l fun a.vai ab e : 
Yea r Stat_._ G o ogie P h iladel phi i! 
- - - ·· P lanning Comm Tota 
19 4 0 $ 400 $ 400 I , 

194 11. 400 400 
U 942 . ooo L ooo 
R94 00 500 
i 9 44 2. . 500 2. . 50 0 
l 945 2 . 994 2 p994 
~ 9 46 7.50 7 . 500 
194 c1 12 50 $ 2;, 055 14 . 555 

.- The m u n ' cipal" ies of Lew a a nd Re hoboth Beach 
were co_n_c_e_:r_n_e....,dr--ove r a t water e nc:ro c me n t n the a quifer fr om 
wh ich the y ded.v t.heu wa tet· · ppH s " and in th fis c al yea.:r 1944 . 
cooper a t e d f.or- the pu po:s o f ob taining :r c o r d s from two observa ~ 
tion well s . T e L e we coope:ra i on continu e d th r ou gh 1946. 

Ann .J c ooperative funds a v& abl e: 
Ye a L ewe s Rehoboth Beach 
1944 $250 $250 
ll 94 5 2.5 0 
ll 46 5 0 
Ma r yland o - T h fir s t S t a t e c o oper-a 10n in Mar yland ground

water in~ e figa tt"o n became ef ec tive when a special appropr iation 
wa made with he M <"l ryland Dep :rtment of Geology . Mines. and 
Wate r Re our c. D c. e mber 94l. . for h iSp e cifi c p u rpose of 
stud . ng th B a tim o re i ndu tr 'a l a o Du \to exces sive pumping 
a se :t ous p rob em hat area a e x i s ed fo m a ny yea rs . a nd 
r p i dl i n e ., ' ng d m nd b e expand ing w r d t ie made 
that p rob em ( r t ied .. pechlll y as t.h 'ikel ood of sa t water 
encroac hm n f w p e en • It w . xp c ed t h t f i e d 1mres iga -
. on wou l d e c omp e t.ed y ll 4 nd t o ten it. the C i ty f 

Bal mo e oop 't'' d d g the ll 944 .nd 945 f& cal years. 
T h S · had en· ct d th Wat I R ou~ce s A ct. of li 93 3 

whi ch c e t e r Wa Resou c: s Com mis io n fOlr th~ pu pose 
of c:onse v ing " p-ro te c: tin a nd u t 1 bing the w& r r sou r ces of 
the State , a nd mad i nlawfu to tpp:rop:d .t e or use a ny wate r s 
of the Sta.t w tho'Ol! pe .. m " fr o m Commis s i on to b e i ssued 
afte t a pubH c h a ~ ng. F u nds p r ovided fo _ the e nfor c ement of 
tha t; Act w~re t.ota Hy ' nade qua e .. amd it.t1 o:t: n o ac t ion h a d been 
taken. In 194 il the Commi s 'on w · '· S mer·ge d wi h the Depar t m e nt 
of Geo l o gyu M~.nt.. s ., n Wa e Resour t>es 9 but no provision for the 
admini t:rat ion of the wa e r w w ~t· s pro-vid ed in the D par tment 0 s 
budge t. 

fu 1945 . w i th the r su l!:f of &:he B .ltllmor e ·nve s tigati on 
a va lab e a an ex m p e of h e lue of g o nd - w a.te r i nvest ga 
tiona a nd ground wate:t.' p t>obl eml!J m oth ·r ctions needing ser :lous 
attention v th(_,; Depa:!i. t.men obta~nt~td a e 1 . b dge t o pprop ia i on 
fo . g· ou nd w a t e ~moun ing .o $ l5 r 000 annually . A s a res · t , the 
progr am wa <expanded t o a St fe - w ide b a si s " 

Anlll'lll i<ll oope.raU: ·e Sta e fu n d a va ila b le : · 
Yea S tate Baltim ore 
1'9U $'"T.mfO 
1944 2 . 000 
X945 2 0 450 
)lf:J46 1!>, 000 
' 947 . 5 0 00 

$ 950 
Zu550 

T o tal 
$-J";l>"U''() 

z. 5 0 
5 . 000 

i- 5 000 
15 . 0 00 
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ope 

Y ea . .t· 
19·4. 0 
1 4R 
1942: 

943 
1944 
1 94 ~ 
194tl 
1q4,1 

Su:ria <' e. Wa.te Divl s i.on . ' 
ser 'i/'a.h on ~. d Dev opmen ~ 
m aintained p e l'iodk .t"" ding 

u nd · mvaH 1"b e : 
0 .(:1;.1 

$ ' 9 300 
. 966 

t, ~ 2, , 17 3 
~ . ooo 
3 , 3 00 

, 600 
, 600 

4 . 2.0 0 

t was a p :t"t. 

$' , 000 
4 9 000 
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State Dep&lttmen t of Mine s o Mine r a l s . and Geology. This ange 
was mainly in name and in the ch i ef personnel v a s the functions 
remain d virtually the same. In the fiscal year 1943 0 the State 
agency required a d di 'ioJnal ground - water investigation~! in the 
northern pa1rt of he State o and to m a ke i t possible to &adgn a 
ground -w~te:r an to that ~ ea, ~ the State a gen cy which was co
operating with th ee Branch d iwbions desired the reduc ion in 
funds &Uotted to the Qu,d ity of W te l' Dhri.s ion. The increase 

· during th<e a~t t wo year s of the p :riod was du tJ cllliefiy to the 
i ncre11sed cc o rat of oper~tion. 

A.rmu&l coope~athre Sta~ f-mnd~ aV&Mabll. 
1940 $3 . 500 1944 $5 0 000 
ll 941 Zo300 l 945 So JOO 
~ 942 l . 815 ll 946 6 oOOO 
~94 SoOOO ~ 941 6 . 000 
F llo:r.nda. - Th F lorida Geological Surwey m the State Board 

of Conse!'vadon continued U:s coop ration m increa•mgamou~ts. 
During 1940 at.n.d 19419 tlhle in~!'e&il~ w~s due to added coopel'ation 
with the Cl\~y of Pens&coll.~ o &nd dul'ing the next 4 year11 . to some 
11dciiticnml f1u.maii &v&ilrub~ . Jn ll945. the Gowernor nd hill cabinet 
realized th glf<P; a (l; n ~d. {(l)&' bydr10logi~ data · in the &Dlll.ll basins 
ccntdnmg l&k®s s~d fo-z cdtru~ ir:ld &~tl.on . which had been found 
to be profitable . l!lnrdl &g:il:'~ed to m atch ccounty s.nd dram&ge distric 
fund a w ith St&ft:tJ fund~ o the ~t:ombined !'!.mounts to be 'iltfiled in c o 
operaHon with th~ SllirW<P;y. fte a rfuult. the State Oeologic&.l Surve y 
was &b e to inc!'e&fliJe v~'!fY g:~rei!.tly Us \t'l ca>operative f\irid~. 

In the f 1 of n 9 9 D it w 8 pl'~poll!ed to establish it. pu llp m Ul 
near P en•ac:ol&; &IIJ 1\ larg qu~ntity of g:rcunci water wo~d b · r ~ 
qui red o both the Cn y of Pensacolt"& •. th Pens&cola Nawy Yard 
fe&rl!ld th p ropos d mcre a s d u e m~ght b&ve harmful effect 
on e b&g ua • &nd ith St.d GetO>lrog:ltc 1 Survey wae called upon 
for inf rmation. Ae reeult p a three-way 1i\gr~ement between the 
St& e o Citty 11nd Fed~:ral Surve w&~ e lected for the pu!'po•e of 
l'!Ulking detail ci tudy of btl w&t~r uppl y of P e naacola and 
Eacambi Co lli y~Th~t in~· s tig tion w~. a ma.d~ dul'lln.g the fisc~l 

18'1/ Fio ld& oeci.§rw y. 4th ~len. lrp~. 
y ara ll94o an& U94 li .. &nd 11.s U wa shown that the awail~bMs g ound
wat I' ~uppll.y W /&8 smfli ien\t fo't' ~e dty &nd the pulp m ill. the CO = 

operatA n w !! dlecontm\l!ed. AftfJr a change in the city &dm ini stra
tion. ~. l!m U amou~t of coop r~Uw f~nd~ 'b c~m !!.W.il~ble begin~ 
ning w "t:h thi!t fil5~al ye~lr R945 f o the purpo 101f c ontinuing the 
obse vation - weU p rogr&m m th t &~e1 • 

The c ilt!eiJ of M~mi. M~m~ Be&e:h . a.nd Co~al Gables 
bec~n'le much con~ ~n~d owe !' tb\fl ~n~Cro&chment ef s&lt water due 
t o 1l;h\ in!CX' anamglJ.y h~~Wf p 1U1mping lllll the 80\'lllth &Stern part Ol 
Florid&> " &llilcll clleei~'ed ~n inwe~t"&ga.tt~cn of the water r~soulfces in 
th&t r gicn" wU the hope that ~dditionml auppHe s t:o\'lllld be 
located. That r qlliirecll S1n intensiwe mvefiUg~tion . cextending 
over & n,\\ll,mbe:lf of ye&r 9 and il.S State funds well'e not /Bl.vailable 
to extend th~ St&t -cooperative p :lf'ogram c th t p&rt of Florida , 
th.e c liUes wi th !lome h lp from Dade Ccunty r&ised the funds a rd 
entsJr~d into di:&-ed ~oop r~tion w!th th Slll1 ·w y. Many of tb 
intensive ph&h. fict~(lil welfe compl t d m ] 943o al!!ld thereillteg> \lh c o - 4 •. 
ope :t> don w eubsta.ntially l '(l"<lduc ed. -Dad Cou.ntyo in wh ich 
theae ciii!lle&~ · & ] oc~ted p was not Ps!"ticul :r1y "!n¥Te sted i n ~he 
plr'ojec:t uneil ].at r in the peidod ; the aouthe · n par of the county 
cont&int~ con~icle!'&blle &g:!1'~cultlll1l'&ilando ~nd by 1l945o additional 
dlra ~ge worko itogetml r with m it&ry operationll o had resulted 
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in salt-wat"'r encroachment further than had been expected , a nd 
c oncern wa s felt for the adequacy of the ground - water supply for 
irrigation. T}1ere ·was also a better understand ing. of ~he pur?ose 
of the inves tigation and the county began cooperatlon m t he f t scal 
year 1946. ' 

During the later years of the period as the need fo a d.di
t ional water supplies became more urgent , due to the continutng 
increase in population, the Cities of Fort Myers . Fort P ier c e . 
Fort Lauderdale, Lake Worth , Delray Bea.ch, and the County of 
Pinellas began cooperation. Owing to the Survey's lack of per
sonnel, i t was necessary to d i s c ontinue the For t Myers and Fort 
Pierce investigations with the fiscal year 1946. St. Au gustine , 
which had an inadequate water supply, cooperated during the 
fiscal year 1945, and was satisfied with the one year's re sults. 
The pulp mill established in Nassau County in U 939 was drawing 
so heavily on the ground water of that area that the company told 
the County l:o take whatever steps were necessary to start Survey 
cooperation, and the County began cooperation in the f i s cal year 
1944 for the purpose of continuing the observation-well program 
included in the intensive investigation of that area star ted at the 
end of the previous period. 

Annual Cooperative State , County and municipal funds 
availab e : 

1940 1941 1942 1943 
S tate Geologi cal Survey $ 4, 000 $ 4 , "000$ 6, 000 $ 6 ,lrnO 
Pensacola 5, 000 1, 000 
Miami 14,000 21,800 14 , 358 10 , 450 

State Geological Survey$ 
Pensacola 
Miami 
Fort Myers 
Fort Pierce 
Fort Lauderdale 
Lake Worth 
Delray Beach 
St. Augustine 
Dade County
Nassau County 
County of Pinellas 

1m 1945 IT40 m7 
6,sso $ 7.TI0$16.ooo $2r.mfo 

5 , 000 
3 , 000 
1, 250 

1,000 

250 

260 195 328 
5 , 000 5,000 5 ,375 
4,250 2 , 000 

350 675 
8 ,500 

1,725 500 
2,00 0 

2 , 000 
4 , 000 4 , 2 19 

250 250 250 
375 1,250 1, 500 

Totals : 1940 1941 1942 1943 1944 1945 1946 1947 
$tr,liT>O~Oo-$1l)."4;o- $2U~$4"'r.l"'?2 

$20 , 358 $17 , 050 $29 . 870 

~labama:. -Coo~erati~n with the Alabama Geological Sur
vey, wht ch had been dtscontmued during the depress ion year s 
was resumed late in the fiscal year 1940. At that tim e the sU:t e 
Surv~y had funds ~or a project which it had expected to investi
gate t tself , but bemg unable to obtain the necessary pe r sonnel 
offered to ~ooperate with the Federal Survey jf the latter coul d 
undertake t t •. The offe-r was accepted·~ and cooperation star ted 
then hats conttnued during the period in gradually increasing 
arnoun s . 

Beginning with the 1946 Fiscal year , the Alabama State 
Healt.h D~partment became interested in the Survey'-s wor k on 
fluortde m ground water. and requested the cooperation which 
was accepted for fluor ide studie s in the Tertiary area of Ala-



bama. Those studies were car ried on in q>njunction with the 
regular ground-water s tuides in the Tert.iary area. 

Annual cooperative State funds available: 
Year State Geol Survey State Health Dept Total 
!9.41r $ 700 $ 700 
194 1 2 ,500 2,500 
1942 2 , 500 2,500 
1943 3,125 3,125 
1 9 44 5 • 0 0 0 5 1 0 0 0 
1945 5 , 000 5 ,000 
1946 4 . 500 $2 . 500 7,000 
1947 4 , 500 2.500 7,000 
M i ssissippi. -The cooperative program with the Miss-
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issippi S tate Geological Survey, which was started in June 1938 . 
continued on the same level during the period except for the fiscal 
year 194 7, when the funds were increased 50 percent. 

Annual cooperative State funds available: 
1940 $5,000 1944 $5 , 000 
194 1 5 , 000 1945 5,000 
1942 5 , 000 1946 5,000 
1943 5,000 1947 7 ,500 
Loui siana. - Cooperation with the Louisiana Depart~nt of 

Conservation, wh ich was started in May 1938, continued a t p rac 
tically the same level, except duri ng the fiscal year 1944 when 
additional funds were made available to meet the increasing de 
mands from cities for Survey held in solving their ground - wate r 
difficulties. T his increasing demand was largely the outcome of 
the Survey's success in advising the cities of Alexandria a nd 
Natchitoches regarding locations for additional well s. The newly
created Department of Public Works came into the cooperative 
picture in the fiscal year 1944, when other cities were calling on 
the State fo r help . Among those was Baton Rouge where the water 
supply was critical, and where the Chamber of Commerce and 
leading industries urged an investi gati on. The Department of 
Public Wor ks was des irous of taking over that type of investiga
tion and offe red to finance the entire program. The Department 
of Conservation , very natur ally did not wish to drop out of that 
popular f ield, especially a s during that fisca l year , conse rvation 
funds were available to meet the State's share of the new inves 
tigations and declined the offer. However, cooperation was 
started by the Survey w i th the Department of Public Works, and 
the latter agency shared in the investigations during the remain 
der of the per iod . As conservation funds were less plentiful 
aft e r 1944, cooperation declined to the previous level and Public 
Works cooperation wa s c orrespondingly increased. 

A cooperative investigation with Caddo and Bossier 
Parishes was made in 1941 at the request of the Police Juries 
of the two pari shes to determine whether a ground - water suppl y 
of about 10 million gallons per day was available for the indus 
trial use of a p rospective industry to be located in the Shreveport 
area. Another investigation in 1941 was that fo r the City of 
Natchitoches, whe re gradual depl etion had reduced the · ground 
water supply. 

Annual cooperative funds available: 
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D f Dept of Caddo Bos s ier 
ept. 0 

• h p~:..r .... .i h T o ' Year Cons Pub Wks Natchit9ches Paru~ - ... -p-n'n 

P14lf $ 5 , 000 $ :> • uuO 
1941 4, 968 $500 $500 $480 6. 48 
1942 5 ,000 , , 000 

5 , 000 
1943 5,000 13,500 
A944 10,000 $3 , 500 ~2, . 000 
1945 6. 000 6. 000 . 
1946 5,ooo 6,ooo R~. ooo 
194 7 5, 000 6 , 000 ~ 1. 000 

We st Virginia. -Cooperation in West Virginia was b r ou ght a.bou 
by the contam nahon of ground-water supplies by mining operations an 
oil well drilling. The West Virginia Geological and Eco?omic Sur~e 
desired a Stat .:wide inventory of all wells used for mun1cipQ;.l and ln
dustrial supplies , to determine the extent of c onta m ination in orde r 
that safe water supplies might be selected. Cooperation in the a mount 
or'$2,500 annually~ was started July l, 1941, and continued unchanged 
during the period. . . 

Kentuckyo -There had been no coopera tive g ound-water m re 1-

gation in Kentucky prior to the summer of 1943 , at which i me a c itical 
shortage il: .. the Louisville area r.e suited from operation of newl -con~ 
structed hemical and rubber plants , and increased produc 1on schedules 
in other p l a nts manufa turing war materials. To avoid reduc ion 1n 
plant output, the Gove r nor allotted State war eme rgency unds t o t he 
Geological Division of the Department of Mines and Minerals for co 
operation; the wor k was fi~an ed from this source until the close of the 
war. Duri ng li 944 , the C i ty of Louisville provi ded funds for deepening 
test wells. In 1946 and 1947, when war emergency funds were no l onger 
avallabl e , the Lou · sville area studies were continued on a l es -in tensive 
scale tlu-ough cooperation with the Cityof Louisville and the Lo ! 'Ville 
a n d Jefferson County Planning and Zoning Commi ssion. 

The Lou.isville Water Company obtains its water from th Oh i o 
Rive r. Duri.ng the war, the concentration of industrial waste s rom p 
river manufacturing centers made it more and more difficult o obtain 
a satisfactrJry water wlth tlie existing filter plant. In ~he s p ring of 
J 945 the Wat~er Company, as a precaution against the pos ibi ity tha 
the river wou ld have to be abandoned as a source, be gam coop radon 
for an investigation of the ground-water supplies of fue awea northeast 
of Louisville, wilth emphasi s on 'the possibility of induced :dwe r infil~ 
~ ation·. · Cooperation was continued in 1946 and 1941. 

,The Bluegrass r egion in central K~ntucky has a w ys b n 
fa ed with the problem of finding adequate water s upplies for dome~tii .. 
and farm uee. In 1946, four counties, Bourbon . Fayette . Jessamine 
and Sc tt , allotted fu nds to the Mines and M ineX'als D partmen r.o begin 
a thr ,e-yea:r c ooperaftive investigation of the supplies in thee ~ounh " 

In 1946. theM " .ee and Minerals Department ~a~:Uotted fund ., to 
initiate a eurvey of the problems of the State w ith a view to the est .b-

1 · s b.ment of a compr hensive program in the near future. 
Annua cooperative funds available: 

L'ville C ity of L'ville & 
Year Dept M&M Wate r Co L'ville Jeff Co Tota.1 
1944 $ '1. 5oo $ - $Z, o96 $ $~9'6 
~945 10 ,000 3,000 13

0
000 

R946 3,7 4 Z . OOO Z,500 4,000 lZ.Z34 
941 7 . 339 5.200 3,000 3,000 18 .539 . 

'!e.nnesses. -In August 1940 . the construction of what w~:s a te r 
known as ~e Ch" kasaw Ordnance Works , placed a greater demand · on 
the M .mph s g :qoound-wate:r supply . and the City Lighto Gas a nd Water 
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Division began to drill 4 obse rvation we lls, and wished to have the 
Survey s tudy the effec t of the increased d raf t on t he water level s . 
With the a va ilable fund s and personnel . the investigation consisted 
in br ingin g up t o date the well inven ory made dur ing the early years 
of the p 1·eviou s period/~/and in reviving and expandi ng the obersvati on-

1847P: ·31.3 (1928-1939 ) . 
well program. The in estigation was completed in the fi scal year 
1942, except for the main t enance of the observation-we ll readings 
which were c ontinued by th e city. The draft on the ground water 
was increasing a nd a yec.r later, the city desire d a m ore extensive 
and intens ' ve investigation, and as that required full time personnel, 
the agree ment effect ive in November 194 was for $4.000 , all that 
could be used a t that time due to the personnel shortage. Dur ing 
the remainder o f the period however. that shortage was relieved 
and the fund s were increased to meet the expanding program . 

Annual c ooperative Memphis fund s available: 
194 1 $ 1.700 1945 $· 2, 500 
1942 ·4 00 1946 1·5. 000 
1943 1947 17 , 500 
1944 4 , 000 
Ohio o - Coope ration wi th Bu tle r and Hamilton Counties , star ted 

in 1938, continued dur ing the pe riod for the purpose of conducting an 
observation well progra m whi ch serves as a continuing inventor y of 
ground-water supplies in the heavuly pumped areas north of C incinnati. 
The Ohio Engineering E xpe riment Station favored a_ program of obser
vation wells in other heavily pumped areas . the wells to be equ ipped 
with wate -stage recorders, and started cooperation during the fi scal 
year 1942. During the fiscal years 1945 and 1946. the Cit y of Canton 
cooper ated for th pur pose of having an investigation made to de ter 
m ine where a ground-water supply could be obtained . 

T he State Wa te Resources Board was cre ated October 2 , 
1945, and i9 the field f ground wat er , had for its objective the 
abil i ty to 18;;/ 

1857 Fourth Anno ltpt •• 1945 , pp . B-? 
***l'or e tell the s Te perenmal yield of a given area m 
or de r o avoid p ast experience of industry and a gr ·
culture in m i ning a s tored source , only to d i scover 
in a short tim e that what was thought to be a perennial 
s upply was being taken out of storage . 

Cooperation wa s s tarted almost immediately . the one objective bei ng 
a Statew ide program of observation wells, 100 equipped w ith water 
stage recorde rs i n heavily-pumped areas, and in a reas less heavily 
pumped, a large number o f wells read wee kly. This program also 
includes systemat· c collection of well records and basic data throu gh 
out the state o Reports a r e published by the State wheneve r sufficie nt 
data are availa b l e . 

Annual cooperative State and municipal funds available : 
Eng. Exp. Water Res 

Year Sta . Bu tler Co Ha m ilton Co Canton Bd 
I"940 $3 . ooo $2 o Soo 
1941 600 1,200 
1942 $ 1, 000 3-00 700 
1943 75 0 200 1. 000 
1944 2,000 00 1 • .000 
1945 2 , 000 300 1,000 
1946 2, 000 500 1. 300 
1947 2, 000 500 1.300 

$ 7.100 
2,400 $12 ,240 

25,260 

Tot al 
$ 5 . 500 

1 , 800 
2, 000 
2,950 
3, 300 

10,400 
18 , 440 
29 . 060 
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d . c erat1"on th the State Department of Conse:rvc.tion, 
n ~ana . oop . h h £' 1 

D ' • ' f Geology CO"'tinued on a lim 1ted SCale throug t e l SC ye 1' tvts1on o ' ~- · 11 ~ 
1943, fo r the purpose of maintaining the ~bserva 10~-we p :r ~gt'a"'n . 
started n ]935, and continuing the part-tlme s tudy 1ll the hldlc:map ol s 
areao As a r esult of the direct appropr iation f~r ~ water re sou;rce 
invest'gation made by the State L e gi slature beg nnmg with the f1Bcal 
year 1944 .'%/and the 'ncreased need for ground wate • a s h wn by the 

186/p . 48. tl . d 
war-time activities, the c oope r ative amounts were grea" y tn~:r ea.se • 
They included contr ibutions by local intere s ts wh~n the 1nv est:1.ga ons 
to be undertaken were intensive as well as extemnve . 

Annual coope rative State funds available: 
1940 $ 1, 000 1944 $ 7, 500 
194) 1, 000 1945 8 , 500 
1942 2,360 1946 13,675 
1943 820 1947 13,875 
The in c:reaee during the fiscal year 1942 was due to s pecial 

eme:rgency funds allotted for the completion of the r eport on th e 
Indianapo · s area wh:...ch extended into the 1943 fiscal year. 

Mi chi gan. -Cooperation wi th the Mi chigan Depa :ttrnen of Con
servation., through the State Geologist , which had been informal du · g 
the l a i!t 2 years of the pr evious period , was resumed on a fo:rmal bas is 
a t the beginning of the present periodo Through the fiscal year 1944 , 
i t wa s 'or the purpose of continuing the observation well p r ogram 
started in 1932. The State Geologist had wished to increase the c o 
opera~ion for he purpose of making intensive inve t i gations , but was 
unable to d o so until the fi scal year 1945 o B y t at time . the war 
activities had caused excessive consumption of gr~IDu d-wate , and wi th 
indicated ~p-eace-time demands for gr ound water , re suHing in r equests 
for help from man y cities des iring more intensiv inve· tigations, ' nd 
c ontr ibuting to the State a gency for that purpose , the State a genc y wa 
able to increase greatly its c ooperatio~t. 

Ann al cooperat ive State a nd municipal funds ava ilable: 
1940 $500 1944 $ 500 
1941 500 1945 4 , 500 
194Z 500 1946 15.500 
1943 500 1947 29 . 575 
In addit 'on to cash contr ibutions, the citiee paid di edly a.?a.rt 

of the cost o£ tes t d illing, estimated at $ li 7 . 000 fo r the pe :\fiodol~?/ 
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water resources "to de termine the p esent use and depletion thereof , " 
each year's fu ds be i ng good u n til expended or as the bill termed it, 
"nonlapsible." That was i n reality a new r esearch projec t and as the 
University of Wis c ons in , among it s oth e r functions, is a highly-regarded 
research center for the Stat e , t he appr opria t ion was made to the R egents 
of the University , who we r e empowered t o cooperate with the app opriate 
agencies of the Federal Government in maki ng the study. 

To carry out t he provis ions of the l aw, the R gents appointed a 
committee of three , of whi ch the State Geologist wase c hairman; that 
committee recommende d coopera tion with the Survey , and the agree 
ment was signed by the Regents of the University. By the time the 
final arrangements with the Survey were perfected and personnel avail
able, more than half the fisca l year 1946 had elapsed, and in view of 
the "nonlapsible' characte r of the appropriations, the cooperation for 
the first year was set b y the Su r vey in the amount of $7 , 000 and for 194 7, 
$17' 000 . . 

The Surface Water Divi sion had been keeping up a small obser c. 
vation well program in connection with its regular field work, and in 
the fiscal year 1945 , the Commi ssion on Water Pollution which was co
operating with the Surfac e Water Division made .available $500 for the 
observation-well programs; incidentally , an indirect a id to the Surface 
Water Division which continued that work. 

Referring to the cooperative program, Mr. E. F . Bean, the 
State Geologist, writes as follows: 

Your visit t o Madison must have convinced you that the 
cooperative arrangement between the University of 
Wisconsin and the United States Geological Survey for 
ground-water investigations is a very satisfactory one., 
The water superintendents and all others closely con
nected with the problem are enthusiastic about the 
research wor k being done . 
Minnesota.-Cooperation with the Minnesota Department of 

Conservation, whic h started i n the fiscal year 1946, was for the pur
pose of investigatmg the ground-water supply in the Red River Valley 
with special reference to the City of Moorhe d and vicinity. The i n ves
tigation was an out gr owth of a more limited study of Moorbf.oa~' s sis t e r 
City of Fargo , made by the Survey in cooperation with the ·State of 
North Dakota and completed in 1942. The results of that inves tigati on 
warranted the larger study , including both the Minnesota aJ?.d North 
Dakota portions of the Red River Valley -in the general vicinity of the 
two cities. To finance the Minnesota study, the Ci4' of Moorhead , 
Clay County , and the Department of conservation contributed equal 
amounts, the Department of Conservation being the cooperating 
agency. 

Annual cooperativ e funds available: 
1946 $2,750 
1947 4,750 
Iowa. -Cooperation with the Iowa Geological Survey which was 

startedlntlie fiscal ye r 1939. continued during the present per iod . 
Each biennium, the State funds were increas~d as the value of the 
work was recogni zed and the need for i t becam greater. 

Annual cooperative State funds avai able: 
1940 $ 7 . 000 1944 $13,000 
1941 7.000 1945 12.000 
1942 10 , 500 1946 15,000 
1943 10, 5 00 1947 16 , 000 
Arkansas. - Cooper a tion with the State Agricultural E xperiment 

Station m connection with the investigation of the Grand P rar ie Re gion188/ 
l88Ti:"'. Jl2 ( 1928-1939). -
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continued in gradually decreas ing amounts &8 the pR- oject ~ered. 
completion, and was discontinued with the !isc~l yei&lr 1945 • . D~rmg 
the fiscal year 1947, it was resumed for the purpose of con 1nu1ng 
the operation of the observation wells . . 

During the fir at year, t .e State. Geologl!. s t mad a small co ~ 
operative contibution but thereafter, h1s budget wa tli)o small to per
mit cooperation. 

The Bureau of Resea:rch , University of Arkansas , ~reated in 
1944, for the purpose of helping industry olve .Eo rne of i te problems, 
desl re d to expand its activities by partkipa~ U'.g ' n the g ound-water 
investigations, which were of concer n ~o ~ndust:t' ·3 al pl«tn s, and having 
funds for that purpoi3e, began cooperati ol!l in the fbc:: 1 ye r 1946. 

The City of El Dorado had a war ind stry pl~nt ~s well as an 
increase in use of it;s wate r fo:r oil :refin~l'iee and o be oming doubtful 
of the adequacy of the water supply. coopeJrated :Co one yea. • Co
operation in the amount of $800 was offered in the fi'Bca.l year 1945 ~ b 
but it was not until the following yeaX' that the Su!'vey could undertake 
the invest gation, at whkh t'me $1,700 additional was Qi.V'ailab e. The 
results of the one year's study indicated t:Mt the w&ter &uppl y was 
adequate and the coop~ration was discontinued. 

The City of Crossett had a, lumbe r mill and a li d wood indus
tries which were working overtime and , fearing for its w&ter supply 
as well as anticipating an increase in .the use o£ water. deeb·ed to 
cooperate with the Survey in the f seal year 1945. Th S11lrvey was 
so short of personnel that it was not un~il the flee l yea~ 1947 th 
the personnel situation improved, and the coop rs.tion could be 
accepted. 

Annual cooperative State a nd muni,d.pa unds available: 
Agri Exp State Bur El 

Year Stao Geol~ist of Res Dorado 
~$2,000 $1 
l941 2. 000 
1942 2,000 
1943 1, 500 

C:rossett Total 
$2 ,1 00 

2. , 000 
2.,000 
R, SOO 
1 , 2 00 1944 1, 200 

1945 1, 2.00 $ 800 2.,000 
1946 
1947 

$5,000 ~.700 6 , 700 
500 3, 864 $ Zo 500 6, 864 

The 1947 reduction in Bureau of Research ooperation was 
due to the fact that the Bureau's funds were r educed that year. 

The Agricultural Experiment Station cooperation had been 
based on evaluated services and that was discontinued in the fiscal 
yea'!:' 1946; cooperation resumed in 1947 and was a cash contribu
tion on actual cost. 

. No!'th Dako~a. -Cooperation with the State Geologic&! Survey. 
wh1ch was sta fed !n the summer of 1937, continued through the fi .. 
, al year .1945 •. By that-Ume, requests from some 30 municipali.t:i.es 

for help m theu· g~ound.,.water problems were on file as they could 
not be met.' and ~· L. Greenlee . in charge of. the Sttlrveyn s inve s ti 
gation, had conv:mced the people of Norith DakotR. that a State -wide 
invc~tigation, of. mu · ic~~: w~te eu.pj.Yli.es was needed. 'The time 

was r1pe for s~ch expan~ll.on; 90 percent of m unidp 1 and p r10.1.ctically 
all rura supphes c me. fzoom ground water 0 agr cultu!f~l retu:rns had 
b.een lar ge fo.r.the pre'lfl!.ous few years, a nd the State was in an excellent 
fmanc al posll.tlon. As a :reeult. la:rger State funds welt'e ·made. available 
and the St~te Water Conservation Commi ssion becamtJ ithe coope!!:ating 
a?ency , wtth the State Geologist as technical adviso·:t t o the Commis~ 
s1on. The State Water Conservation Commissi on d been c-reated in 
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1937 for the purpose of having charge of s tudies of both surface and 
ground water in the state , but at that time devoted its attention to 
surface water, leaving to the State Geologist the study of grrund water " 
However, w hen funds were appropr iated for the State-wide inves tigation , 
they were appropriated by the Legi slature to the Conservation Comm i s
sion. 

Beginning May 1 , 1940 , c ooperation was effected with the City 
of Fargo for a study to de termine if ur gently needed additions to the 
municipal supply could be obtained from ground water. That investi
gation was completed June 3 0 , 1942.. During the latter part of the 
fiscal year 1944, the State Department of Health, which had certain 
responsibilities pertaining to public water supplies, re a lized the in
adequacy of some of those supplies and offered $1, 000 for cooperati ve 
investigations in the Dick inson and Fessender area and wished to have 
the work started as soon as possible. As Surve y. cooperative funds 
for that year were e xha usted, the agreement was made for the fiscal 
year 1945, when such funds were available. The field work in the 
Dickinson and Fessenden areas was pe rformed in the fiscal year 1944, 
the city of Minot cooperated in an investigati on t.o determine if the 
aquifer which furnished the municipal water supply was capable of 
sustaining heavier draft s . Also, the Universityof North Dakota put 
up funds for test drillin g in connection with the water-supply needs 
for the Bureau of M ines lignite gasification plant located on Univer
sity property. 

Annual cooperative funds available: 
State Water C i ty of C i ty of 

Year Geol Sur Cons Comm Fargo Minot 
Tg4ij $2,980 $ 100 
1941 3,000 2,400 
1942 2,500 1, 500 
1943 2, 500 

Dept of Univ of 
H;ealth N Dak Total 

$ 3. 080 
5,400 
4, 000 
2 , 500 
4,000 1944 4, 000 

1945 4, 100 
1946 

$3. 000 $1. 000 $942 9. 042 
$2 1,250 21,250 

1947 21.250 21,250 
In addition to the cooperative funds listed , the Water Conse rva

tion Commission in June 1945, made available $10 , ·000 which was used 
with some cooperative funds in purchasing a hydraulic ro tary well 
dr illing machine and accessory equipment from the War Depar tment's 
surplus property . l~9/~--~--~--~---------------------------------

1897Letter from P . E. Dennis to author. 
· In referring to the State coope~ation, Dr. W. M . Laird, State 

Geologi st, stated to the author that if the State had to do the work i tself . 
great diffi culty woul d be experienced in obtaining .as highly trained per
sonnel. He further stated that in his opinion,. ground water is the most 
pressing geologic problem in North Dakota. 

South Dakota -The Stat e Geologist had started a small obse r va
tion-well program in 1936 and in the fall of. 1939, he began cooperatio n 
with the Survey for the purpose of enlarging that program; $400 was 
allotted annually through t he fiscal year 1945, when cooperation ceased. 
At that time, Missour i Basin funds for ground water investigations be
came available and the State Geol ogist felt that his small contr ibution 
was not needed . 

During the fi s cal year 1945, Sioux Falls cooperated to the extent 
of $1,750 for the purpose of determining whether there was sufficient 
ground-water storage in pe r iod s of l ow flow of the B i g S ioux R iver to 
warrant additional well s. 
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Nebll'aska. -Cooperation with the Nebraska St~te Conservation 
and Survey Oivsion, formerly the Nebraska Geologu:al Sur~ey, for a 
State -wide ground-water inve stigatio~. s~rted in the i 93 U f1scal year, 
continued on substantially the same fmanc1al level. 

Annual cooperative State funds available: 
1q4o $s . ooo 1944 $7 , 050 
1941 6, 000 1945 7. 520 
1942 6. 000 1946 7. 500 
1943 6 , ooo 1947 7.5oo ... 
Referring to the cooperative g~ound -wate:r lnve~t~gahon , Dr. G. 

E Condra Di:lrector of the Conservation and Sur-vey D1v1sion. statedl90/ 
190iNebrask~ Conservation Bull. No 29 , Conservation & Survey Division, 

Fe.b. 1947. 
***We believe that the results of this work have been 
beneficial and that the people of the state are now con
scious of the fact that there is much ground water in 
the state , as evidenced by the progress made in pump 
irrigation. when the r ecord shows that there were about 
300 i :rigation wells when the Survey was start ed and 
6_. 000 wells no~puml?: (~r 3~·-~-9.~. a~:~~- . " ~ r • • : 
Kansas.- When cooperatlon w1th ffie ""State Geoiog1·C:a--r"Survey wato 

started July J.. 1937, the Division of Sanitation of the State Board of 
Health w i shed to assist the ground-wate r investigations. Among its 
duties was that of being assured that the oil fields made su ch d i sposal 
of the salt brine from the wells that the public . domestic . and stoc k 
wate:r supp ie s would not become c ontaminated. That agency had 
little cash for the inve s tigation , but did have a well-equipped labor&
to·ry ' n ch:arge of a good chemist, and offered to make the chemical 
analyses. W. D . Collins made an inspection of the laboratory and 
' ts methods, and after suggesting a few changes in the methods to 
make the r suUs conform more closely with those of the Survey . the 
Board of Health's proposed cooperation was accepted. Later, the 
Board of Health contributed funds in addition to making the chemical 
analyses. 

A year later, the Division of Water Resources of the State 
Board of Agr ·culture proposed c ooperation. That agency . which had 
been cooperating with the Surface Water Division , had stationed at 
Garden City a _, employee who d ivided his time between field work 
for a number of gaging stations in western Kansas . and studyi ng the 
efficiencx of irrigation wells. As drawdown pumping tests were in
volved, equiipment for making those tests was provided. G. S. Knapp . 
chief engineer of the State Division of Water Resources, suggef!ted 
that a.s th . ground-waterprogram was concerned largely with an 
:i.nvestigation of the i rrigation in we stern Kansas , the Garden City 
employee would be able to make the needed pumping tesh. and also 
ma ·nta in the observation-well program being established. Wi th the 
a ccep tance of that offer, the State cooperation became a three -way 
arrangem nt. covered by one cooperative agreement with the State 
Geologic Sur ey, the principal contributor. In addition. the city 
of Wic. ita cont!"ibuted t o the St a te Survey about $ L 000 annually 
towar d continuation of the in.restigation for a new water supply , and 
to obse-rve the behavior of the well-field area after the new supply 
wae developed. 

The contdbutions by the State Board of Health ~veraged about 
$2,000 annually, and those by the State Board of Agriculture. &bout 
$2,500 annually. 

Annual c ooperative State funds available: 



1940 $2 1, S50 ]944 $26,280 
1941 20 9545 1945 27.290 
1942 31 9 ~w o 1946 25 , 9oo 
1943 26 , 455 1947 25 , 000 
Oklahoma, - Coop ration with the Oklahoma Geological Su vey , 

s!ar tedlill947 , continued during the period , Beginning "th the fiscal 
year 1942. the cooperati e funds were doubled, due to increased need 
for the w ork and wha was of greater impor tance . the State 1 s r e sou ce s 
had r eached a poi n t wh ere increased appropriations were warr anted . 

Annual coope rative State funds a vailable : 
1940 $2 .11 5 1944 $5 . 000 
1941 2,300 1945 s.ooo 
1942 5 . 000 1946 6 . 500 
194 3 5 . 000 1947 7, 000 
In add i tion . the Oklahoma Planning and. Resources Boar d , in the 

fiscal year 1945 , coope rated with all divisions of the Branc~ for the p u -
pose of having the Survey p repare " Oklahoma Wate r . Quantity . Occurrence " 
and Quality of S rfac e and Ground Water ," a report str essi n g the ind· s
tr ia! use s of water and published by the State agency. T h e Ground Wate 
Divi s ion ' s s h a r e in that coope r ation a mounte d t o $ 1, 500 . 

Texas. -Cooperation w ith the Texas Board of Water E n gine e s !or 
a systematl i nve s tigation of the gr ound -water supplie s in Texas, started 
in 1929 , continued. When the investigation wa s s tarted and for some years 
afterward, one of the chief u ses of additional ground-wate r supplie s was 
for i r r i ga t ion , particularly in the Hi~h P lains . In c ommen ting on that use . 
the Boar d of Wate Engineers stated1 that fro m 1930 t o 1946 , the area 
L Progre ss Rep t . , e p t . - Au g e xa s Boar Water En-
gineers , De c . 1946, p . 4 7. . 

1 

irr i gat ed fr om wells and sp rings had increased frop1 some 120 , 000 a r es 
to about 650 , 000 a c res . T h e war years brou ght a !great increase in he 
numbe a n d siz e of industr ial plants with c orrespolldingly greater demands 
on ground-wate r s uppli s. An excellent summary of the c ha nged indus 
trial p ictu r e was given by T im e magazine in the issue of April 7, 1947: 

T xas long had almost everythin g i needed to take its 
place i n the .·ndustrial sun--a gr e at amou n t and .variety of 
m inerals. plus u nlim ited quantitie s of natural gas fo c-heap . 
cle an fuel. Bu t not until A rne ican Cyanamid Compan came 
from the north in 1934 t o build a $7 , 000 , 000 alkali p lan in 
C o p u s Ch i a ti dXd the industrial revolution begin. With a 
s urfe "t of a w m te ria ls (lim e. sulp hu , s a lt, s eawater , 
gyp sum) the e , othe s were s oon attracted t o the Gu f Coast 
are a. They ptllured i n investments r unn m g in to m illi ons. 

On top of this came the synthetic r ubbe r industry and 
war e xpansion. Wa r 's end brought n o decline. (Last week 
the Government de cided. to keep the syn the tic pl ants opera 
ting pe rmanently. ) DuP ont spent $6 0 m illion on new plants , 
Dow over $35 million, Montsantc $ 11 m illion , Cel anese 
Cor p . $7 m illion. 
F o r industr ia l use . water supplies must have acceptable chemi<.·al 

qualities , fa ir 1 y unifor m temp r ture, a nd be capable of rap id dev elop 
ment. As only ground water m ee tb.os equirerne nts. the greatly in 
crea s ed demam.d made nece s l'Y ddi\Cional qu ntitative investigations i n 
the indu s t r ial a reas . Cities a nd c ounties coop e ate d in the inve sti gati ons o 
contr ibu t ing to the State Boa d of Engineer s fund s available for Survey 
cooperation. T he C "ty of E l P aso. however, coop erate d directly with 
the Survey. Thi s was for the purpos of continuing the obserwa tions a nd 
preparing su m m a r "es of the results of th e inwesti gati on made durin g the 
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p07t"viou .period?92/ With the large increase in State funds duri ng ~46 
l9?7P ~~9 I 1928-1939. 

and tcJ4!, Iurther contributions by El Pas~ were not ~eeded. 
The Red Bluff District was vitally mteres ted 1n tJ;e Pecos .R iver 

Joint n vestiga t'ion , and after its conclusion cooperated lll the m alnte n
ance of the ground-water records. In the Pecos Valley nearly as much 
land is irr "gat.ed from ground water as f ro.m the P ecos R iver . 

Annual cooperative State funds avallable : 
State Boa d of 

Yea!' Water Engineers El Paso Red Bluff Dist Total 
i940 $ l 9 . 800 $1.250 $4 .500 $35,550 
1941 35,700 1,250 4 .500 4 1,450 
194Z 36,5 .'54 1.250 37. 804 
1943 35.772 1. 250 37, 022. 
1944 32. 972 1. 250 34 t 222. 
945 29,300 1. 250 30. 550 

1946 45 ,725 45 ,725 
!941, 51 ,000 5 1, 000 

Wyoming. -The drought years had so increased the use of 
ground wate'f for ir r i gation that at the beginning of the pe riod . there 
was a s trong feeling that a ground-water law should be enacted. To 
obtain inlormation on the State• s ground-water supplies , the Wyoming 
State Planning and Water Conservation Board. the only State agency 
having funds a vailable for that purpose , entered into coop eration wi th 
the Survey in the fiscal year 1941 to start the needed investigation . 
That coope:!r'ail:ion continu~d until the fiscal year 1946, when the Legi s 
lature approp iated funds to the State Engineer for that pur pos e . and 
hlls off" .ce became the cooperating State agen,cy. Du ring the iisc~J year 
1943, the Sta te Engineer who was ex-officio a member of the State 
P lanning and Water Conservation Board , was able to supplement the 
Stat:e cooperative funds by $600 . 

In the spring of 1942, the City of Laramie was consider ing an 
additiona S Olll" C~ of water supply and contributed $3 . ooo· t o the C onser
vati<>n Board for a cooperative investigation of the g r ound - wete possi
bill ·ies in the vicin ity of Laramie. That cooperati on c ontinued th ou gh 
the next £" sea year, by which time it appeared that & sur face -wate!' 
s upply would be more suitable and no further contributions were made . 

The fi!' st investigation under the State cooperativ e p rogram was 
in t.ll:le southea s tern corner of Wyoming and in the spring of 194 1. the 
city f Cheyenne wh i ch was looking for an additional water supply . c on 
t r"buted $2 . 500 to the Water Conservation Board i s cooperative funds 
fo-.:- the purpose of extending toward Cheyenne that initial invest i gatio . 
S1bsequently . the City continued to contribute $500 annually. In 1946 . 
the State Geologist contributed $100 toward the special i nvestigations 

. for the dt"e s. 

Ye:ar 
Pf.iT 
1942 
1943 
1944 

945 
R946 
1947 

Annual cooperative State funds available: 
Water Cons Bd State Engr State Geolot ist r,;o 
3,625 
4.925 
z. 150 
2, 000 

$ 600 

Tota' 
$~0 

3.625 
5 , 525 
2 9150 
2 9000 

2,000 $100 2 ,1 00 
500 2,350 2 , 8 50 

ColoradorDuring the dry years of the nineteen-thirties the 
flow of the normally over-developed streams was so deficient 

0

that 
~a~y ~ells we:r.e put ~own for the purpose of usi ng ground water for 
i.r ·1g tH>n. Mos t of the wells were in the valleys not far fr om the 
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river ch nnel n d 1le re w s dange • tha t exten s i e use of the g ound 
wate migh t r e du e . e ousl he H w of the ivers It e c a me ppa
rent t h a t a g r ound-w3.te ,. aw fo t' t he regu1 ~on of s ch development 
was n eeded , and in Septemb e · ... 94 0 , A . W . M cHend : e dehv e r e d a n 
address befo r e th e Co rad o B ! Associatio n e re ~s i.ng t e need for 
such a l aw Howev r , bofc•:- e he enact m n t of s ch a l aw , · twa s 
felt tha a ground -water .tn ve tigat i on shou d be m a de as a basis fo r 
su h a aw 

Mr C_iffo d H S1..o n.e, Director Con.-
servati on Boa r d , was int e ..: sted 'n h a v· g t' . ne L.e ssa ·y tnvestt ga
tion made , and in Aug . t 940 . reque s te d h e Su vev t o make a re 
canna "ssanc e o f the St .e i'lnd s ti.mat e th c s t o th n e e ded ·nve s-
tiga t wn. W N .. Wh1.eandC . V. The .ts made t h e c.onna ' s sance , 
accompan·ed b y C . L P a ! , -on . c h i e f e n g i nee o .... he Wa ter C on
se rva tion B oard , a nd h e i cone s ion wa ha t the c cs t wou d be a t 
least $150,000 and s hould be sp e a d ove a 6 - year per iod. With full 
Survey par t' c 'pat ' o n , t e S a t e 1s s h a e would b e $25 , 000 for each 
bienni m, and ·:at a m oun t w as r e ues ted of t he Legi s l a u re . It was 
not unt ' l the 945 s ess ' o n tha th e g r ou nd-wat e r i t em was granted 
The $ 2 5,000 wa s f ..:>r the b ienniu m endin g J une 30 , 947 . When the 
coope r a tive agree men t w s s ' gned in J· l y 945 , it was evi dent that 
difficulty ' n obta ' n ' ng pe .. sonne l and equ'pment woul d make i t im
possibl e to s tar t ·h e in est ' gation p r omptly and the State funds we e 
div ided between th two y r s as f o llow : 

1946 $ 10 , 000 947 $15 , 000 
The Su v e y fu n ds were likewi s e d ivid eq. 
New Mex ·c o . C ope a t ' on w i th the Sta t e Enginee continued 

during the period T e me ease i n funds du ring 1940 wa s d ue t o 
the fac .a t t e S t ~ E gineer h ad $3 , 000 m h 1s Water Reservo1 
fund w i ch c ou ld be s p a ·ed , and a s C R Mu ray p h ases it.''lj/ 

193/Lette t o auth o " 
iTcon s ide ed th t the b e st way to mvest 1f. " 

The Interet te S t ~am Commission was ere t ed in 19 35, a n d 
am ong i t s dut • e s was tb. c f in res t i g t ' n g , dev e op in g . a n d p o ec t 
ing the w · t e s o f m e s t e e a rns . A cco r d i n gl y . when the Pe cos 
River Jo in t lnve tlgation wa s s ta ted in 93 9 . t h e c o m m · s s ion con
tribu ed to t e g ou n d -wa e r phase " That i nve i ga tio n w a s co mpl e t e d 
inl942 , andfo. t .•e • x tth eey t"s the coope r ive u ndsfo i n ves ·
tiga i o n of o t e e,t earn w e e r educ d to $ 1 9 500 nnua l y except for 
the last two ye ~ when it w as 'n c rea s ed to $2 p 000 . The reduct ' o n 
wa s due to th l ' m ited gro u nd -water p er s onne wh c was u na l e t o 
exparid t e p y og a m · rt-he r " 

In th e ·i s ye J 94 6 , the a l . b anch Colfax Cou nt y p . ogra m 
was s ta l" ted1,Y a n d •:- ontinued hrough 194 7 . As a r s t of the ~ 946 

194 /p 63 . 
drought, the E leph n to cons1der 
poss ib e grou d -water su ppl'es o s u ppl ement t he su face-wat e r 
suppl y, and cooper a te d i n an investiga i o n durin g 1947. 

Yea-r 
mer 
194 1 
1942 
1943 

944 
1945 
1946 
1947 

Annua • coope tiv e St a t e f nd s vailable ~ 

Stat e Eng 
$ 9. soo-

6 ,5oo 
6,500 

' 6,000 
5, 500 
6,000 
8 .00 0 

13 , 000 

t C olfa E e p h a nt Butte 
County I i g D i st 

$ 3 , 2. 00 
z. . ooo 

Tota l 
$1 3 , 500 

10 , 500 
10 . 500 

7 . 5 0 0 
7 , 00 0 
? , 500 
3, 200 

24 , 250 
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d"-ho., - Du ing the prev ious period . a n inve s tigatio~~of the 
Snake R :.. ret' ha d been made and another in the Ma a d Va l e y the 

195/p , 334 (1928-1939) . 
ra te r a cr'bcal -"rteslan rea. About 1943 D the State Reclamation 
Engine-er, bei.ng conc e r ned over the leaky wells in the a r te s ' an area . 
was making an a t tempt t o p lug those wells •. and inv ento ry all ~el .s 
to deteTmt:ne what degr ee of control was bemg exercised . Beg1nn ng 
in June. 1943, he cooperated wi th the Survey f .J the pur pose of 
dett>rmin:in g the under ground lea kage and the depth of the l eaks and 
in eh fiscal y'"ar ]. 945 a nd 1946 . he made vaila. 1 ~ fund fo r a c o 
ope a t1ve p r ject whereby the Surve y was to c ontinue the artes ian 
bas in in esti gad e;n and continue tile readings m the: o'tb erv tion wel s 
s ele ct~d. 

D rin g this peri od . the!'e were occasional squ~B t s o f inve s-
t igat• ons o.f various a r eas, bu t fo r lack of fund s 9 • uch invest g tions 
could no t be made . The requests showed a ne e d for a State-wide 
imrPs t iga J.on , and whe n Mark R . Kulp became State Reclam ation 
E gmee:r, thas situa tion wae called to h i s atte ntion by T. R . Ne we ll. 
the Su veyvs District engineer. The for me r rcecognized t he need 
for a Sta~e-wide inv ntor y and increased the State vs i nt e rest t o the 
poin'i whe f (a the Legislatur e appropriated funds for tha t purpo e . 
du r"ng tne Ins al year 1947. 

AnlrK.\l!al c: oope r a tive State funds a vailable: 
1943 $ 250 
1944 x,oso 

94.5 300 
1946 300 
947 5. 000 

Ut~ . -Cooperation w!th the State Engi neer o which bad 
started 1ii"l'l)35 v continued bu t during the las t four y ears the 
economy - minded L gis lature reduced the State a ppr opriations , 
'Which n cessita"<eld a r edu c tion in the work p r ogram . However. 
du:dng !q46 and 1941, fo r the purpose of speedi ng up th e inve stig.a.-
ti ns in ·~ho e coun~i s , Davis and Weber Countie s contributed funds 
t o .he S t e Engineer o t hu s increasing the State coo~r& ion. 

Fot" a spec · 1 investigation of i ts w&ter supplyo th C ity of 
Ogden c operated directly with the Survey during the fh~cal ye rg 
1943 to 1946. 

Ann al coope r a t ve funds available: 
Year Stat E n_gineer Ogden 
T940' $to.ooo 

94 1 8 , 000 
1942 7, 000 
!943 7 ,000 
1944 5.500 
1945 5,500 
1946 "/ , 000 
1947 8.000 
i7~he '6 "~nnium. 

$1. zoo lJ 

1.200 

Total 
$ 10 . 00 0 

8 , 000 
7 0 000 
BoZ OO 
5 o50 0 
6.100 
1. 000 
BoOOO 

. ~ ~ - t the conclu sion of the Las Ve ga in vestigation 
ln i 9 · Bf.i77•10n?oiLgwo:i<u~n\d_-_w_a_te_r_wo~r;;;..k~w;:..;::a:.::s ..... pt::e:::.::.rf:.:o~r:...:me:!.::~d~i:!!n:_N~e~v:.!a~d~a~u~n~t~il~t:!!h::..e 

19b/p, 3 l 28-l 
l'lsca year ~' 4 • A r m y A r Base an t near y B a s c a gnes1um 
plant a ll H~nd~rson had so a dded t o the population of Las Ve gara t hat the 
d . aft Ill t h c~tyv e gr u nd-water supply was greatly incl'ea.sed. At the 
sa~ thne o there was increased development of glround w;~te r for i rri 
gation n Pah.r wnp Val e y . lying to the wes t of Las Vegas Valley , and 
th S~ah:~ eng.mee~ feared that such increase would dep l te dange r ousl y 
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the ground -water reservoir. He de sired further study of the Las 
Vegas area and Pahrump Valley, and obtained the needed funds from 
the Las Vegas and Pahrump Artesian Basin Funds. 

Until tha t time, the Legislature had made no appropriations 
for ground-water studies, although in 1939, alaw regulating the· 
appropr iation and use of ground-water had been enacted. For several 
years, the State Engineer had attempted to obtain such funds as he 
realized that the .. scanty surface waters were nearly fully appropriated , 
leaving only the ground waters available for further appropriation . 
The suc.cessful conclusion of his efforts, reinforced by the example 
of the Las Vegas investigation, came in 1945 when the Legislature 
rra.de an appropriation for a State-wide inventory of ground water . 

In refe rring to the state cooperative proglam, which became 
effective July 1, 1945, the State Engineer st~ted: Y7f 

197 I Bien Rept. State Engineer for the period J\lly 1. ·1944 to June 3 0, 
1946, p. 55 . 

"'It is e vident that this program will extend over a 
long pe riod o f time as the State is large and has many 
ground-water basins. Then, too, when the major under
ground wate r basins have been studied and the many 
facts pertaining to them are known, the problem of safe 
guarding these waters intelligently, so that use can be 
made of them continually through the generations is one 
that requires c ontinuous study and observation. 

The wor k of the U. S. Geological Su.rvey in the co
operative p rogram will incoude geological and hydro
logical studies of the ground-water basin, drilling of 
test holes ~o de termine the character and water-yielding 
ability of the underlying formations; observations of 
water level in selected well s , permeability studi es of 
the aquifers , pumping tests of wells, surface stream 
measurements, geophysical studies and other studies 
necessary fo r the proper solution of ground-water 
problems . 
Annual cooperative State funds avaifahle :· 
1945 $ 5,850 
1946 21, 000 
1947 22,325 
Ar izona. -The dro'!lght years in the nineteen.-thirties with the 

scanty sur face -water su:wlie s, had re suited in an extensive develop 
ment of ground water for irrigation by private interests. With little 
or no information regarding the recharge supply of the natural 
ground-water reservoirs, the re sult was, as the State Water Com
missioner stated~?a/that within a few years the supply became totally 

198/Eleventh Bien. Rept. , 1937-1938 , 
ex auste an t e mvestment a tota .oss. 

During the fall of 1938 , there was some agitation by local 
engineers for a ground-water •study and C. V. Theis , at J. H . 
Gardiner's suggestion , was ccilled in to address a meeting on ground 
water investigations. The agitation wh ich continued resulted in an 
initial appropr iation of $6 , 000 annually for a cooperative ground-water 
investigation. W. N. White came to Phoenix to arrange for the formal 
cooperation which began with the signing of the agreement August 1, 
1939, and continued during the period. 

Beginning with the fiscal year 1944, the Stat e agency became 
the State Land ,Commissioner/~/ For the ·fiscal years 1946 and 1947, 

199/p . 65. 
the Legislature n o t only in,creased the an:i:lUal apf;lropriation to $15,000 
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but also m ade additio:r.a l cooper ti e app opd: (;'.on s m ounting . to 
$1 8 000 a nd $22 000 respe c t vely, to ena 1. t S rvey to .obtam 
info~mation in e~ch impor ta n basin necess · y r the .bas1s of a 

d t la a nd m ake a rep or t the n xt sess on of the groun -wa er w, 
L egi slatur e . d b th 

The need fo r a gro nd --water law h~d b?e·n st:es~e y e 
Bureau of Reclamation d uring its cooper tl e mvest ga tlo n Wlth 
the State . The Burea u stated~ that the ba ance be e en sur face 

200 r n . ep . , r z. tate ~ ,omn; . , p . 5". tq44-45 . 
irrigation and pumping m ust be ma:mtamed m o't'<!er that the land 
would not become wate r logged by too much wa er. or. the grou.nd- . 
water resources beca m e e nt'rely exhaus ed by e ces s1ve pump1ng . 

So critical d id the ground-wate r situmtion become that 
during the latter year s of the pel"· d 9 the Citie ' o P oenix , P r es
cott, and Globe ente red i nto cooperation in o der that the Survey 

· could study their particular ground-wate p r oblems. 
Annual coope rative State and City funds va Hable: 

State Water State Land 
Year Commr Comm. P hoenix P rescott Globe Total 
~ $6,000 $b";OOO 
1941 6,000 6 , 000 
1942 6,000 6 . 000 
1943 6,000 6,000 
1944 $ 6 , 000 $2 .500 8 . ~.90 
1945 6 ,00 0 7,000 $ 1, 000 14 , 000 
1946 33. 000 3, 000 $4 . 000 500 40, 500 
1947 37, 000 4 ,Z60 2. 000 50043 , 750 

Washing,l<>n• -Coopera tion with th S~a e D e partm e n t of Con
s ervation and Developme nt. s tarted July 1. 1931. continued. In 
the fiscal year 1942 . two funds be came a v Hable. one t o continue 
the regular progra m •. and the other a fund to 'nve tigate in colla
l:Dration with the Bureau of R e c a m a tion . the g ound -water features 
of the Columbia R ive r Ir rigation P r oje c • The a U r fund was made 
available for the four years required by ·he C olumbia R ive r lnve s
tiagion . Th e Legi s lature a dop fted a ground~w t e:r code effective in 
June 1945 , and for ~he 1946 f i s ... aJ yea , the general fu nd coopera-
t ion was increas ed t o m a ke up for the exhaustion of the s pecial Col
umbia Rive r fund, in or de r tha,t the s cope of the ground - wat e r inves
tigati ons would not be curta iled . F aced with administrative pro
b l ems caused by the ground - wate x- c od • t he coop e rat 've funds were 
mater ially increased during the last ye& of th peri d wh e n personnel 
became available . 

Coope r a t ion with the city of T a coma cmtir~u d but with the 
completion of the inve sti gation, the funds were reduced to those 
necessary to keep up the p e riodic measuremente of well s , springs, 
etc . 

In the fi s cal year A 940 , t he city of Bremerton requested an 
appraisal of a vaila ble ground-water r e aouT.ces as a p r e caut ionary 
measur e , if a nationa l e~ergency demande d a targe i ncr ease. That 
was shortly be fore P earl Harbor a£ r which. the de mand was in
crea s ed some 700 percent due to the p ~ esence of the Nav y Yar d . 

The Public Utility Distric~ No. n was the Sn ohomi sh County 
agency, which was tak in g t ,he e ad in changi ng the County0 s economy 
f rom depende nce on logging . the n on the de cline. to a mor e stable 
e c onomy by sponsoring an inve ntory of all the County's resources . 
As gr ound wate r waa am impoxo tant resource" ccoop er&tion was started 
in the fiscal year 1945 and continued beyond the p eriod o 
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In the fiscal ear 946, the city of Waterville de sired infor
mation regarding the p ossibility of an additional ground-water suppl 
and cooperated for the purpose of having a geologic reconnai ssance. 
Cooperation with Walla Walla County was started near the end of the 
period and continued~ ~t that time , there was marked local intere s t 
in the changing e c onomic p icture where a one-crop (wheat) economy 
was giving way to intensive cultivation of garden peas for canning 
and frozen pack. T hat required a water supply for supplemental 
irrigation, and the County was e xpe cted to provide funds for the pur
pose of augmenting the State program, but fail~d to do so during the 
1947 fiscal year. 

Annual cooperative funds available were: 
State Dept Snohomish Water-

Year Gas & Dev Tacoma Bre merton Co PUD ville Total 
~ $~.000 $ 2.250 $1 , 500 $5 , 750 
1941 2,300 2,1 00 4 , 400 
1942 5,000 1, 900 6,900 
1943 4,763 900 5,663 
1944 5,000 500 5 , 500 
1945 4,212 500 1,2SO 5,962 
1946 5,000 500 1,500 $100 7,100 
1947 7,550 500 1,5QO 9 , 550 

Oregon. -Cooperation with the Oregon Water Resourc es De 
partment of which the State Engineer was the t'!xecutive head , and 
also with the Stat e Agricultural Experiment· $tation which had been 
resumed in 1938 for the purpose of maintaini,ng a_n observation-well 
program in the Willamette Valley and in th~ eemi-arid region east 
of the Cascade Mountains , continued with both agencies through the 
fiscal year 194 1. :At that time, the funds 9f the Experiment Station 
were reduced and its cooperation was discontinued , but the Water 
Resources Department continued its modest cooperation during the 
next two years. In the fiscal year 1944, the State E;ngineer felt the 
need for more data and as the Experiment Station had been the or i gi
nal sponsor for the gr ound - water i nvestigations, that agency agreed 
with the State E n ginee that his office , through the Wate r Resources 
Department, thereafter a s sume that sponsorship. During the next 
two years , the cooperative funds were materially increased and so 
important was the work becoming by that time, that for the fiscal 
years 1946 and 1947 , the State Engineer had a separate item in h i s 
budget which allowed a further increase in the cooperative funds. 

Annual a vailable State cooperative funds: 
Year State En$ineer Agr E~ Sta Total 
~ $ 355"" $ 500 $855 
1941 400 1,000 1,400 
1942 475 .. 475 
1943 225 225 
1944 1,725 1,725 
1945 1,550 1,550 
1946 2 , 725 2,725 
1947 3 , 925 3,925 
California. -Until the pre sent pe riod, there had been little 

cooperative ground -water investigation in California. Now , howevero 
a number of investigations for counties and clt.ie• in southern Calif
"Dnia were made. In portions of Los Angeles and Orange Cou nti es , a 
combination of a dry pe riod last ing from 1918 to 1936 and increased 
pumping for irrigation . had so lowered the water levels that salt 
water was being drawn in and in addition, the ground water was being 
contaminated by oil refinery brines and other industrial wastes. T he 
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situa.ti.on be ·arne sc s e :rlous that in Apr il 1 q39 . a l ocal comm i t t ee 
investiga ·n g the coastal barr~er i L ::; Angel~ ~:> ~r11d Orange . Co~n
ti~ s, wrote F . c . Ebert, in cha ge of the Surx· ce Wate r off1ce 1n 
Los Angel es . asking o~ the Survey~s he p • . T h&t l etter was for
warded t o Wash.ingt n , w· h the resul th& · 1.n October 1939, an 
agreement w~a s i gn ed by a g-roup of four a gende • t.he Orange Co 
unty Flood Con ;rol Di strict , Orange Co nty Wat.;.r D s t rict, . Los 
Angeles County F l ood Control D-' str:\c't, and B &.:~d of W~te r Com~ 
miss ioners, C:ty of Long Be ch. T hat r.:oop ation c o ntmued untll 
the fiscal year 1946, when the inve tigati o was comple t ed . 

Inc-reased use of ground - wo.te n Sa.nt;, Barbara Cou nty was 
lower ing the wa.t:e e ve ls, and beth he Army E n.gineers and Bureau · 
of Reclamat·on we e inves tigating po ' bl e p ojects in that area . 
Therefore , a knowledge f he perenn~al y:.eld of ground -water 
reservoirs was needed . and July lo ]q4o. an a-. greement wa s s i gned 
with Santa Barbara County for an overall a pp:taisal of the ground
wate r esources of th county. · wa firet p oposed that the Sur
vey inve Gtigate the e ffect of propo ·al to d ive:fi water f r om the 
Santa Ynez R ive r to ili c oastal plain ne al' Santa B l'bar.a. A. M . 
Pipe r made an llnvest:lgdion a nd d t: id~ tha~ in tei!id of investiga
ting the cont:rovers:l.a.l d iv ision proj tn the S\.1 vey should make a 
county-wide appz-adfJa of the gr und-watsr p!'oblt;ms . A year l ater , 
an agree ment with the Surface Wat Divi ion w s made, l argely 
for the pur pose of ro ndi ng o t the w te Ire our. s apprai sal and 
obta ining ce rtain :3tream flow recc:rds need d fo the gr ound-water 
appr a · sa . The San ·a Barbaz-a invtl st' gation cont' e d during the 
period. 

Th e demands of w r indu tri in L oa Angel es County . 
part:icuh.l"l y o 1 reHn~ ie a. had lower ·d the wate level a t such a 
r apid rate that by -943 D it was as much. C>L 60 f~et below sea level, 
and the encroachment of sal t wa r w s cc le tedo July l , 1943 . 
an a greement was signed wi th th Lo~ Ang~le F lood Control D is
trict for an investi gation, w ' ch wa virtually an xtension of the 
i nvestigat"on at&:rt din 1939. The ood contro d i stric t furnished 
hal· th oope r ·ve funds and 9 municipalities in the western part 
of th county, fw-nished the remainder. The investigati on was 
completed in 1947. 

The overdraft on the ground water in San Bernardino Co 
unty showed th need for a care ful invento y o! the inflow to , and 
outflow from, several gr ound wate r basins in the Upper Santa Ana 
Valle y, and the County p oposed a cooperative investigation which 
was sta:r ted with the ei gn.' ng of the agr eement July 1. R 946. It was 
continued beyond fue pe1ri od. 

Annual cooperative funds available: 
O!'an ge Co San· Barb- LA Co F l d San Bernar ~ 

Year e t al al"a. C o. Cont D i st dino Co. 
f941f $ 5,000 
R94 l 13 ,500 
1942 10,500 
1943 7,000 
!944 6,000 
1945 1. 500 

T otal 
$ 5 POOO 

946 L ooo 
1947 

$ 3D 250 
8 , 800 
8 P000 
8 . 500 $ 3. 00 

11.000 8 . 000 
6 . Z50 6 . 500 
7 , 500 z. ooo 

Hawa::j. -Cooperation wlt t;h T e 
gi"aphy continued during the pe~iod. 

't\16. 750 
~~.3 00 
~ 5,000 
17 . 500 
20·. ·soo 
13,750 

$3. 000 12.500 
l'ito:da:t Division of Hydro -

The coope rat:i~e. funds/or th U940 fi c 1 yea:r were increased 
as ~ r esult of the Leg1s lature E sp cial a t fox- ground-water investi
gat:wn o'- the . s l and of H waH. o relieve th mogo e or l e s s chronic 
d rought corLdition on the i sland. 
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Beginni ng w lt.h the fiscal yea 194 10 and continuing for severa 
years , the shortage of personnel made i t necessary t o curtail the 
ground-water p og am and the cooperative funds we e reduced accord

ingly. Dur ing the fiscal year R940 , the c ounty of Maui was anxious to 
speed up the invest ation of that island and cooperated for tha purpos . 

Annual coope ative funds available: 
Y e r Di r s i on of Countyof 

Hydro graphy Maui T o al 
~ $18 . 700 $1 . 000 $19 . 700 
194 1 0,750 10 , 750 
1942 7,2.02 7 , 202 
1943 9 . 486 9' 486 

944 12 . 402 12 , 402 
1945 11, 9 ? 11 , 94 7 
1946 12 . 500 12.500 
1 94 7 13 ' 1 u 13 • 1 1 
Puer o R ico. - T e P er to Rico Aqueduct a nd Sewer Service was 

created by the Insular Legi s latur May 1. 1945, Its duties are to p o
vide "an adequa te s el" i ce of sanitary sewage disposal, c..~.1:1tt an a mp e 
regular supply of pure wate for said purpose and for all o ther d ome s tic, 
industria , and c mmercia purposes ." In the ex e rcise of those duties , 
it was to take over the ope r a tion of existing public water supply and 
sewerage facilities and establish new ones . 

In some municipalities , the water supp ly was inadequate , and 
because of greatly increased demands , many additional or new supplies 
were needed , and g ound water was looked to as that sou rce. Soon after 
the creation of the new agency , Se gi o Cuevas Bustamente, its adm ·n · s
trator a nd ch ief engi neer . took the ini tiative in arranging f or a cooper a
tive investigation of th I sland 's ground -water resources . As of May 
1945, coope tion wa · ranged for the investigation, wh i h w s expec ed 
to be completed June 30, 1946. However , as the p roject c oul d not be 

completed i n that pe r1od h im e was extended to June 30, 194 . 
Annual c oope rative f nds av ilable : 
1946 $6 , 700 

947 ,700 
Federal Cooperation 

Federal coope a ion dur"ng he period i nc re sed materially over 
that fo r the previous per "od. T he ~ ncrease was due lar gely tothe special 
invest ' gations, not onnected w1 :h he war activities , made f o r the Arm y 
Engineers, Bureau of Rec amation, and Ind ian-; Se rvice , and wa ac lVl

tie s ins tigati ons fo the Army Engineers, Navy Department , Fede ral 
Works Agen"y, and Defens , Plant Corpora ion. During the last wo 
years, the operation of the M ssouT'i Rive Basin-Depa tmental P r gram . 
financed by funds approp ·a te d to the Bur u of Re clam tion, esul ed · 
a lar ge ·ncrease in Fede coopel:'ation. 

Annua amount of und s lotted~ 
940 $32 , 700 1944 $ 55,801 

194 1 35 , 2 3 1945 33 ,23 3 
1942 4 1, 073 1946 147,992 
1943 26,642 194 144 . 600 
Army E n gineers . -The coope a i on w ith the Army Enginee s was 

chiefly m connectlon with thre j r proje~ts. In the flood- control 
study of the Gila R iver . the possib l e ffect of flood -water storage on 
ground water repleni s ment wa. de sired . and funds were p rovided fo . 
that study d r n g e rly yea . so the per iod . During the war years , 
the War Depar tment r q "red investiga tion of ground-wate suppl "es o 
its many new establishments. and p ro ided funds fo the more exten i ve 
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." nve ef:.lg ·ons t>eq I ~d . · a fi d·~ con · o tadlly9~: t he R io Hotnd
1
o. a?d 

lower L 8 Angel 8 R ~ ·, sta ted in Decembe1·. ":\ ~ a o n c:e e lntng 
of the 'dve channel was contemplated. a nd maJor p rob ems mclu ded 
t• e poss '.b .r, . ·~ds o! gr und wder on he c, nc.::re o and the e xtent of 
ground wat:e reple n i .3hmen that occur y natu· <a 1 eep age l oss fr om 
the charm .1. T g._o .nd ~water s ud con in~J1ed to the end of th e period. 

Ann a l S:.mount of fund. Ql.~ · o :ted: 
li 940 $22 ~ 000 ~ 944 $20 »000 

94 z o ~ ooo 1945 1opooo 
94 . 26.000 1q46 3 9900 

nq43 R4 . 00 n947 11.100 . 
B · ;~ au o.f Re l · mati n. ~· DU1"~n t · P ecos R~. e r Join Investi

gation, f rul 7W.m.a>.U ott00To~tl:. (:; Gl.round W~t-~:tr.· D .~."Y·i ·ion in 194 1. There 
we:re no f tm~L · 1 o tm nt n f the la;.tte; p :..·ft '" the p 1riod u when the 
Survey was requ sted · o ~k ;} r e in·ve "-JH JI Uon • One was in connec
t "on w ith the Bu :rea 0 Vall y g ·avity p oj .ct in t he ower R i o Grande 
Valley . a nothel' a comp:Ua>. i o of 'ng date. n c:~L sa~y to stimate 
the a nnual sa :c yi ld of g o d w· te x> i n he SalH R hr :r Va ley . Ar izona . 
a nd. the .ird in onn -e:a n wia:b. · in stig:d.ion of t;he Peco R i ver Valley 
in New Mex::1c o . ao.d ntiond inf<Ol!'mation to that o ta. d during the j oint 
investiga io_ made e ;,tly an \1: p :riod . 

The Mi ssou i Rive!' Ba ' in~Departm. n 1 P l 9 which was finan
c ed b y£,, .d s &pp opt:~ ed o ehe B v.L el& of Re clii.:mationo increased the 
Federal cooper~tion g:~:~;x.t y during the a t o year • 

Annual mount. of iund.e a.Uo ted: 
~941 $5 , 000 194b $ 1 32. ~ 500 
~. 945 2, 000 .· ], 941 3Zo500 
!..'ld :la n: S . '<fl c . ·~T .., inc c::o~s in .tU m n t i n the Gila R ive r 

Val ey up 't<.'t'e~m fr mthe S&n Cazlos R~s xov tion , a nd the :re sulting 
need fo c:tdd i t .. o m: i r _ igatio w s m t b p·· mpl\ng fro m well • At the 
beginn" g of th pe ::r ·· od ~ th· Indian Sel'~Yic e be arne concerned over the 
possibl e effe t f ·h ' t pu mping o rt the flow of t e Gil R ive r enteri ng the 
San Ca:dos Reae o1 • and :fequ e ted t S'll'.r"::r 'Y t o make an investiga 
tion . The follow ing a l ot ments we:tre made !olf tlutt pur po e. 

1940 $ o.ooo 1q4z $6 ~ ooo 
l94li lo OOO 1943 oSOO 
Navy Depaxotme t -Mo t a>£ the wet ~Umt:l e .blishments of the 

Navy Dep :dm.ent, a weft .ss th en ct!'gement of rCI:l gula:r establishm e nts 
requi r ed new o .rtd tion&l wate suppHes . amd the Sur1rey was called on 
f. r t e neceeaa_ y · ve tigaU n • 

Annua. amoun of fund. a llotted: 
194 $2 s H li 944 $3 o 63 U 
1942 2 o308 1945 L 682 
1943 2. 158 1946 1.314 

. .f od Co~·~: Coordrn~ting Commi tee. - Of the edim ent p ro
Ject s ~\ta · ~. d d· nng the 1at~ x- p~rt; of tlie p~evlouii! p riod in c oopera 
tion w1th e he r th Soil Conse:!:'v~f!:ion Se li''rl e o r t'h.IC F l o od Coor d inat
ing Co~mi\1: . . D a bu t two Wel!'e d iaJconltmued ·wi in tb~ n~ st yearo 
The Botse R l1. e Wate r s hed inv liiltdgati on w&~ con Un ed u ntil Nov ember 
1941, a ;ud he L i ttle 1 ah t hi~ project unilil S p tem1b 1942. The 
f"e d wo~k , ."nduding t e r .·<&dings of th obse vffit on well s p was per-
formed Y t Su ' fa Wat~.,. D:hd ·on p u the Ground Water Division 
inte P e ordfll @illd fo~ ~hat wo k the following allotments of 
funds we xo f' rna · e: 

1940 $ 700 R94Jl $ 100 
~ _i W0rkl!i A~~~ni!18:r t"on. ~A fbt&l allotment w~s made by 

the Pu.b!lc -work: AdiiiT..nfSi ' don to th Surve m the fisc 1 y ar 1942 ' 
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and $6 , 700 wa~. u sed for ground - water i: vestigat ions i n New Mexico 
and Texa ~ . 

Federal Works Agen .y. -Increased pumpage b y an a irp lane 
factory at Lockla nd, Ohio required the d rilling of 11 well s. As the 
new well field wa s near Hamilton in the Miami Valley, the city 
officials and many industries feared foT the existing ground - water 
supplies. and opposed the p r oject. The F deral Wor ks Agency. as 
a war measure , requested the Survey to i nvesti gate the p robable 
effec t of the new field on existing supplies, and estimate the y i e l d . 
Funds we r e p rovided annually beginning with the i 942 fis cal year . 
addi tion , ! :i test wel s were drilled at the expense of the Federal 
agency. 

In the so-called Yps.Ua nti Triangle , the city of Ypsilanti, the 
Willow Run Bomber P ls.nt op erated by the For d Motor Company g and 
the War Housing P roject of the Federal Housing Author i y required 
large quantities of water. and ground water appeared t o be the only 
sourc e . T he F ederal Wo rks A gency was re sponsible for deciding the 
adequac y of ~he existing wate r supply a nd the Survey was requested 
to make an inve s t iga ·on . F und s were allotted for that investigation 
during the fiscal years 1944 , 1945 and 1946. In addition, the Federal 
agencies d rilled the requ.:.red test hole s at a cost of $8,000 . 

In the fisca l year 1944 , a small sum was allotted for the inves 
tigation of a m ilitary wate r supply in Alabama . a nd in the fiscal yea 
1946 , an allotment wa :s made for the inve s tigation of the grou nd -wa.ter 
r esources of the Vi gin I s lands. That br ef investi gation was made by 
C. L . McGuinn ss on the compl e tion of h is Pue r to Ric o investi gation. 

Annual amount of funds allotted: 
942 $ 65 1945 $2 ,335 
943 6 , 984 1946 L 01 1 

1944 7.170 1947 1 , 000 
Rubber Re serve Corporation. - The Rubbe r Reserve Corpora

tion, a wa r - time a gency under the ·Re constru ction Financ e Cor porat{ n, 
was con c e rned w ith. the operation of p lants producing s ynthetic rubber . 
An impo tant are· of sue production i s " Rubbertown" near Louisville, 
Ky. where the ground - wate supply i s being heavily d rawn on b y var!ou 
industries. To determ ine the adequacy f the ground -water reservoir , 
the Rubber Re er e Cor poration finance d the Survey on i ts invest"ga
tions in that arealiojfo r the purpose of drill ing many test well s in a study 

201 /p . 277. 
of river iiifn t rat ion. b rUling was p lanned and supervised by the Sur·
vey but wa s paid directly f r om Rubber Reserve funds by its agent . the 
DuPont Company. The amount of suc h funds was about $ 19 , OOOo 

Funds transfe . ed directly to the Survey were : 
1945 $6 13 1946" $3,727 
Defense P lant Corporation . -The second phase of the Gila R ilve:r-

Investigation, started in June 1943 .~;..f. was financed by the Phel ps-Dodge 
202/p. 18: 

Cor por ation through the Defens P lant Corporation. a war-ti me a gency 
of the Reconstruction F inane Cor poration. The funds allo tted to the 
gr ound-water phase of the investigation we re: 

1944 $25 , 000 !94 5 $ i 2 . 50 0 
National Re sources P l&nnir.. Board. -Of t he funds p rmr ded by 

the Nahona esource anm.ng Boar or the P ecos Rivt;r Joint .In ~ 
ve stigation , it is estimat ed that $5. 000 was allotted f or ground w e 
during the 1941 fiscal year. 

Veterans Administration. - In the fis cal ye ar 947 . e Ve te r ans 
Administration reques ted the Survey to investigate the possibil "ty of a 
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ground water supply for the Big Springs , Texas hospital, and trans-
ferr ed $290 to pay for the inve~ti.gatio~. . 

Forei gn Economic Adm1mstrat1on -T? fmance the work of G. 

F B t geologic reconnaissance of Ara b1a. fr om December 1944 . rown s . . . t f d t 
to June 1946 .~ the Foreign Economic Adm .n1strat1on rans erre o 

203/p. 236. 
fli.e Survey the following amounts : 

1945 $4 ,123 1946 $5,250 
Methods and Equ 'pment 

With the mar ked expans ion of the ground-water investigations, 
w ider use was made of the methods de ve l oped previously, and some new 
methods and devices were used . 

Increase in tes t drilling. - Sta.nding near the head of the list ':"as 
te s t drilling. During the p r e vious pe riod. because of the expense m
volved, test dr i lling was l'm ited lar gely t o the states of Nebraska and 
Kansas where the cooperating State agencies owned drilling rigs; and 
perhaps a dozen investigations i n other states where funds permi tted 
test drill ing by contract. In the many i nvestigations for the war e stab
lishments made at t.h.e reques t of m ilitary. industr ial, and municipa
lities in those areas , test drilling was a re gular procedure in many 
areas. The two State-owned r i gs were increased by three, another in 
Nebraska and one each in North Dakota and Nevada , the two latter · · 
having been purchased by the State agencies from surplus at the close 
of hosti lities . The Survey owned no well - d rilling rig, as the Director 
declared it to be the Survey policy to have all test drilling done by 
contract. 

During the period, about 7, 000 test holes or .test wells were 
drilled under Survey supervision. 

Development of pumping test techniques. - During the previous 
period, L . K. Wenzel had developed and expe:dmented w i th the so 
called Thiem equilibrium formula in making pumping tests to deter
mine permeability or transmissibilityof the water-bearing material. 
In that formula, time was not a factor as the test was continued until 
a state of equi librium in the ground- water level was reached. 

In 1935, C. V. Theis , b y analogy between hydrologi c condi
tions in an aquifer and thermal conditions in a similar thermal system, 
developed a formula for determining the drawdown of the cone of de
p re ss ion at any distance from a dischar ging well. His work made 
possible the inclusion of time in the analyses, wHh the result that it 
was possible to dete r mine the equation of the wate r level drawdown 
caused by pumping the well for a limited period of time, and by means 
of the equation to actend the curve over a much longer period of time. 
As equilibrium was not reached during the pumping t ests, the formula 
became known a.s the non-equilibr ium formula. By using various 
mathematical techniques , it became poss ib e to take account of com
plic ated geologic boundary conditions in predicti ng future drawdowns. 

C. E . Jacob joined the Survey in 1936 . and soon became inter
ested i n the mathematic s of ground-water hydraulics with especial 
refe.rence to the non-equilibri~m formula. which he developed mathe
matlcaJ.ly, pl!'oving that Mr . Th~is' a,ss\impt'ion of the analogy was .. ·· 
~orrect. Mr. Jacob w~s soon devoting most of his time to pumping 
te sts in vsr ous parts of the country and developed new applications 
of the formula. One of h is p rincipal contributions was the training 
of new men as s i gne d to quantitative problems. In 1944" Mr Jacob . 
was trans~e rJred. t? the Washi ngt on O!fice, end during the remainder 
of the p ertod, VlSllted nearly every f1el d office and lectured t o the field 
men on the development and application of the science of ground-water 
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h drauHcs. Unti ret·-r·ed fo:r: d i sability i n 1944 . M ll:'. Wenzel also de ~ 
voted most of h is time to pumping tes t procedures~ a nd published Water ... 
Supp y Pape r 887. 11 Me hods of de ermin'ng per meability of wa er-bebl.r
in materia ls. 11 whi h was th e standard handbook on urn in te s ts.1v~f 

2J Based chiefly on etatemen oi W" F. Guyton " --
- F rom the fo e going . · t' is seen that pumping tests we e b oaden d 
and the resul s used to predict drawdown with variou s rates o.£ p umping . 
even yea s in advemce. They became standard p cedu.re in qu;:m · i t:ati. e 
analyses which 'became more numerous during the period. 

E lectrical-re l s thrity. - T he only geophysica method a pp iea to 
ground-water problems du ring the pf- iod was that of electrical .t>esis
tivity. I t was used ·n half do!f,en o:tr m ore locations by R . A. Spic r of 
the Combined Geophysica Section of the Geo o gic B:nmc.:h which w s 
equipped to do e Uher Gi:.:,h-Rooney or D. C. mea su ements to depths of 
3, 000 fee t. It w&s also u ed y thee Alban y Office near Binghampt n. N. 

Y~d~------------------------------------------------------
2~~P~· ~4~·~--~~-------~------~~--~----~----~-.---------At an aJ.t· base near Kingman . Ar izona, the Ar my Engineers 

wished t o dev e l op a w ter supply. Thirty-one electrical dep th p o 
files were co mpleted . mo t of them extending to the L 000-foot inter~ 
va d i s tanc e. It was p o sible o f""om the interp:retation of the &pparent 
res i st'vity cu rves, to determine the a ppr oximate di stance to bedrock . 
predi c the k inds of m aterials the d rillers would encounter. and to 
select the b s sites for future d rilling. As a re sult, an a mple suppl 
of water was obtaine d. 

An investigation o£ a totally diffe l'ent character was a s tudy of 
salt-wate x· encroachment f om th gulf near Jennings , La. I wa s 
believed that the s~ lt wa ·e was e n c oa ching through the deeper fo r m a 
tions and end n g r· g the gr ound-water used for irrigation. In a p e ·
liminary stud o 16 dep h profiles were compl eted , extending o the 
2 , 000 - foo i n te rval. The outlined the surface m aterial and the unde :'~ 
lying grave l depo &its. nd thu helpe d to determine the poss ibility of 
encrpachment through the de pe· fo ma.tions. ·Another investigation to 
de ec salt-water encro;&chme t was m a de s ome diat n ee from Miam i. 
F la . .-: and was ucc ssfu . 

At Colf 9 La. , .e i thrit measurements were made to deter ~ 
m ine if th t m e hod would be helpf ·1 in locating sites for wate wells. 
Well log s from the are~ indicat~d very h "gh day content in sub~ 
surface materia a:ad the x ai.stbit curves confirmed that situa tion. 

One of the l&rge·t 'mrestigations wa s at Loui s ville. Ky . • the 
obj e c t be :" ng to d ete't'mi.n the pproximat depth to bedrock in an a.r a 
generally so·u.thwes t of the city. In connection with numer ou s tsst 
hole s , it woul d b e p oss'bie to .s mate the stol'age c pacity oi the 
gr ound-W(ll.te r reas:inro i r . E i ghty lee r ic:a.l depth p r ofiles were c om-: 
p iled, maki ng t pos slible to elim.ina~te- sewera l t est hole • 

ilt was d isC' on ered. bo h in Miam i and in B inghamton . N Y. , 
that in c 'tie with prox~mity o£ water p ip • cable s o etc. electrical 
resisUvity m thods were net wcce sful. 

In h i s problem o selecting wen sites fo the Grazing Se rvice 
in we ~ern U ab , H. V . P te:rson , in connect'on with the So'l and 
Moi sture Program, used the ~1 d i c l - 1re li." 1i ~tty method s ccess u lly. 

Th ·e d.e scrip tiona are tak from. H. A. Spicer 1 s pape r d .liver 
e d at the L in coln Come Pnce. Jn concluding his paper , Mr SpiceJ' ated: 

As a e suU. of my pe i ence in geophysical inves ·· 
gations of gr u nd w&tbr. feel it• i · -unsafe to p redic 
whether or o a ge physka..l m ethod will ·auu:ceed in a 
particula:t' Er~a . T e best. way to do is try geophy ic I 
me thods under the direction o guidance of «t qu~lifi d 
per ·on. o ghri:ng the methods a thorough riall. 
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Elec ric Log. -A new tool wh:kh came into use t o a lim~ted extent, 
was the el .tric fo-g. The electric ogglng of welis. develo~e~ m Euro?e, 
was first used in this country a bout 1928 in exploratory dr1llmg for 011 

and gas . It i s a method in which electric currents u.nder cont7olled co.n
di ions are passed down a well, and dete:r m :ne the d i fference 1n potenhal 
or ear~h. c 1rrents, in the various forma ion· penet a iCed by the well .. The 
electric log irs recorded to scale, photogra phic':! y, and usually co~sl.st.s 
of two or more J>esistivity curves, and a potenba.l v~ .ve. ~he res1shv1ty 
curves give a graphical record of the appa:rent spe:c ftc :re s1stence s of the 
formations penetrated ; the potential curve '~.s a r~ .cord of the earth cur
rents that occur spontaneously in the well hole. 

In certain areas. the el ectric og ha.s b ·en found m o re useful than 
drillers' l ogs in co!"relating the principo.l water·~bearmg horizons over 
wide areas. In itself, the log is not an indi a tor of permeability, but 
studied in connection wi th other da. &. is of value. Electric logging is a 

20 stracte rom ~'. a ue o e e ectr1ca og or e stlmatmg groun -
water supplies and the quality of the ground-water" 11 by B.A. Barnes and 
Penn L ivingston (unpublished ). 
recogr~lzed procedlll"e in oil-well dr'lling ana where te s t d.rilling was done 
by the Survey in oil regions . the c ontractors were equi.pped t o make elec
tric logs as a part of the contr.act, or if no • the oil companies generally 
permitted the Survey to use the el ectric l ogs of the o il wells i n that general 
vicinity. Its first use by the Survey was in Texas during the exploratory 
well drillin in the Houston area in 1939, In 1943, soon after the Maryland 

207 a r-Su 1 P a er 889 -D. 
\nvestigations we:re being started, R . R. B nnett oun cons1 era e 1-

culty :in correlating and integrating the drillers ' logs in the Baltimore area, 
and electr ic logs wer e needed in the test d:dlling required. As no drilling 
contractors in that are were equipped to obtain electric logs, Mr Bennett 

constr ded a :slimpUiied electric logger in 1944 , and us d it in his subse
q ent investi ai:ions /z;/ 

20 ater Resources Bul • , Nov. , p. . -
Aside from the Bennett equipment , the Survey owned no electric

logging equipment and therefore, the use of fue elecfc:ric log, in addition 
to Maryl~nd and viciniey , was confined chie lly to Texe.s , Louisiana, and 
Mississippi. In other oil regions . the Survey was d oing little ground
water wor k. 

MagnetiC ··type well-casi ng explorer. - A device for measuring the 
length of pipe casing in drilled wells of small diameter was dev eloped by 
S. E. No:ris in the ColurrJ.bus Office in 1947. A small horseshoe-type 
magnet made of the alloy "alnico" to keep a shar p p oint in contact with the 
casing. is attached to a 2-pound we i ght a nd lowered in the well. making 
the electric circuit, which is registered by an ohm m ter . When the mag
net slides off the casing into the open part of the well~ the ohm meter indi
cates a ma.~ked res·stence. indicating the end of the e~Siing. The device 
was of pa:r. tlcular use where the depths of old well aJ, us ally drilled to bed· 
rock. were not known and wh!Cl re the length gave the di!Stance to bedrock!a,/ 

'209/ Abstracted from " Magnetic type weli .. casing explorel'f-by R.H.Brown -
un mblished 

Power e~ipment for lowe:nng st:ruments n we s.- or use o 
the various me~ods used in determining leaks m a:rtesian wells where it 
was necessa!'y to lowc::r the va. i ous instruments, d pending upon the 
method used, s.eV'eral hundred fe tor more o the cable suspending the in
strument was fl. st operated by means of a h&nd reel. This was a slow 
process and in 11.925, F iedlvr mounted a reel on \the x-ear of a truck and 
operated it by means of power derived from the x-ear wheel. 

By 1938 • the need for determining salt~water leak~ in wells had 
increased so greatly tha>.t it w~s· decided to redeaign and !'ebuild the power-
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dr'ven equipmen , and Pe nn Livings ton was given that assignment~ T h.e 
work was started in F bruary 1939 and fini shed about a year later . T he 
equipment designed was an independent unit consisting of a chassis hav ing 
a wheel ba s e of 4- 1/3 feet and a whee l gage of 33 1/4 inches , con aining 
a twin-cylinder mo orcycle eng'ne a t tached to twin drums, each holdi ng 
1, 500 feet of quarter-inch cable or about 5, 000 feet of eight-inch c able. 
mounted tandem and acces sories used in operating the instrument s i n the 
well . For short hau ls, as t he uni t was no t self-propelling, a t railer 
hitch was provided for towing, but fo1r long moves, the unit was loaded 
on a one -ton panel body truck; one end of the cable was attached to an 
anchor in the truc k and the motorcycle engine pr ovided the power to pull 
the equ 'pment up an incl ine made of two channel irons. Only one of the 
independent units was b 'lt dur ing the period. When used by other d's
tricts , an engineer came from that d i strict t o d irect the equipment where 
needed. 

Ink-well mercury gage for measuring arte sian head -An i nve s ti
gation of the G rand Junction artesian area by S. W. Lohman , s tarted in 
Colora do in 1946, required the accurate measureme nt of shut - in arte
s ian head s up to 121 feet above the ground surface. The mercur y mano
mete :r 'devised by G. H. Taylor ·in 1931\/was limited to a height of 5 0 
feet, and tha t type of ga ge was not cons1dered sati sfact ory fo r the heads 

210/ p . 290 (1928-1939) . 
being investigated. An ink - well mercury gage had been devised by the 
Utah State Eng ineer's Office, a nd that type was believed to be suitable. 
Using the Utah gage as a pa ttern, a gage was built' in two sections , to 
extend its range, and e mbodied several improvements in des i gn and c on
structio n. 

A wooden upright member c ontaining glass tubing of 6-mm inside 
diameter is fastened to a wooden base fitte d with a sliding drawer which 
holds the ink - well reservoir. This is a 2-oz . ink bottle having rubber 
s..to_pper through which 2 1/4-inch aluminum or cooper tubes and the 1/4-
inch glass tube pass. The aluminum tube a t the left through which wate r 
enters from the well extends to a joint just above the normal level of the 
mercury; the tube at the right through which a i r and dirty water may be 
expelled , extends just t o the bottom of the rubber stopper; the glass 
tubing extend s just above the bottom of the mercury rese rvoir . The 
aluminum tubes are equipped with needle valves . 

. For measuring static pressure, a 1/ 2-inch gl obe valve was 
attached to the well and the latter shut in by closing that, and all other 
valves that m ight be attached to the well . Afte r the arte s ian head had 
been allow~d to rec ver, t he gage was set on a level surface and a ttached 
to the globe valve; the right needle valve was closed and the left o ne 
opened t o pe r mit the me rcur y to ri se in the tube . Not only was the 
me rcur y gage used successfully in m e asuring high artesian heads, but 
also "n measuring the recove~y for determination of coefficient of 
transmissibility and storage {.l.lf 

211/Proc West-Central B ranch Coilf., Water Resources Branch, Apr'! 
"9" -12, 1947 , pp. U 0- 1 . 5. 

R esearch Projects . 
There were f'.ve research projects during the fi scal year 194 7. 

Of these , the l a r ge st was in connec tion wit h the h ydr ologic laboratory 
in Washington. 

Wi th the transfer of V. C. Fishel to the Kansas investigation in 
1942, there had been no one in char ge of the hydrolo gic laboratory which 
had been started w ith the New ersey investigations in 1923.,2l1With funds 

212 /p . 180 1919-1928) . -
available, W. 0. Smith was placed in charge of the laborat ory , and or
dered and in!ialled additional equ ipment. He began s tudies of unsaturated 
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flow and conductances of :rocks , a nd a l so d id some the oretical work on the 
~omputat"on of specific yield based on mechani~al analyses. 

Electric logs were being used to a .co:~u:>.lderable ext~nt by the Sur
v ey . and it was felt that a study of the res~st v1ty .data obtamed from ~h~ 
l ogs should be m ade . Accordingly , P .. H . Jones m charge. of the .Lou1s1ana 
investigat ·ons was detailed to tha t proJect. Astudy of available hterature 
on electric -logging methods and principle~, indi cated that. ab~olute values 
of resistivity of the rocks could be deter m ined by th e apphcahon of proper 
corrections for e lectrode spacing , bed thickness . temperature , etc . As a 
result , it was believed that the electric l og c u ld giwe information on the 
textur e of granular aquifers, th-eir porosity , and the char&cter of the water 
filling the inte rstices 0 and so make possible the prediction of the quality 
of water in format ions by use of elec tr · c logs and m chanica! anal yse·s, 
rather than by ddll ~ etem testing. T e for mation .factor was determined 
from mechanical analyses of drill cuttings fr om wells havi ng different 
formation factorll; t.~nd for which completb; chemical .analyses of the water 
sampl es had been ihade. The p roject which was show ng promi sing re
sult , was in p r ogr ess at the end of the per iod. 

An allotment was m a de to H. E. Th omas in char ge of the Utah 
investigations, fo:r a study of the ground-water geology of the Tertiary and 
Quarternary sequence in Cache Valley. This wa s particularly concerned 
with the possibility of developing the de per aquifers, which had previou
sly r eceived little attention. Cache Valley was selected as that area con
tained fue best surface exposures of the Tertiary strat a in the entire 
Conneville Basin, and the correlation and evaluation of the aquifers with 
r espect t o ground water wi ll a·d in studies of aquifers inother valleys in 
the basin. The project , which was started by P . F. F ix in Nov ember 
1946 , was in p r ogress at the end of the per iod. 

In north Carolina , the flood plain deposits of s treams in the Pied
mont region are qui te shallow and have y ielded only small amounts of 
wa er. It was believed that a thorough study of the geology would yield 
i nfor m at·on on the occurrence and quanti ty of ground water, that would 
be helpful in determining possibilities in other similar areas where water 
suppl'es are critical. An allotment was made to M . J. Mundor ff in 
c har ge of the No rth Carolina investigations, a nd in determining the d is
t r ibution . extent . and cha racte r of the flood p lain dep o s i ts , 22 test 
hol es a ve ragin g about 20 feet deep were bored in the flood plains of 
various s t reams. Although the pr oject was rompleted . a report was 
not availa b l e at the end of the period. 

The fift4 pr~ject was a c ontinuation of a study of the subsidence 
of the land surface 1n the Santa Clara Valley, California , caused by 
large w ithd rawals of ground water . An allotment was made to J. F. 
FOland in char ge of the California investigations , who had studied that 
problem in connection with a P h D thesis in the nineteen-thirties . How
ever • . th~ necessity for c ompleting a coope r ative report during 194 7 
m a de 1t 1mpossible for Mr. Poland to make the investigation in the 
Santa Clara Valley, a nd the funds were used for other geologic re
s e a:!" c h in the Los Angeles are ao apparently not in conne ction with 
ground water. 
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Missoun Ri ·re r Basin-Departmental Program 2~} 

Although t he grou d-wai,e r program was designed pr i marily to 
meet the n.eeds of the Burf:au of Reclamation, it was broadened insofar 
as funds permitted to inc u d e the Peds f the sev ral Miss uri R i f'r 
Basin states, ther Federal age cies, and work considered basic by 
the Surv ey. All the s t ates in the M 1ssouri Riv er Basin w re included 
in the pr gram except Iowa a d M '. ssouri, which, .not being Jr r i gaho 
states; were not i .eluded ~n the Bureau of Reclamati n's activ i ties. 
G. A . Wa ing was i . gf' nera l charge of the Departme t al Pr gram 
from its i . ception dun n g October 1945 u ntil Jan uary 1 Q46. G. H. 
Tayl r, who had recently bel'!n released f om the Army, was gi ven 
charge of the g oun d-water program on January 3, 1946, with head 
quarvers at the Bra ch off! e i . L i nc o ln, Nebraska . 

. Stat e-wide coop .rativ e ground - water programs were i n progress 
m'Nebraska, Kansas, a n d C lorado, and the i. v estigation s requi r d 
by the Departmental P ogram were i. corporated with those prog:r.ams, 
using th same p e rsonnel with such additions as were require d. 
Altho gh a state - wide cooperat v e program was als·o in operat10 _ in 
North Dakota a n d a small obser vation - well program in South Dakota 
during 1945 and 1946, both under the supervi s i on of P. E . Dennis w ·. t h 
headquarters at Gran d Forks, North Dakota, a separate Missouri 
Basi grou d -water office was es tabhshed in Bismarfk• Nor th Dak ta. 
in March 1946, o which G. A. LaRocque, Jr., on his return from 
m1litary duty, was assigne d to supervise the M issoun Basin program 
1 . bot h states . A small coop rati program was bei ng carried on 1 • 

south aster Wy m i g , but h f' D epartme tal program in both Wyom~-~g 

a d Montana was sup r v ised from the Washi gto . , D. C. and later 
fr m th LineaL , ebraska headquarters nffice. All the studies 
included ihf' obtair>i .~g of both surfac e and g u .d water sampJPs Vl ·hich 
were a alyzed and s udied by t he L 1ncol n, Nebraska labnrat ry d e r 
the super v i s1 n of P . C. Ben di 

With "goin g c0ncer r_ s 11 i Nebraska a~ d Kan sas , addit.J r:a] pPrs0 -
el we e obtained and th~ i re s tigatw s w~ . re started i. thos sta es 

1n Octobf'r 1945. G. A . Wari . g made a r . on a i ssan e f .he r e mai -
der of th . Basin m t he fall of 19 4 , esta lished 0bserv atio . el s ·n a 
umber f areas, and spe 1. s e ·eral w eeks o . xtended r .c naissa .cf' 

of the North Dakota M issot ri -Sour i s area. Pr mar · l y because of 
1nclemeni. winter w e ath r and lack of P~" s n ... f'l• the mai n stu di e 1n 
areas th r tha N braska a1id Ka .. sas ere . nt b gun ntil the spd .g 
of 946. Reques ts f r studi s exc .e ded t.h se permitted by a v ailabl 
fu ds and p ioritJf'S of ar as t0 be s t dJP d were stablish:ed as 
co ditions dl( 'tated f om tim e- to time a . d were gov er d p rimar :1 y 
Bur au of R lamation c r. st-ruct.io sche dules and pr ior itif's. 

Montana . - A few observati0n w .lls were established dur ing i,he 

?1]/ Pr pare d chiefly by G . H. Taylor. 
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fa · 1. o f 1q46 o..- h '""' L 0 (>r Ma ias Un··. a d a b · t' fields ·u d 1es wer e b e
gu . by F. A . Swf:> s 1 d ur jng M ay l q4h . T f>Se s "~" ud J s j .. luded a rial 

geol ogj c mappu• g~ a . :r "' n :i.0:r y 0f ex• s t,~ng w ll. s, se· f:>ct 0 • a 1d 
perw dic m e as r (' m f' •t. f thf> wa. 1 1 '..f> l JC 18 n SPr ation w dJ s, and 
+.hP t a 1 '!'. g of a n:rr .Jat· o . o f r- , P.. r a " a d.a l y dr o log1c data. Eigh ... 
Pe tf:>st h lP s v; e: :rf> c0mplP. i. f"d u d f' r con ,:r a i . May 194 7 wh n 3, 6 79 
fe et rf 4 - L. l h tP st. hol r wer d :rll]' d o . b. pro jP<'1• The g Pneral ' 
s i udy was compl eiPd durh .. g i t> 1q46 summP:r f •e Jd seaso1:1 , with the 
exc .p tio . o f t. " v:t> s t. h< h · dri ling, a . d m asu.r f"mf"' . ~, s of i,h water 
le ..reJs in th r- 0 s c r v a'. nr wf>H s Wf>rf> cr '~'"'l "~ t..P d 1::-y Bureau of R e el~ · .. . .,. 

ma1.ion p er so.,._ P.J. 

FJ e ld work 0 _ t e Upper M ' ss nu.T"i S ouris U1•it a 1 mit .d duri g 
1946 t.o t h f> s e lec ·. a _d m asurement f 3!1 0bserv atJon w lls. Ten 
t.es t h< 1 .s were d r· H :d unde r c ~.ir a i. d u r , g June 1 47, a o ta l of 
2, Z68 f e et of h<' le b~ ir g ob ' a ." e d. A g~neral s ·udy .of t,he M ' ssour i 
R v er Pump j _.g U . i areas bet~.H'f' . Fo t P eck a 1 d the Nor ·h Dakota 
S t ate b u n dar y, b~.:gu . y F. A. Swen s d u ring the s pring f 194 7, was 

c o mp ete-d a !. fi el d season. 

B e g .. i g Jn J u .. e 1947, M r . S we ... s . s elec Pd 32 nbser va i ·- w e lls, 
distr i b u e d OVPr t h st.a e , whkh wer P. mPasur e d p e riodi cally by p r son
r .Pl f rom th t~ Suda ce Wat .r D '\ s t.:r ici E n gin e r' s OffJ ce a t H e l ena. 

Wyom ng. Or> e r e gula r p r ·ect was si.u d · f:>d prio r t0 June 30, 194 7. 
F ield wnrk m the Owl C r Pek an~a was s ·,ar e d by R. T. L i tt.let n i n 
Ap ril 1946, a .d compl etPd e arly in. A · gus t. In add, jo to t h e geologic 
mappir. g, Pll . ve _,n >:: y, s .a lis mP'!.. f 80 n b s P.r .;·a-t, on wf'lls 0 and 
1 • .• _ spu t 1 1 1 d d.e'l" mJ n a i;1on. s of .he s e a lev P-1 P-le ra tlo . a t ach we 1, 
6 s ets o f dJs(.har-g . measu F. m P. i.s fn r as .udy f the ln s ses i _ ···h 
S \t F nr:k 0 f Ow\ C ref'k W Pre madP hy h Surface Wa. ,er D 1st .dc+. 
E " g r> e.r · s Offi c ,· at D e ,~it r . Tha~ ofFce a so made p eriod i c ead ." _gs 
of ',h f: w a 1:t, r 1 v 1 i~~ l q bse · .;a~.w _ d l s af .P.r the fj .l d wo rk was 

c m p l .f" d. 

A t t h e r quPst of th~~ Bu:r~ al 0 f R eclama \ o ._, a sped a l reconnais
sa c e s .u.dy f tht . H e a Ti, Mo .L taj n a _d ChapmaT.~ BPn c h exten s j nns o f 
,h P Sr&o s}J' ~ P rnj · l was mad e i n A gus t a _d S Pptembf:> r 1946 by F . A. 
Sw .. s n. There W f.! e .. J y 3 WPll s i h e area, a ll highly m i ner a liz e d 
ar~d a dom s t ic s u.pply .f g ·:,d qual t y wa s b e i r:.g s ugh~ . This stud y 
show .d ,h a i, ground wate r of g 0 o d quaJ., t.y a .~ d a t s h a Jlow dept hs w oul d 
b o mf:> a -..;-ailabl.e ·-o th setU er s w it .. . a few yertrs after he a ppli-
ca ,ion of ir r i. ga1:io . wa.t . .r was bf"gur~. 

North Dakot a. Th:r.ee- a rea s v-: erP sf'l.ected i .J. i ally for a rly 
si.u dy. Ir -l.he Lov-n. r M , ssc u. r i -- S o u ris Un=t. nf•1d wr:r k w as started b y 
G. A. War J 1g w xt.h a r corn .. a ssan ~"' a .. d 't0c;,· · o .a o f some obser v ation. 
w - ll s i 1 S c.p .mb e l"' 1 94~;. A g~" P f:>ral stud •r·.c Ju d ; g g eol g i c mappi n g g 
1 n V P _ ory o f w JJ's, a .,d SP. l.eci i n f addJtio ... a.l 0 bser v,"a · o wPl.l s w as 

.a r ;ed ·•. _ Apr il 1 q46 a n d cnn .i n u f; d ' h:r.ough i.he p P.riod . T h i.a i n 
add ti. o a l geol gic da .a, a t s t. hol e d rHE .. g c o ._t r a ct. was l et i April 



194 7 which resulte d in obtaining l 7, 9 76 feet of test hole. Ab ut 240 
observation well s, 4 equipped w ith recorders, were maintained and 
per i die measurement~~ co~iinue ~ . 

Fie l d work ~n. the Heart R i Vf'r Uni w as started in April 1946 by 
P. C. T.ychsen a n d c ons i sted 9 f a d etailed ·geologic examination of thP 

vall e y, inv entory of w ell-s a 11;d · selection of observation wells. The 
initial field work was ornpleted i n September 1946. Some additi n al 
field w o rk was d ne dur.' n g _ t h e summer of 194 7, especially in the 
vi cinity of D i ckin son. dbse r va tions were continued on 18 wellsp 
1 being equ' pped with a recor d ing g age. 

In the K nife R iver U it, the wor k was confined to a reconnaissance 
a nd selection of 12 obser vation wells in April and May 1946, d etailed 
studies be ing deferred u ti l g eol g i c mapping by the Geologic Bran h 
became a v a ilable. 

I addi tlo . t the ab v e -named areas, 16 observation wells w .re 
s e lected for pe ri die o serva ion in t he Oakes area, 16 in the James 
tow ar ea, a n d 13 j t h e New R o ckford area where future investi gations 
were to b e made . A few bs er vati on wells were also selected i other 
areas for measurement a t more i frequent intervals. In additi n, 
as sista ce was g i v en. i . t he selection and peri odic m easurement of 
about 25 other obs r va ti on wells distributed o v er the western half of 
the s t ate and whi ch wer e mai t.ai e d in c o operation with the Surfac e 
Wat er D 1stri t E n gin e r ' s Office a t B ismarck :and P. E. D ennis o f t he 
Ground Wate r D j v i sion at Grand F orks. 

South Dak ta. - Three ar e as were selected for initial study . I the 
Gran d R iv r i t , a g eneral r econna · ssaQ.c e a n d selection of a· skele on 

f'twork f o bser va io wells was made in May and June 1946 by G . A . 
War ing and P . C . TychsP.n. A gene ral study including g eolog ic mapping, 
a w ell · v . t ry, and complet.' o of the observation well netw rk, was 
start d by P . C . Tychsen in Septe mbe r and completed in O ctober l9 4f> 
Thereafter, periodic o bservati n s o f th water l eve l in 27 wells , one 
equippt"d w ith a recorder, were c tinu e d . 

A reco ais san ce a n d s election of observ ation wells was made i n 
the Oahe Uni t in April 1946 by G. A. War i ng and P . C. Tychs en. 
Th reaftet, the penodic measu r ement of the water level in 138 wells 
was conti u d . G. A . Warin g, assisted by J. S. Hornby, bega·n :a 
general study of h e Oahe Unit i n May 194 7. 

A reco nais sa . . P of the A n gostura U i t to locate obs erva t i n 
wells was made i Apr il 1946 by G . A . Waring and P. C. Tychse .. 
A g ne-ral study of the ar ea, includ ' n g g eol ogic mapping and i n v 
tory of wells and spr n gs, was s arted in August 1946 by R . T. 
Littleton a n d i itial fi eld work. was completed that field sea so . 
Through informal c c p e ati on with the S il Cons~rvation Service , 
whic h was making s t udies i t he area, a t o tal of 54 test h l e s hav in g 
a maxi mum d ~pth f 32 f e w e re d rilled under the general super v i 
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sion of H. F . Hawort g Sur · .y GE" 0l g "s i.. P P. rJOdic obs<"r vati ons 
wa1.e r ]e rel hl 37 ... .} s wf"r coP JT!t1.ed b y 1he So1l Cop s rvabo 

Ser- ice aft <" r Mr. L d . . l <" t n P.ft t he £1 .ld . 

of the 

Ab ut 2 '1 welJ.s l oca'. d a t s tra te g i s •i.<" s i h r o ghout he State were 
selec ed dur n ,.g th summer and fa ll of 1946 t. b P. m<"asur<"d by 
per so . e J o f ihe St rfa e Wat<" Di :'.s 1o Off e a 1, Pi Prr<". P r i odic 
m easur emP __ .s in a f w wf'J.lS in s o ~hf' asi.Pr . S r u .h Dak ta wer 
obtamed f rom >:h S r ut h Dak .a State G N" ngt s 1 , aJt.hnugh no financial 
c op . ra~.1on ·x ! s t d . 

Nebras~a .- O vt> nf th e m0 s t impn -l.ay·; p · f'S t.J gatw _s m. the 
M i ss uri Bas i... P rngram a n d thP P ry w h . c-h '.h e NPhr aska act ' v it ' es 
w r e co centrated, was that f th<" Low e r Pla '. e Riv r fr m North 
P a U e t Frem There, l.he Bu :r-f'au. of R edama'in . desired a 
capa .ity t abl e of +.ht> ground - wa er reser · n :1. r pas : of 0 rt.h Platte . To 
o tain the Tleed .d informa i o ., i •, w as _ .c s sary 1;n make a quantitativ e 
i_ ve s tigati o ... , s u ppJ erne . ti ng a ~d expa d n g s .udies made durivg previ
nus year s th.ro ug c o •.>perat io Wl th h C 0T'se r vat.~ n a d Sur · e;y 
D h ision f t.he Un i v er s ity o f Nebraska . F 1 .ld ork was started i 
Oct.nbe Q45 by H . A. Waite: a d assis t a _ .s . A u ?0 shallow wells 
wer e: han d drilled a t i - m i l e in ·<"r vals o 8 profile s ac ro ss .he valley. 
A ou . 4 ho es in each prnf" l J were cas d a n d us Pd as s vati on 
w ,U s. T o dete rn1 l the .J.' a .. smi ssibil t y a _d s t o ag c0 .ffi i ent of 
the a te r - bearin g rna .P:rial ' th a lh·y, '1 ThiPm plJmpi g te sts were 
made, n.P. nf' ar C Jumbus~ 2 near Gr a . d sla!.1d , one ear Wo od R i v er , 
a d one ar E l m C re k . 

ln each of :h e .e s ·. s c onducte d, three pa rs o f obser :ation wells 
w ere in s t alled a '" d1s ta ces of 100 . 200, a d 300 ff'e ., re-spectiv ely, 
OP a line x e d 1 g nu1;wa rd f r om thf' pumpe d well. One Wf'll of each 
pair was shaJl ow a __ d p etrat ed t h e aqu . fer n l y deep en ugh to extend 
be-low the s e d i rne _ 1.s d ewate r e d dudng .hP pumpi .. g t _s t . ThP. second 

ell of e ach pair w as deep a n d <"xi.er.:.d e d o thf' ottom of the aquifer. 
Per1odic measur me . t s of abou. 270 r bser a tJo _ w lls 8 3 being 
equippe-d i t.h. r~corde-rs, were made , a d s e a l e v el e l evation s were 
establishf'd a . a] o s e r :;ra t,,W wells. As t e L owPr Plai.te inv esti 
gatio . as also a par t f the c o op era i;nr gr und -wa i..er progr am, a 
S t a t - r.te d dr; l'11 1g rig was a v ailable fnr t es, hole d n l n g. 

ln tb R .p bJi atl R ;.ver Valley, hf>l d w ork was lim i ted chiefly to 
s 1 .ctJng a c mpt'Phen s ive et.work of observat"o n wPll s a d was 
star e d by H. A. Wa ' te in January l g46. Of t.h f- 16~ e lls selected, 
about 70 Pr _ e n . s t r u.c: ed b y ha d auger and cas d wi h 1/4-inch 
p1pc a n d sa 1d p cnP1.s . Th x e-e of t h e WE"lls w .. re e q uj pped w i th aut -
mat. c wat,Pr ··s1.age r .c rd f';rs . 

A resur vl~Y and s tudy of B 0 x B ut1.e C ou .. ty ~as begur.. b y R . L. 
Nac e durmg F .bruary 1946 o supp J ement a ear lier report by R. C. 
Cady a nd 0. . S cbe-rer published as Wa er Suppl y Paper g6q. Field 
w rk i nc:Juded genl g ' c si.ud5'" s, a n d 1. v e nto y of i r rigation wells~ 
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selection o f obse r v a tion w ells, c o lle c ho of g :rou d - w a ter samples 
for chemi cal a nalys i s, and some te st drilling. E l e vations of the test 
wells were determined by t he T o p o g r aph ' c B ranch wo k i n g i. the a rea. 
The flow and pressure head of s everal £10 ing w U s were m e asur e d . 
Per i odic measurements in 65 wells, 4 be1 g equippe d w i t h recorder s, 
wer e made. The B u r eau o f Re clamatio _ reque st d tha t the v esti -· 
gation in Box Butte C ounty b e e x t ended e as tward tc include a l arge 
p'art of the san d h i lls region in N ebraska. The purpose f that extend e d 
study was to m ake a general study of the geolo gy a n d g round -water re 
sources of the area . F ield work iPclud . d t h e measuriPg o f t he w ate r 
le vels in a great man y exi s ting welJ s t be used as contr o l f or the 
preparation o f a water -table cont 0ur map . Such a map w ill be u s e ful 
in determi n ing the di rection of ground - w a t e r mov eme t b e _ e ath the 
sand h ill s r e g ion . The e xten ded study wa s s t a r ted by R. L. Na e who 
was suc c eede d by W . K . Bac h later i n t e s mme:r of 1946 . 

Kansas . - The in ve s tigations in Kansas were s everely limited 
because work of greater pr io rity in o t h e r parts o f the M i s sour i Bas in 
limited t he use of funds for work on t h e Ka . sas U . i , s . 

The Kerwin Unit inve stigations, s t a rte d by V . C . F i shel a n d 
assistants in Octobe r 1945, consisted of an i v ent ry of wells , 
geologic studies, e s t ab1ishment of 24 observa ·.on wells, a d ru ni g of 
sea lev el elevations to the wells . The field wor k was complete d dur i ng 
the 194 7 fiscal y e a r. 

The study of t he S t . Francis and Wells U i t was s t a rted in Februa y 
1946 . The geologic studi es, i nvent ry o f well s a n d es a 1· shme t of 20 
obser vati on well s was complete d i June 1946 . 

Work on the Kanopoli s Unit co siste d o f supplem e . t.ing by a m ore 
compreh ensiv e obs ervation, w~ll network, prev ious studi es mad e under 
th coop er a ti v e program with Kansas S tate. t was s .arted · n Februa_ y 
1946 with the establishment of 20 bse rva 10 wells, several o f which 
were dr i lled for th e purpose, by a S t a te-0wne d dr iJl ' n g rig. T h.e fi e ld 

wo r k was complete d i n May 19 46 . 

In conne cti on w ith the C e dar B l uff Unit, s 1d i e s wer e start e: d i 
Ap ril 1 946, t o de ter m ine whether g rou d - water is a v a l.a l e: f r muni c 
i pal supplies for Hays, V i ctoria, Gorh am a n d Russ e ll, r · he t h e s u ch 
supplies w ill have to come fr m t h e propos e d C e dar B l u ff R es erv oi • 
Fie ld work on this special study was compl eted · May 19 46 . B ecause 
of a low priority, furthe r work on thi s U ' t was defer'~'ed . 

Work o the ~ o s twi ck Unit was t. supplPm . t, w i i.h additinnaJ 
observation wells, an inv e s tigation rnadf' i n 1942 u n der the c o p P a tiv e 
State program . F ield wor k star te d i Febr ary 1946 . A lthou g h 24 
sites for observ ati on w ell s wer e s e l . cted , .h e ·. abili ty to b t a j 
materials prevented completing this w ork unt ' llate in h P. q4 7 f , scal 

year . 
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Colorado . - Under the exi s ting p ri rii.i s of work, studi es in 
C lorado could not be sta t ed jr,_ 1q45 or 1946 with a vailable funds. 
During Oct ob e r 1946, a chartge i n pri rit ' e s caused a d e cis i on to begin 
s tudies of the Lower South Platte R i ··er Valley fr o m Kersey, Colorado 
to Paxto , Nebraska, a s quickly as possible u nder the immedia te 
dJ:r ection of S. W . Lohman. A ctiv e field wor k was begun on Apr il 1, 
1947, by L. J. B jorklund who was jomed by R. T. Little ton on April 
21, 1947. The latter resigned o . June 13, 1q47 . N . M. MacNeill 
joined the project on June 9, 194 7. The si.udy of th1s area was only 
g ettmg well unde x way by June 30, 1947, but c0ns1derable progress 
had been made towa r ds the compilatinn nf existmg dat a a nd a test hole 
d rilling or tr a ct had produced 1, 400 fee t of 1. si. hole by :June 30, the 
contrac t of 5, 000 feet b ejng completed t h r: n ext fiscal year. 

I . addition t o the per son . el of th e N ebraska, Kan sas, a n d 
C olorado off1ces , s ome o f whom d e v o-l:e d a large part of their time to 
t he M iss ur i Basw project, t he fo Lowi g t chn ical p er sonnel de v oted 
thei r entire time to t he p r je.ct , their a cti v ities bei n g confined chiefly 
to M ontat a; N orth Dak ta, S ou t h Dakota, a d Wyo min g : 

G. A . Waring Aug. 1, 1945 to J une 30, 1947 

G. A. LaRoque, .Jr. F eb. 15, 1946 to June 30, 19 47 
F. A. Swen s on Apr . 8, 1946 to J une 30, 1947 
R . T . L itt leton Apr . 16, 1946 t Apr . 1, 1947 (s ee Wyo. list} 
P . C. Tychse .. Mar. 18, 1946 to Ju e 30, 947 
H. F. Harworth July 2, 1946 t June 30, 1947 (see Nebr.list} 
J. S. Hornby May 6, 1947 toJune 30, 1947 

War Acti v ities 

I A 1939 , M r. M einz er , mindful f t he imp r t anc e o f groun d-water 
1 vestiga t i o s du r ing the fir s t wor l d war , ass i gned D. G. Thompson to 
t ake charge of the work of the D ivi s 10n related to water supplies for 
defen s e purpos e s. The latter d eveloped contacts with the d ifferent war 
agenci es which were largely respons ible fo r the effectiv e use of the 
Sur ey 1 s services by those ag enc i es. Owin g to ill h e alth , Mr. Thompson 
was forced to leave the office Nov . 5, 1942 , a n d t h e work was carried 

n by G . C. Taylor, Jr . untll the end of Janua ry 943, when C . L. 
M cGuinness wa s pla ed in charge . 

Not only the Wa r a n d Navy D epartment s w Hh their many new 
mili tary e stabli shments , but also the man y war -tim e a gencies interested 
in the location nf n ew ind u str a] pla .ts , wer e concerne d with the water 
supplies for th e .ew establishments, and wanted prompt reports d e aling 
g en r ally with specific quantitie s a vaila ble . In many instances , it was 
necessary to make inve s ti gati o .s nwolv:ng both t e st dr illing and pump
ing te s ts . In each in stan ce, th requ e sting agency was willing to pay 
t h e cost of t h e te s t dr illi n g a nJ furn · sh t he fac i litie s fo r the pumping 
t sis jn order t o obtai n the r esults as soo _ as possible. M ost of the in
v eshgati ns were made w Hhou t charge b u t l engthy j_nvesti gat ions were 
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requir e d , the agency n ·qu e s t i g .h~ in •-re s h gat ion pa id a part o r all of 
the c o s t . A d escripti I' of s u .h paymen t is giv n u .d e r F d eral 
cooperat ion. 

F rom t h e pr epared .. e ss days bdore the wa r u ntJJ. i t s clo s e , a 
total of 3 , 7 11 r e qu _s t s w .r e received from the follow ing sourc e s : 

War Na v y 

1' 0 1 7 360 

WPB a n d 
p redec Pss0rs 

1, 227 

Misc ellanf'ous T t al 

1, 10 7 3, 7 11 

Mi scellan ~s i n clud .s F f" de r al age cie s the r than thos e shown; 
State and munic ipal agenc ·. e s, indus tria l officia ls, con t r a tors, a n d 
con sult a ts. "" ·· 

To g i v e a ~ i d ea of s ome of i:h . inve s tiga tions r equired, a f ew a re 
de scr ibed. O n e o f ;he firs t i n.v es t i gatio s ~a-s • that .of the water 
supply for t h e I dian a O r d a . c e Works, a D up ont - operate d p l a nt a t 
Charles ton , I. d i a n a . Th , s uppl y was obt a ined f ror:n a Ra ney wate r 
collector pen etr ati g g l a cial outwash g,:rav el s . In Augus t 1940 , a 
Sur vey repr esent a t ive d i scu ss e d the p,r.qposed water s u pply w ith the 
Dup nt officials a n d some m onths late.r , another repr esenta tive 
vis i te d t h e plant a n d d i scuss d th e'' supply, the wells fo r which were 
unde r ons truc t i on.. In January 1941 , two r e co d e r ~ we r e p l a ced n. 

test w e lls, a n d add itjo al recor d e r s were in s t all e d l a ter. In l y 
•and A ugus t 19 4 1, t h e Sur v e y oop e rat e d in accept a n · · tests o f t h 
coll e c to rs, a d made a repor t to the War D epart ment . Subseque n 
t o that ;~e st, t he Su f'Y a cted as a con sulta nt on the g rou n d-water 
supply f t he o d n a ~ c r rks, a n d made recom-m end a t ion s c onc ern -
i g its p erat10 w n d i ffi cult ' es ar i s e. 

Dur ing the spri g of 943, a p u m pi g te s t of w ell s a t t h e 
Ka kake e Ordnance W orks e a J il ·, IL . was made at t h e r equest 
of th Wa r D e par t m nt . It s pur p o s _ as t dete r m ine wheth e r t h e 
ground - ater suppl y w uld b e s ufficie . t for the u n inte r upted 
ope a tion o f the plant, as a ',p s t mad e by a S tate age n c y had b ee 
interp reted as showm g , a t t he s pply w as not s u ffic i ent. T h e 
Su r v. ' s te s t showed t hat the water suppl y wa·s suffi c i e nt for con.tinu ·

ous op eration of th e p l a .t . 

A thi rd t yp e f i. v e s t i gati on was mad e: f rom O ctob er to D e cember 
1943, i . th v 1c1 i ty f •. e Weld n Spr ings O r dna n c e Wo rks, W e l si on 
Springs, M o. , a t t request of the War D e pa . tmen t . It was n e c e s 
sary t o s to r e t mporarily in p 1ts , w-aste ·p roducts , a n d t h e Su r v e w as 
reque ste d to d et ~ rm.' . e th ex ·e _t t o \~hj h 1 c a l wate r s ppli s, th 
surface ·a n d g round, w ould b . c tam i a ted . A r e port d e scr · b ing the 
extent of possible co .tami n a ti o _ a n d nece s sary m e a su s to remedy 

it was mad e to t h e A my E n gineer s. 

In J u ly 1942P a t t h e r qu .st of the A rmy E . g i neers , gro n d - water 
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supplies at three air.por t s 1t s i Baja, Cah f. M e x. were i n v estigated. 

Additio al inve sttga t.ions for various age-ncie s are d e scr ibed under 

the activ1i1e s of t h e ..., ari us g r' u d - wate:r d is r icts . 

Spec ial war -tim e se r v i es w ere p erf med by a number of the 
Survey p e rsonnel. G . H . Taylor , a re s erv e offi<er , was called to 
acti e dut y in 1940 a n d as signed to Wasb. · t .. g ton as a h aison officer be ·~ 
tween the A rmy E n g ineers a nd Sur ey . H e ros e o t h e r ank o f lieu
tena nt- col ncJ, a d was o ·e rs e as d u i _g a part f 1943 and 1944 • 

. While 1n W a shi n gto ~ h . prepared a part. of a techni _al manual of the 
Army E n g i n. .e r s, e titled "W a e r suppl y and w a t r pur ification. " 

C . · V . Th~i s was ass i gned to th e Army E g ineers from November 
1943 t.o Mar ch 1944 t inv estigat . the gr u n d - water supplies a n d the 
p e rmafrost as rela ted t o the co stru .ti n of buHd ings a n d gaseline 
sto r age t a n ks c.a.long the Al aska h i ghway ·n Canada a n d Alaska . He 
p repar e d r .por ts o; ~ate~;supplies at m o r e han 50 a i r fie lds and 
camps a nd 0!\ p .r mafr . .s.i-~.. o _d tions at 6 place s . 

H. T. S ~ear . s spe nt a large par o f the war y e ars on special 
investigat i on s 9 ch i efly i th e S outh Pacif ic. H i s work i s d es cr ibed 
und er the ac tivities f h e Hawaiia n D i str i ct. 

At the sp ecific r eque st of .h W a r D epart m en , t en g eolog ist s of 
the Gro und WatP. r D iv-i sion Wf" r e commi ss i'oned ·n t he A r my and 
ass i g n ed to water- supply batta lio s or headquarter s s taffs o v e r seas. 
Th g _olog1 s t s s o _ommiss i onP. d f': re : 

Major R . C . Cady 
Major R. M. Leggette 
Major H. E . Thomas 
Capt . F. C . Foley 
Capt. R . L . Nac e 

Cap . R . C . Newcomb 
L ieu . R . C . Baker 
L ieut. Berna r d F i sher 
L ieu . W. C. Rasmussen 
L i eut. S . L. Schoff 

M i litary G ology.- l n March i 942, the Army req ue s t e d t h e Surv ey t o 
make engineering s tu d ies of s ev -ral ountr i e s i n Afr \ca, w i th respect 
t terra i , u itab:Uity of ertain a reas for d o ck s ites, a ir fields, 
water s pply, camp s ite s, soH a n d rock a va ilable . The G e ol ogi c 
B a nch to which the request was :n · ff" ,. . e d had n o one capable ·of making 
the water supply s t udie s and A. N . Sayr e was g ive n that ass i gnment. 
Th a v a i lable dat a ccm s :t s ted chie fly of d e scr ip tions g iven by v a r i ous 
explorer s, g olog j s t s, and e g · eers; the a vaila ble maps were chi efly 
G erman maps obtai e d f r m W or ld War I. The fi r st r epor t s wer e i n 
the fo rm of m mor a da whi ch inclu d e d, in addition t t h e information 
reque sted, dat a o d.v rs as m e a n s f .ommu . ica t i o . s, frequency of 
flo o d s 9 n a t ure of ban ks a n d b e ds. The dat a were p r esented in tabular 
form, whi h as M :r . Sayr . s t at s, really sold that serv ice to the Army. 

July 1 9 1942, t h e War Depart m .nt a s k e d the Survey t o triple its 
staff engage d m that w ork, a n d the S r v e y s et u p t h e Military · Geology 
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unit . T h - W a .e r Res r,u. r cP. s Bral"\ cr. wa s no '. d i r c1.y c t d ' t h nnP. c .e WJ 
M"litary G eo l o gy ut ·, . e f How· . g gr oun d ·w a t e:J:' per sonr:.e l we T' e 
tempor a r ily t r a n sfe rred to t h e G e o g ic B r a ._c . for d e t a il . Mil i t a . y 
Geology : 

A. 
G. 
F . 
R. 

N. 
A . 
A. 
M. 

Sayre 
War i n g 
Sw ens n 

e ffo r ds 
R . B. M rr JSC' 
L. C . H u ff 
S. S. Ny e 

,-------7 

J Jy 

A u g . 
A u.g . 
A g . 
O c t . 
N r

J a . 

1 6, 
1, 

i ' 

16, 

2, 

l Q4 2 t o N 0.'"! . 

19 42 t S Pp. 
942 t Apr . 

1Q42 i.o S ep . 
l q 4 2 to N ov . 

9 4 3 to S ep. 
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1 94~ !:./ 
~ M r . G r o v er d i d i.he r w e sh e t s fo r half a dozen cou . r ie s . H e 

was held 0 _ t h a t w o r k u . iJ '-h f' r a n d m o re p rP. SSl •g dutie s d , rna . d e d 
hi s a t e b n. A s t e r s lts Wt> r e d e s i g .e d chi e fly fo ,. G . _eral S t aff 
s t ra t egy, t w rk o f t.h u jt w as s o s .c f;. t ha t a ll t he r o oms u s e d 
wer e k.ep J eke d . 

Lat e in 943 9 t e A r my b ecame · t er e st ·d in the p l a .. ~o se d 
civi h a spe cia lis t s ·.te s e as to h e lp ' t h eng:~. 1e e r :\ _t e l: ige . c e of 
cou tri es marke d f _ 1. vas i n . In May l 944, M r . S a y r e a n d f u r 
oth r s f om M il t a :r. y G e C'lo g y e r e s e . o t h e s outhwest Pac 1fi : 
t o ''p i 1 p oint. t he sam~;.> s r t o f w o k. , 11 a gain qu t i n g M r. Sayr e. A 
Few m onths l a .er, a n t 1' team, of w h "ch Mr. Sw e .;, 0 11 was a 
member 9 w e t; t..o t h e C . t ral Pacih w i h ·.s d esti a t:l.o . I w o J '.ma, 
a d later Ok.i a w a, fo r Y; e p rup o s f. o f h lpin g w t h t h . p r b J. e ms o f 
wate s u pply a .. d rock suppJi s (b t h m p o •a n t m 1lii.a . y items) . 
Althoug n o t a par · o f t e h :. s t or y of M~li1 ary G e 0 l ogy, i t may e 
s t a te d ·hat h e Na~ D part m P. t , m d p e d e . tly o f t h P A r my, thr. ugh 
H . T. S t ea nsw o w a s d i gala r geam 0u t,of rk fo r the N a vy, 
a rra 1g e d to s a g rou _d · w a t e r g eolo g J. st r. Oki n a w a a n d D . J . 
Ceder s t r o m w as s e ec e d . B o , Swe -n on a h d C e d e r s trom r .c c "' Pd 
bronze s t a r s fo r h e i s erv1c . s . 

Mr. Sayr apphed f r i r·a n sfer f r 0m GHQ to d · .y w i t h tr o p·s s a nd 
as a r e s ult, w as pr . s e .+. a . t he L ey;,;e op era ' Jo .. s i r.t t h e P h ilippi - s. 
There , the gro -u• .. d ·~ wa p .r si t u a ti on ·as ~. d eal f -r d y·e: l pme _t. T 
headwat e r s f ih e sur fa c e: s :r- . am a , L ey , . . ve r e: held by t h e J apa e s e , 
a nd t h e wat er as u sa£ fo r u s e b y h e Arn e · i ca . s . H e r c eiv e d the 
M .dal f Fr m, es .abli sb.~ d , re c g r.i ze Cl"ilian p e r so u e l. 

T war d i. e e d of .he ar , W . F. Gu y to .. was a s s i g .. e d t C' 
MiUta r y G . l Ggy a d s i 1n t h e Ph.' lip p in s ass i s , i- e g in .e ri g 
s tudi es ther , a n d ]at r . .:. a pa . SN "'. a£ .( r t . s r e d r of • apa , 
G .ral Ma c A r th 1 s headq a r .e r s ' ' q e s ~. ,~ d M iL' .a '!': y G e logy 0 d e t a.il 
a urn e r o f t e n i c- al sp t. 1a lJ s ·.s t Japa £0r t h e p u p ~ se o f maki n g a 

----- - 1 I 
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quick mvr .t ory .f th t: n a tura l r f>s ovcf's. T o ha n dle the i v entory of 
wate r re s our es, F . M. Beli , M. R . WH :tams, a n d A. 0. Waananen 
were i.rar..sfer :r ed t o M ilita r y G . logy a d £1 w .. t. T o kyo i.P December 
1945. Th .y we r ass1g n ed t s e r v a s t e Watf>r R e sour ce:s Branch of 
the M inin g a _d Ge logy Divi. s 1 or~. of t h e Nat ural R P s m.~rces Se:ction of 
General H e adqu arter s, Snpr f> me C o m m a n d e r of A llied P0w ,rs . As a 
r esult of t.he Wate r R e sour c P. S in "f> si,, g a t 5nns , n rf>ports were 
p repar e d » w h i c .. we r e p h shf"d b y i.he Natural Rf>s our c e:s Section and 
d i s tr ibuted thr o ughout G eneral h e a dqua rte s to a11 M i litary Govern
m e n t nits a n d t o r.he p rinc 1pal un '.i. s 0 f the Occ pa io forces. One 
report was o hyd1 a - electri c power y Bell a r..d W iJ.l!.ams, and the other 
o n the hydrology f Japa _, by BeE a n d Waan a n e n, bas e d chiefly on the 
re cords b e i n g comp1led y he J apane s e. The wor k was c ompleted i n 
June 1946 and t h e pe r son .e l retur ne d . 

Forej gn Econ m ;. c. Adm :.n is r a t' . 2lly 

By Executive O r d . r f S e p mber 25, 1943 , t h e F or .ign 
Economj c Adm: ni st.:r a ti n was e s t ahll she: d w i h ' n t h e Offic e for 
Emerge cy Man ag e m . __ t , ~0 r. i.fy a "d c o solidat e govf"rr m e n tal activ i 
t i es relating t o fore ig . e~c:~nomi c affairs. 

As e ··.riden c e d hy -;h e bra .. c h.Ps c nmpr1 s jng the Bureau o f Areas 
that was e s ,a blished as o e o f t.h e: ope ra i n g hureaus f the admini s
t.r ati , t he ".:c.:rritCiry c r:: v ered w as Pxte r.,s i ".'e a n d ; eluded the follow
i g branche s : Lib u:- a t ed A r P; as, Spe c al A r eas, Ge: eral A reas, 
G e rma .. a n d Austr i a .. 9 a . d Pa · ArnPr ica .. The Bureau f Areas was 
r e sponsibl e for the hr oad p rn g r am, d~cisio s r e garding F . E. A. 
operations i .. a ll a reas, a n d the c ordi .. a tion. of su h pro g x ams and 
with h a r m o i zi . . g th e: m w ith S '(,a 1.e Depa .~tmen. fo r e ign policy a 11.d w i th 
m ilita r y act~. ' J. ie s a n d r Pq u.c s t s . 

Amcng the a ciivi i.:.c s f ·F. E. A . w as that. o f 1mpr ving e:conomic 
co"!dJti on s i n v a rtous c ou .r ies of s tra ,Fgic econ omi c importance 
through t h ass i gn men t o f M i ssion s o f e xp t-:rts which made surveys 
and plan s fo r the u tll:i zati o n , i mprovem · ,t, and dev elopment of the 
local r esour c es so hat e c n .omi c c o .d J ion s w i thin the countr i es 
would b e adya n c e d. On . such m :.ss io n of gov ern m ent exp rts went 
t o Arabia a ... d L cl d .d G. F. Brow A r .p:rese!lti ng groun d wa er. Mr. 
Brow __ was chos e:1 fo r .his a s s 1.gn m r t be cause of h i s experience in 
groun d - wat .r work, h i s fam ?.h ar >:y L w c, rking w ith native peoples, 
a n d b cause of his 1nt .r ,st i n fo r e ig w e rk . 

Duri . g t h e p e:dnd December 1944 to Ju , e: 1946, Mr . Brown 
made a g~ ologic re c o . n aissa nc e 0f thP e iire n~gion, mapped 800 
square mil , s i n d e ta :· l , d e e rm1.•~ed .r .. f" ch e m i cal quality of the 
waters · .. C entral A r abia a n d 1' cated w a t er in a new area tha prev iously 

214/ PrPpare:d by A. N . Sayr-e . 
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had no useful water supply. Though the report o n these investigations 
was not especially encouraging with re gard to the development of large 
supplies fo r irrigation, it was of great value in giving for the first t ime 
a realistic appraisal of the ground resources of the region covered. 

Office of Inter - American Affair s2l~ 

By Executive Order dated July 30, 1941P the Offi c e of Inter 
American Affai rs was created for the purpose of furthering the good
neighbor policy by formulating and executing programs through the use 
of governmental and private facilities which would advance national 
defense and strengthen the bonds between the nations of the Western 

' Hemisphere . Two members of 'the Ground Water Branch$ A. N. Sayre 
and G . C. Taylor p J r. , were assigned to conduct investigations m 
Central America for the improvement and de velopment of water sup 
plies from ground sources. 

Mr. Sayre was in the field from June to August 1943, and Mr. 
Taylor was in the field from June 1943 to the end of January 1944. 
The investigations were chiefly for the improvement of village and 
city wate supplies, and particularly for th e communities along the 
Inter-American Highway. Work was done principally in El Salvador, 
but also in Nicaragua and Guatemala. 

U. S. Commercial Company 

At the request of t he Na vy Department~ the U. S. Commercial 
Companyp a subsidiary of the Reconstruction Finance Corpora tion, 
sponsored an appraisal of the potential economic resources and p r ob 
lems in the ex-mandated Japanese islands. Specialists fro m Fede r al 
agencies and educational institutions covered most fields of applied 
science, physical, bio~ogic , and social. A. M. Piper was selected to 
appraise the water resour es, both surface and underground. He was 
a sent from the Uni ted States from the first of April to the end of 
December 1946 . 

S u mmary of operations in each state 

A summary of the operations in each state is given in sufficient. de 
tail to present a fairly complete picture. Attention is called to the fact 
that the terminal dates of personnel in one state may not, in some in ·· 
stances, coin . ide with the ini tial d ate of du ty in another state of trans 
ferred personnel as terminal leave may be included in the t erminal dat e. 

The section on State c ooperation contains the reasons for such. 
cooperation and the annual cooperative amounts. 

n~/ Prepa ed by A . N . Sayre. 
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Massachusetts.- Owing to the limited cooper ative funds available, 
tbe inv estigation during t e first half of the period · as confined chiefly 
to the standard - type investigation of well inventoT ies, available reco ds 
of pumpage

9 
and establishment of and maintenance of observation wells 

in the nort .. easte rn part of the siate. A heginning bad ePn made in 
Middlesex County hen cooperation ecame effe tive in 9 38. 'l'he well 
inventories were completed for that ounty and the number of ohserva
tion wells increased to some 3') , of which 2 ere equipped with rer.ord
ers . Five observation ells ere established in other sections of the 

state, giving a fai r l un ifo r m overage . 

As a res· lt of a . increase in cooperatio~ f r that purpose, 
216

; a 
' -

quantitative st-udy in the v idnity of F r esh Pond in Cambridge was 
sta ted in the spring of 1944 l>y H . N. Halbe .r g , fo l:' tb e pur pose of 
det~rmining w hethe r the dra ing dowT' of the Pond level by the City 
would i d ce g r o n d -wate r inflo from a c onsider able surrounding area. 
T e Department of Pu lie Healtt. bad d ri lled 20 test wells and the De
partment of Pu lie Wo ks made seismic surveys to explor e the geologi 
and gro· md -water conditions in the buried valley under the area. The 
S u rvey made the readings of the 20 observation wells, computed the well 
inventory and p mpage r eco :r. ds . The in-v estigation hicb was completed 
in 1946, except for continued readings of a few wells, showed the affect 
of the drawdown to extend as far distant as a mile. The report, "Recov
ery of gr ound-wate s u pplies by pumping wate r - table pond,'' aided 
Cambridge in proving that it.s supply was s ufficient. 

Du ing the last year» as a result of the v ery material increase in 
f nds ll a reconnaissance surv ey of the entire state w as made and for the 
la r ger communities , ell inve tor ies and other data pertaining to the 
water resour ces w ere collected. .n addition, fo the Metr opolitan area 
of Boston ll an intensiv e well inv entory was started9 the observation-well 
program enlar gedll and water samples collected chiefly for analysis by 
the State Board of Health to dete r mine c lor. ide and i ' on content. For a 
fe ' samples, complete analyses were made by the Q u ality of Water 
Divisio . 

The Massach use tts investigations were under the s u pervision of R. M. 
Leggette until he "oined the military fo ces July 20, 1942, and was suc
ceeded h y M . L . Brashears 9 Jr . , who had been in immediate charge of 
the Massac usetts investigations until J u ly 29, 944, when H . N . Halberg, 
ha ing an office in Bos ton, was given immediate char ge under Mr. 
B r as ears ' supervision. 

Other Ci il Ser vi e techni al personnel were : 

216/ p . 196 . 



Name 

H. L. Pree, Jr . 

H . S. Taylo:r 
W . E . Strong 
R. F. Johnson 

Dec. 

Mar. 
Dec . 
Apr. 

29, 

6. 
2, 

10, 

Per iod 

1942 to June 30, 

1944 to Jan. 1 o. 
l94n i o June 30, 
1947 to May 2, 

N. E. Lathrop was the clerk in c. arge. 
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Military Fu:r lough 

1947 Mar. 31 , 1943 to 
Feb . 4. 1946 

94!:i 
1947 
1947 

Connectic · t.- The investigation in th.e New Haven area was in prog 
ress at the beginning of the period . Althoug a state -wide WPA pro ·ect 
started in 1934 had maintained records of ater le els and analyses of 
water samples in the New Haven area until 1938, the real sta r t of the 
intensive well - inveniory investigation was started at the end of the pre 
vious period . A complete inv ento ry of all wells and ground-water pu.mp 
ing plants was made , togethe · with periodic measurements in a number 
of observation wells which was increased to 24 in 1942. Beginning in 
J u ly 1941, samples from 24 wells ere 1olleded monthly for analysis 
for chloride content by t e State Agricultural Experiment Station to stu.dy 
the salt-water encroachment. That inv estigation w as completed in 1 q4 3, 
except for the c ontinuation of the observation well r eadings and w ater 
analyses. The resul s of the New Haven stu dy showed the value of the 
ground-water investigations, and to speed u p the work in other areas, 
the cooperative S tate funds we:re inc: r eased. Another factor tending to 
increase the funds was the special inve s tigations for the State agency for 
what M r. B r ashears termed "little j o s." 

To obtain the greatest benefit, the s ubsequent inve stigations were 
made in the heavily pumped areas in o der that information on c . i tical 
ground-water conditions could be made available at an ear ly date . Ac
cordingly8 the next in estigation was in the Waterbury - Naugatu ck area 

here heavy draft was made on the alluvial deposits in the na :row 
Naugatuck Valley, with danger of draining those deposits. lt was started 
in 1943 . As several ita1 war industries in that area were using the val 
ley ground water , the War P rod ction Board a O 'l t the same time req est 
ed the Surv ey to make an investigation . In addition to the well inventory 
and pumpftge records , 25 obse ation wells were established and samples 
from heavily pumped wells close to the Naugatuck R iver were analyzed 
fo sulfates as the ground water was adly contaminate d by the indus t-r- ial 
wastes in the iver water. Thfl.t :in vestigation continued during the .re-

" mainder of the period . A report entitled "Ground - water condition s in the 
Wa terbury area" was prepared by Lowry and Miles in May 194 7 . n 
addition to the two intensive investigations, reconnaissance surveys of 
other heavily pumped areas were made, and resulted in timely informa
tion regarding potentially criti c:al situation s m se v e-ral of the larger 

communities. 

The state -wide observ ation-well program was inc rea sed to 4'1 welJ s , 
none equipped with :recorders. at the end of the period. 



240 

The Connecticut investigations w ere under the supe :t'vision of R. M. 
Leggette until July 20, 194?, when .e j oined the milita r y forces and 
was succeeded by M. L . Brashears, J:r. who ad been in the dist ic.t 
since the previous period. The field o:rk was performed f r om head 
quarters at Jamai a p N . Y . until December 31 , 1 946 p when an office 

as established at Middletown in ch a r ge of J . J . Miles, Jr. Jean 
Lowry was detailed to Conne ti ' .t A g st 2 7 p 1943 . 

Rhode I sland. - When cooperation w as started in September 1944P 
the city of P r ovidence presented the most serious p oblt;m. Many in
d u strial water users needed eit er la ger s u pplies or supplies of better 
q ality, and some plants using :river ate:r r equi r ed ground water to 
supplement the r iver supply dur ing pe r iods of low flow. Consequently, 
the Rhode Island investigations were started in the Providence area by 
C. M. Roberts and H. N. Halber g . The well inventory included data on 
300 wells 9 logs of 700 test holes bored fo !" var ious special pur poses, and 
pumpage rec:ords ; five observ ation wells were established. In August 
1945p seismic studies wer e made for the Rhode Island Industrial Com
mission under the dir ection of L . W . Curr ier of the Geologic Branch. 
As there as a possibility of some salt-water encroachment from 
P r ovidenc e River , a fe w w a t e r samples were analyzed 5 chiefly by the 
State Department of Health.. A p:r ogress report was issued in 1945 by 
the S tate agency. 21]_/ 

Owing to the small size of the state, the Survey rs t opographic maps 
were selected as the basis for the state-wide investigations. Following 
the P:rovidence inv entoryp the Pawt cket and Georgiaville quadrangles 
were selected for the next investigation because of concentration of 
population and indust y . The investigation in the Pawtucket area was 
finished during the period, b t the report which is broadly similar to 
that for Providence had not yet b een published. In addition to the state
w ide investigation, a fe w special r eports were made fo State agencies. 

An observation-well p rogram was started in 1945, and by the end of 
the period p records were being obtained from about 25 wells , one being 
equipped with a recorder . 

An office was established in Providence No 'ember 9, 1945, in charge 
of W . B. Allen unde r the immediate supervision of H. N. Halberg. The 
Rhode Island investigations were under the general supervision of M. L. 
B rashears, r. 

New York.- D u ring the pe riod, the ground - water investig ations were 
broadened from the very intensive Long Island studies p to include a state
wide investigation which was started in April 194!1. At first, the state
wide program was administe re d f rom the Jamai .a Office, but in July 1945, 
a separate office was esta lisb.ed in Alb any. R. M. Leggette was in 
charge of the New York State investigations, which w ere chiefly in L on g 

211/ Progress repo r t on the gro nd-water r esources of Providencep 
R . I., Geol. B ull. I; and Well and test hole recor ds for 
Pr oviden e p R. I. , Geol. Bull. 2. 

~--------------------------------------------------



c4.l 

Island, until his military furlough July 2.0~ 1942, when he was su.cceeded 
by M . L. B rashears, Jr. In addition , supervision was exercised over 
the investigations in Massachuse tts, Connecticut, and Rhode Island . 

Long Island investigations · The investigations made du ing the pre
vious period had been largely conce r ned with ax eas in whi c the g r o Hnd
water supplies were either actually o potentially c r itical. D ring the 
present period, however , the inv estigations became prac-tically island 
wide. The general program was one of expanding personnel f r the 
purpose of increasing the nu mber of observation wells and recorders; 
also fo increasing the rate of geologic study of well cuttings and othe" 
records» to correlate more < ompletely the va x·ions geologic beds which 
are practically island -wide . That stu dy in tur n r e sulted in additional 
studies correlating water levels with precipitation and pumpage, and with 
changes in the chloride content. The friendly attitu de of the New Yo rk 
City Department of Wate r Supply, Gas 9 and Electri , ity made it possible 
to have analyzed for hloride content, about 1, 500 samples annually in 
the Department ' s Mt . Prospect laboratory . In addition, assistance was 
given in installing an a ye rage of some 10 obse rvation wells annually and 
in giving access to all te ords, as the City was vitally interested in the 
ground-water supplies. 

In Nassau County, more than half the County co operation was devoted 
to drilling about 20 test wells . The wells were about 70 feet deep, 17 
being of small diameter , and 3 6 - inch wells equipped with -.)corders. l n 
Suffolk County during 942 9 the Su v ey added to its well prog r am about 
40 obse r ation wells drilled by the C ity of New York during the S r ey s 
cooperative investigation in the early years of the centu y .Zl!_j.J· By so 
doing, the observation well area was extended about 25 miles eastward 
and conside rable money was saved in drilling . The 40 wells were on the 
south side of the county and to round out the pattern and fill in blank areas 
on the north side , the County funds were in reased, with t e result that 
about 20 shallo 4 - in<.. h. wells were drilled d ing the remainder of the 
period . 

A new use of the ground water on Long I sland wa s made during the 
period. Suffolk County is one of th~,three leading pota to growing areas 
in the United States , and the growers discovered that s pplemental ir ri
gation was profitable . That resulte d in a very large increase in summer 
time pumpage

9 
much of it concentrated in a relatively small area near 

the town of Riverhead , and nearby lowlying areas on the eastern end of 
Long Island. Being so close to the coastline , it was necessary to install 
observation ells in that area, and make a large nu mbe of c hloride de
terminations fo:r possi le salt-water enc roachme t . By the end of the 
p~riod, the installed pump capacity for irrigation was 35 9 000 gallons per 
minute. The problems presented by the rapid in rease in ir igation 
pumpage were an important factor 9 causing the increased County cooper 

ation during 1946 and 1947 . 

218/ Follansbee 3 Robert; History of the Wate :r Resources Branch to 

June 30 9 1919, p . 172 . 



Long lsland has 5 well - rec.~gn1zed w ate :r- hea ing z, on~s, and it was 
not until the present peri0d that ,the prohlems con nected 1th the deep 

eds became appare t. The Llqyd sa d as a sot theast dip ac r oss Long 
Island, and at the w estern end, is tapped at a dept . of 300 feet, whi le at 
the opposite end, it is 1 , 1'\00 feet deep . In Na sa and Suffolk Counties, 
it is so deep that it is not used except alon g the no .r th and south coasts 
where t e water tab le , 1 eing near salt water , cannot be used fo large 
s pplies , and in Nassau County, t .e lar ge communities are forced to 
the Lloyd sand. A out 1944, the p u mpage along t _e north shore became 
so heavy that salt ater appea r ed, and t eState agency equest.ed the 
St1rvey 1.o investigate the rela ti nship betw een artesian head, spacing of 

ells , and the geologic horizon . The -r es lting information was used to 
regulate pumpage and locat e sites for ne community w ells . 

Long J.sland is a c omplete hydrologic province; the precipit.at.ion, 
ex ept d .~-ring storms, seeps into the g r o nd and as str eam flow repre
sents o erflo from ground wate , the stream flow records are used 
in the computation of safe yield, which is .onsidered to be prec:ipitation 
minus evaporation and transpi r ation . For that study, the 6 gaging sta
tions mai tained by the Surface Wate r Division2L~ were increased by 
two eac year in Suffolk County, beginning in 1942 . ,. A study of the c or
relati n of ground - ·ate r levels and p ecipita t ion on Long Island was 
published by C. E . Jacob in the Transactions of the Ameri an Geo 
physical Union in l 94 ~ and 944, and rep r inted by the Water Power and 
Control Commission a Bulletin GW - 1 • 

Rec arge of •ater pu mped for . 0ling purposes. was required by 
State reg lation a .d as the effe on the g ound - wate r tempe ature was 
affected hy t e warme ·at.er retu ned, t e Su v ey in l 936 began the 
practice of taking annually t e temperat '~'~ in a out 270 well s , and 
monthly in some 30 ells in 1 e estern a rt of Long Island . 

T e s ortage of pe r s0nnel during the years 942-194'i prevented 
pumping tests being made, exrept one at the G _ mman Aircraft plant, 
but during the last 2 yeaJ: s , S tests we e made . 

T e o serva tion -well prog am was increased to 300 wells, 2 S 

equipped w ith recorders , on June 30, 194 7 . Most of the wells were 
shallo and the records r~pr esenting water table flu ctuations. In 19~5, 
C . E. Jaco prepared a report.22)' i which contou r maps of the water 
tahle in the estern and central parts of Long Island w ere presented . 

ln 1946. the State age cy published as B lletin GW -13 11 "The on
figuration of the ro< k floor in western Long Island, 11 hy Walla e de 
Laguna and M. L. Brashears , Jr . , sho i g its depth below the surface 
at var io s points . The map was compiled during 943 and brought u p 
to date in 1946 . Well log records f r each of the four counties com 
p rising Long Island were published m ulletins GW - 8 to GW -ll inclusive. 

219/ p . 185 l1 928 · 1939) . 
22C)/ State Water Powe -r.- and Contr ol C omm. ; Bull . GW - 1 2. 
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During the war years, many services and short inv estigations ere 
performed for military establishments and defense plants . T e investi 
gation in connection with the water supply for the Gr mman Aircraft 
Engineering Corporation at Bethpage , Long I sland, making planes for 
the Navy, had suc:h unusual features that a detailed ace aunt is warranted . 
In the fall of 1943, the Sur ey, in c ooperation with Nassau County and 
the Grumman Cor :nation, began an investigation of g r ound-water con ... 
ditions at Bethpage where the water s -upply was obtained f r om 10 large 
capacity wells . It was to determine chiefly the continuity and inter
connection of the varia s water-bearing deposits underlying the a ea to 
show whether ground water returned to the water table y means of the 
shallow re h.arge basins, could mov e down to the deep formations from 
which it is pumped, a requirement of the State Commission. 

To obtain basic data concerning the effect of pumping at one well, 
on the water levels in the water - bearing beds ove lying its s reen and 
the effect of the g r ound-water recharge, 7 test wells ere drilled y 
the Nassau County Department of Public Works near the recharge basin s 
at Plant 2, the well casing being furnished by the Compa_ny . Re cor de rs 
were placed on 2 wells and on the pond in the large re harge basin . The 
re c ords from the 7 test wells indicated a rise in the water table from tre 
recharge water . The well logs and geologic studies indic:ated inter 
connection, allowing verti al movement downward of recharge ater, 
and a slight rise in temperatures of water pumped from vicinity of 
warmer recharge water was observ ed . A pumping test made by C. E . 
Jacob also ind icated an inter - connection of formations . D uring the 
early part of Februar y and during May 1944, 3 tests were made to de 
termine the effect of pumping at one well on the water level and in 
anothe located 2 , 000 fee t distant. A detailed report by M. L. Brashea ~ s, 
Jr. was furnished to the U. S . Navy Department in o der to satisfy State 
requirements. 

In November 1946 , a detailed investigation of the geology and wa~er 
resources in the Camp Upton a r ea in Su ffolk County was made for the 
Atomic Energy Commission to dete r mine if it were possible to obtain a 
billion gallons of water per day for cooling purposes at a proposed 
atomi pile. It was a complete inventory of wells and of surface and 
ground waters , without test well drilling or pumping tests . T inves -
tigation was completed in April 1947 and a report made, whiC'h indica ted 
only about 200 million gallons a day was available . 

State-wide inves tigation ~ The program contemplated a systematic 
areal survey or ground - ater invento y on the county basis, followed 
later by intensive quantitative investigations . The state was di \. ided 
into 7 investigational areas, and the field wo r k was started in J u ly 194'1 
in the group of 10 counties centered in Albany. Much of the geo logic 
data was obtained from the State Museum r ecords started rna y years 

previously . 

A \ the investigation p rogr essf'd , the obs~rvation -~ell program was 
gradually expanded until at the end of the penod, readmgs from 30 



244 
o se.rvation ~ ells

1 
6 equipped ith rec ordeT s, ere eing obtained 

regularly, and the water samples colle ted e Te analyzed in general 
hy the State Department of Health. By t e e d f the period, the field 
work and :reports frr most of t e counties in the first group had been 
completed, and a s1art made on co nties chiefly in tb e so - called 
"southern tier . " T e results of the econnaissance investigations ere 
published y the Geological Survey as mimeographed bulletinsp the State 

aving obtained f nds tn P\l list the C ounty r epor t s . Records for more 
than 10 ~ 000 ells were collected and mo r e than 250 samples of water 

we 1: e analyzed . 

In ce-r.tain ried glacial vaLeys in upstate Ne York , very little 
is kno n regarding the depth of the fill material rich often provid es 
near - ideal facilities fo r nde _gr0und st rage of water . Electrical 
resistivity is a c on vE'nient to 1 for lo< ating those va lleys and d etermin
ing their depth, and in 19 4:6, the Albany Office pure ased apparat s of 
the Gisb - Rooney type for se in the cou nty slij eys . By taking adv an 
tage of the fact that ell d illers r a e thei ." wells only down through 
the un onsolidated or fill material, it as possible to explore old 
existing drilled wells in th e buried valleys with a "magneti . well casing 
explorer, . . 2c..y and determine the depth at which ea b. well casing was 
seated on b~dr ock. Thu s, considerable valuable information was o b
tained to aid in dete rmining the dimensions of some of the underground 
reservoirs . 

W ile i;he areal surveys were beirtg made, increasingly heavy pump 
ing in the v icinity of Bmghamto , per aps the l~r ges1. concentration of 
ground -water pumpage in upstate Ne York, mctde it desirable to make 
an intensive in v estigation in that area . The first investigation in the 
area had been made by J . G. Ferris during November 1942, as there 
sult of a req est fr om the War P roduction Boar d . That agency desired 
information rega r ding water resources of all areas in which satisfactory 
municipal or indu sb· ial water s u p lies had bee developed for new war 
plants and t e expansion of existing plants . Tl->e p r esent investigation 
was carried on in t.ly 1945 by E . S . Simpson and by R . H . B rown in 
D ecember l94S. In addition to t e us al ell 'inv entoryp one p umping 
test as made to estimate permea ility , and t e dra dow n in a numb er 
of wells eing pumped, measured to dete rmine thei:r spe ific capacities 
and the relative abilities oft e ariou s aqu ifer to deliver w a ter. B e
cause of the need for the data, a p r eliminar-y mimeographe d rep ort wa s 
issued as Bulletin GW - i .:: . 22~/ Subseq uently, 2 test wells were d rille d 
by contract u nder Surve y supervisi n from August to O ctobe r 19 46, a nd 
were late used as o ser v ation wells. By t .e u se of el e ctrica l r esi s
tivity, 24 lines we t e ru.n in t e broad valley of the Susque h anna, both 
north and soHth oft . e river . 

221 I P· 224 ~ 
22'2/ Pl'ogress Report on grnu d - water resour es of Southwestern pa r t 

of Broome County ~ N. Y ., 1946. 
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Among the brief investigation s made for special purposes were 

three involving pumping tests. T he Veterans Administration requested 
an investigation of the ground-water supply for the Castle Point Veter
ans Hospital. A part of the investigation was a pumping test, April 22 -
23, 1946, on one well using two others of the 7 wells as observation 
wells. During an investigation at the Scotia Naval Depot, pumping test 
was made June 23 - 24, 1946, on the two supply wells, using a thi r d well 
for observations. Two pumping tests were made at the Schenectady 
Municipal wells, one O cto er 4-7, 1946 and the other January 9-12, 
194 7 . It was impossibl'e to interrupt the pumping for the water system , 
but the offi ials coope r ated by alternately pumping and shutting down 
individual wells, as requested . · 

A brief "upstate" job, done several years before the state-wide 
investigation started, was that in cooperation with the city of Rocheste r 
during the 1942 fiscal year. The Geologic Branch had made a seismi .. 
survey to determine the shape of the buried valley of the old Genes s ee 
River, and the city was to drill several test wells about 500 feet deep. 
Cooperation was effected with the Ground Water Division to supe rvise 
the drilling of the wells. When 2 wells had been drilled, the e1ty de
cid ed to seek a surface water source for an additional supply 9 and the 
job came to an end. 

M. L. Brashears , J r . was in charge of the New York and New Eng ·
land investigations during the remainde r of the period. C . M. Rob erts 
was in immediate charge of the Jamaica Office beginning Octobe r 14, 
1943 , and E. S. Asselstine, of the Albany Office beginning Octot-er 25 , 
1945. J. G. Ferris was assigned to the New York and New Englan.d in 
v estigations from July 1, 1939 to Sept. 10, 1943, and E. F. Schaefe r 
from July 1, 1939 to Sept. 29 , 1g39 . · M . H. Wendels was the di strict 

clerk. 

Othe r Civil Service technical personnel in New York State were : 

Name 

Long Island : 

J . G. Ferris 
E. E. Schaefer 
C. E. Jacob 
Wallace de Laguna 
D. W. Hickey 
L. R. Wistoft 
M. C. Jaster 
G. W . Nelson 
N. M . Perlmutter 
N. J. Luscsynzki 

July 1. 
July 1, 
July 1 J 

July 
Jan . 10. 
May 1, 
June 9, 
Sept. 27 , 
July 25, 
A g. 14, 

Period Milita r y Fur laugh 

1939 to Sept . 10, 1943 
1939 to Sept. 29 , 1939 
1939 to Sept. 27, 1944 
1943 to June 30 , 1947 
1944 to Aug. 21, 1946 
1944 to June 30, 1947 
1945 to June 30, 1947 
194S t o · June . 30, 1946 
1946 to June 30, 1947 

1946 to June 30, 1947 
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Name P e r iod Militar y Furlou gh 

Upstate : 

E . s . Simpson J ne i 2, 194r:; to J une 30, " 947 

F . J . Engel Sept. li, 19 4!1 t o J u ne 30 9 1947 

E. J . Podorsky Nov. 7» 194'3 to Dec . 4 , 946 

R . H. B r ow n N ov. 30, 1 q4'i t.o J ne 30 , i 94 7 June 29 , 19 4 .'i to 
Nov. 30 , 194 .'3 

c. R . War ren Fe 0 10 . 1 94n to June 30 , 1947 

H. V. Rockefeller Feb . 2S, 1946 to J u.ne '3 0 , 19 4 7 

R . v. Cus man July 1, q46 t o Ju ne 30 , 1947 

Theodo r e Arno J u ly 23 . 1946 to ne 30 , lq 4 7 

R. M. Jeffords Aug . 7, 946 to J une 30 » 1947 

H. A . Miller Aug . 19 I9 4 n t o Ju.ne 30 , 19 4 7 

c . w. Carlston Sept. 19, . 946 (W.A . E.) 

J. M . Ber den Oct. l ~ . 1946 IW . A.E . ) 

Miss M . A . M lh e ::r-n w as tbe cle r k in charge . 

New Jersey. - The investigation of a co nty area in New Jer sey is a 
cont.inui g process, so fa r as th e collect-ion of the basic. facts of water 
levels and r ecords of p u mpage a r e c once r ned, and wheneve s u fficient 
info r mation is obtained to e of geP e r al val e ; a eport is issued . 

Dt ring the present per i od , t e inv estigations we r e extended to fou r · 
additional co nties 9 Salem, Merce r , 0 .ean» a n d Gloucester C ounties, 
and the Ne a r k a r ea; and an additi nal st dy as made in Middlesex 
County, which had bee OJ' iginally investigated ea:rly in the cooperative 
p r ogr am . 

In 1939, an inv estigation w as made in Salem County w ere h eavy 
indu str ial d r aft hom w ells near th e Delaware R i ver t eatened the pe r 
manen y of t e s .pply . Jt as begu n p r imarily with t e assistance of 
the P enns G r v e Wate · Company and the E. I. du Pont d e Nemours Com
pany. War demand w as in creasing very rapidly and war industries wen t 

· inland and developed th e shallow grav els y means of Ranney water col
lecto rs. As a r esult, heavy p u mpage lowe:r ed the water t able over a 
consider able a r ea. A b ou 40 obse rvation well s wer e e stablish.ed and one 
pumping test · as made . T he inv es ·igation was continu ing at t e end of 
the period. 

Du ing 194 and 1942 , a detailed field st rly w as made in the Coastal 
Plain a :r. ea of Midd lesex C ounty, chiefly betw een Jamesburg and Perth 
Amboy~ w e r e most of the g :r- ou nd ·w ater dev elopme t in Middlesex Cou nty 
occurs. The stu dy w as conc erned primarily w ith the fa tors affe c ting 
the safe yield of t e mor e importa t aqu ifers . Re c o rds f r om the pre
viously - established o servation w ells gav e the w a te r level £1 ctuations , 
and p umpag e recor ds maintained b y the wate r us e r s w ere c ompiled . 
Alth ou gh the S u rvey did no h :: st d r illing itself» muni . ip~litie s and indus 
tries d :rllled mor e th an 20 te s t w ells u nder S r v ey supe r vi sion ; some 
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were for observ ation p u rpo ses and 1 th er s t o trac e the movement of s alt. 
water . To dete r mine the permeabili ty oft e v a r ious aquifers, 6 pump 
ing tests we r e made , a n d samples o f u n c onsol idat ed rna te r ials were 
analyzed mechanically in t e Wash ing ton la . o :r-ato r y. Sixteen a ter 
samples were analyz.ed by t .eQua lity o f Wate r D i v is ion . A r tifi < ia l r e 

charge of t h e gro nd - w ate r supply h y wat er s p r eading ad b een p r acticed 
fo r many years by the Perth Am oy Water Wo r ks, a n d as s 'l:.. c r e c har ge 
is necessary to mainta in r in rease be ground ~wate r supply, fu r ther 
poss ibili t ies of t at ph ase c on stitt t ed a large p a r t of the inv estigation. 
A p rog ress repor t of th e inv estiga tion a s p t:Lblis h ed b y the State agency 
in 1943. 223j It m a y e adcted i.h a t the ·at e r s upply fo :r the D h.e r nal de 
ve lopment, operated . oinUy b y t e du.P ont C ompany, the He r ules Powde 
Company, and the National Lead Company, w as dev eloped after the S1 J 

vey made its investigation and fu r n ished info r mation, including that on 
rechar ge. 

In 19423 t. e c ns tr ction of addi t inn al ind st ial plants in the v i
cinity of P r in e t on , Mercer County , r es lted in sue an increase in 
pumpage t a t the w ater s pply situati nn e came c r itica l. One of t e 
additional plants was making peni .illin as a a r emergency ope · ation, 
the si t e fo r · ich ad apparently been sele ted without a sh.~.dy of a pos 
sible sour .e of w a ter, as test wells we:r e not dr i lled until constr u .t.ion 
was well adv anced . As the Princeton Wate r Company was nable to 
fu rnish the desi r ed s upply , the C emical Company applied to the W a . 
Production Board for a pe r m it to div e rt w a t e r fr om the Delaware and 
Rari t:an Canal. In s pport of its appli <. atio n , the Company r equ es t ed 
the Sur v ey to make an investigation , i~ A u g u.st 944, and t at a s mad e 
by H . C. Barksdale . As the process · ein g employed w as ne and the 
amount of a te r r e q i r ed uncertain, t e Company was u nable, or a t 
least rel •tant to f n i sh a statement :r ega ding the act a l wate r s t ppl y 
ne ded. C onseque tly, t h e results oft e in es tigation w e r e inc onclusive . 

An in estigation in b oth Middlesex and Mer .e r Counties was made 
in 1 q42, as a r es \ lt of the r e ival of the e w e r s ey Ship Canal proj ec t 
which would cross bo th counties fr m Rat itan Bay to the Delaw a r e R 1ve r. 
The A my Enginee r s ··e e orde r ed t.o restudy t.he p r oject9 upon w ic . 
they had last r epo r ted unfavorab ly in 1932 . T . d e t e r m ine the effect of 
the canal on the gro nd w ate r, the A r my E n gin ee s requ e sted t e Surv e • 
at the fo mer 1 s expe se , to make a detailed hyd r ologi and geologic study 
of condition along the proposed r ou te . T a t inv es t igatio indicated that 
the canal w ld lo er materially th e e ad of water in the Mogothy-Rarita.n 
fo rmation throug out the ta e , and p r o ably c a. se salt -· wate enc r oa ch 
ment for a dis tanc e of perh aps · 0 mile inland in a and a ou t 100 miles 
~cp..cross t e state. On the o the r side of the l edger, it wou ld pr ba ly 

p r ovide su stantial rec a:rge fo 
larly in M iddles ex Cou ty . Thi s 
quate f r esh w ater ·ere a v ailable 

orn e of t .es e same aquifer s 9 pat ticu 
r ech a r ge w oul d b e enefi ial i\: a de 
to ke e p he wate r in the anal fresh . 

2~/ Special R e p rt 8 , T e G:ro n o - wate r S upplies of M iddles ex 

County, New Jersey. 
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To assist the dist ict personnel in t a t investigation , C . E . Jacoh and 
E . G . O tton ere detailed to the T r ent on Office for several months . 

Resor t a r eas along the s ore in 0 ean County had been growing so 
rapidly in re c ent years and the draft o n the gro nd wate r had increased 
to su han extent that in 1 94S~ it as de ided to st dy t e factors re
lating to the safe y ield of the aquife r- s tr ere, parti ularly with espect 
to the possi ili t.y of salt water encroac ment. T h is wa.s chiefly a study 
of ater levels and variations in alt 8 0ntent. . A n etwo ... k of about 40 
observation ells '~ as estahlis .. ed along t e coastal part of the county, 
and water samples f r om those w ells were taken t ice a year fo analy
sis hy the Q u ality of Wa e Div i sion . T w el e a dd itional ob e . vation 
wells were established in the inland part of the ounty and wate le v els 
in those were meas red at least monthly . 

n 1 Q46~ an inv estigation as started in Glouceste r County . It was 
the standard com ination of o se rvation w ells for the stu dy of water 
le v el fl ctuations~ and sampling po ints in strategi a lly local areas, 
c m ined with an ef o:r-t to obtain an accu ate eco r d of the amount and 
dist ibu tion of the p t mpage . 0 e of the maj or p r oblems was the threat 
of salt- ate r encroachment f r om the lower r eaches of the Delaw are 
R iver, if p u mpage s h o l d become t o heavy» or should be concentrated 
too close to the r i v er. 

T he last investigation started d u ring the pe iod as in the Newark 
a rea. A lthoug! t e :r·e ere no p lie g r ound - w a te supplies in that area, 
priv ate inter e sts had made intens ive use of he w ater s u pply . The Sur 
vey and the S tate Geologist had mad e a brief study in 1940 , but had to 
discontinue it for o t . e r ork . E arly in 1q 4 7, that official having ob -
taine d an assistan h om he could assign to that a r ea 9 de sired to r esume 
the stu dy in co pe:r a t i on with the S urvey . Actual w ork as b egun in 
January 1 Q4 7 , althou gh fo r mal cooperation d i d not begin until after the 
end of the pe r iod . 

D u r ing the period, the number of obser vation wells was increased 
from 148 to 2 ' 6, of hich .51 e r e equipped ith r ecor de r s . These wells 
d id ot cover the enti .r. e state b t were c onfine d to the areas in which in
v es tigations had bee . made. 

H . C . . Bar ksdale continu ed in charge of the New Jersey investigation 
and h ad the follo ing C iv il Service technical assistants : 

Name Pe riod M ilita r y F ur laugh 

R. w. S undst om J u ly l ' 
I 

1 q 3}'f to J, ly 22 , 19 '9 
R. c . Bake r J ly 1 , 1939 t o Mar. 2, 19 4~ O ct . 1942 to 
E. J . Schaefe r .;- O ct. 6, 19 39 t o 0 t . 23, 1943 D ec. 3, 1945 
G . D . D eBu .hana ne O c t. 8, 1 9 4 2 to J n e 3 0, 1947 
J. M . B irdsall A g . 2Z, 1944 to June 30 » 1947 
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Name Period Military F dough 

J . M . Ludlow 2:_/ Sept, 1» 1942 to June 30, 1947 
-----> 

Pennsylvania . - D ring the firs t four years of the period» the activ 
ities had been confined to maintaining the obse r vation-well program of 
about 30 wells, started in 931 , and in t h e absence of a ground - ·ater 
office in Pennsylv ania, the T r enton Office supervise d that ork. Wit 
the expansion of activities in the fiscal yea r 1944, an office was estab 
lished in Philadelphia, and in Apri l 944, the Trenton Offi c e r elin 
quished its supe rvision of observation w ells in Pennsylvania. It may e 
stated in passing that the Pennsylvania Water and Pow er Company, op 
erating large hydroelectric plants on t e S squ ehann a Ri e at Safe 
Harbor and Holtwood uses the recor ds of wells in the Susquehanna Riv e r 
Valley in predicting the minimu m flow . T h e weekly re c ords a e fu r 
nished the company as soon as r ecei v ed . 

When the cooperativ e agreement between the Penn sylvania Topo 
graphic and Geologic Survey of the Department of Internal Affai r s, and 
Ground Water, was increased fo r the purpose of making a state - wide 
inventory of ground - water resou · c es, J . B . Graham was placed in 
charge of the Pen sylvania investigations in 0 . tober 1943 , with head 
quarte rs in Harrisburg. Philadelphia was the first area to be selected 
for study due to the war-time impor ance of industries and establish
ments in South Philadelphia . Sou th Philadelphia is the most important 
area in Philadelphia with respe ct to ground wate r , as the occur ence of 
unconsolidated Coastal Plain fo r mations is restri ted to that area . The 
Navy Yard is the chief user of grou nd water and that is its principal 
supply, and as large indust ial plants were also using grounq w ate r, 
water levels were declining, and t h e Na vy became apprehensiv e of its 
future supply . As a r esult, that agency was greatly interested in the 
in vestigation. The Public Works Offi er in charge of water supply at 
the Yard was from Texas where exte siv e ground -water inv estigations 
were being carried on, and not only knew their v alue but hat coopera
tive serv i es w ould b e requi!'ed . Preparat y to sta r ting the South 
Philadelphia study, M r. G r aham w ent to Philadelphia to obtain all avail
able data. His search led to the excellent scientific library of the Acad 
emy of Natural Scien es , supported chiefly by p ivate subscription. As 
the study of ground water is within the field of the A ademy, that agency 
was so much interested that office space was offered in i ts Department 
of Geology and the headquarte rs were moved to Philadelphia January 15, 

.... . 1944. 

Most of the water supply for the Nav y Yard was furnished by wells, 
and arrangements we r e made to hav e an employee take daily r eadings on 
them; also, accurate pumpage r e ords •e r e started. The quali ty of the 
water was an important factor as t , e ground- ater pply had a fairly 
high iron content, and analyses o f th e wate wer e made a t. 2-week 

··----- 2:_/ Part of the time employed in Sur face Wate r Division in T r en .on . 
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intervals by the Nav al labor ato r y . To o ain a h ette r quality of ate , 
the Su rvey assisted t e Navy Ya-r-d in selec-ting n e sites, at two of 
which wells ere drilled t e firs t y ear. Within a few months~ 8 inter
fe r ence pum i n g i ests w e r e made. D u ri g tt e emai de r of the pe . iod, 
the wo kin the Nav y Yard as in eas ed ; 3 additional deep observation 
wells a n d 6 shallo o se r va tion wel1 s w e r e drilled. Rased on informa 
tion s u ppplied b th e S rvey~ pump i some o f t e s pply w ells were 

.lo re r ed, a d ope r a t ing schedules w e e altered to ttilize to better ad-

vantage the g r ou nd · water s u pply . 

The q ali t y of the gro ~nd w ater w as becoming a ig p .t> oblem, as the 
r echarge to t e prin ipal aqt ife is s u pplied largely from the igh.ly pol
luted Delawa.r e a d S c: u ylkill R ive s. T e Navy la o atory r s method of 
analysis was s omewhat different f om the Su r v ey ' s, and to compare the 
t ·o, the Quality of Water Di vision made a year : s intens iv e study of 
samples collected y th e Gro n d Water Div ision f rom all wells, and 
sent to t .e Was ington la o r ato r y . The o se ation-well program~ by 
the end of the pe r iod, was increased to '5 w ells in the Navy Yard, all 
eq ipped ith r e o r de . s, those in static wells were float type, and those 
on pumping ells a .u ler· type of press ·e gage, a stock ~odel de
signed for other uses u adapted t pumping wells by G aham and Huber. 
A report on the Navy Yard inv estigations to Januar y 94'1 was made a 
part of the general r eport of a private firm of enginee r s engaged to make 
a repor t on the w ate r s u pply system. T e investigation continued beyond 
the end of the peri d . 

Alth.m ... gh at fi r st the Sou th P iladelphia investigation w as confined to 
the Navy Ya d , it w as g r adually ext ended to ea:rby areas in which were 
large industrial l. sers , ith imila:r pro lems of '3 Upply . A meas re of 
the need for the widened inv estigation is s w n y th e fact that almost 
as so n as the Nav y Ya d inv estigation w as star ted , req ests from the 
Wa Pr due tion Board, indu st ial t.. se r s 11 and the Washington Office, were 
received for gro nd - w ate information. 

W ile making t e o iginal study, the Navy Yard, d r ring its drilling 
operations, put do n o e o servation w ell u1.side the Ya d , w hir·h with 
7 selected existing wells , made a total of 8 o ser vati n ells outside 
the Navy Ya d. Also, a elJ inv ento 7 in t e So t Philadelphia a r ea 
and prelimina:r y ge logi c st dies were started . Jn Apr il l Q46, the geo 
logic and ydrologic- st dies h ad rea <' hed a point '•I e re it was possib le 
to make a preliminar y report on "So th Philadelphia Well Supply, " 

ich was p r esen ted as Appendix "B" of the repo r t to the City b y the 
Board of Consulti g Engineers . 

In Janua ry 1 q4 , the P ilarlelp ia Planning Commission entered 
into a co perati ve ag r eemen t w ith tr. e Sur vey for tb.e period anuary 
June, i 94 7. The C it y - Fede r al agreement supplE!mented the State - Federal 
program already in effe t 3 making it possible to accelerate the inventory 
work in Philadelph ia. T e S tate fiscal bien . umll egtnning in ne 194 7, 
p r ovided s fficient inc r ease in g r ound wate r funds t o pe rmit the continua
tion of the Philadelphia wor k after ter·mination of the C ity -Federal program 
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in June of that year . 

While the Philadelphia study was being made, numerous r equests 
for ground - water da ta e e being received, many from the Pittsburgh 
area where extensi e use of ground w ater is being made. Consequently, 
when State cooperative funds were in reased, beginning in J u ne 1 q45 , a 
ground-water investigati on was star ted in Pittsburgh and the i dust ial 
area adjacent, the S tate Geologist belie v ing that the available fu11ds 
should be concentrated in areas of la r ge indu strial and municipal use. 
In the P ittsburgh area3 the g o nd water used comes almost entirely 
from r i ver valley g r avels whiC'h to a large extent localized the problem . 
A sub - offi e was established in P i ttsbu rgh in February 1946 inc: arge 
of J . H. Adamson, Jr . ¥ · ith one assistant. 

The se tting u p of the o se v a ion - well p~pgram, one of the first 
steps, was aided very materially by p r-eviou~ work in tha t area. Fol ·
lowing the disastrous flood of Mar;r 1936, which included the Pittsb rgh 
area, a flo o d - study p r ogram was begun by the Pittsburgh City Engineer ' s 
Office, and as a part of that study, 1 8 shallow observation wells were 
established in down t own P ittsbur gh. T he r eafter, during each high - water 
period, th ose wells w e r e measured. Of the 18 wells , 8 were fo u nd in 
good condition and with 11 additional w e lls selec ted, the sys t emati . ob
ser ation of w ate r - leve l fluctu ation in the area was begun. The v. ell 
inventory, and pumpage re cor ds f r Pittsburgh itself, t ogether with 
chemic:al analyses of oth surface and g r o' nd water wer e practi cally 
compl~ted by t e end of t.he pe r iod , and a start mad e on the ad ·acent 
area . T h e results ill be published as the Allegheny County report, 
the first in the contemplated se ries of c o nty reports. 

The investigation in the Philadelphia area was extend ed to the ad ·a 
cent counties of Bucks and Montgomery, both thickly populated and high ·· 
ly industrialized areas and formed the bas is fo r county inv entories which 
were in progres · at the end of the period . In Buc ks County, a n electri
cal resistivity su v ey was run in the wide Delaware R ive r Valley between 
Philadelphia and T enton, the only promising area fo r extended expansion 

in that section of Pennsylvania. 

The state - wid e observation - well program was gradually increased 
to 66, including t ose in the Philadelphia ~nd Pittsburgh a r eas , 17 be ing 

equipped with recorders . 

The well i vento ies, whi c h w ere the basis of the count-y: investiga 
tions , w ere augmented by data on public water supplies from ground 
water, furni shed y the State D epartment of Health . 

By the end of the pe:r. iod , Mr . G r a am ' s ass ociation with the De par -
ment of Geology, of the Academy of Natur al Sciences , was so close that 
his services as a geologist were f eqn ently called u pon in the absence of 
its ow n geologi s t, and he as made a mem e r of the Geology Staff . 

Other Ci~i l Ser v ice technic:al pe r sonnel were : 



Name 

N . H . Klein 
R . R . Huber 
J . H . Adamson, 
J. C . Kammerer 

J r. 

J u.ne 1 'i, 
July 30. 
Feb . 2, 
Jan. 2S, 

Period 

1 Q4S to June 30, 1947 

l Q45 toJn ne 30 , 1 Q47 

1Q46 to June 30 , Q47 

1Q47 to June 30 , 1047 

T h e district cle-. k was Mis Antoinette Tu:r-zanski. 

Maryland . - Until D ecemher 1 Q42 , the only g round ~wa ter work in 
Maryland as the maintenance of ~ o se vation well s i n the vi inity of 
Washington . With the beginning of State cooperation in Decembe r 1942 , 
an office as establis . e d in Baltimore in charge of R . R . Bennett. The 
inve stigation was cente -. ed in the Baltimore indus trial area whe r e a de 
tailed study of the long decline in artesian h ead and t e contamination of 

·ells and aquifers by salt water was made . 

lt w as started in Ja u ary 1943 ith a w elJ inventory and recor d of 
pumpag e and drillers ' logs . S u rface ge o logy was studied in detail by 
examining outcr ops and measuring geologi c- se c t i ons. A detailed peg 
model was con s tructed consisting of 1/4-· inch w ood do els inserted in a 
base map; the arious lithologi unit s w e r e r ep r esen1e d in the wood 
dowels by means of diffe r ent c olored paint, giving a 3 - dimensional 
picture of the su ·s u rface geology of t .e a ea . Th e co r relation of the 
water-·bearing fo r mations was one of the most difficu lt pa r ts of the in 
vestigation and it was not u ntil the latte r part o f the field studies that 
those fo r mations bad been properly dasc;;ified . T o test wells were 
drilled by the B ethle . em Steel C ompany and cuttings w e e c ollected at 
'} - foot depths, s pplementin g the drillers ' logs o f various we lls; elec 
t rical logs were obtaine d y eq ipme t d vi d b y Mr . Bennet t .2~o/ 

A n i mpor tant featu r e of the investiga tion w a s the study of leaking 
well s by means of well - exploration equipment. Salt -wa t e r conductivity 
te ts showe d that salt wate r from t e shallo aquife r s was contaminating 
the deep aquifer, not only th ou gh welJs with defective casing but also 
some salt a ter apparently leaked down he sides of some of the wells 
be t een the casing , as the latter did no t always fit the rotary - drilled 
holes snugly . To dete :r mine the actual h ole diameters, caliper logs 
w e r e made, the spe cial c alipe r used being devised b y Mr . Be nett. 
A b out 10 p u mping tests w e r e made and s ome 150 water samples we r e 
anal yzed in the Washing ton la orato r y. The investigation was in p ogress 
at the end of the peri0d . 

l n January i 944, a t the r equ est of the Navy, an inves t igation of the 
w ater supplies f r om w ells of 3 Naval es t a li shments in th e Solomons 
a ea a nd t e Naval P owder Fa tory a1 Jndianhead wa s made . T h at was 
tb.e chi e f war a cti v ity , t other gene al ground-water problems were 
inv estigated for the Nav y » Army, and Wa Production Board . 

2?.4/ p . ~24 ., 
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The larger cooperati v e fun d s available beginning with the fis .al 
year 19411, made it possible in u ly 1945 to expand the program and 
undertake several new p r ojects . One was an inventory of all newly 
drilled wells in the state, based on th e well-drillers ' completion forms 
submitted to the cooperating agency, l.n accordance with the State law, 
or by personal visits to the wells ; deta i led records of several hundr ed 
such wells were receiv ed from the d r illers between July 194S a nd June 
30, 1947 . 

Another project was the systematic g r ound-water studies on a state 
wide scale which. star ted firs t in the 5 counties in the southe r n Maryland 
area. That area was select ed be c. a u se most of the wa t er - bea r ing forma -· 
tions, generally at great depths in the eastern shore ar ea ~ o u t rop in 
those 5 counties, and are more eas"ily examined. The inv estigation was 
in progress at the end of the period. 

In connection with the other investigations being carried on , a stu dy 
of the public water supplies obtained from ground water was sta r ted in 
July 1945 for t he purpose of showing the sources of existing supplies and 
possible additional supplies from other formation s . The observation 
well program was expanded to cover the entire s tate, 120 wells with 1 
recorders being in operation June 30, 194 7. 

Mr. Bennett continued in charge of the Maryland investigations and 
had the foll<:>wing Civil Serv ice technical assistants : 

Name Period 

R. R . Meyer Feb . 8 , 1943 to June 30, 1947 

H. F. Johnston Aug. 1, 1945 to Sept •. 30, 1945 

Charles Merrels Nov . 14, 1945 to Aug .. 2, 1946 

C. A. Richardson Feb . 8, 1946 to June 30, 1947 

A. c. Pie ce Apr. 8, 1946 to June 30, 1947 

The district clerk was June B . Specht to Sep tember 1946, when s h e 
was suc c eeded by Frances M . B ennett on January 2, 1947. 

Virginia.- The investigation, comprising parts or all of 10 co nties 
in the Coastal Plain of southeastern Virginia south of the James Riv e r, 
star ted in 19 3 7, was the principal study by D. J. Ceder strom during the 
first two years of the period. By that time, most of the systematic. f ield 
work whi h included the establishment of an observation-well p r ogr am 
expanded from 5 to 15 wells 9 and the compilaHon of well invento r ies , 
well logs , and mechanical analyses of the water-bearing sands fo r pe r 

meability, had been completed in the . fall of 1942: A preJ~57inary r epo r t 
was published by the Virginia Geolog1cal Survey m 1941. _/ 

22~/ Ground - Wate r Resources of the Southeastern Virginia Coastal 

Plain; Cir. 1 . 



A spe ial in restigation for the City of Ne port ews in the w in ter 
of 19 4 2. fitte d int 0 t e gene r al investigati ns a n d fur n ished s on:~ ne e ded 
te s t drilling a d p u mping data . The city was in ri eed o ; a n additional 
water s u pply and w ished t0 explor e oth s -rfa e - at'!_d g r ound.-water p o s
sibilities ~ the latte ei gat Bacon ' s Ca tle , he long_- a go h e adquar te r s 
f r Bacon ' s r ebellion agains a Ro al Go'\- ern r. Tbe· C ity in te nded to 
drill 3 test t> oles l, 00 0 feet deep if net essary, a d make a p u mp i ng te st 
under Survey sn.per · ' is inn. B y t e tim e 2 o les _ad ee "d;r illed and one 
con ·e -r ted ir.t0 a p dt.cing well, the Cit had deci. ed p on a s r face -
w a ter s u pply

9 
and t _e c-or pe.,.ative i . ve stiga1io as te rminated . H ow -

e ver ~ to or .. tain data :r. om a p • mpin!! te t 9 t}'l e drill ing conbacto r drilled 
an ohservati n u ell ear the produ c i g ell, i stalled a p ump on the 

l a tter and mad e a ~ day ptlmping test. 

A n o the r spe cia 1 inv estigati n f1 ,.. .is ing test d r i lli ng info r mation w as 
m ade at the reques f t e Na - D epar-tment in t e summe r of 1942 . It 
was a hurr -up job to reliev e a c:r itical shoitage in t e c ity of Nor folk ' s 
surface -wate s · pply, due to p rolo ged d . y · ea. the • T he obj e ct w as to 
drill a test ell near La.ke P i ( .ee t e City ' s rese v oi r 9 and from p re
v i ous inv estiga tions , Mr . C e de rst om kne the g e n eral ground - w ate r 
~ondition s and s 1 pe:rvised t . e d :t'i ll ing . T e t est. ell a s q70 fe e t deep 
a n d pen e tra ted m ore t a n 300 feet of a te ~" - bea in g sand. Soon afte r th e 
t e s t hol e as c o mp l eted 9 indi c a tin g a a · · ai la~le flow of a b ou t 3 0 000, 000 
gallons per day, one of the . ea v ie s t st.o ms kno~, p in that area, amount 
in g to nearly 10 inc hes in SZ .. ou rsp OC f_u.r ed . T e r e s e rvo i r l e v el ros e 
2 fee t and as ~.hat r- eliev e d the ·. rii.ical s}'l r tag e , t e g ou n.d - a t e p r o 
j e ct a s a andon e d. 

T h e spe ia l inv estigatio s desc i e d w ere onl y t.wo of a v e ry c on 
s iderable number d · ring the ' a r years . as sout east e t n V irginia as 
an a r ea of intensiv e Naval acti vity, and many calls ~· e re made on he 
Survey for rep orts on g r·oun d - w ate:t p oss ibiliti e s f or t e v a r iou s es t ab 
lishments . Many of t e epo . ts r equ i r e d li tl e o r no fi e ld w o r k beyond 
s u p ervi si g conside:r-able tes d x· illi n g , h u t o e ;r eq~et;;t .r equi r ed a de 
taile d investigation a d report on t e ge ol gy a d gr u d ··· ate r condi -
tions at C amp P ea r y ;, a training ·amp fa S eaBee:s, n e ar Williams u rg . 
It was made i n 1942 and q 43 3 and as L e g ound - w ate :r- ' "as s hown t.o 
have a ra he r high chlor ide con ent, p lans ' ' e r e made f (u a permanent 
surfa c e - water s upply; in tbe mean ime, a tempo a y g r ou d - w ater sup 
ply of abou t :4, 00 0 9 000 gallons pe :r' day was d e v eloped . T .ese activ i t ies 
occupied so m c . o f Mr. C e d erstr om's time tha t the completion of t e 
g eneral investiga tion of s utheaste rn Vi r g inia was de l ayed . H ow e v e r , 
that de lay had its c omp ensati o a s m 1 .. ch addit.io a l d e t ailed and ac urate 
geolog ical infor·mation bec- a me availa le . D uring t e special inv estiga 
tion s 3 i t was f ot nd t at th e mud samples from t e te s t d illing did not . 
give sufficient information r egardi ng t .e fo m a t i ons 9 a nd M r. Cederstrom 
b egan t o study the mic r oscopi<.. fossils of sea s h ells . That s tudy confirmed 
b y e minent aut or i ties , id entified a fo r m a ti n of the upper Eo e ne Age, 
not p r e viously k now i n Virginia a nd adj a ent sta t es . 

With the end o f the s p ecial inves t igations 9 i t a s pos s ible to complete 
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the general investigati ns in sou t eas t e r n Vir g in ia. The data used a a 
basis for the discus s i on o f the g r o nd - w ate r possibilities we e la r gely 
reco r ds of about ' 0 . 0 ·e lls, many w ell logs , mechanical analyses of 
water-bearing sands , and chemica 1 ana lyses of 1 37 w ate samples ~ both 
made by t h.e Sur':ey · T h e r e sult s w e r e pub lished in 19 4 5 by the Vi r g ini a 

· Geological Su rvey a s B lletin 63 ~ 11 G e ology and g r ound - w ate r r esourC' es 
of the Cbas.tal Plain of S outheas t e r n Vir ginia , 11 

Follo-yving the com p letion of t e inv estiga t ion sou th of the Jame s 
Rive r , that of the Yor k -_James Penin s u l a , extendin g as far inland a s 
Richmond, was s t a r ted . So many s pecial w a r - tim ·e i n v estigati ns h ad 
been p1ade .. in that a r e a tha t s ys tema t ic fi eld w ork was r equ ired only to 
fill in the gaps . Th~ patte r n was the s ame as tha t of the p r eviou s i ves 
tigation and the f_ield wo k was complet ed by the . end of the period . The 
results are to · b e publis ed in a S ta t e repo r t . 

An investigation of the p u bli c and indu str ial grou nd - water supplies 
of the Roanoke area in sou thweste r n Virginia was star ted in the spr ing 
of 1945 by B . F. Lattaa w .. o was detaile d to Virginia during Mr . 
Cederstrom ' s assignment fo r the Navy o n Okinawa. The geologi 
studies were based chiefly on work done previously in that area . 
Through personal conta c ts with owne r s , an inv e n to :r; y of 70 wells a n d 
springs was made, a d samples of water from 12 wells and 3 · spr ings 
were collected fo r a n alysis by the. Quality of Wate r 's Raleigh labora 
to r y. The res lts e r e r e leased as a cir ular by the Virg in ia. Geolog i 
cal Sur v ey. 

To make available at an ea r ly date .the findings in t~e Coastal Plain 
investigation regar d ing h lo ide , the Vi r ginia Geologi al Surv ey p u -
lished B lletin ss, 226/ in 1943. Star ted in 1943 w as a r epo r t on the 
chemical character - of Vir ginia Coastal Plain g r oun~ wate r, dealing w ith 
diffe r ent aquifers of a tesian ater, with r egard t o. hardness, flu o r i d e 
content, hlo ide .ont ent, and the operation of' sof.t~.'Qing b y .. base ex 
change. It was completed by the end of the perioci'9 a~d pu lished by t h e 
Vi rginia Geologi cal S rvey as B u lletin 68 , "Chemical charact~r of 
ground water in the C o a stal Plain o f Virgil)ia . " · 

The obse r vation - ell progr am was inc r eased from 10 in 1939 , about 
equally divided bet een the n o r th e r n and southeastern pa.r.ts of the state , 

to 14 in 1947 , 5 being eq ipped w ith r ecorders . 

In Ap il 1946 , an experiiT).ent in r echarging a well u nder unusual 
condi t ions is worth re c o r ding . Artificial recharge with cold winte r 
water for use in the follow ing hot summe r months is a p .roven econ . mi ·~ 
cal p r actice in industr y, as the cold w ate r b e c omes only modera t ely 
warmer while in g r ound storage . l consid e r ing the desi r abili ty of 
encouraging that practi c e in th e indus trial Hampton Roads area ~ i t was · 
realized that those a r·e a s to be benefi t ed. by r e ch9- r ging w.e·r ~}underlain 

2~/ Chloride in G r ound Water in the Coasta!'Plain .o£ V) r g inia . 
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by strata sat rated , 1 tr b•a( k1 h' atf'r, an unrlesjra le feat re even 
. en diluted by f•esr red"'arge V~ a"f'" . Mr . Cede·str0m elieved tat 

it might l.e possille to •echa ge a ell 't out hav ing t _e first water 
mix, 't.h tl~ e brae kist ·ater as toe f rm r is ligl t er and might float on 
top, and also that tr e ') eigl-- of the ( olnmn of fresh ~ ater in th well 
might pus l a l k the g r o d water. An opportunHy t experime nt was 
afforded y the wells '~· hi h ad e f' n drilled at Camp Pea y and later 
abandoned . ln April 1946~ one of the wells ·as r e c har ged from t.he 
city water main, a d later tte ater pu mped f om the well analyzed. 
The one test :r.-un indicated t .at a out alf tr e am unt of water recharged 
' as uncontaminated r en pumped out, and t at if a portio of the first 
r u n v.. e r e kept in the g-.. o· nd, almost all t e recharge water iP later runs 
could be pumped ha cl< . c.?::_/ 

M:r. Ceder st. om ·as in charge oft .e Virginia i vestigations during 
the period ex ept f:r om Ap t'i l 4 to A .g t 1 'i, 1 q 4 ~ 9 hen he was as signed 
to gr o '"nd 'a ter inv estigations fo f t e Na y on Okinawa . B. F . Latta 
was detailed to Vng inia dur ing M :r. Cedf'rstrom ' s absen e . L. W. 
Youngquist , :r . ¥as 1 t1 e di st ·ic-t f . om A gust 'i to 0 to er 15, 1943. 

Nort Ca olina. - Befo:re tlt e eJ!in ing of cooperati n for the state 
wide investigati n, D. G. Tbnmpsoo in 1 q 4 made a rief investigation 
oft e gr0und ~wa e,. res ourc es oft e Wilmington a ea in c ooperation 
wit - that ity . Cooperai,ion wi h t eState Geologist, whose office was 
in t eState Departmep t of Conser vation and De v elopment, e arne ef
fedive in July 1 Q41, a . d M . . M ndorff as assigned to the North 
Ca olina investigations . T e S( ope of the state - wide investigation was 
to determiPe the uantity of wate availa le f m ground w ater; to de -
velop r:dte ia for cho0sing favo a le rell - site loc.ations; t o determine 
the opp rbmities for in reasing yield by deepeni g wells; to locate the 
areas capa . le of S l .. pplying large qua titiE's fo .., industrial development; 
and determine t .e quantity a d quality of •ater availa le in each 
aquifer.22~/ The usual • ell · inv ento ry s v eys VI ere made on the 
county asis, se e al ronnties eing c. ove ~" ed in a single report. Due 
to the limited f nds availahle 9 no test drilli g was do e nor pumping 
tests made dur-ing t e State - co pe..,ative investigati ns . 

The Halifax a:r eall comprising Nort ampton, Halifax, Nash, 
Edgec-ombe, and Wilson C ot.ntie s as the first one selected. It was a 
typi . al area along the "fall zone" here gro nd w ater supplies were 
needed, hut diffi ult tn obtain because the C oastal Plain sediments are 
too thn to supply mu< h water and t e t in lanket of th ese materials 
makes it impossible to study the geology oft e edrock. Field work 
' as perfoi'med y M . Mundor ff chiefly d ring the winter of 1941-42, 
d1 ring which sc me 800 ells and mnnicipal supplies e :r e inventori ed, 

227/ 

2 ?.8/ 

Artificial recba r ge of a hrackis w ate well by D . J. Cederstrom 
~ Mimeograph b lletin iss ed y SuT vey) 
Progress Report on Grm.Jnd Wate in Nor Ca:rolipa; Dept. 
Cons. & Develop.; R tll. 47, p. q. 
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the geol~g! :napped, and 49 wate r 3amples analyzed by the Quality of 
Water D 1v 1s:ion . T wo observation w ells were established in the area. 
The investigation was completed in 1943 and the result s published by 
the State agency as B lletin 51, " Ground-water in the Halifax a ea, 
North C a rolina ." 

The second investigation was started in July 1942. It embraced 
the Greensbor o area covering Alamance, Guilford, Forsyth, Caswell, 
Rockingham, and S tokes Counties and was chosen as representative 
of a large part of the state . Dur ing the field work, about 1, 30 0 wells 
were inventoried and samples from 45 wells and springs collected for 
analysis . The inves tigation was completed in 1944 and the report was 
published , ''Geology and ground - wate r in the Greensboro area, " by the 
State agency. 

The t hi r d investigation, that of the Charlotte area, compnsmg 
Cabarru s , Mecklenburg, Gaston, Lincoln, Cleveland, Ruthe rford, and 
Polk Counties, was s t a rted in Augus t 1944. It was typical of a third 
section of the state . The field w o r k was about two-thir ds completed by 
June 30 , 1947. 

A special non -county inv estigation for a possible new source of 
ground -wate supply in the Elizabeth City area was made in April 1 q4 7. 
Much of the information available h ad been obtained during the regular 
investigation in the Coastal Plain and also during war-time investiga 
tions for Naval establishments in that vicin ity . Only a limited amount 
of field work to fill in gaps was needed. The report 2_:'/ giving the re 
sults of the investigation contains th e inventory of 62 wells and analyses 
of 8 water samples and s u ggested possible sources for a new supply. 

To make available at an early date, the geologic logs collected 
during the investigations for the various military establish ments i n the 
Coastal Plain, those logs were compiled by Mr . Mundor ff and published 
by the S tate agen y in 944, as Information Circular No . 3, "Selected 
well logs in the Coastal Plain of North Carolina .. " A brief des cription 
of the various water - bearing formations in the a r ea was also included . 

In an endeavor to make more widely available, data on surface and 
gr ound waters and their quality, in order that their more complete u til 
ization might be effected, the Department of Conser v a tion and Develop
ment assembled all available d ata fro m the Surface Wate r Div ision, and 
climatology data f rom the Wea the Bureau, cover ing the Neuse R iver 
and Cape Fear Rive Bas ins, and in 1947, published tw o r eport s . 2~S/ 

Northeas tern North Ca olina was an area of intense war activity , 

2?-.2_/ 

23~_1 

Information C i r cular No . 6, "A possible n ew source of ground 
water s u pply in the Elizabeth C ity ar ea, N. C." 
Hydrologic data on t e Neuse R iver Basin 1944-45,. Hydrologic 
d ata on the Cape Fear River B asin 1820-1945. 
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it many naval ases and ai r field s, and during t e ar yea s , . e uests 
were rer.eived for in estigati n of many of those es1.ablisb.ments. The 
investigations ·ere us ally well in • ento ies in small areas, · i1. ater 
analysis, especialJy in areas th.reatened y salt ~ water encroachment. 
As assistance ' as :re de r ed hy the a!2'e cy r eq, .. sting the investigati n , 
it was possi le i. do test drilling, make phmpi g tests, and determine 

permea iUty y l a bora o y analysis. 

The most intensi e investigation as t .at f t e g r und - water sup 
ply for Camp Mackall near Hoffman , maoe by Mr . M lm do rff in t.he fall 
and winte r f i q 42 43. A l a ge num e of te t h les were bored and 4 
w ells v1e r e d r illE>d . T e pe 1·mea ility·of the · ate - earing sands wa s 
determined oth y p u mping es s and la o ato r y analyses. For the ~ 
pumping tests

3 
11 obse v ati ·ells ere placerl. along 4 radiel. lines 

from the maiT~ w e ll. D ur iT~g one of the t ests » . ·elfs e e p · mped to
gether and obse vation w ells v e :r e pla ed 1 et ·een them to dete mine 
1 e d . a do ·· n. J.t was de ide t .. at to btain t . e re ir ed supply, it 

!" w ould be necessa-ry t re ha! ge t. e g o rd - w ate r eservoi L. om the 
nea ·by D r o •ning C eek, an a canal as dug to tb.e well field for that 
puX"pose . The in"..· est.igatio w as finished m 943 and a ep ort furnished 
t the A my Engineers in May ·· 04 • 

T be obser vati n · ·· ell prog r am -u·as expanded L m 9 ells m 1939 
t 50 rells, 8 e 'l. ipped it . ec rder s, in 194 • 

M l". M und r ff c ntin ed i cha 1: ge of the North Carolina i vestiga 
tions durin!2' the pe i d , and had E. G. Otto as an assistant from 
September 9 1943, to . an ary · , 944. M r s . A . P . Lync _ wa s dis 
trict lerk egin in g J a Hary 11, 1943. 

South Caroli a. When ooperation it t eState Researc , Plan 
ning and Dev elopme t Boar d as a r.,. anged in October i 945 , G. E. 
Siple was assigned to t e So t Car olina i estigations nde M . J. 
M u ndorff ' s s u pe r v ision. 

O f the 166 cities and towns hav ing p li w ate t supplies nearby, 
n e arly th1·ee · quarte :r s we e Sl,pplied y gro nd w a te 8 a nd Q8 pe rc ent 
of the rural poptlation and a la1' ge par-t of industrial plants ' sed t .e 
sam e source. As no p ; e v i0n s sys t ematic g 't' ound ·~ ·a ter investigation 
in t e State had een made,· t. _e purpose of the state -- ide invesiigation 

as t obtain all possi le i fo mati rega't ing t e occur r enc e 9 quan -
tity, a nd quali t y f a ter in t e geologi . fo rmations, both fo muni ipal 
and industr ial supplies; determine meth ds of chonc; ing fa v orable well 
site s and determine areas he:r e sup lies s u ffi ient for industrial use 
existed. Finall » the ge eral grnun - wa1e co ditions , and elated 
p roblems t r oug ou t 1he state , we:r e to be st died . 

The first and logical step in the investigation w as a pr eliminary 
s urve y of the entire state . Du ing t .at s rvey 9 all p r bli ground - water 
w ells a d a lar ge umher of indust.T"ial ells, 7 20 in urn er 9 and 7 
sp . ings ' ere inv en .o r ieda and S<Unples f om nS e ll s colle .ted for 
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analysis. That prelimina r y inv es ti gati ov was completed in D ecembe 

1946 and the resu_lts pu?lis~ed hy th e State agency as "Progress report 
on ground-water mveshgat10ns ir> S outh Carolina» y G . E . S iple; B · 1 -
letin 15. '' 

Like that in Nort Car olina, the sys t e m a tic ·n v estigation as on 
the county basis. The first g r oup of co nt ies selected comprised Harry

8 

Dillon, Marion, Florenceg Mar lbor o 9 C h es t e r field . and Darlington 
Counties in the Coastal Plain, and th e study w a sta1·ted in April q4 7 . 

Georgia . - At the eg inning of the pe r iod, the in v estigation of the 
Coastal Plain, started in 1938 ~ w as eing con t inued by M . A . Warren . 
It was an intensive one9 centered c . iefly in the Savanna area where the 
drop in the artesian water levels due to th e g r eat increase in industrial 
pumpage from a remarkable limesto _e a yuifer (O cala) was causing on 
cern; also, as the ater levels were then el w sea level , there was 
possibility of salt-wate r enc roachment. To a lesser degree , the ground -
water situation in the Brunswick area was studied. The inve s tigation 
was continued until 1943 . It included re c ords from ] , .536 wells in 1 2. 
counties, of which. 1, 380 were in the 6 counties in the Savanna~ 

Brunswick area, and pumpage re ords . An elaborate pumping test on 
an industrial well in the Savannah area lasted from October 2. to 12., l9~9j 
during which. time the heavy pumping was red ced . Also, in connection 
with. a war ~ time investigation of Camp Stewart in Liberty County, w ich. 
was also a part of the gene r al Coastal Plain inv estigation, a pumping 
test was made from November 2.6 to 2.8 9 1940 . Hydrographs from 73 
observation wells ·ere prepared and these showed the marked influ enc-e 
of the tides on the water level near the coast. Water samples fr m 37 
wells in the 2.0 counties of the limestone aqu ifer a r ea ere analyzed y 
the Survey. The :results of the investigation were published by the 
Geological Survey of Georgia in the State Depa r tment of M ines 9 Miner 
als, and Geology , as Bulletin 49 and 49 -A , 2~1j the latte r containing the 
reco r ds of 1, 53n w ells . 

To meet the State ' s wis es fo :r an investigati n in North Geo r g ia , 
S. M . Herrick was assigned to Geor gia in Decem er 1942. fo r work in 
that area under M . A . Warren · s supe r vision . Two pro- ects were 
started, one the geology and ground - wate resources of the Atlanta 
area in the Piedmont area of Geor. gia, and the other a similar investi -
gation in the Paleozoic area in the nort weste r n part of the state. 
Those investigations c ntinued until Mar 2.3, l 944, when Mr. Warren 
ente r ed the Navy. At t at time, it was necessary to curtail the North 
Geor gia pro ·ec:ts, in order that the extensive obse r vation -· ell program 
might be ontinued, and the many brief a r - time investigation s might 

be made. 

C . W . Carlston, who was m cha r ge of the Alabama investigatio s, 

23lj Artesian Water in Southeastern Geo r gia with Spec-i a l Reference 

to the Coastal Area . 
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recorders to l 8 wells with 6 reco r ders . 

Mr. Herrick w as given h arge Of the Georgia inv estigations January 
1, 1946, H. E. LeGrand was his technical assistant f r om April 11:) , 1946 
to June 30, 1947 . 

Florida. - The wide variation in field conditio s
11 

and the g r eat dis
tan e between the principal centers of activities made it necessary to 
have two separ ate headquarters in Florida. T e Tallahassee headqu ar 
ters, in cha r ge of H. H. Coope r, Jr .• conducted the investigations in 
northe rn Flor ida. The investigations in southeastern Florida, g r adually 
extending t oug the- so 1tl'>ern half of the state, bad its headquarters in 
Miami. 

Northern Florida . The intensive inv estigation of the Coastal Plain. 
area of southeastern Georgia, which bad been started d u ring the pre 
viou s period, made i t desi r a le to extend the investigation into the 
northeaste r n co r n e r of Flor ida where the ground water conditions we e 
similar . M r. Coope r 3 in the fall of 1Q38, was devoting half his time to 
t e work of the O c ala s Hrface water office 8 and half to the ground ·· ater 
w ork. For the latte r , e sta ted the investigation o f Nassau and Duval 
Counties in the nor t eastern corner of Florida. under T . V. S tring 
field ' s s u pervision. 

That investigation11 which continued inte rmittently during the period, 
was speeded up a£ er a large p lp mill a t Fernandina began p umping 26 
million gallons per day in Decem er 93Q, thus causing a large one of 
depression a r o nd Fe! nandina. Ni e p u mping tests w ere made, of whi b 
2 were in Fer nandina, S at Jacksonv ille, and 2 south of Jacksonville . 
Dur ing the investigation, 347 wells were inventoried, and altitudes de 
termine d on 21Q t~sed as observation wells. The Quality of W ater Divi 

s ian analyzed 14 wate:r: samples. 

In the Pensacola area, all municipal, indu str ial, and rural w ater 
supply comes from gr01 nd w ater . In December 939, a new industry 
proposed to de velop 8 million gallons pe r day, 14 m ile.s no r th of 
Pensacola

11 
and the City felt .once r ned that the new development might 

have an adve se effe t on the available water supply. The City put u p 
funds whi were mat h ed by the Federal and State Geological S rvey, 
and an inve s tigation as started i n Decembe r 1939 y C. E . Jacob apd 
H . H. Cooper , J r. Jt was under the di r e c t supervision of D . G. 
Thompson. ln addition to the inventory of 48 wells, 8 of which were 
e quipped v.• ith recorders, 2 test wells were p ut down by contract and 13 
pumping tests made poss ible by the City autho ities, the Naval A ir 
Station, and two large industries . The pumping t es t s were made by 
C. E. Jacob . The chloride contevt of the water was an important fac 
tor and many samples were tested otb in Washington and in the fie ld. 
S. K. Love spen t sev eral days in the field, studying the relation b e - · 
tween the fresh water in the Escambia Rive r and other str eams, and 
·t e salt water in Pensacola Bay. In Apr·il 940, a p og.ress report ·as 
prepared for th e ity, in which it as onclu ded that the proposed new 
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dev elopment ould have no appre cia b l e e ffect in the vicinity of Pensa
c ola. Late :r , four addjti nal well s w e r e d r illed p r imarily as observa
tion ells. The rou tine observations were maintained d uring the period. 

One of th e oddest war - time requ es t s re .e i v ed b y the entire Ground 
Wate r Division wa s th a t from t he U. S . Mar itime Commission early in 

942 . The Commission, in connection with i ts construction of conc:rete 
ves s els below sea level on Hooke :r s Point ~ a peninsula on Tampa Bay, 
proposed to excavate thr ee basins 100 feet apa r t , 7 5 feet wide, 1, 200 
fee t long, and l 7 feet. elow mean lo · water in Tampa Bay and cut the 
dikes w hen the ships ·ere completed. To make the plan successful, it 
was necessary to keep the ground water pumped out of the basins and 
t he Sur ey was requ es te d to estimate the ate ::r- r equ ired to be pumped 
f r om the formation under the basins . T e investigation was made dur
ing the latter part of April and early par t of May 1942 by Mr. Coope r . 
Twenty --s e- ven test wells were drilled , p r imarily for the pumping tests 
whi h w e:r e made at '5 separate locations . It was estimated that a maxi'
mum of .3, 000 gallons might be req .ired. Some months later, after the 
basins ere excavated, it was estimated that the pumpage was slightly 
less than I , 000 gallons per minute. A n u mbe r of concrete vessels were 

constructed s bsequently. 

At the request oft _e Army Engineers in 1943, a special inv estiga
tion · as made by A. G. Unkelsbay of the effect of"t e drainage and 
sewage disposal wells in the v icinity of O r lando on t e ground -- water 
s pply, including that. of the O r lando Air Base • . T .e principal aquifer 
consists of about 900 feet of pe r meable limestones whi c;h is ove rlain by 

elati ·ely imper v ious fnrmations whi h r etard natural recharge to the 
limestones. Owing to the lack of adeq ate surface drainage, about 200 
w ells wer e dr·illed i . t the limes .one in the Orlando area to d rain the 
s t r eets and dispose o f sewage and other liquid ·astes. As a rule , the 
piezometr ic s u rfaces a r e fa r enou gh below the land surface to allow 
grav ity d r ainage . ln Ol" der to obtain information r egarding the depths 
at which w ater ente r s t.he limestone formations, eight of the drainage 
wells were explo r ed by means of the deep-well current meter. A con
stant q u antity of wate r as allowed to drain into each well, and the 
velocities measured at various depths . As a result of the investigation, 
it as concluded that although the aquifer recei ves large quantities of 
w a t e r thro gh wells, it is so permeable that the effect on t he piezomet
ri c s u:r- fa e is e r y small. 234/ 

The city of St. Augustine obtains . its water supply f r om a field of 1 2 
wells and the non-carbonate hardness of the water was increasing to 
s u e an extent that in the latter part of 1943 , it wa s excessively high. 
A t that time, the City made plans for a codperative inv estigation with 
the S ur vey, which was made by H. H. Co per , Jr . and A. G. Unkelsbay 

234/ A rtifi . ial rec:har ge of artesian limestone at Orlando, Fla., by 
A. G. Unkelsbay and H. H. Cooper , Jr.; Econ . Geol. Vol. 
XL! , Number 4, pt. 1 ; June - July 46. 
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£ om Augu t to Octo} e r i 944. Jts ob .i e 1 was to o t.ain the geologiC' and 
hydrologi c information to etermi ne the non - carb onate hardness in t.he 
chief aquifers, hich are in the Pli c ene and Pleistocene fo r mations. 
In addition to pla,;ing a :recorder on one of the City w ells, an inv ntory 
of 50 wells in the area was made. A type rritten r eport was made t o 
the City in 194 '1. 

In 1944, Pinellas County w as much c oncerned o e th. e salt - ater 
encroachment in the a r tesian limes tone aquife r du.e t o the hea y pump · 
ing fr om ells su.pplying the citr us g o ers and p u lie supplies. Ac 
cordingly, it b egan coClpe r ation with the Sur vey to determine the r ate 
of en :r-oa hment and the factors ontr ollin g i t . The in estigation con 
tinued beyond the pe iod. Six h ndred sixty - one ~ ells were inventoried 
and 44 were selected as observation. ells y having the altitudes of t e 
meas ring points estab lished . Field determination of chloride ontent 
we r e made. A. G. Un.kelsbay, F. C. W iggins, a n d P. C. Smith ere 
engaged in that in estigation. 

In September 1946, Brevard County began co peration to dete r mine 
the areas where the a :desian water was too salty fo t" gene r al u se . T he 
in estigation included an invent ry of 796 wells; the elevations of the 
measuring points on 216 was established. Field de t ermination of the 
chloride c0ntent of. 385 ater samples e r e made. The investigation 

as completed after the end of the perio d, and the res · lts were t o be 
pu.blished h y the Flo rida Geological Su r v ey . 

Dur ing the pe r iod, th e Tallahassee offi ce d r illed 7 test well s . A t 
th e end of the perio d , the r e e r e 08 r egl .. lar observation wells, 2 
e u ipped with re c o r ders. 

H. H. Coope r , J l'. c o n tinued m cha ge oft e inv estigati on a n d h ad 
the folio ing C ivil Service te .hni .al assista ts : 

c. c. R e ker J u ly 25, J. 942 to 0 t. 6 , 1942 J/ 
A. G. Unkelsbay Feb . 1 t 1943 to Nov. 7, 1945 

T. c. Wiggin s July 2 5, 94n to Sept . 4 , 1946 

c . F. Essig Apr . 22, 1946 t o J u ne 30 , 1947 

R . M. Neill July 8, 194 to June 30 , 1947 

P . c. Smith Jan. 15, 1947 to J u ne 30' 1947 

. 1 Military fu r lough; did not retu rn t o distr ict. 

Sou th.easter P Florida : The i n v estigati n of the water resources of 
s o t eastern Florida,23Sj especially in 1.h.e Miami a r ea of D ade County3 
was star ted in. the fall of 1939 under t .e gener al supervision of V T. 
Str ingfield, hose prinr.ipal assista nt, W . P . C r oss, esta lisb.ed head
quarters in Miami. In this compreh. ensi e investigation, the activities 
of the Ground Water Division we r e c n e r ned hiefly with the o .c rrence 

23S' P· 19. 
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of wa te r - eari g fo r maiinr.s, thei r ability to t"t ansmit and yield water, 
the a eas of T echarge and discharge, a nd the dir ectinn of ground - water 
flow at diffe 1. e t easons of the yea-r; also, the sour e and approximate 
r ate of m o ement of salt water at different depth s in the ,wate -bearing 

rocks, and factors c ontr olling salt - water encroachment. 

ln addition to the well in v ent ry and pu mpage data, the ea ly work 
consisted in t est drilling in o r der to obtain addi tional geologic- data . 
That w o rk was star t ed early i 1 q40 a nd co tinue d u ntil more than 150 
explo t a tory ells ere drilled u.nder S u v ey superv ision, one being 812 
feet deep, another 604 feet deep, and the :remainder ranging from 20 to 
350 feet deep, as ·it was found geologic sa mples f r om g r eate depths 
were not needed. The Soil Conservation Service wa s determining the 
c apabilities of the land , and was designing and lo .ating structures for 
the contr ol of the ater table, muck fires , and oil subsidence in the 
Everglades, and the Survey needed inforr'nati n in that area in connec
tion it t . e st dy in the Miami area, but had been u nable to rea h that 
inac c essible a r ea with the t ansportation at its disposal. In 1942, the 
fo rmer· agency furnished transpo t atinn, hauli g i the equipment, in 
cluding a light porta le d~ illing ri g, by means of an air boat, whi h was 
flat-bottomed, d r awing very little water and p were d by a motor with a 
p u she r - type ai r plane propello . 23!_j It was guided by a rudder working 
m the p r opello:r blast. F i fteen tests wells were d rill ed . 

T e esta lishment f a net ·or k 0f obse v ation wells was simplified 
y the existence of a b0 t 0 , 000 w ells, as ground water was the source 

of p r acti c ally all ·a t e s pplies and it wa s only necessary to install ob
servation wells in the more r emote regions. The total number of obser
" ati0n wells in the p rog ram as in . "~:" eased to a maximum of 259 in 1941, 
the u mbe r equipped wi th r e c orders v a r ying fr om 37 to 21 . The wells 
were c onnected w it sea level dat m y several hundr ed miles of level 
lin es . l n addition, about 200 shallow observati n wells were installed. 

Where v e r ·possible , pumping tests we e made , no t only to dete rmine 
the yield of the fo r mations, b u t also t o note any change in the quality of 
the ater that might be c a sed y pumping d e to salt water enc roach
ment . In onducting the tests , a aeger pump of :iOO gallons per minute 
capa ity was used whe ever possible; it was se t to pump the maximum 
t at w ell _v.:ould yield; and '.'hen equilibrium between d r awdown and yield 
was reached, the test was ended. Six lar ge suppleme tary p u mping 
tests were made. 

In studying salt water encroachment in t e limestone, the area at 
Silve Bluff Miami was selected as ·tha t area had the largest number ~f 

ells ranging in depth from 45 to 00 feet, r eady for use. All drainage 
and fi · e wells were inventoried to determine the areal and critical dis
tribution points of a cess to the ground w ate r, and to determine the 
altitude o,f the wate r table 14 2 - inch observation wells were driven. 

2 6/ Soil Scienc e Soc . of Fla . , -Pro C". Vol. V -· A 1943, p . 47. 
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Four intensive ~tudies wer e made b etween July 1941 and Februar y 
q42, each lashng l 3 hours. D ring the tests th f' · 11 d • e 1r e w e .s ere rea 

hourly, and fo r t~ese p eriods, the stage of Biscayne Bay, taken from 
the recorder stahon , w as stt died and ater samples f r om the Bay col
lected fo a nalysis . 23}/ 

Geologic recon naissance stud1es ove:r: most of southe r n Florida 
were made ~ fo r a b etter u nd ersta ding of the nder l ying fo r mations. 
For transportation, se was made of a 11 g lades bl~ ggytt one type of hich. 
is a truck b ody supported by two sets of l:.i g w eels, each set. h a ving 3 
whee ls on each side, e quipped with la:rge ti:r es to distribute the l oad; 
s ppo r ting the m ot o r and stee ing gear with seat for t e d r iver was a 
s e t of s imilar wheels VJith two wheels on ea ch sirle. In a reconnaissan .e 
s tudy of the outcrop areas in the Ten Thousand Is land area off the w est 
coast, the cab in cruiser, 11 Spoonbill, 11 was made a .. aila le b y the Na 
ti onal A u dubo n Sodety, h i ch was in terest.ed in. t .. e water c onditions in 
several rookeries, as the water lev el de ermin es lar gely the t ype a d 
a bundan e of food a v ailable t o w i l d life . Thousands of samples of w ater 
from r ep esentative wells wer e c:. olle c:ted fo T- analysis by t _e Qualit y of 
Wate r Divi sion. Many a r ea studies of the altitud e a d movement of 
Biscayn e Bay w e r e made in v a :riot.. s se . tion.s of Da de C o nty. 

The intensi e stage of t e inv estigati n was completed by the fiscal 
year 194 3, and subsequently the activities in the D ade Cou ty area we ·r e 
c onfined chiefly to con tinuing the various o s e va l i0 s started earlie . 
Salt - w a ter encroa hment ecoming a facto r in the s out .e :r n par t of Dad 7 
Count y, in the 1946 fis cal ye a r t e County egan. di ect co per ation it 
the Survey for the pu r pose of determining its extent. I n t. .at .onne cti n , 
a p r ogr am of o b ser vation we lls to note the salt- water mov.ement not · 
only in the aquifer itself, but also in the tidal capal s as star t ed, and a 
program of test well drilling to obtain the data ne cessary for an effec
tive water - ant ol program. 

During the latter yea s of the period , seve ral fast g r0wing cities 
in southern Flor ida co0pe ated for special investigations in th e i r im
mediate a eas, for the purpose of de termining the qua .tity and quali ty, 
with reference to possible salt - water encroach meDt, of thei r existing 
supplies, and lo cati n of areas of add itional s u pplies. The general pat · 
tern of each intensi e investigation was the same; inventory of existing 
wells, esta lishment of progra m of observation w ells and c onnecting 
them to sea level datum, .olle ting and analyzing water samples , 
d rilling test. holes fo r geologic data, and in some instances , making 

one or more pumping tests . 

The fi r st inv estigati on was for Fort Myers and estern L ee Co .nty 
in, the southwestern part of Flor ida, bey0nd the range of t e general 
investigation. It wa s started in November 1943, and was discontinu ed 
in June 1946 . A s a x es It, Fort Myer s de v eloped a new well field. A 

23 7/ E on. Geol.l) Vol. 40, No . 4o · q 4r;. 
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report on Lee County will be pubh ,;red by t . e Florida Geologi .al Sur vey. 
During 1 Q44, an inves1igation was made fo T F r t Pierce and continued 
until June 30, i 94n. lt shov-ed that, c>.wing to the danger of salt-water 
encroachment, it as not ad ,isable to drill additional wel]s in the ex
isting field. While the Fort Pierce p:r oject was in progress, an investi
gation for Lake Worth was also star ted and completed early in l94S. 
As a r·esult, the City drilled ')additional supply we lls. An investigation 
for Del ray Beach was made in 1 Q4A and as a result, the City installed 3 

large diameter welJs. 

ln November 1 Q46, an investigation was started at Fort Lauderdale, 
where previously some sh, dies had been made as a part of the general 
in· .. estigation of sout eastern Florida. This was a m re intensive study 
of that area, dur ing whic-h go privat e v ells were inventoried, 5 test 
wells about 2.00 feet deep we e drilled, 52 shallow observation wells, 
and water samples from ') existing observation v. ells, and water sam
ples from ll h /ells analyzed for chlo-ride content. Later, samples from 
36 wells were analyzed monthly. The first phase of the investigation was 
completed sonn after the close of the pe1 ind, and the results pu lished by 
the Flo:tida Geological Su ey as 11 Report of Investigations No. 6, by 
R. C. Vorhis. 11 

Dr rir>g t e period, electri•al - resistivity methods we e us ed at 
several locations to determine whet er they c ould trace the encroach
ment of salt ' ater along the coast. One within the city of Miami was 
U PSlH c-essful, due to infl ence f:r.·om pipe lines, but another farther away 
hom Mjami , and a t ird near Cor.oa indicated that the areas ontaining 
salt ater could be easily traced. 

What may be cla sed as a war time activity as a brief investiga 
tion of ground-water onditions at Key West and nea.,by B1g Pine Key in 
May lQ41. The ground water is so limited and danger of salt -water 
encroachment so imminent, that the s ·pply could not e increased ap
preciably. Key West was ·an important and fast - growing naval base and 
as additional water could not be obtained, the Navy r equested the Survey, 
as a part of its ope rations in south eastern Florida, to determine the 
availability of ground -water supplies that could be developed and trans 
ported to Key West by pipe line. An investigation was made and are 
por. 1 made in August 1 g41. Subsequently, a well field was installed and 
t e pipeline construe ted. 

W. P. Cross remained in charge of the work until May 27 , 1942 
when he entered t e a:rmy, and was succeeded by Russell Brown who 
entered the a r my June 30, 1943, and was su:ceeded by G. G . Parker 
who came to the district February 16~ 1 Q40. Ot er Ci ·il Service tech-
n1 al as sis tan ts w e re · 

N. D. Hoy No v . 6. 1 q 3q to June 30, 1947 
E. W. Reed Nov . 16a 1 q 39 to Jan. 14, 1942 
K . L. Jackson Dec. 2 7, I g39toJuly ~l. 1941 

Nov. 16, · q43 to June 30, 1Q47 
w. J . DTescber May 12, 19 4 to May 2 7' 1942 
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s. B. Radack No v . 26, 1 q4 3 to No 27~ l<;l44 
J. w. Stewart Nov. 22 , 1946 to Ju.ne 30 . iQ47 
R. C. Vorhis Nov. 2S, I 946 to J u ne 30, i 9 4:7 
M.A. Warren J ne 27, L 947 to June 30, 1Q47 

Ala ama. - When t noperation "' i t.h the State Geological S 7 v ey , as 
started late in the 1940 fiscal year, it as for the pt, rpose of stu dying 
the gr.ound water r esot...rcec; of tbe ouh rop area of tt.e Creta< eous fo -r 
mations of Alabama, hie-h. indu.des the northern half of the Coastal 
Plain of the state, an a x- ea of aln.ndant ground water. The investigation 
which was started in June i 940 by C. W. Carlston had fo r its pu posE>, 
t e det.ermina tion of t e ocn rrence, quality, and a v a.ila ility of the 
ground wate of 20 r.ou.nties in a section some 50 miles wide, extending 
in a northwest -southeast direction across the centra-l part of the state. 
Nearly every city and town in the area as vi'3it.ed and informatiln o -
ta ined for e ery pu lie ground-~:ater supply, in< luding recor ds of 796 
wells and springs. T .. eQuality of Water Division in Washington made 
162 preliminary and 19 complete analyses . T h e investiga tion as c.om 
pleted in 1942. A preliminary repo r t, "Fluo:r ide in the ground water of 
the Cretaceous area of Alabama, " contain ing t e c emi al analyses and 
a description of the geology, based largely on published :r eports, was 
published by the Alabama Geological Survey in September 1943 as B t 1-
let.in 52. That report stated that most of the ater containing harmful 
amounts of fluoride was from the E u taw and Ripley fo r mations, ut t at 
in areas of high fluoride, it was possible to obtain water of low fluoride 
content from other formatic>ns. A final and,.more comprehensive repo 1: t 
on the Cretaceous area was pu lis ed y the Alabama Geological Sur v ey 
in September I 944 as Special Report ; 8, 11 Ground - ate:r resources of 
the C retac eous a r ea of Alabama.!' 

ln I 942, an invest.igati n of Mobile and Baldwin Counties w a s beg u 
hy Mr. Car lston ut was interr pted by a spe ial g r ound w a t e r inv es t i 
gation for the Camp Rucker area in the s utheast co r ne r of Alab ama, 
and by an investigation in the northern half of C acta · County. 

The Army Engi eers requested the Su rvey to make pumping tests 
on the .5 wells supplying Camp Rucker, to determine the capacii,y of the 
wat.er 7 bear ing strata. Two pu mping tests under the s u per ision of 

· H. H. C0r,per, Jr. were made on Feb ruary 18 to 20 3 and Marc . 8 to 
1 O, 1943 . He r man Gunter , Dir ector of the Flo r ida Geological Sur vey , 
participated in the second p mping tes t. For 24 hours prior to the 
first test. all pumping f r om wells 2, 3, and 4 was suspended and tr. e 
pumping rates f r om wells 1 and 5 so adj sted so that t.hey could remain 
constant during t e test. At. the end of the 2 :l- • ou r peri d, hen i .e 

ater leve·l s in the idnity were in equ.ili}"\:r i um, pumpage from w ell 2. 
was contim ed for 4 hou s and the de cline in w ells 3 and 4, meas,, eel. 
periodically . At the end of i.b.a t p er i 0d , t e r eco eries in well s ZD 3, and 
4 were measu red for 1 ~ hou rs . T he se1 ond test w as substant ially the 
same, except thai. well 4 wa'3 pumped in place of well 2. Tl">e re s u lts 
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2.-, Q 
ere computed y tre Thiem, T heis , .J'-j an d reco v ery methods. Sam -

ples f om the _ ells e r e analyzed by the Quality of Water Divisi n . 
C. W. Car lst.on made i.he geologic stu dy with assistan . e of members 
of the Alab ama Geological S r.vey. A repo twas made to the Army 

EngineP:rs Augt.st 1943. 

At the present time, C h o ta Cot..nty is Alabama ' s only oil
producing area, and it is . regarded as a possible area of future indus 
trial de elopment, thus ac( o1 •. nting fo ,. b. e high priority of the investi 
gation. of the northe r n half of C _octaw County. The field work was 
perform ed during Fe ruary and Marc . 1944, by P. E. LaMoreaux, 
and a r epo rt by Mess s. Carlston and LaMoreaux was prepared in 
April 1Q44 for the 1..1se of a p ~ oposed industry, and ot ers interested. 

In Septembe r 1944, the city of Mobile needed to supplement its 
· ate r. s u pply . An investigation was made by Mr. Carlston on the 

availability of ground water at the Mobile Water Wo ks and Bienville 
Pumping Station at Mobile, Alabama~.~ The st · dy was undertaken to 
determine how much additional w ate r could be obtained for th~ city of 
Mobile -y the use of ells. 

l n Mar .h. .1944, M. A. Warren, engineer in .ha ge of ground-water 
1n ·estigat.ion.s in Geor gia , entered the Nav y and M r . LaMoreaux was 
assigned to temporary duty in Geor gia, for the p u rpose of making an 
investigation of tbe geology and ground -wate esources of six c:ounties 
1n east- central Geo r gia, and on c ompletion of t _e Georgia investigation 
m Mar h. 1 Q4(>,, he -r· ett1.rned to t e Alabama i -est.igati ns. 

ln May 1 g4s, G . B. Peterson ""' esumed the investigations in Mobile 
and Bald i C ounties , concentrating the work in the Mobile area, where 
s c:dt - ater e c roachmePt was appea r ing i the wells u sed fo r air 
conditioning equipment in the usiness district of the city. Measure
ments and chemic al analyses of six o servat.ion wells near M bile were 
made to de t e r mine the salt - water encroachment. A p reliminary report, 
"Ground -water- investigations in the Mobile area," was pu lished as 
Alabama Geol . gi .al Su rvey B u lletin 58, in l g4 7 . Although field work 
w as completed on the geology of the t · o counties t.o serve as a basis 
for the grou nd -w ater r·epo-r t on the area, the inv estigation continued be
yond the per iod. 

As a resu lt of the c: o peration with the State Health Department for 
a two - ye a r pe r iod beginning July , 1941), an investigation of public 
s pplies of the Te tiary area was undertaken fo r the determination of 
the fluoride content in g r ound water with reference t o tooth decay and 
mottled enamel. The results of that investiga t io n w ill be published by 
the Alabama Geological Survey as "Fluoride in the ground water of the 
Tertiary a r ea of Ala ama, 11 by P. E. LaMoreaux. 

238/ p. 222. 
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During t e remainder of tl:e ericd, 1n esligatie>nsv; e-re contiro1ed 

in the Tertiary area and iPcluded etailed st rliec; of the geology and 
ground - wate r ,. esou • c es in Cboc taw, Moh1le

8 
ard Bald'lvin Counties . 

T e Mobile and .Raldv .. in Co·l.nty investigatinn as per tinf'n1 because of 
the g r o ing need fnr additional v;ater supplies fr.r municipal, indus 
t.dal and private .se iP the Gulf Coast a rea of n e state. 

Du~"'ing t is period3 aid v.as gi\len in :repo-ts o~ fie ld const.lta tions 
to many Federals State~ muni cipal9 in d . sir ial ard p r h. ate pa dies. 
Dur·ing the year 1 q .. q alone • ..,. eports of this type we'~"e Sh pplied to 4 
Fedet>a.l, 3 State , 43 m t. nicipal, 2.7 indu s :nal , and ~~ P"iva te parties, 
in luding information < oncernin,!! the supplemeptal developmen of p re 
sent s u pplies o r in some instances, the developmen of neVI g""ot nd 
water supplies. 

The state w~de obse r vatinn progtam sta .,. ted in iQ40 with the 
sf'lection of four w ell s Vi as expanded t m r It de ll ells at the end n f 
the 1Q47 fis cal yea r . Beginn ing in 1946, close-.. c o0 peration with. t}e 

ell drille ~' s in the state Vi as beg11n, ic h resulted i 1h e state - wide 
collection of well logs, ~~ ell samples, a rcl c1 rrent ground - 1ater data. 

C. W. Carlston \\·as appointed June A, 1 Q40 in ctarge of t ~ e Alabama 
investigatio s u ntil September Q4 . , \'ii e"'} e as st.c-cee:ded h y P . E. 
LaMo r eaux, who w as appointed At. gus t 1 3., 1941 . 01!· er Civil Se ::>" ice 
techni al assistants - ere . 

Name Pe:r iod 

w. M. Mu:rp y, Jr. Dec. 2.8, 1Q42 to Dec. 3{, 943 2/ 
E. w. J ones No • 18, l Q44 t J . ne 30) Q47 
G. B . Peterson May 1 :; • 1 Q4 " to Tune 30, 1 Q4? 

.:!/ Milita ry f t.rlough; did not r etmn to district. 

Mississippi . ~ T e t o chief investigati0ns, both' nder the general 
supervision of V . T . St in gfield, had been staded near the close of tre 
prev ious period . The study of the MississipP,_i alluv ial plain in the 
northwestern par-t of the s tate, known as tl~e delta, ~ as started hy G. F. 
B rown , assisted y E . W. Reed1 in the latter part of q 38 . At that 
time 3 tt.e a tesian p ·r e sst.re had declined to tte point wh e re i1 was n ot. 
s u ffi cient to force the ater satisfar.torily t . XC? .gh the h._omes of tbe 
residents of t. at region , as it had for merlv done. Records from nearly 
1 1 300 wells ere o ta ined$ 'ater-well dril]et s furnis . ed logs and sam 
ples of c ttings from 230 ells 11 and il explo r ation companies gave 
electric logs and samples of additinnal C'rinQ:s. By m eans of tbe me 

ani c al analysis of t . e wate r- ear in ~ m a t e r i a l in the :lahoratnry in 
Oxford and pe r meameter tests, tr e p e• meal:-il "ty a d size distrihution 
of the material was es timated. Cl->em ca l analyses v er-e made by tlie 
Su.r v ey and y the State Chemist. The field wor l<- was completed in 1 Q4A 

and the res lts published h y t.he 'stat~ Geologi1 al Su:r v ey as Bulletin No. 
6.5 , "Geology and ar-tesian ~ ater rf t}- e ~11 v ial plai n in n0 • t r. w ester n 

0 
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Miss is 5 i pp i . II 

T e in ves t igation of tre Coas tal area as sta r ed in Mar ch 1 g39 by 
G. F. Brown and E. W. Reed . At first 1 it · as c a rr ied on by t e same 
personn el w o we e making the delta in ·estigation, a d the time as 
di v ided between t e tw o. Later, it as continu ed y V . M. Foster , and 
still late r y R. W. Adams. Local inte est had ec me aroused by the 
decline in the artesian pressu e d e to t e great increase in d raft 
ca sed y the api<ily expa. ding population. Jn t ~ e collection of reca ds , 
v ery< onsiderable assistance as rendered by the Army Engineers; who 

ere s u perv ising 4 milita y establishments and a bip uilding industry 
in t e area. Geologic s b dies w ere made; r e ords hom about hOO wells 
and 131 VI. ell drillers ' logs were obtained and pn.mpage eco ds compiled. 
By means of t e mec anical and variable head permeameter, analysis 
of the water - ear ing material , the coeffid ent of permeability was esti 
mated. Chemical analyses were made c iefly by .he Survey. The pos 
sibilities of salt ater enc oac . ment were estimated from repeated 
determina t ons of the chlo ide on tent in the several •ell s. Field work 
w as ompleted in 1 g44 a n d the results pu lished y t .. e State Geological 
Surv ey as Bulletin No. 60, "Geology and ground ater -r:-es our es of the 
coastal a.,..ea in Mississippi.'' 

lnvest ·gations fo r g:ro nd - ate:r supplies a i. t _ree army r.amps, 
made at the request of the Army Engi ee rs, r es · lted in information of 
so mu ge e r al valt~ e t .at· t~e r esuits we r e later pr blished by the 
Mississippi Geol gi r al Survey. The first was t at at Camp McCain, 
located in the delta r egia , made in 943 y Messrs. B r o ri and Ada"Ins . 
Test holes at 38 lo ations ere drilled by contract, and the cuttings 
hom the logs e ,. e analyzed mechanically . Jn additionJ the contractor 
made elect i ( log tests in 10 of the 38 holes. Pumping tests followed 

ell const:r cti n and consis ted of measuring by steel tape t e well water 
s r dace e"f re, du:r ing a d after pump ing the well at a c onstant known 
.,..ate, l: ir h w as meas · red at the Otttlet . T e water sur- faces in adjacent 

ellc:; w ere meas r ed. The results were published in B lletin 55, 
"Geology and gr und - ater supply at Camp McCain. 11 

ln l 94 3, a similar inv es1igation w as made at Camp VanDorn m the 
south est c or ne of the state by G. F . Brown and W . F. G yton. A 
test w ell 1, 699 fe e t deep was drilled by contrac:t and an elect~ic Log 
s r v eyed by a .ommer cial firm and tQ.e cost was b o rne by the Mi..S.sissippi 
Geologi c al Survey. Betw een an a r. y 2 6 and Febr ary· lo, · a sene s o_f 
5 pumping tests wer e made by the Army Enginee r pe son:nel under Sur-. 
v ey dire t.ion . The results wer·e pu lis ed as Bulletin 56, ''Geology and 
g r ound - water Sttpply at Camp Van Dorn. 11 

A similar- st dy as made at CampS elby by Mr . B rown during 
w b..ich the Army Engineers d~illed an observation wel.l and a test well 
in the ·enter of Camp Shel y. Tb e res lts we re p u blished as Bulletin 
1:)8, " Geology, and ground - water reso rces of the ~amp Shel y area." 

The state - ·ide o serva !ion- ell program was expa ded dur ing the 



period t.o 48 wells$ c;>f whi< h 15 were equipped with recorders. 

Mr. Brown was in charge of the Mississippi investigations during 
the greater part of the period; from Febn,ary to 0< tobe:r 1941, he was 
on detail to California, and from January i Q4t:; to July 1 941), he was de
tailed to the Foreign Economic Adm1nistration and State Department for 
wo:r~ in Saudi Ara?ia~ ~~ng most of the latter period, J •. C. Kammerer 
was . 7n charge of M~ss~ss~pp~ wo~k, including a well inventory, a few 
-rnmp1ng tes~ss and ~he preparat1.on 'Of an open-file report on the Jackson 
area, ~n wtuch Mr., Ka111merer was assisted by PJ L. Carroll. 

· Civil Service technical personnel~ in addl.tion to Mr., Brown, were: 

Name Period 
E. W. Reed July lp i939toJuly 24,1939 
V. M. Foster Jan. 2, 1940 to Sept. 2, 1941 
R. W. Adams Sept. 13, :i. 941 to May 31, 1945 
J. C. Kammerer July 9, l945to0rt. 30p 1946 
W. F. Guyton Mar.. 6, 19·46 to Ma:r. 9, 1947 
P. L. Carroll , Aug. 28j 1945 to Sep.t. i9, 19L6 
T. JLHe.pd~rson Dec. 26J 1945 to Sept. 19, 1946 

ou1s1ana. w The first investigation during the p:resent period in the 
state-wide study of ground - water, which was started near the end of the 
previous period, was that in the !"ic.e region Parishes ·of Jefferson Davis 
and Acadia • . -A preliminary study had been sta:rted in June 1938 by 
J. C. Maher, and in 1939, T. B. Stanley, Jr. was assigned to the in
vestigation under Mr. Maher's direc.bon. The information colleded 
included logs of 20 wells; data on 441 w·ells, 128 being selected as o't 
servation well's for tHe purpose of determining the piezometric s -dace 
at varying seasons of the year; mechanical analysis of the material from 
1 well; and 40 water samples which were analyzed in Washington. The 
field work was completed in August 1940 and the :results published by tbe 
State Department of Publi Works as "Ground - Water Resou rces of 
~efferson Davis and Ac-adia Parishes9 1944." 

The next investigation as that in Grant and LaSalle Parishes in 
the central part of the state whh h had been started in November 19.38 
by J. C. Maher, but discontinued during ~he winter 9 and resumed in the 
summer of 19 39. The well inventory included data on 1 r:;s wells9 peri 
odic readings of 10 observation wells~ a geologic study based largely on 
published reports 9 and analyses of water from S6 wells and three springs. 
The results were published hy the Louisiana Geological Su:r.vey in l 941 
as Bulletin lO, "Ground- Water Resources of Grant and LaSalle Parishes. 11 

Investigations in Caddo and Bossier Parishes were made from Jan
uary to June 1941 to determine whether a g.T'ound-wate:r supply of 10 
million gallons per day was available fo:r industrial use, as an industry 
requiring that amount was consider-ing a lot ation near Shreveport. The 
investigatio-n, made by L. 0. Wiringa unde.t the direction of Mr. Mah.e:r.-, 
indicated that amount was not availahle. 

During the next 3 years 9 much of the time was devoted to investiga
tions of water supplies for: a :rmy camps. The establishment of army 
camps and airfields in the vicinity of Alexandria in Rapides Pa..- ish had 
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shown the Peed fo r furthe -r inv estigatio n jn that a r- ea since that made in 
1 q 38 and 19 39 , and the Federal · W o k s Agency sponsored an explaPatory 
p r ogr am to develop a new w ell field as fa r from the existing wells as 
p r a cticable . The inv estigation as m a de by M r. Maher and P . H. Jones 
in the s u rnrne:r of 1942. Six test h oles r anging in depth from 448 to 998 
fee t were drilled by contr ac..t, c-uttin g samples w ere collected, and 
electr ic logs of the wells made. F :r·orn the logs and formation sample 
analyses, the mos t. promi sing wate r - bear ing sands in each well were 
"drill - stem t ested", fo ,.- rnati n wate htai ed, and the wate r level, 
ternperatu r e 9 a n d yield determined. As the :results w e r e satisfactory, 
th e 6 te tholes e e earned o u t to a diame t e r f 18 i c:he.s and supply 

w ells developed . 23~/ 

An inv estigation was sta ted in Natchitoches in lyfarch 1941 by 
T. B. Stanley and a typewritte r epo t on the conditions w as prepared. 
No additional g r ound - ate supplies of good quality we r e found available 
w i thin t e c i y o r its irnrnedia e envirous . By the late summer of 1943, 
the city w as experien ing such a water s h o tage t at the wate r was be 
jug tu rned off from 6 p. rn . to 6 a. rn. dai l y; he Sl pply was obtained 
from shallow ·ells and the ater level as being pumped to the bottom 
of th e aqu ife r . T e city had voted f n ds to drill a test - well 3, 500 fee t 
deep and the w ell drillers being familiar with the ork being done in 
Alexandda, recommended that the Su rvey be req ested to make an in 
v estigation. The investigation made in i 94 indi .ated the areas favo r
able to de v elopment, and from it, the a r eas he r e test drilling should 
be .located w e:r e outlined . Then, unde r Sur v ey s pervision, the city 
d r illed. 'electric logged, and "dr ill - stem'' tested q test holes. The 
hyd r ologic conditi ns we e ou t lined and s u pply wells ere installed at 
fa v o r a le sites. An adequ ate water supply w as obtained. 240/ 

Ear ly in 'i g44, the wate r supply of the Ba t on Rouge indust ial dis 
tr i c t b e c ame <' ritical, as stati c- levels ·e e do n 220 feet in wells which 
o rig inally had been artesian flow . The C harnbe of Comrner c:e and local 
industr ies urged the S tate · to make an investigation u nder the cooperative 
p og r arn, and that w as started in April by E. M . Cushing and P. H. 
Jones. T e geol gy of the aquife r s tapped was outlined and the hydraulic 
c aracter isti s of the "cooling water" sands determined . Information 
from 200 o t.lying w ells gave the reco r d of d e cline of water level from 
pumping . Abou t 4 00 wells w ere invento r ie d, and 53 of these, togethe r 
w ith r eadings of additional wells in key locations, were used as observa
tion. wells . P u mpage r e ords had been kept since 1940, but h ad not been 
computed o r or r e c ted. and these c rnputations ere made. water sam 
ples f r om 100 wells were c ernic:ally analyzed by t .e Survey, both in 
Wash ington and A ' stin. Electr i , logs of se e :r. a l oil ells in the field 
we r e obtained. The investigation w as finis h ed in Ap r il 194.'1, and the 

23~/ Ground -· Wate r Exploration a1. Alexandr ia, La.~ J. C. Maher and 
P. H. Jon es ; Econ. Geol. Vol. XL No. 3, May 1945. 

24g_/ Gr·Qund - Water Geology at Natchitoches, La . 9 by J. C . Maher 
a nd P. H. Jones, May l , 19 44 (mimeographed). 

."_:: . 
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result.s pllblished by the Louisiana Department of P u lie Wo:r.-ks as 
"Progress Repo r t on Ground - Wate r Resou es in the vicir!ity of Bat.0n 
Roug e, 194S. 11 

In the late fall of 1945, the city offi ials of Monroe requested the 
Survey to make an inv estigation fo r an additional s t pply. To o tain an 
additional surface water s u pply would be expensi ve, and as West. Mon oe 
was using g r o u nd wate r , the possibility of a similar supply to a gment 
the surface s u pply was considered. T h e investigation by P . H. Jone s 
and C . N. Holmes was started in Janu.ary 1 94n and continued fl:: r ough 
the year. This was an intensive study during w irh S4 v.: ells in the 
gene r al a r ea ere inventor ied, logs of 60 wells ollect ed, the pie z o 
metric surface dete r mined, and the geology st died. As a :result, the 
City d r illed 4 test wells, wh.i ·h were electr ically logged to check the 
dr ille r 1 s logs . The samples wer e mec ani c: ally analyzed, and water 
samples analyzed c iefly t y the Survey. A s 1. pplemental ater Sl pply 
for the city was p r oved to be available from wells. The res Its w e r e 
published by the Louisiana Geologi al Sur v ey as B 1.lletin 249 

11 Gr 01.~ nd 
Water Conditions in the Monroe Area, Louisiana." . 

Dur ing the entire period u ly 19 3'? to June 19 4 7 , a p r og am of 
general state - ide inv estigations of grou nd wate r .onditions as in 
progr ess. Well inventories were .made in seve ~al pa. is es, seve r al 
t ous and logs of wat.e :r wells e r e collected, ahout. 1, .500 · sample s of 
wate r f r om wells were collected and analyzed, and in£ rmat i on on 
g r ou nd - ater conditions in many scat te r: ed lo alities as p rovided to 
industries, m unicipalities and indiv idu als l:...pon r.equ.e s t .. 

Civ il S erv i e te .hni c al personnel were : 

Name Pe iod 

J. c. Maher J ly 1, 1939 to Ap:r . 1944 

T. B. Stanley J u ly 1, i 939 to Apr. 19 42 y 
L. 0. Wiringa Jan . 1 q41 t.o J une lq41 

P . H. Jones Jan. 10. 1942 to June 30, 1947 

W. J. D rescher June 1942 t o May I944Y 

W. L. Youngquis t No v . I 94 3 t o Jun e 1 944 ~/ 
G. c. Taylor Ma:r' . 1944 to Feb. 8 , 1945.!/ 

E. M . C ush ing Apr. :i q44 to Jan. 11 , lq47 

A. B. Jones Oct. l' 1 94~ t o J u ne 30, q47 

c . N. Holmes Nov . 2 7' 19 4'1 to Sep t. 6a l q46 

H. B. Shepherd J an. 7, 1946 to De c. 4, 1948 

E. E. Richardson Feb. 1 i q46 to Nov. 2 • 19 46 , 
J. w. Thrasher June 1 7, i 946 t o une 3 0 , 1947 

A. N. T ur an, J r . J ly 1, lq4 to June 30, 1947 

!:_/Military furlough; did not rett<r n to dist r. i t . 

West. Vi r ginia . .. Cooperation w i th the S t ate Ge~logis~ s t~rt ed July 1 , 

1941, and R. L. Nace was placed in. ha r- ge of the 1nveshgahnns, with 



h eadquar t e r s at the State Geologi st ' s Office at Mor gantown. The co 
ope r ative program called for an in estigation and detailed report of the 

ground - water r esources in eac . c-ol ty . 

The first investigation was that of Har r i on C unty, of which 
Clarksburg is the County seat. Shifts in population, caused hy expand 
i ng indust. ial developmen t due t.o the war p r eparedness aCtiv ity in full 
swing, resulted in c ritical w ater - s u pply problems in some parts of the 
county. In addition, drainage w ate r from coal mines w as a possible 
source of g round - water contamin ation. An inventory of t e public 
g r o nd - wate :r supplies fo r eac h c ity and t ow n was compiled, and data 
on we ll logs obtained either f om the State agency whi ch had been com
piling such data, o r f r om ind stries and individu als . F om those logs, 
a typical log for each water - bearing formation w as constructed·. E i ght 
water samples ere analyzed by the Q u ality of Water Division and 2 
analyses of mine d r ains · e :r e obtained. A typewritten progress report 
"Ground -Water. Resources of Harrison Cou nty, W . Va •• Jan. 22, 1942'' 

as released .t o the pu lie. 

The Harrison Co nty investigat.~on wa s the only county study com 
pleted during the period , as dur ing the war year s , the activities were 
de v oted chiefly to investigation iT} various areas containing war indus
trie s . The most intensive investigation during t hose years was that of 
the West Vi r ginia O r dnance Works at Point Pleasa nt, made between 
Novembe r 1942 and Au gust 1943, at the request of the Chief of Army 
Engin ee r s. 

The wate r supply was obtained from 2 well fields by means of 6 
Ranney water c ollec tors, and the investigation was to determine t e 
sou r es of tbe g r ou nd ate supplying the c ollec t o r s . R. G. Kaz,mann, 
as sis ted y R. M . Jeffords and E . . S c haefer, made the investigation 
between Novem e r 1942 and Ap r il 1943 . To obtain the nee ssary 
geologi al and w a ter - well data , 86 wells were d r illed o r d iven by the 
A r my EngineE>r s unde r Survey supervision. . T ose, w ith existing wells, 
gave about 100 ob servation w ells which w ere r ead at least. once during 
each wo,.,king day 9 and 3 time s daily during pumping tests. All wells 
were onne ted y ins trumental leveling in order that piezometric sur 
faces might be p epa ed . Such maps w e r e p r epared fo r the different 
dates d u ing pumping tests, and i dicated the volu me of material 
unwate :red b etween those dates, and also how the water pumped was 
replaced by rive r wate r. The w a t e r pumped was f r om Ran ey collec
tors, a d was measured by Simplex v entur i - t u be meters equipped with 
c o ntinuous :recording mechanism. Daily chemical analyses showing 
h a r d ne ss and alkalinity we e made of the ater pumped in each ol 
lector, and daily w ater tempe r a t.t r e w as also obtained. Daily records 
of quality and temperature of Ohio R ive r wate r were obtained! .. The 
stage of the river was determined ho r ly fr om a staff gage locat ed 
2 , 000 feet upst r eam from one of the c~li ector s. Pumping tests in the 
s outh field were made etwe en April 17 and June 10, and in the north 
field etween May 1 7 and A u gu st 1 • The investigation disclo sed that 
the alkalinity of the water pumped decreased as a :~t esult of the pumping, 



indi c ating a mixtur e of riv e r wate with th at in s to r age. A epo t 
prepared for the Army Engineers . 

a 

Much of the information obtained a t Point Pleasant was of value in 
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the investigation along the Ohio Ri v e . at Parkersburg ahou.t 75 m i l e s up
stream, made as a State - ooperative p r ogram in 1943 by R. M . 
Jeffords. The Parkersburg offi c ials had sinc: e 1929 kept unusually good 
records of operations of the City 1 s 18 wells ho r de r ing the Ohio Rive r , 
quantities pumped measur ed by venturi meter and the quality of · ntreat.ed 
water. Recorders were pla ed on several observat ion wells. The daily 
stage of the O hio River was obtained from the Weather Bu eau gage . A 
few analyses of river wate r and of a number of wells w ere made by th e 
Quality of Water Division. The alluvial deposits in the well f i eld we ~ e 
analyzed mechanically for permeability. Comparisons between stage 
of the Ohio River and the well field showed influence of the rive r on the 
gr ound water. The results were published by the West Vi r ginia Geo 
logical Survey in 1945 . 2i:_Jj 

While the foregoing investigations were being made, seve r al weeks 
during 1941 ~ 1942, and 1943 were spent in field re .onnaissance in the 
highly industrialized area in the vicinity of Charleston. Increa s ed pump 
age during the last few years had seriously dec r eased the yield o f som e 
older ells . About 40 wells were inventor ied for oc .ur r ence, quantity, 
and quality of the ground water; a few well logs were obtained, from 
which a geologic section was prepared; several wa t e samples ere 
analyzed either by the Federal or State S u rveys. A r e c onna i s s a n ce re ·· 
port was published by the State Geological and Economic S rvey in 

1946. 242/ 

In addition to these investi_gations ~ reconnaissance s t u di e s ·ere 
m a d e during the period, and general ground - wat e r i n fo r m ation collected 
throughout the state. As a result of the general stu dies , two t ype' ri t ten 
r eports were prepared, one dealing with g r ound w ate r supplies fo r min 
ing communities, and the other with wat er fo r seconda r y r ecov ery of 

petr oleum. 

To obtain relativ ely large amounts of water requir ed, coal m1n1ng 
companies own and operate about 275 public water supply plants ~ more 
than half the total number in the state. Ninety pe,r cent of suc h wa t er 
works obtain their supplies from ground water and much of it is po r 
in quality, and inadequate in quantity. Most systems must be continu ed 
for many year s and it is less costly to consider development and m ain
tenance of a satisfactory water supply than to impro v ise auxilliar y 
sou rces at frequent intervals. The repor t summ a r ized the availa ble 
info r mation on ground-water in the coal-produc ing sec tion that had b een 

Bull. 10~ Ground - Wate r Conditions along the Ohio Valle 
Parkersburg, W. Va. by R. M. Jeffo r ds. 
Rpt. of Investigation No. 2; Ground - Water Conditions at 
Charleston, W. Va . , by R. M. Jeffords and R. L . Na.ce . 

at 
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o btained during the cooperativ e inv e stigation, showing in a gene ral way 
where ac eptable wat er s pplies cou ld be obtained . H. also called at 
tention to the alue of the c o op erative investigations.24~/ 

As nat r al prodt ction f r om oil fields in the state declined, in rea s
ing attention was be ing giv en to the appli .ation of secondary recovery, 
and oil and gas in ' e ction had been p r a ticed to some extent. Attention 

as di r ec t ed to t e me thod of artifi c ial flooding, re q iring ground water, 
and the r eport of that inves tigation contained a summary of information 

on the availability of su .h st pplies . 2~/ 

R. L . Nace ontinued in cha r ge of the We st v ;.rginia work until 
September 19, l Q42 g w en he ente r ed the Army. He was succeeded by 
R. M. Jeffords who remained n til September 13 , 945 , and was sue
ceeded by H. F . Johnson, who carne to the West Virginia investigations 
August l, 1945, and continued du ing the remainder of the period, under 
the general supervision of R. R. Bennett. 

The district cle r k was Doris E. Maier, May 1, 1942 to January 30, 
1943; Earela L. Ogden, September 3, l Q43 to March 31, 1945; 
Margue rite T. Robinson, January 26 , 194 7 to April .S, 194 7. 

KeDtucky. - Although the muni c ipal water supply for Louisville is 
o tained from the Ohio River, large quantities of ground water are pump
ed f r om glacial - outwash deposits underlying the :river valley, as ground
water is muc h more satisfa tory for many industr ial users. The ground 
w ater supply is limited and e v en before the war years , the increased 
p u mping by air conditi oning and other plants was eginning to lower the 
water levels . Early in the war years , new chemical and rubber plants 
we r e const:r.u ted, and the huge distilleries instead of operating from 0 
to 12 hours , went on a 24-hour basis in the manufactur e of industrial 
alcohol. The combined r esult was that, by <)43, the dr aft on the limited 
g r ound -wa t er rese rvoir was so great as to draw it down nearly to bed
rock in some areas . W i th S tate funds available, 245; o peration became 
effe tive September 1943. -

· An office was established in Lou i'sville in charge of W . F . Guyton. 
The investigations were concerned primarily with the heavily pumped 
R ubbertown, distillery, and downtown areas. As complete an inventory 
as possible of 660 wells in Louis v ille and vi c inity was made, and the 
geology studied and the extent of the water - bearing materials mapped. 
An o servation-well pr ogram of 130 wells was started and pumpage re 
cords for the past 7 years ( 19 3 7 -44) collected; permeability was deter
mined from mechanic al analyses and several pumping tests. Also, as 

243 / Grou nd Wate r Supply for Mining Communities in West Virginia, 
by R. M. Jeffords . 

244/ Wa te for Secondar y Reco ery of Petroleum in West Virginia, 
by R. M . J effo ds . 

245/ p . 204 -
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a esult of cooperation with the Ci ty of Lo isville, 12 test wells drilled 
some years _previ~usly, ~ere deepened an average of 45 feet . The re
sults of the 1nvesbgahon during the fi r st seven months ere described 
in "Progress report of the ground - wa t er reso r es of the Louis ·ille 
area, March 1944~ 11 mimeographed y the S r vey. The need for in
ducing infiltration and also recharging the g r o nd-water rese voi by 
Ohio River wate r was stressed, in addition to investigating the possi 
bility of additio11-al ground water from the glac ial ou twash deposits of 
the river valley southwest of Louisville. Subsequ ent to 1944, · the in 
vestigation in the heavily pumped areas consisted chiefly in maintaining 
records of water levels, pumpage, quality, and temperature. 

The next phase of the inv estigation included r e arging tests and 
test drilling southwest of the city. For the recharging tests, the dis
tilleries offered to pur hase water f r om the city, if the Surv ey would 
supervise the pumping into the wells; the only hitc h was that the Sur vey 
had no pumping equipment. However, thr ou gh the War Production 
Board~ which was deeply interested, a city fire engine was borrowed 
and for nearly three weeks, pumping tests w ere made. Seve al lines 
of observation wells were established to determine the effect on the 
ground-water level. The tests proved suc-:cessful and the Surv ey re c 
ommended that artificial recharge be made dur ing the winter months 
when the river water is cold , and that industry use City water, instead 
of ground water during that period. That recommendation was followed . 
It might be added that during the pumping tests, the distillery officials 
were most cooperative, not to say hospitable. 

By means of funds furnished by the Rub e r Rese r ve Company~ in 
the spring of 1944, 45 6 - inch test wells, ranging in depth from 60 to 139 
feet, were drilled in the area sou thwest of Louisville. Of these, 17 
w ells all equipped with recorders, we r e lo c ated a t the p u mping · test 
site, three being in the bed of the river. The latte r were dri]Jed by 
means of a standa d rig mounted on an A r my Engineer dredge - oat, 
and the length of the casing was inc r eased as the river rose, a well 
known habit of the Ohio. A pumping test was made on the bank of the 
rive r w here an 18-inch well was pumped at a rate of a million· gallons 
per day for 35 days. From mechanical analyses of the geologic sam 
ple and the results of the pumping test, the pe meability of the · ar' ea 
was determined. To s ·pplement the data on bedro , k elev ations obtained 
from the test drilling, H. C. Spicer of the Geologic -Branch made 
elect r ical - resistivity studies, based on 80 depth profiles run on 5 3ec
tion across the a r ea. Water samples were obtained on the comple t ion 
of ea .h observation well~ and analyzed by the Qu ality of Water Div ision. 
The results of the investigation we e issu ed by the Su~vey as "G r ound 
Water Resources of the Southweste r n Part o f t .e L u is ··· ille Area, 

Kentu ky, by M. I. Rorabaugh, Dec ember i 946 ." 

246/ p . 21~ 
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As the result of cooperation w ith the Louisvi lle Water Company,24'1 
an in estigation of a str ip of land 6 ~iles · long and about half a mile wide, 
along the Ohio River northeast of L ouisville, was made from., February 
1945 to March 1947. It is an area of glacial - outwash deposit in which 
the degree of connection between the r iv~r -a.nd the ground watera an im
portant factor in the proposed u se of the ground wate r , was to be deter
mined. Thirty test wells , so located as to fit into the pattern of exist
ing wells in the areag we r e drilled to bedrock». an average depth of 100 
feet; fifteen of the wells were in the form of a cross ~ its center be ing 
at the location fo r the pumping test just downstream from the Louisville 
Water Company p u mping station. Of these, 3 wells were in the river 
channel~ being drilled by a standard rig mounted on an Army Engineer 
dredgeboatg the same one that was used in the earlier investigation . 
The test wells we r e used as observation wells, making with the exist 
ing wells, a total of 28 observation wells, of which 18 were equipped 
with recorders . The recorders on the wells were in portable metal 
shelters» fastened to th e tops of the wells . A re c o r der was also in 
stalled to show the river flu'ctuations,o A 12-inch well was pumped con
tinum~sly for 14 days at a constant se'tting .of the valve . on the discharge 
line. Water samples taken during tp.e pumping tests were made by th e 
Quality of Wate Division and by the Loui:>~ille Water Company, ea h 
analyzing half of the daily samples. 

Quantitative studies to evaluate the hydrologic constants of the 
aqu ife we e made both by graphical and mathematical methods . To 
determine the degree of o~nection with the river, studies were made 
on the basis of chemical analyses, sections showing temperature dis
t r ibution in the aquife·r du ring the pumping test, shapes of water - level 
profiles in the test a r ea, and shapes of time- drawdown cu r ves for a 
number of observation wells . The r esults of the investigation, wh i h 
was completed in July 19489 were p blished by the Lou is v ille Water 
Company as "Ground -water resources of the no r theastern par t of the 
Louis ville a r eall Kentuckyp by M. I. Rorabaugh. " 

The grou nd - water investigations outside the Louisville a r ea were 
started in Septembe 1945 in the Bluegrass region of central Kentucky 
(S c ott, Bourbonll Fayette, ahd Jessamine Counties). Although the 
three - year program under the direction of D . K. Hamilton with head
quarters in Lexington, ended June 30. 1948, beyond the period of this 
history» it will be described in full. It consisted of a well inventory 
and detailed geologic study of g ound - water conditions in each. <;:ouhty9 

to show areas for potential ground - water development. Assis t ed by 
L. F. Boland and E. M. O'Connell, Mr. Hamilton studied the geology 
and made the well inventory. County maps based on the geol9gic work 
ancl checked by the well imi~ntory• and :a stru ctural map of Scott County, 
were prepared and printed ' by the State agency. 

In January 194 7 , a beginl'ling of a state -wide reconnaissance ~urvey 
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wa~ s~arted. Its p1~rpo se was t de t ermine th e wate - h earing harac 
tenstlcs of the v a n us geologic formati on s in the sta.te. Wo k w as 
star ted by E. G. Otton in the Camphellsville and Elizab ethto n areas 
before the end of the pe iod. The results of those surveys we r e la1er 
published by the Department of Mines and Min erals. 

W. F . Guyt<;>n continued in charge of the gro 
tions in Kentucky until April 30, 1945, wh en e 
Rorabaugh. Other techni c al pe rsonnel were : 

Name Period 

w. T. Stuart A1 g. I q' 943 to J u.ly 
' Hazel Sublett Sept. 25, 1943 to May 3 i' 

G . B . Maxey Oct . 1 7' 1943 to u ne 6, 
E. M. Cushing 0 t. 2 ' 943 to Jan. I 59 

D. K. Hamilton Mar . 6, ] 944. t May 4, 
N. S. Stephens July 7, 1944 to Sept. 29, 
B. H. Davis Sept. 1, i 944 to J une 9, 
Ge trude Steele Jan. 16, 194'1 to O ct. 19, 
R. W. ~ellogg June s, 194'5 to J une 30 , 
w. W. Doyel Aug. 4, 1945 to A g . 30 , 
E. A. Bell Jan. 28, 194 to June 30, 
D. M. Phelps, III May 3, 1946 to Feb. 2 

' E. M. O ' Connell July Q 
. ' 1946 oDe . 26, 

L. F. Boland Sept. 9, 946 t o May 20 9 
E. G. Otton Feb. 13, 1947 to J u ne 30 J 

d wate r investiga ~ 

as succeeded by M. I. 

Military Fur lough 

' Q44 

945 
944 
944 

l g45 
1944 
1945 
1945 
1947 
1945 
1947 

947 
947 

1947 
947 

Nora M. B ush as 
T in sley unti l Decemb e 
mainder of the pe riod. 

district .lerk ntil January H, 1945; Ba :rbara 
7, IQ4 11 ; and Mary L. Gru nde r du r ing there-

Tennessee. - The only inve s tigation during the pe r iod as m coop 
eration with the C ity of Memphis, as re onnaissance Sl rveys of abo t 
half of the state had been made in cooperation ith the State Geological 
Survey in former yea s. 24Bj D ring the reconnaissanc e s u r v ey of 
western Tennessee , .onsiderable attention had been gi v en to the Memphis 
area, and realiz ing tha t at some fu ture time, an intensive survey of that. 
area would be req ired, two obser vati n ells equipped with l:' ecorders 
were selected for continuous o servat.ion by the city. 

When the ag eement ith the Memphis Light~ Gas, amd Wate r Di 
yision was signed in Augus t 1940, F . H . Klaer, J r . as placed in 
charge of the investigation , w hi ch consisted largely in bringing up to 
date the well inventory made in fo rmer years, and in expanding the ob 
servation-well program. In that conn e cti n, the 4 te st w ells hi .h t e 
City was drilling were equipped rith reco d rs· a d used as ohservati.on 
wells. Re o r ders were also placed on 2 exi ting w ellss making it.h the 

2~/ p. 313 ( 19 28 - 19 39). 
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2 obse r vation ells esta lish ed d ring the previou s pe iod, a total of 8 
e corde r - e q ipped w ell s . To s upplement the pumpage eco ds ke p t by 

t e C i ty» industr ial water sers •er e contacted for t e purpoc; o f o -
t a in in g recor ds from their wells . The investigation was ompleted du r .. 
ing th e fis al year 1942 except fo r t h e .ontinuation of the obse :r va t i on 
w ell p r ogr am by the City . M r. Klae . •as in char ge f th inv e s tiga tion 
on a pa r t - time basis until July 1941 whe the Ohio in e stigation s r e ~ 
q i r ed his full time and R. G. Kazmann sue . e ded him. 

The need for a mor e intensiv e .investigation led to a ne ag :r eem nt 
with the City, effective in November 1943 ,~/ pro iding s ffi< ie t fu nd s 
to place it on a full - time asis ith headquar ter on the p r o e t.. When 
M :r . Kazmann arriv ed in Memphis in November 1943, he as nabl to 
Hnd offi e space, a chr onic condition in those days, but t r o u gh t he 
Commanding Offi e r of the Memphis General Depot of the Army, a s 
given temporary quar te r s which · ere still in use at the end of the 
period. 

ln the full - time p oject, many more p mpage rec01"ds e r e ob 
t ained, thirty additional obse r vation w ells we r e establis ed t e f i s1 
yea r , and water samples f r om 3 wells were olle ted for analys i i n 
Washing ton. A geologic s tudy was sta r ted by J. C. Kammere r in 
June 1·94_4 . A progress r eport " T he v.rater0 supply oft e Memp is a r- ea , 
S e pte mbe r 9 4 4, ' '· as is ued y the Su:rvey. 

Wells in the Memphis area obtain ate r from th ee so r e s , t o 
of which a r e known lo c ally a s the 11 500 foot" and " , 400 - fo t" nd. 
T h e third so rce is from the sands a-~d fine g avels in the allu v ial ter ·· 
race deposits. T he investigation made previously as con fined largely 
to the . " 500 - foot" san d , w ith some data collected on the " 1 , 400 - fo ot" 
sand, in luding a n u m b e r of pumping tests in whi h V . C . Fi she l as 
sis-ted . By the end of 1944, it was realized that the Memph i s a e a had 
to be treated as part of an_ a r ea know n geologi ally as the "Upper 
Mississippi embayment" and plans fo r continuing the inv esti gation w e e 
directed along these lines. 250/ An investigation of the " 1, 400 - foot" 

~ sand was started in July 1945 and as ontinued d ring e emainde:r 
of the period. The numbe r of observation ells was increased to 45 
of w i ch 15 we r e equipped w ith r e corders ~ and the C ity drilled 10 ad 
ditional test holes in t e southeaste r n par t f Memphis, in order to 
locate sites for additional wells. Samples obtained from the drilli g 
of C i ty and private wells we r e st died, and 3 extensive p mping tes s 
of the "1. 400 - foot" sand were made. Mr. Kazmann resigned Decem e r 
31 , 1 q45, and was ~mcceeded by E. M . Cushing, who came to t e di -
trict April 5, 1946. Othe r Civil Se r vice te hnical pe rsonne l w e e . 

249/ p. 2 ... 5. 
25Q/ Le t te r f:rom It ... ;J4,G . Kazmann to a uth r. 
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Name Period 

G K Mauney Apr. 10, 1944toApr. 4,1947 
J. c Kammerer May 25, 19~ to July 8 J 1945-& Oc.t. 31,19 ~.6 to Jari. 24, 1947 
G F . Mack June 21, 1944 to Feb. 2, 1945 
E unice Springer Feb. 19 J 1945 to Aug. 30, 1946 
L. J . Kern Mar . 5, 1945 to June 30, 1945 
W. N . Laval July 14, 1945 to Sept. 29, 1945 
J. C . Matthai Aug . 1 7' 1945 to Dec. 15, 1945 
Robert Schneider Dec . 19. 1945 to June 30, 1947 
T . J Henderson , J r. Sept. 20, 1946 to June 30, 1947 
P . L . Carroll Sept. 20 , 1946 to June 30, 1947 
w. C. Trammell Ma • 24, 1947 to June 30, 1947 

Ohio .- At the beginning of the period, the only investigation in pro 
gress was that in Butler and Hamilton Counties, star t ed by D. G . 
Thompson and F . H . Klaer, Jr . in June 19 38. As the buried valleys 
of pre glac ial streams are the chief source of ground water in those 
counties , the investigation was confined chiefly to those areas. To en
la r ge the well inventory, 84 test holes we re put down by auger, and 
inr luding themp the inventory cover ed ~42 wells. Two deep-test wells 
d r il l ed by c ontra t were for the purpose of determining the depth to 
bedrock, and whether water from Miat:ni Valley was entering Mill 
Creek Valley. A n observation program of more than 150 wells , 15 in 
areas of heavy pumpage being equipped with recorders, was maintained. 
Tre reco!'ds from those wells showed extreme fluctuation of a foot in 
water levels due to changes in atmospheric pressure. In the intake 
areas fo artesian water , heavy precipitation had _a marked effect on 
the levels in shallow wells; one case being noted where a 4-day rain-
fall of about 6 inches caused a 19 - foot rise in water level; the pas sage 
of railroad trains caused a rise of several hundredths of a foot in near 
b y w e lls due to camp ession of the ground by' the extra weight. Analyses 
of water samples from the 6 public water supply systems in the area 
we re made in Washington . The i~vestigation was completed in Decem -

e :r 1 q40 and the results, together with a recommendation that additional 
sources of supply be sought, were published as Water Supply Paper 999 . 

A firm of consulting engineers was employed to investigate addi 
tional sources and proposed a rathe elaborate plan . In the meantime, 
the rates of pumpage in the Mill Creek Valley were being increased 
greatly by the operations of an airplane factory q.t .~ockland, and to in
sure an adequate supply for that war industry, tl1e Federal Works 
Agency <""Onstructed a modification of the pr opo$e~ "plan consisting. in 
part in dri lling 11 wells . As the new well fiel~· w~.s near. Hamilton in 
the Miami Valley, the city officials and many inJ.i:U$_t_ries feared for the 
existing ground-water s u pplies and oppose<! the ,.Plf'=tj.'e'ct. The Federal 
Wo:rks Agency then requested the Survey .to inves_~\gate · th~ probable 
effed of the new well field on existing suppiies, ap.)i also to estim _ate 
the yield . This required an intensive investiga~o~· and ~ -. G. Kazmann 
was detailed to assist Mr . Klaer, and work was ·s.tarte~ in June 1942, 
f rom headquarters at Reading . To determine the'~effect on the Hamilton 
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supply, 1 1 test wel s for obser vatio n p rposes e d illed north of the 
Hamilton field, and piezometric sur faces ere mapped4 Detailed pump
ing tests on 2 production wells were made, and m asurements of the 
rate of recovery after the 24 - hour ac eptance tests on ea h of th l 
test wells . A repor t entitled "A q antitative study oft ewell fields of 
the Mill C eek Valley Water Supply Project, B · tler Co nty ~ Ohio' ' w as 
made to the Federal Work s Agency, in July 1943. Ro tine rec o ds were 
continued during the remainder of the period . At the ompletion of the 
report, M r. Klae r as given h arge of the inve stigations 'ust started 
in Indiana , and Mr . Kazmann continued in .harge of th e Ohio work 
until No vembe 19 43 , hen he was transferred to the Memphis investi

gati n . E. J. Sc aefer s u e eeded him . 

There were a number of smaller i nvestigations made at the request 

of the War Production Boar d . 

As a result of co per ation with t e Ohio Engineering Experiment 
Station, started in the fis al year 1942, a brief survey of heavily p u mp 
ed areas in 11 cities was made, and 7 observation wells with recor ders 
selected . The lack of personnel d elayed the new progra~ . As person
nel became a vailable, that p ogram was continued and g radually ex
panded, togethe r with observations from selected wells in the B utler
Hamilton County area. 

The i t y of Canton, like many another ity during the wa period , 
was seeking an additional wate r supply and prefer r ed ground water if 
a v ailable , as b eing les- expensive, and co perated with the Sur vey in 
the fis c al years 945 and 1946 for an investigation . It was started by 
E . J. Schaefe r in December 1944. Later, G. W. White , associate 
P r ofesso r of Geo logy at Ohio State University, made studies of the 
glacial geology and D . W . Van T uyl was transfer ed to Co lumbus and 
assisted with the analysis of t he da ta and p eparation of the r eport . 
In the eginning of t e inv es tigation, it was be lieved y city officials 
that the bes t possib ili ti es existed in the S ippo area west of Canton near 
Massillon. Ho eve r, i t was ag r eed that the investigation ould in 
clude the entire area s u rrounding Canton with very detailed studies 
to be c onduct ed in the Sippo area ~ 

The profile of the buried valley was determined from t he logs of 6 
test holes drilled for the o cas i on . To determine t he permeability , a 
i 2 - in .h w ell 1 8 5 feet deep, was drilled fo r a pumping t est with observa 
~ion wells driven in north - south and east - west lines from the 12 - in c: h 
well. The test wells were also used as observation wells . From 
s tudies of the pumping test data overing 22 3 days from September 19 , 
1945 to April 30, 1946, and recha ge conditions in the area, it was 
found that a peren ial supply of 3~ to 4 million gallons a day could be 
o btained in the Sippo area . The city dec ided that as the development 
would have in luded a long main , its cost for that supply was not justi -

. fied. However, studies in other parts of the Canton area , carr ied on 
c on urrent ly with the Sippo work, led to the d iscovery of another buried 
valley north of the city along the West B r anch of Nimishillen Creek, 
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where :r-e harge conditions w e re m or e fa vorable . T h is area was later 
found to be capable of supplyin g in exce ss of 10 million gallons a day 
and was therefore develo ped by th e City fo r an additional supply. The 
re sults of the entire inv estigation were published by the Ohio Water 
Resou rces B oard as Bulletin 3, June 946 . 25~/ 

As soon as the Ohio Water R esourc e s B oard wa s c r e a ted in 1945, 
cooperation was started with it to expand the obse rvation -well p og ram 
by the addition of 100 wells e quipped with automati wate r - stage r e 
corders, to survey the ground - water resources of the sta t e , c ount y by 
coun t y, and to perfo m intensive investigations in a ll t he heav ily p u mp 
ed areas. 

Stu dies o f the c ontinu ing ob serva tion - w e ll program in the Butler 
Hamilton C ounty a r ea, a r evis ed estimate o f r e c har ge in the Mill C r e e k 
Valley, and' a d iscussion of general ground -water c onditions i n the area 
wer e made y E . J . S c a efe and R. J. B e rnhagen a n d publish e d by the 
Ohio Water R esources Boar d as B u lletin 8 . 2~~ The results of a n other 
study of ob s erva tion - we ll re co r ds in the state by D . W . Van T u y l and 
R. J . Be r nhag e n were publi s h ed b y the Wa ter Resou rces Boar d in 
March 4 7, as B ulletin 5 . 253/ A r eport on the ground -wat er r esources 
of Tuscara was County, the firs t in a series of county repor ts , wa s pub 
lis .ed by the Boar d as B ulle t in 6, 25¥ in May 94 7, as a r esult of stud ies 

y J . W. C u mmins , cooperative Sta t e employee . Wo r k wa s also b eing 
carri ed n in M ontg omery, G reen , L u cas, Mahoning, S m m i t, and 

Ross Co nties . 

E. T. Schaefer continued in harge of the inve s tiga tion and h a d the 

followi ng C1vil Ser ice technical a s sistants : 

Name 

D. W. Van Tuyl 
S . E. Norris 
R. C. Smith 
R. E . Mar z luf 
W. H. Nicholson 

Jan. 4, 
Feb. 18, 
Sept. 23, 
Nov. 18, 
Feb. 1 7. 

Period 

1946 to June 30 , 1947 
1946 to June 30 , 1947 
1946 to J une 30 9 1947 
194 t o J une 30 , 1947 
1947 to June 30 , 194 7 

R J B h Chl. ef geologist o f the Ohio Wat e r R esources B oar d , . . ern agen, 
assiste d when time permitted, and J. W . C u mmins , geologis t of the 

B a d, as c:; isted on a full - time b asi s . 

Indiana . _ As a esult o f the g eater use o f groun d water during the 

251/ T Grou nd Wate r Resources of the Glac ial D e posits in the 

Vi ini t y of Canton, Ohi o . . 
25 qt G oun d W ater C onditions in B utl e r a nd Hamllton C ounties, Ohio, 

946 . 
d Water C o d itions in Ohio . S mmary of g roun 

The Water R esm rc s o f Tus c a r a was County, O hio . 
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war years » the ground - water progra m was expanded greatly in the lat
ter half of the period . Also . as there was but ne State - cooperative 
agreement with D. M . Corbett, the Survey's representative, the in
vestigations to be undertaken were decided upon in consultation with 
the Dir e tor , Wate r Resour es Division of the State Department of 
Conservation, the Sur vey ' s d ist ict engineer, and the geologist in 
charge of the g r ound - wate investigations . That was an arrangement 
effective in no other states except Michigan, Geo rgia, ,and Sou th Caro
lina . 

Through t e fis c al yea r 1941, the coope ative funds would only 
permit the continuation of the obse vation - ell prog r am , and p a r t 
time continuation of the Indianapolis investigation, neithe r ol vh ich 
required resident Survey personnel. 

Field ork for the Indianapolis investigation was started in Sep 
tember 19 38 y C. L. McGuinness and as funds were not available for 
a full-·time stu dy , it was a part-time study until the fiscal year 1942 
when special funds ere made available by the State for the completion 
of the investigatio.n, and as a result Mr . McGuinness devoted his time 
to it from July 1, 1 g39 to December 1942 . The field work consisted in 
the establishment and maintenance of 15 observation wells, which were 
read during the non-activ e periods by the State Division of Geology, col
lection of well data, in luding pumpage, which was largely estimated, 
r unning levels to the points of measurement on the 15 observation wells, 
fo r the purpose of preparing maps showing contours of the water table 
and piezometric surfaces » and measuring the observation wells at reg
ular intervals. Water analyses were furnished by the Indianapolis Wa ter 
Company . A geologi study based la_rgely on existing data was made, 
and general recommendations for additional ground-water use were 
given in the report dated January 1, 1943, published by the State, en
titled 11Ground- Water Resources of the Indianapolis Area, Marion 
Cou nty, Indiana", by Charles L. McGuinness. 

With the increase in funds beginning in the fiscal year 1944, a 
l 0 - year program was mapped out and a dis t rict office was established 
in Indianapolis July 19, 1943 , with F. H. Klaer, Jr . in charge. R e 
£erring to the State-wide program, Mr. Klaer stated : 2~/ 

The main purpose of the p resent ground-water investi
gation in Indiana is to determine the availability, the quan
tity and quality of the ground - water resources of the state, 
in order that data may be available for the wise development 
and economic use of an important natural resource. It is 
planned to investigate the state on a county-by - county basis, 
preparing county r .eports on the availability of ground water, 
the quantity and quality of existing sources of supply and, m 
gene ral» present as complete a picture as possible of the 
present inventory and future potentialities. 

255 I Proc . Eas t - Centr al B r anch Con£. Nov. 7 - 9~ 1 946 » Indianapolis, 
p . 26. 
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T e first step was a reconnaissance of the state to determine the 

status. of wate,.. su.pplies; each town was visite d and mun i cipal ater 
supermtendent.s, mdustrial users~ well drillers and othe r s interviewed. 
Many well records were obtained and a permanent file by counties Vi as 
started. To that file was added the logs of oil and gas ·ells obtained 
by the State . 

The many demands for special investigations and reports in the 
interest of the various war activities, delayed the State-wide p-.:'ogram 
and it was not until Septem er 1 g44 that the first cot..nty investigation 
v. as star ted. When a reqt. est for an inve stigation Vi as received, a con 
fer ence was held with tr. e local interests to discuss the problem; a 
short reconnaissance was made to determine the extent and scope of 
the problem, and the amount of a va ilable data to serve as a basis for 
planning the investigation. If it was a large one, the lo al interests 
were r eq1 ested to share the cost. 

St. J osep County was selected for the first county investigation, 
and as South Bend is one of the largest industrial areas in the state and 
a heavy user of ground v ater , the investigation was c e ntered in that 
area. Field work as star ted in September 19 44 by F. H . Klaer, Jr., 
J. G . Ferris, R. W. Stallman, B. W. Swartz, and H. L. Ballard . It 

as an intensive investigation, setting the pattern for the other ounty 
repo ts to follo ln addition to the inventory of some 200 wells and 
collec tion of pumpage records, and an observation well program of l ~ 
wells 11 seven pumping tests w ere made between October I g44 and Mar ch 
194 7. To make the data on t e South Bend area available before the 
entire county investigation was ompleted, the results oft e investiga 
tion, including a geologic study and an estimate of the safe yield, was 
published in 1048 hy the State agen y as Bulletin o. 1 , Part 1, "G r m .. nd 
Wate.,. ResOUT r.es of St. 0 Seph County, lndiana, Part . ' Sout Bend 

Area. 1
' 

In De( eml'<er g44, an investigation of Scott County was started, 
p eliminaxy "'ork eing in t e vic inity of S ottsburg, where increased 
use d1 e to wa r indt. stries and a dry summer, had caused a shortage 1n 
the wateT sllpply . A preliminary repo:rt hy F. H . Klaer, Jr . dated 

Ap il 1 q4 ~ was issued hy t.he State. 

Other ounty inve stigations started d ur ing the pe iod were those in 
R ne, Nob le, and Adams Cou nties in February, March, and Novembet, 
1941:l . A partial inventory of wells in Tippecanoe County was made dur · 
ing 1941) and 1946 , as a part of the special research proJe .tin c oop e r a 
ti ith Purdue University . Mu .h test d illing was done hy the com 
munities cone ern ed, but none by the Survey. Where it Vi as pos si~le to 
do so with exis ting fac 1 lihes , pumping tests were a part of the r e glda r 
pro edure. Jn the hydrologic studies, the base flow of the str eams as 
determined hy the Surface Water Division as used as a gu ide in st dy ·-

ing recharge possibilities. 

None of the county reports was completed during the peT ind, owing 
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to many special reports, us ally fo r cities , and the s or tage of person
nel to carry on the county investigati ns . One special investigation 
w orthy of a b ief description was a pumping test made at Gas City in 
June 1944. To develop a more adequate supply, the C ity had contracted 
fo the drilling of a test ellp and the question f interferen e of a well 
de v eloped at that point ith othe r wells ea r YP c aused the State Boar d 
of Health to request the Survey to dete r mine the possible interfe e nce . 
On June 19 , 1044, the Surv ey installed a eco der in the test well, and 
then made a pumping test . The r es u lts of the test , together with a 
study of t . e results both by the Thie m and Theis methods , 2~o/ was made 
and a r eport by M r. Fe ris giving in detail the computations of that 
study, and the conclusions rea .ed , was issu.e d h y the State A gency in 
April, 1945, a s Bulletin 1, 11 Memorandum co cerning a p ng test 
at Gas City, Indiana, with a detailed discus sion of the methods used in 
the quantitati v e analyses of water - well interfe ence problems . " 

Toward the end of the pe riod, a researc p roject as started in 
cooperation with Purdu e Uni ersity by Mess r s . Klaer, Fe ris, and 
Stallman. Be ca se of the increasing p r oblems of ground-water supply 
through t e state, the fa u lty of the Scho()l of Civ il Engineering became 
interested in g r ound -water problems, particularly those pertaining to 
artificial rec arge, as there was a Univ e r sity p r oblem of recharge 
through gt·avel pits by means of runoff from a very small area . A two
year agreement, officially fo r the purpose of determining the hydraulic 
characteristi s of vario s fo mations p was made th ough the coopera 
ting State agency , and the investigation was started April 19, 1945, and 
continued during the remainder of the pe iod. 

In April 946 , a research proj ect was started at the Ja sper ;-
p laski StateN rs ery hy Messrs . Fe rris and Stallman, to determine 
the effec t of drainage ditches on the ground-water le v els . To measure 
the flo of the two ditches , a eir was installed in ea h and 41 shallow 
obse rvation ells e re p t down t o note the change in the ground -water 
le v els . The project C"Ontinued t r ough the pe ri od. A simila project 
was started in August 1946 fo r the pu pose of dete r mining the effect of 
drainage dit hes on the level of B ru e Lake in Pulaski County. In that 
p oject9 45 shallow wells all less than 20 feet deep e e put down . 

By th e end of the period , a gene alized geologi c map of the state, 
showing the ground w ater conditions, had een p r epared, and a co 
operative prog am with Indiana Univ ersity, inv olving the preparation 
of maps showing the thickness of glacial d ift and the bedrock topog 
r aphy9 started . 

Mr. Klaer con t i nued 1n cha ge of the Indiana inv estigations and had 
the follow ing Civil Se r v i c e technic al assistants : 

2~/ P · 222 . 
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Name Period - ---

B. W. Swa:r t7. July 1 · g44 to J u ne 30, 1g47 J 

R. w. Stallman Mar. 19 1 q4~::, to June 30, 1Q47 
E . A. Brown Feb. 14, 1946 to J1J e 30, 1Q4 
H. L. Balla': d Mar .2'1 0 i9 6 to June 30, Q47 
w. D. T ornr•ury Aug. I g, 1 g46 to June 30, 1 Q .. p (W . A.E.) 

Phyllis A. Clement was dish ict clerk fro m Feh • t.a:ry 23 , 1 Q44 to 
Octo her 31, i Q46, hen she was s cc eeded hy Mary M. Yoder. 

Mic igan. - During tl-e firs+ S years of i he pe r iodll \Onperation ith 
the State Geologist was on such a small scale t at it as impossible to 
do more than continue the observation-well programll which was under 
the direction of C. L . M Ciuinness, ·assisted by members of the State 
Geologi•al Survey . Dudng t .. e last 3 years ho e v e , gr eat.ly expanded 
conperation made ii possi le to lay ou.t a state - ide program, consist 
mg of an intensiv e cov erage of the state by county units; the chief ob
jedi ~ e being to meet the immediate public need, chiefly that of the 
larger indt1strial a J: eas due to the extensive development ra sed by the 
ar effort . When t e increased cooperation was eing discus sed, t e 

State Geologist, R . A. Smith, declared that he wanted reports written 
in simple language easily understo0d, and did not. want statistical re 
ports that w o u ld he filed away on a shelf. 

W. T. Si.uar t~ iransferr ed f om the Louis v ille Office, was placed 
in ctarge of tre state - wide in ·estigations and established an office in 
Lan sing uly 1 , 1 Q44 . 

Antedating- the expanded p ogram was the investigation of 1he so 
c alled Ypsilanti Triangle, sta ted in Augu st 1942. The c-ity of Ypsilanti , 
Wlllow R u n Bomber Plant operated by the Fo d Moto r Company, and 
the war housing project £the Federal Housing A t ority requi ed large 
q t antities of ate r. and g 01md water appeax ed to e the only sour e . 
The Federal Works Agency as responsible fo deciding the adequacy 
of the existing supp ly and to ·dec·ide that poird, requested the Sur v ey to 
app r aise the ground -wateT r esou r ces. C. L . McGu innes was borro -ed 
from the Jndianapolis investigation, and it 0. F . Poindexter of the 
State S1 rvey, star ted the investigation in August 1942. The usual well 
inventory was made and obse vation - eU sites sele ted to observe the 
effect of pumping from the born er plant ·ells. ln September 1Q43, 
sites for test wells we e selected, and the wells w ere drilled by Fed 
eral agencies during the fi st half of 1 g44. P u mping tests were made 
on 4 of the test wells. The test drilling and pumping tests were super 
vised by E. G. Otton. Samples from 14 w e lls were analyzed chiefly by 
the interested indu strial con( erns . As a result of the investigation, an 
adequate water supply was assured and i.he operation oft e bomber 

plant made possible . 

The first inv estigation under the state-wide program as that of 
the Lansing area, sta ted in August i 944 by W.. T. Stu ar t and in Janua y 
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1945~ R. W . Stallman was assigned to the Lansing Offi .e to assist in 
the investigation . Re ords and estimates of p rnping tests were corn 
piled; records from observation wells were used t define the piezo 
metric surface; p rnping tests were made; and a geologic study made 
as an aid in determining the recharge possibility . Mindful of the re
quirement to make the cooperative reports intelligible~ the repo t on 
the Lansing area was almost a text book on ground-water methods. It 
was published by the ~tate in June 1945 as "Ground-water resources 

of the Lansing area. 11 

The next investigation was in the Benton Harbor areas where a 
recent influx of war workers had r esulted in uncertainty as to he 
adequacy of the water supply . The field work was performed in Feb
ruary and March 1945 by Messrs . Stuart and Stallman. In addition to 
obtaining all available data ~ p rnpage tests were made. From a geo
logi . study and that of the hydrologic data c ollected ~ ecornrnendations 
were made for future exploration. The results were published by the 
State in June q45 as "Ground-wate esources oft e Benton Harbor 
area . 

In July 1945, W. T. Stuar t as assigned to the Iron River investi
gation and J. G. Ferris was placed in charge of the investigations in 
the Southern Peninsula . 

As the result of a:n extended drought during the summer and fall of 
194'1, urgent req · ests fo r assistance were re eived by the Stage Geol
ogist from the Cities of Battle Cree~, Kalamazoo , Flint, Alma, and 
Holland . To meet those requests, it was necessa r y to set up the fol
lowing new procedure fo r appraising the merit and urgency of each : 
A p elirninar y re onnais ~ ance to de t ermine approximately the time 
req i,r ed and the type and amount of equ,iprnent needed; f om that infor
mation, an estimate of the cost was given the State Geologist for the 
purpose of advising the cities and towns as to the extent the State and 
S rvey was willing to coope r ate as investigations of cities and towns re-
q<fre much more intensive work than rural areas . The next step in a 
rnetrJpolitan investigation was to obtain from all sources all available 
data concerning methods and difficulties encountered in developing 
ground -water in the area . An intensive canvass was made of all con
sulting engineers , architects, contractors~ railroads, and highway 
departments to obtain data Ot:l surface and sub - surface geology. A 
search was also made of libraries, newspaper files , and historical 
co,llec,tions to obtain copies of da ta regar ding the geology and hydrology 
of the area as reported in the past . 257/ 

While the state wide program was taking shapes the State Geologist, 
through the County School Commissioners, furnis ed scho 1 children 
with forms prepared by the Survey requesting info r mation regarding 

251/ Proc . East Central Branch Con£. , Nov. 7-9, 1946, Indianapolis, 
pp. 38-3q. 
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t eir a ter ells · As a r esult, informa t ion on about 10 000 wells a 
obtainE-d. That i n£ rmation a u gmented 1) the file of ~r.. · e{l log 0 ta ine d 
fr om tl · e State Health Department hie has to ap r 0 1· t' £ . . 

1 
~ · - P v e a pp 1 a 1on s o . 

publl c w ater supphe s, ~ 2) logs from oil and gas ells · i • h by l a ere 
fi.led wi t t~e State Ge~logical Sur v ey, a nd 3) o:t:"ing s of all fo oting s f :r 
h1g . ay bndges, o ... tame d £ .om t .eState Highway Department . 

The Kalamazoo inv estigation was sta ted in D ecember 194'1. J.n 
addition to tb.e well invent.o y ~ 21 o se:r va t ion ells ~ 6 eq ipped w i th r e _ 
corde rs, we re selected and pumping tests w ere mad e in 9 w ells. Some 
what similar investigations were made at Holland, Battl e C r eek , Flint, 
and Alma, and pumping tests were made a t nearly a s ore of o .he 
places , b u t spacE> will not pe r m i t a desc r iption oft ose operations . 

An investigation of Gun Lake wa s star·ted in t e fall of i946 as a re 
s 1t of a d ispute over t e deepening of the drains entering the l a ke, as 
de ired by the b o r de:rin~ agricult ra l inte:restsj and the res ort owners 1 

fears that the lak e lev el w ould e lo e r ed . Sixty s h allow ells ranging 
in dept _ f r om 8 to 2 feet ere pu t down in connecti n w ith t e installa 
tion of tempo r a r y control dams in drains borderin g t e lake . 

An invest.igation j the pu 'pose of whi · was nlike that of any othe r 
unde ~ taken . y the Ground Wate r Division9 ~as the Iron Rive r i esti 
gation . Some of the i r on mines in the Iron Riv e r dis tri c t a e ov e rla in 
hy sat rated glacial d 'l' ift a hundred or mor e fee t thick, whi• causes a 
se :r io .s pr·nhlem of mine d rainage w he r e, in some cases, i t w as ner e s 
sa y to p mp 30 tons of a t e r for ea h ton of o re ex rac.te d . The in 
ves igatio . as o ·iginally pr oposed b y C . V. T heis ar.d C . F. Park, t e 
latter a member £ t he Geol0 gic Branc , in .1 ded in addi ion t o the 
m ine drai age , .ypes of g r ound - wate r ir(' latio hi c o ld ave 
caused the en . ichme t of the ir on or e . 

n 1. 94 .. , Di re tol' W -:r ather, in company with State a nd local Su . vey 
official on a trip t r o gh t e tate, visited the l on R iver dist rict. and 
hecame so inte r E> t.ed in t e p rohlem that e di r e cted the beginning f 
the pro ject. Although the oope r ativ e agre P. ment with t eS tate cov ered 
only 1 e mine d r ainage p _as e , the in estigation enlisted the sen : ice of 
the G:ro nd Water , St~ rface Water , and Qu ality of Wate r Divi io , 
sp eC"ial studies by the Geologic. B r anc .. 9 and special maps by the Topo 

paphi Branch. 

The or k program provided ( l) fo r an inventor y of t e wate p .~-mp ·~ 
ed f :r m the glac:ial ov e r burden , also fro m the onsolidated rocks~ ( 2) an 
ol.se a tion · well p r ogram including all existing w ells in t .e s urface of the 
glac-ial drift fo r the plt:r'pose of determining th e piezometric sur face, and 
{3) p umping tests to de ermi tl: e apa ity of the o ' e bur d.e~ ~s a r es 
e:rvoir and its c apacity to h ·ansmit t e ater·, and the poss1 1hty of un 
wate :r ing those a r eas rech arging th e o e earin:g for~ations ard t r a s 
m itting the water· wn a:rd into t . e mines . D u r ing the inves tigation , 
the s face Water D i vision made numer ous s eepage measu:r erne:lt s on 
str eams th r o gh tt t tr .. e a r ea t determine t e p rincipal ar a s , and the 
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magnitude of the gains and losses in the glacial overbu d en. The Qual
ity of Water Division analyzed samples ollected at various points to 
determine the prog r essive change in q\ ality as the ground water moves 
from point to point , and from time to time, in ea h area . Field work 
was started in J u ly 945s in charge of M r. Stuart who established his 
headqua ters at Iron River . C. V. Theis devoted a part of his time as 
consultant and G. M. Stanley spent two summers in the study of glacial 
geology . The investigation continued du ing the r emainder of the period . 
A ''Progress Report on ground -water inv estiga tions of the Iron River 
Distric t , Michigan'' by C . V . The is, W. T. Stuar t, and G . M. Stanley 
was released in typewritten form in September 1946 to the State Geolo
gist and to the mine oper ators of the district. 

A state - wide obser vation - well prog am was steadily expanded and 
m June 194 7, there were 16 7 wells. Employees of the State Geological 
Survey made the well observations until 1944 when the increased a
operation made it possible fo t. e Sur vey to take over that program. 
Regular observation - well routes were established and in areas of com
prehensive investigations, t e readings wer e made weekly; at other 
areas at monthly intervals . One of the engineers attached to the Gray
ling Offi ce of the Surface Water Divis ion devoted a part of his time to 
the well readings in that area . 

Civil Service technical assistants were: 

Name Period 

G . M. S tanley July 18, 1945 to June 30, 1947 (W.A.E.) 
W. c. Waldbieser Mar.1 1, 1946 to June 30, 1947 
P. R . Giroux Aug . 1 , 1946 to J u ne 30, 1947 
c . c . Hoge, II Nov. 7, 946 to June 30, 947 
E. A . Moulder No . 12, 1946 to June 30, 1947 
Ted T hompson Nov . l8, 1946 to June 30 a 1947 
R . A. Smith De c . 9, 1946 to June 30, 1947 (W.A.E. ) 
L . A. Wood Jan. 2 7, 1947 to June 30, 1947 
E . c. Rhodehame1 May 5, 1947 to June 30s q47 

Enid M . Smith was the district clerk. 

Wisconsin. - With cooperation for an intensive investigation assured, 
25.Q/ the Survey contacted F. C . Foley while he was still in the Army, and 

arranged with him to start the investigation as soon as he was available. 
M r. Foley arrived in Madison Febr uary 18, 1946, and obtained quarters 
in the Univ e r sity of Wisconsin 's S c ience Hall near the S tate Geologist, 
who was the active repre sentative of the University in the cooperation. 

The plan of investigation was to study the Cambrian sandstone ar
te sian aquifers of eastern and southe r n Wisconsin, and as the most . 

258/ p . 206 
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seriou s problem was t at caused tl · Y g r ea y m :r ea sed pumpage in the 
MilwaukeP ·· Waukes a area and its effe t on the water levels, thai area 
was. selected fir st. lt as started in April 1946 ith an inventory of ·all 
a allable well data, and the selectio of 20 obser vation wells in t e area . 
To determine the wate ~bea r ing haracte r istic of the principal aq ifer 
in that area, 54 pumping t ests on 18 w ells, chiefly under t e supervision 
of W . J. Drescher, were made on. existing wells b etween May 1946 and 
February 194 7. The field work on hat part icu la r p ase of the investi
gations in that area was .ompleted by the en d of n •. e period and a mimeo 
graph report , 11Results of pumping tests on a rte ian ells in the 

' Milwac kee -· Waukesha area, Wisconsin, 11 r eleased by the Survey Fe _ 
ary 1948 . 

Although the Surv ey had made practically n6 ground - wate r investi 
gations p reviously, the State Geological Survey for many yea s had been 
collecting well logs t r ou ghout the state and had a])o u t 61 , 000 well sam ·
ples on file. As a ,t·esult of the lar ge numb e ,. of logs and the great 
depth to ed ock making test d rilling a lm st. pro ib itiv e, test ells 
were not drilled y th e Survey in conne ti0n with t e i vestiga t i0ns dur 
ing t e period. 

As the basis for t ~e gen eral investigations to e r ndert.aken, t h e 
state - wide obser vation - w ell progr am was extended as rapidly as pos
sible, and the wells ' ere selected to include ea h type of g o' nd -w·ater 
oc urrence. A t the end of the pe r iod, there were about l 00 o serv a 
tion wells, I equipped wit re c orde r s, located cb.iefly in t e sm the r 
and eastern part of the state. At the beginning of tr.e pe r iod , t e Su r 
face Water D i vision was maintainin g 8 wells . started in c onnection ith 
the Soil Conser ation. S e rvice · s co perati e p . oject in 1 Q3 . 25!,/ In J 944, 
J. G. Ferris in charge of g ound - water investigations in M i d igan and 
F . C. Christoperson in cha ge of surface ater investigati on s in WJ s 
consin, established additional wells in the uppe r Wisconsin Riv e r Basin, 
making a total of 1 wells when t e ground-water investigations ' ere 
sta ted in 1946. The State Board of Health in .onnecti n it i ts r e 
s ponsibility connected w ith public ate r supplies , was inte r es t ed m 
wate r le v els , and pumpage as it affected the former, a d in t e s u mme r 
of 1946, Mr. Foley p r epar ed a form for r ecording daily p u mpage and 
water levels, and anot er form . equestin.g complete info mation on each 
well . The Bureau of Sanitary Engi et=>ring of the Stat e Health Board had 
the two fo ms printed and as a start , sent th em to about h alf tb.e mun ic: 
ipalities in Wisconsin, t e pumpage and ell "t"eadings to be repor ted 
monthly. By the en.d of the period, monthly reports ere eing r e c e ived 
f:r.om most of the m u i c ipalities to w hic forms had b een s ent. 

M • Foley c on ..i 11 e d in charge and ha t e follo wing Civil Se r ice 

assistants : 

. 
2 5 J_/ p. 216 I q 2 8 - 1 Q 3 q 
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Name Period 

G . E . Hendrickson Feb. 18, 1946 to June 30, 1947 

w. J. Dresche r Apr . 30, 1946 to June 30, 1947 

Mrs . E . A . Fox May 5, 946 to June 30, 1947 

It may be added in passing that each member of the Survey sta ff was 
either a veteran or the wife of a veteran . 

Iowa.- The investigations in Iowa had been started in 1938, chiefly 
for the purpose of obtaining data on pumpage. of ground water and cor
relating that information with fluctuations of water levels, and the geo
logic source of s u pply. T . W . Robinson, who was in char g e o the 
hydrologic features of the investigations, made a reconnaissanc e survey 
and obtained available well and pumpage records, and learned where 
the ground - water supplies were critical. In the fall of 1 39 , he extended 
the observation-well program to the northwestern part of the state where 
the Dakota. sandstone oc . urs. 

In 19 37, before the cooperative program became effective, the 
State had started an investigation of Cerro Gordo County, whi c h was 
designed to be the first of a series of county reports. That was one of 
the first investigations undertaken in the cooperative program and T. W. 
Robinson and A . P. Gerardi devoted considerable time to it . In addi
tion to the inventory of wells, a special geological study of the deeper 
wells in the Mason City area was made by H . G . Hershey of the State 
Survey. Pumpage re c ords from 1936 were collected and pumping tests 
were made on most of the deep wells. The investigation continued be 
yond the period. 

In 1940, the Linn County investigation, a study of the area in the 
v1 ini ty of Cedar Rapids, was started by A . P . Gerardi, c ontinued in 
1942 and periodically since by W. E. Hale . Well inventories were made 
and pumping tests made; the subsurface geology studied from which 
maps of the subsurface geology were prepared; and the quantity, quality, 
and water levels of all water - bearing rocks studied. 

The Webster County investigation was begun by W . E. Hale in the 
fall of 1942 and was being continued at the end of the period. In addition 
to an inventory of the wells in the area, many sets of cuttings were ob
tained from wells drilled throughout the county. Particular attention 
was given to the occurrence of ground water in the City of Fort Dodge 
well field . 

No mor e county investigations were started before the war years, 
as during th.ose yea r s most of the time was devoted to special investi
gations usually requiring only a short time for military establishments 
and war industries. S u c-ceeding those war - time. investigations, there 
were many requests from cities and industrial establishments £or as 
sistance in obtaining new wells or increasing the yield of existing wells. 
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The special investigations dur mg and afte the wa umbe ed a out 

200 and a egr lar p ocedu e was developed in c onsequenc e . All avail 
able data were assemhled in the office and a ailable ell cu ttings 
studied . T h e only field w ork consisted in colle ting data that c ould e 
readily obtained. Repor ts for cities did not in gene r al re ommend 
specifi locations fo r n ew wells. If the cities ddlled wells, a r equest 
was made for drill cuttings at .5 - fo t. intervals and at changes in fo r m a 
tion. A Survey r ep r esentat.i e was u s ually p resent at p1 mping tests . 

The Su rvey did no test drilling but t .r- o gh a r- ep.r·esentative 
ith c u rrent drilling and obtained cuttiPgs f r om a large numbe r 

Drillers 1 logs were procure d hom alJ of t e drille . s ontacted . 

kept up 
f ells . 

As an aid to the various investigations in the s ate, two state- ide 
pro·ects were star ted : 1) collecti n of p r oduc ti nand permea ility 
data sta r ted in 1943, and ( 2} p r epa r a t ion of pie zometric maps of aquifers 
on. a state - wide asis 5 starte d in an.uar.y 1944. 

So n ·mer o · s w e r e the r equests fo r s pecial inve stigations that it as 
no t possi le d ur ing the peTiod to p ublish c omplete r eports» the pol i cy 
be iPg to devote the time to meeting immediate needs, instead of curtail 
ing that se r vi c e fo r the purpose of preparing finishe d re po ts. 

The d u al control of the Iowa w o r k whereby T . W. Robinson studied 
the hydrauli features and H. G. He s hey of the S tate S u rvey made t e 
geologic s tudies, was discontinued. Mr. Robinson w ent to the A r iz.ona 
Jnves1.igation January 1, 1944 , and M r. He shey e came d istrict g eolo
gist February · , 1944. The C ivil Ser vice te .hni al assistants d uring 

the period were : 

Name P e iod 
--- - - ·--

A. L. D etweiler Fe . 7, 1940 to Feh. 28, I 941 

A . P. Gerardi Feb . 6, 1941 to Ma . 11 p 1942 y 
K. E . Ande rs on Sept. 8 , 19 4 1 t o June 99 944!./ 

w . E. Hale May 5, 1942 to J\ ne 0, 1947 

D. A. Barton Ap r . 1' 1944 t o J ne 30, 1 Q47 

{W . A . E . Sept. 229 945 to July 28, . 946) 

A . F. Agnew~/ De . . i , 1945 to A g. 21, 946 

June 23 1.o 30 , 947 

J. B. Cooper· Sept. 3, i 946 to u ne 30Q 194 

D. A. Morris Oct . 19 lq46 to . une 30, 1947 

~I O n detail from Geologi c Bran . _ 

Y Mil itar furlough; did not retu n to dis tr i t . 

Ethylmae S c:: _ ltz was d istri t clerk beg i ning June 1 q» 944. 

A k D · g the f1· s al yea r s 194 0 to 1 94!1, t e operations were r ansas. ·- ur 1n · 
confi~ed to the 0 servation - well p ogram which wa s an outg owth of t e 
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Grand Prairie Region investigation started in 1928 . 2~y To che .k the 
conclusions reached in that investigation, additional pumping tests were 
made in 1940 and 1941 by L. K. Wenzel and R. G . Kazmann. In making 
the 1941 tests j the well was pumped 32 hours and the discharge measured 
both by weir and by 6-inch orifi e, and well levels c:orrected for baro -
metri , anges . Mr. Kazmann spent some time on the investigation dUJ· -
ing the spring of 1942. The repo t of the Grand Prairie Region investi 
gation was published in 1945 y the Arkansas Agri ultur al Exp riment 
Station as Bulletin 457, 11 Ground - water supplies for r i ce irrigation in 
the Grand Prairie Region , A r kansas . 1 1 The s pring water level ;r:eadings 
of the 411 wells i the rand Prairie Region were ontinued by P r of. 
Kyle Engler of the University, b u tt e Survey helped make the m asure
ments in 1g47. 

The cooperation with the Bureau of Resear h at the Univer ity of 
A r kansas and the city of El Dorado j both effective in the f i scal year 
1945, created a full - time position in Arkansas and t o start the investi
gations, N. A. Rose was detailed from the Texas District O ctober I, 
1945 . As the Bur eau of Research desired to have the office near its 
o n, headquarters were esta lished ad 'a cent to the B u reau ' s office on 
the campus of the University in Fayetteville . Mr. Rose had hardly 
made a start when he resigned in December . F. A . Hewitt was trans 
ferred from the Geologic Branch and came to El Dorado January 10 , 
1946, and R . G . Baker of the Ground Water Division assumed charge 
Ma ch 3, 1946, with headquarters at Fayetteville . 

The first proje c t was a re c onnaissance of the State, started by Mr. 
Rose , to learn the ground - water problems. Collections of samples of 
public water supplies and information on wells, the latter by means of 
a questionnaireg were obtained and that work was continued by Mr. 
He itt u ntil its completion in the fall of 1 g46. T ese samples of p blic 
water s u pplies w ere also desired by the Quality of Wate r Division, the 
analyses of which was a major part of its program. 

Jn Jan ary 1 945, the mayor of ElDorado had asked the Survey if a 
coopera t ive investigation of the ground - water s u pply for the City could 
be made » as the a r tesian head was declining . S . W. Lohman and G. C. 
Taylor made a brief reconnaissance and attended a meeting in El 
Dorado January 8, 945 . M . Lohman outlined the type of investigation 
needed, and the City and industrial users agreed to finance the City ' s 
share of the proposed investigation. Although cooperation became ef 
fective in that fiscal year, la .k of Su rvey personnel made it impossible 
to start the investigation ntil Septem er 1946i when Messrs. Bake r 
and Hewitt could spare the time for it . 

The problem was to determine h w much water was being pumped 
and how much could be pu mped safely . It was a quantitative investiga
tion, chiefly, during which, in addition to the usual geologic study, 

260/ p. 312 ( 1928 - 1939) . 
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well inv entory, pumpage r ecord, a n d h pu mpinj! t ests w er-e made fr0m 
Febru ary t Apr il . <? 4 ' ' £ om whic 1 1 .ompilatj ons of the t ansmissi · 
bility coefficie t., and f.. of the sto age oefficient we J< e mad T e. . e 
theo r eti l.al dr.awdown for a consta t 1"a e of pumpage fo · · d · v a 10us pe :no s 
up to 20 _year s we e c omputed . Sample s f r om 7 w ells w e r e analysed hy 
the Quallty of Wat~er D ivision . The i v es t igat ion 1a s r. ornplete d a Ol t 
the end of the pe nod a n d th.e resu l ts pl.blisbed hy tee B 1.rea of Re ea:rr:l::o. 
a s Research Series No . 14, "Gro n d at r r es01~r ces of the E l D r ado 
area, Union C ounty, A r kansas . 11 

At the mee ing in El Do ado Janl.ar y 8, Q-t.·, t he i y of Crossett 
requ ested Mr . Lo man to make a r eco naissance of the C :r- osse t . a .. ea 
and r ecommend the type of inve s tigation n e Fded. That as done , and 
although o operation was offe red, it cou ld not b e ac epted ntil a year 
later for lack of Survey pe . sonne l. 

T h e i'n v estigation was started in t e: spring of 1 Q4f) . In a d di ion t 
the geologic studies 3 a ell inventor y wit pumpage r ecor ds 9 and one 
p ropin g test were made . A n u np -~.bl i s ~ed r epo r as made o th e C 1ty . 
On. t .. e .ompletion of t h e spe cial inv es t igat ion a:r-o nd C asset , t e in 
ve stigation in less detail was expande d to inclu de the w h ole of Ash ley 
County in hi r.h C r os e t t is located, as the :r.-e a~ e a fe w i r :r.'igation ells 
in i'b.e co nty. T . e field w ork was performed r.hiefly y M r . He i tt. 
The c-o · nty inv estigation, in.cl ding the Crosse tt a. ea, in . lu ded t .e in 
ve t r y of 54 ells, a compilation of I 0 · ell logs , apd pumpage e .ords 
thr or.gh - 94 7. C hemi .al analyses of 2i w ell samples ere made b y t e 
Q ality of W a t r Divi sion. A special study as made oft e Spa r. ta. sand 
whi c h are s ome 2 50 (e ~ t b elow the st. fa .e ad a r e a o t &> 30 fe et t i k. 
It is an impo tant. aqu ife r in n ea .r by cou n t ies t is n ot eing utilized in 
A hl ey Co nty. T e re s u lts of the As ley C nty iP v estigatio ere to 
be pu li shed by n· e Un i ersit.y of A rkansas w i th. t e expectation t at. it 
w ou ld be t.h e fi rst o f a series of C' Ounty inves ·gati ns t o e made hy the 

S urvey. 

As knowledg e of t e g r ou nd .. water investigabons i n the state sp ead, 
inquiri e s from m u nicipaliti es began to be r e c ei ed and y the end of fhe 
period, they numbered about 25. The burde n of l.he u es tio s was h e . e 
was ground- ate r ava ilabl e , and where c ou ld e t.te · u.a li t.y f water b e 
o tained . As it was not possible t make field i v E>s t.igat.ions f t a ll 
inqui x ies, the b est info r mation in the file s as furnished. 

M . Baker c o ntinued in < har ge of the Arkansas ivv estigations and 

had the foli o ing Civ il Se rvice assista ts : 

F. A . He · itt 
V ivian Canfield 

Jan . 0 , i Q46 to .n e 30 . · 947 
Aug. 2.0

9 
J.Q4n tor, ne 30 , 1947 

North Dakota . The s t.ate -wide obser v a t ion - w el l pr og ram sta rt ed i n 
1937, continued~s a WPA p r o ' ect until 1940 9 ·hen i t. be .ame a part of 

tb St t t . r og '~'am That yea marked t e eSl i nning of de -e a e · o per a 1ve p . · · 
tailed investigation s in va ri0 u p a r t.s of the state . 



In the dr ift-covered areas which constitute a large part of North 
Dakota, test drilling is essential, and as the dep th of the drift is ex
tremely variable, many test holes are required, especially as few 
driller ' s logs are available . Therefore, test drilling was an important 

part of all investigations during the period . 

Dur ing the low years of the nineteen thirtie s , many inquiries re
garding ground-water supplies for irrigation had been r eceived, and in 
the summer of 1940, a reconnaissance of 5 areas was made. As are
sult, the site of gla ial Lake Dako ta south of O akes was chosen for the 
first investigation, which was to determine the capacity of the ground

water reservoir and its annual recharge . 

That investigation was started in August 1940 , by W . C. Rasmussen, 
under L . K. Wenzel ' s supervision . Bore holes from 5 to 25 feet de ep 
were dug with hand augers at almost every section corner in the Oakes 
plain and 12 test holes, ranging in depth from 65 t o 06 feet were drilled 
along and across the plain. In addition, records of the 50 existing wells 
were collected. Elevations of the measuring points in the bore holes 
and key wells were determined from USC&GS bench marks, and pumping 
tests on 4 separate well systems were made to determine the permea 
bility and storage capacity. Mechani c al analysis of the well cuttings, 
and permeability tests of the sediment samples covering the ancient lake 
bed were made by the Survey laboratory in Washington. The samples of 
ground water were analyzed by the Q uality of Water Division . A mimeo
graphed report of the investigations was published by the Survey as 
"North Dako ta ground-water Studies No . 4 , Mar h 1947." 

Just prior to the Oakes investigation, the C ity of Fargo proposed 
cooperation for the purpose of determining whether an additional ground
water supply was available in the immediate vicinity. The Fargo in
vestigation was started in May 1940 by A . C . Byers and L . K . Wenzel, 
and was completed in June 1942 . The 5 existing observation wells were 
augmented by 9 test wells drilled by the City of Fargo. Piezometric 
surfaces were developed, and pumping tests made to de termine the 
permeability. Samples of sand and gravel were tested in the hydrologic 
laboratory in Washington, and ll samples of w.ater analyzed by the 
Quality of Water Division. A geophysical exploration by the electrical 
resistivity method was made at 31 locations and at depths of 400 to 500 
feet, but the results were largely negative . 

The investigation which failed to locate a satisfactory water supply 
in the limited area investigated, did indicate greater possibilities in a 
larger area sur.rounding that investigated and as a result, a 2-years ' 
cooperative agreement with the cities of Fargo and Moorhead, and Cass 
and Clay counties was effected . The second investigation was started 
in July 1945; it included the entire Red River Valley in the Fargo
Moorhead a:rea . A. M. Morgan was placed in charge of the investiga
tion and hea~quarters established at Fargo No vember 18, 1945 . As the 
existing weH logs and the geophysical explorations were insufficient to 
determine a geologic cross section of the valley, 10 test holes having a 
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footage of about 4 9 00 feet v., e :r e p t d o n on the J o:r tb Dakota side y 
means of the State - o ed hydra · lie rota r y rna h' . d 1 21 dd' , 1ne, an a e r a 1-
tional tes t h oles were drille d on the Nor th Dak ta s ' d . t d t f th 1 e , . e ep .. 0 e 
holes r anged from 154 to 608 feet and pe et ~ ated h ·t d th . . . . . .e g:r an1 .e un e r- e 
drdt. D · r1 ng the dr1lhng, samples were c ollec e d a t l:i- foo t inter als 
and at recogniz,able changes in fo rma tion. Als o io q4f) 1 q oles .aving 
a tota_l fo tage of ~, 942 feet wer e p t down itb a privat~ly .0 ned jetting 
mach1ne on the Mmnesota side of the riv er. and existi g data fo r t _e 
Minnesota sid e was also compiled . .n th e Far go a :r ea

9 
water level s in 

1 w ell close to the Northe o P acifi trac k s :rea .ted s arply tot e pass 
ing of trains, a n d levels i 2 wells w ere affe ted by tr·e .ompression of 
the till a nd included aq1~ifers u d ue to additional 'lh. eig ) of v. ·a.ter in the 
Red Rive r hannel w en at flo d stage. The r.oeffi ( ient of transmissi 
bil ity was dete r mine d n ot only f om t e pumping tests in l q 40 and 1 q41

3 

but also b ·om a p umping test a t West Fargo uly _q• i q45 . T .. e logs 
of 77 ells were compile d and a o t 'i60 ell s in entoried and p m p ing 
records compiled . T .e result of hoth investigations il l be pu l ished 
as "North Dakota Gr o · nd .. a t er Stu dies No . i i 8 "Minnesota Gr o nd 
wate r Stud ies No . 1, '' and " Minn es ota G , ound- ·a.ter S tudies No . 2 . " 

Co ope r ation fo r the inv estigatio at Dick.inson26J; w a s for the pur 
pose of defining t e a r ea of influence in the single : ell fi eld having an 
a r ea of a b o t 1~ sq are miles, and the capacit y of the aquife r to trans 
mit addi tional q uantities of wate • T e limii:ed funds available did n.ot 
permit extensive test drilling to locate e ll f i eld s nor did t ey pe rmit. 
deep d r illing to test add i tional aquifers at. a g eater dept . To make 
the investigation, T . G . McLaughlin wa or r owed f r om the Kan as 
Di stric t, and A . L . Greenlee mad e the geologi . s t1 d ie • T he field 
work lasted from March 27 o May 6, q44 . T t est h nl es . 142 and 

q fee t deep respe tively, weTe dri lled hyco tract, and levels e:re 
r n to the test h oles ard all existiP.g ells . P .mpiPg te s ts of the i.e st 
holes ere made 8 and da ta on exis ing v..ells furnished y he city . A 
mimeogra p hed report wasp lished y t e ate as "No . th Dal<o ta 
Ground --water Stu dies No . 3, O d ober 1 q A. " 

Following he D ickivs n investigati0 , Mr . M .La \ ghlin made a 
sho r t inves t igation a t Fesse den in May q4 49 ~rhe.,. e t.he r i .y had h ad 
a number of test wells drilled without s t.c(" ess . T e •ell i vent o r y ras 
made and anum e r of ·ells w ere te s ted b y mea ns of a small c ent:ri£1 gal 
p u mp a ttacbed to a gasoline engine 9 w bic sh o e d that t e w ate pH.mped 
came chi efly f r om storage in t e e lls t.he r eunde· • 

As a r es .lt of cooperation ith the City of Minot. a n investigation 
was beg\ n in August 944 b A. M . Morgan o as h o:r_:r owed _hom t e 
Wyoming inves tigations until Novem e , w hen P . D . A m c on.tmu.ed 
the sh dy. Se v en t est olesJ r anging in depth fro m qo t o 3111 feet , w e e 
d illed, logs of 17 other ,; ells, inventorie~ of 1-)8 w e_lls and t est oles, 
and pumpage rec ord ere 0 tained . Deta1le p'l.l.mpmg tests w • e mad e. 

26~_1 p . 209 ~ 



Chemical analyses from 29 samples w e re made by the State Department 
of Health and other agencies . The fi eld work was completed in Decem
ber 1946 . As the princ ipal source of replenishment is the Souris River, 
the pos s ibilit y of artificial recharge with surface water from that stream 
was pointed out as a source of additional supply or development of 
ground - water at other points along the Souris River . A mimeographe d 
report was released by the Surv ey in 194 7 . 

That same yea r, c ooperation with the University of North Dakota 
was effected for the purpose of drill ing a te s t well near the lignite gasi
fication plant of the Bureau of Mines on Univers ity property . After an 
inv estigation1 a test well was drilled by contract to a depth o f 418 feet 
to a hard, white sandstone . That well 1 together with data o n u other 
wells in the area, indicated little likelihood of obtaining an industrial 
supply at greate r depth . Drilling, under P . D . Akin 1 s supervision, 
was started October 12, 1944, and discontinued Nov ember 2 , 1944. 

During this time , correspondence from a great many towns was 
received by the North Dakota State Geologist requesting assistance in 
making ground-water studies for the purpose of determining possible 
sources of ground water for municipal use and on July 1 1 1945, co 
operation was begun with the North Dakota State Water Conservation 
Commission for the purpose of satisfying these needs of the munici
palities . This cooperation was much more substantial than previous 
cooperation in the state . It was proposed that the studies would be used 
as the basis for county-wide ground-water investigation in the state, to 
be begun as soon as the immediate needs of the mun i cipalities were 
satisfied . To the end of the period, however, the demands for inves ti 
gation for the municipalities were so great that no t a single county re
port was c ompleted. In meeting the needs of the municipalities, the 
procedure adop t ed was to make an areal investigation including test 
drilling in the vicinity of the towns, to indicate areas where satisfactory 
water supplies could be ob'tained . The town then drilled supply wells 
by contrac t. After the wells were constructed, pumping tests were 
made on the wells either under supervision of the Survey or the con 
sulting engineer fo r the municipality. 

Under the expanded program, the first investigation was a continua
tion of that at Fessenden11 because of the inconclusive results of the first 
study and the critical need for an additional supply . Test drilling was 
resumed in 1945 , and the geologic study was made by Leonard Fila seta 
and P . D . Akin . That investigation, the results of which were published 
by the State as 11 North Dakota Ground-water Studies No. 1, 11 was likewise 
inconclusiv e and indicated that the only probability of an adequate water 
supply appear ed t o be in the ancient Heimda1-Hamberg valley. A third 
investigation was started in the fall o f 1945 , suspended during the winter 
and resumed in May 1946 b~r Messrs. Dennis, Akin, and Brookhart. A 
total of 38 test holes were drilled to bedrock for a total footage of 5, 300 
fee . The field wo r k was completed in October 1946. The geology was 
mapped and the well inventories brought down to date . As a result, 
Fessenden drilled wells at the points indicated and obtained an adequate 
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The next iPvestigation was that of a small area in the immediate 
vicinity of Mountain, Pem ina County , t ypical of a elt o f h ea. hand 
delta ~eposits that. extend al] along th.e shores of t e glacial Lake 
~g~ss1z. . M r . . Akm started the field,. or k in th.e latteY part of J ly and 
hmshed ea :r ly m A ugust, 194S . All available info .... mation from 19 ex
i sting wells was o tained and 25 additin al tes t hClles v. ere pu t. dow n by 
hand auger. ~amples of n .ttin.gs from all t:b.e zr;, ,. elJ 5 w e re p r e erved 
for study and 10 samples were used in making permeability te sts on the 
sands . AlJ wells were conneded ry lev els and a~ ate"" table map dra ·n . 
From the pe rmeability tests , the slop e of the water tar le and the 
cross - sectional area, an estimate of th e a vailahle g:round ate r as 
made .· A mimeogr aphed repo rt was publish ed 1--y the Surve y as "North 
Dakota Ground -wate r S tudies No . 2, J ne ~ q -!6 . " 

D ur ing th e r emain.de :r of the pe:r iod, ? s imila:r inves tig ations were 
made . 

T he Maddock inv es tigati on was made d :r ing u ne and Tuly 94n, 
during' i h 14 t est holes ith total footage of • , 000 , ere d ri lled . 
The city ( o stn cted a well at the print. indicated, and obtained a go0d 
s pply of ater. At Minnew a ka , 28 test les agg r egatin g l , 900 feet 
w e r e drilled during the field w o r k wh. i h lasted f r om ly o Sep t.emhe 
1946. The inv estigation in this area was not completed at the end of 
the peri d. l n the B xton a :r ea, 7 te st holes totaling 20 3 feet w ere 
drilled d t ing the field investigation A gust to 0 t ober ~ <?46 . C h emical 
analyses of 17 samples Vi. e r e made . A progress -r eport. was issued in 
January 94 7 as "N o th Dakota Ground -water. St dies No. . 11 Du ring 
the Aneta investigation begu n in the fall of 194(, and c0mpleted in 
April q47 , 7 te tholes aviPg a total footage of 300 feet wer.e d:rilled 9 

A progress 'eport was issued 0C" tober i 04 7 as "North Dakota G rour.d

water Studies No. 7. " 

The Sharon investigation as mane i April i 94 7 , during which q 
hand- o ed auge r holes weY e put do ' T' a d 11 test roles t tal i g 800 
feet drilled . A p umping test of tr. e s hod ell •as made . A p.r og:r ess 
report w as i ssh ed D ecember 1947, as "N0:db Dakota G 1: o nd v. ater 
Stu die s No . 8 . 11 Jn estigati0ns in the vidnity Clf Hope ere made d t<X 

ing May and J u ne, 1947. Ten te st ell with a total f o otage of 1, 02 1 
were d illed and ch mi c al analyse s of 1 h samples we e made. A p .r og 
:ress repcrt was issued April 1948 as "Ncn t Dakota Ground ·ater 
Si udies No . 9 . " ln May and June, an inv estigat ion at Por tland as 
made

9 
during whi ch '7 test bo les totaling ~, 400 fee:t w ere d:rilled . l.t 

extended. ~e ond the present pe iod . 

L. K . Wenz.el w·as iP charge of the North D akot.a investigations 
until J ne 940 , hen W . C . Ra muss en as pla ('ed in r ba rg u nde"" 
Mr. Wenze l ' s s u pe rvi sion . He :r·emained n ntil May 3 i , l 042 , wh en 
he ente re d the A rmy

9 
a p d as succe eded Jl ly 13s l 9 42 e hy A. L . 

Greenlee who resigned OdoheY 14~ l q4S. P. D . AkiP "~Aac:; i d : a r. ge 
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until January 24, 946, when P . E . Dennis was transferred f rom Uta . 

Other Civ il Service te chnical assistants ere : 

Name P eriod ---
A . c . Bye s Summer seasons of 1940 and 1 Q4 ~I 
A. M . Mo r gan Aug. 20, 1944 to Apr. 25 , 1947 

P . D . Akin Oct. 5, 1944 to J ne 0~ 1947 
Leonard Filaseta Au g . 3, 945 to Feb . 6, 1946 

H . K. Wold Mar. 26, 1946 to Apr. 2 5, 1947 

D . P . Sheldon A p 0 1' 1946 to June 3 0 , 947 
J . W. Brookhart Apr. 28, 1946 to June 30 , 947 

1 ' I Headquarte r s Washington . 

G . R . Bosard was the dis tri . t cle r k beginning J ly 9, 19 44. 

So th Dakota .- F r om the beginning of the pe :r io d to June 30 , 945, 
except for a special investigation near S ioux Falls, the g r o und-wate r 
wor k consisted in maintaining a State - cooperative observation - ell 
program which ave r aged about 50 wells. The wells ere located 
chiefly in the southeaste r n part of the state as the beginning of a s tate
wide program. At first, the p r ogram was operated by the Io a Offi e 
for convenience , but in 1943 , it was transferred to the North D a kota 
Offi e. 

Sioux Falls obtains its supply from a well field and dur ing the dry 
yea r s, the pumpage from the wells r educe d the flo of the Big Sioux 
Riv er to such an extent that it w as d ry in the vi inity of the •ell field 
and that cast doubts u pon the adequacy of the g r ound - water supply. The 
Army p r oposed t o locate a camp near the city, and t e need for an ad 
ditional supply became urgent, and a t the A rmy Enginee r s ( suggestion , 
the City requested the Survey to make an investigation, offering to co 
operate in its expense and to pay the cost of the test d rilling . The m 
ve stigation w as to determine whether the r e w as s uffic ient. g r.·ound - ate r 
storage in the existing ell field» to wa _rant additional w ells or w e ther 
it wou ld be ne c es s a y to· extend the well field u ps ream. 

The offe r was a ccepted and a r econnaissance made y the G r and 
Forks Offi -e. T e investigation was s tarted in Nov em er 944 by 
G . E . Otton, with some assistance by members of the G r and Forks 
Office . T e st holes in the existing field we r e located , and their drilling 
and the subsequent p u mping tests super v ised . To define the ell field, 
test holes were also located a c ross the valley to the no rth. As a part 
of the investigation, the Surfa ce Wate r Divisi_on made two sets of 
measu rements of Big Sioux iver above and below the w ell f i eld, and a 
measurement of Skunk C r eek . The inve stigation was s t opped early in 
1945, as Mr. Otton entered the Army. As a re sult uf the investigation, 
the city located the additional wells closer to the axis of the valley he r e 
the recharge fr om the river would be greater. 
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During the last two years of the peT 1. od the g d t · , :r. oun -wa er investi -

gation was co rdinat.ed with that of the Mis s our i Rjver Basin· Depart
mental Program and is there described. 

Nebraska .- The state-wide cooperative investigation covered a 
large pa~t of the _Republican River Valley in the fi:rst years of the period. 
It began m June .~ 9 39 and continued through 1942, and tb e field work con
sisted chiefly in d rilling with two State-Federal Sur ey portable hydrau
lic rotary drilling rigs, 734 test holes » which with ~1 drilled previously, 
made a total of 76'5 test holes, ranging in depth from 8 to 319 feet with 
an average depth of about SO feet. Each drilling crew consisted of a 
geologist and two suh-professional employees, divided between Su .~vey 

and State employees. From the logs of the wells, it was possible to 
construct geologic profiles in each county, and to determine the contour 
of the impervious bedrock, and the thickness of tbe water - saturated 
formations in the valley. A preliminary report i 4 parts was published 
by the Nebraska C onservation and S urvey Division as Water Supply Paper 
1, "Ground-water in the Republican River Basin in Nebraska. 11 R . C . 
Cady was in c-harge of the geologic and hydrologi . studies with some 
supervision by· L. K . Wenzel» and continued until he joined the military 
fort.es in Febcuary 1942 . Up to that time, there had been no permanent 
headquarters for the Survey pe r son el engaged on the g:round - water in 
vest igations in Nebraska, but in August 1942 when H . A . Waite was 
transferred from Kansas to take charge of the Ne r. aska w ork for the 
Survey, he established permanent headquar.te:r:s in Lincoln with the co

operating State agency . 

During 1942, Mr . Waite had no Sur vey assistant and owing to th 
restrictions imposed by gasoline and tire rationing, he devoted a large 
part of his time to the cooperative test-drilling program, and in measur 
ing the water levels in t e state - wide observation wells. The ohserva
tion V\lells gradually decreased in numbeJ' from abou "0 0 to 2?0, some 
becoming unfit for observations . The te st - drilling program which as 
stressed during this period , gave a better understanding of the sub 
surface conditions •ith particular emp . a sis on t.he areas favorable fo'l:" 
ground · water development. With the quickened tempo of the ar effo.r t, 
special field investigations and reports ere made in respon se tore 
quests for ground .. wate data for military estahlishments during the 

early war years. 

At the req · est of land owners» a study of t.h.e pump-irrigation p o s
sibiliti s of an a ea of some 70 square miles lying north of O 'Neill was 
made in the summer- of 1944. Jt was a co perati ve investiga.ti n between. 
several agencies including the State B ureau of Irr igation, the U. S. Geo ~ 
logical Survey, the Federal Bureau of Soils, in addition to the State 
Conservation and Sur ey Di ision. Dul' ing the in vestigations» 11 test 
holes, ranging in depth from 3Q to 84 feet were d 7 illed and the geology 
studied together with that of the soils and their. adaptability to i r rigation. 
A report. was published by the S tate as Wate r Supply Pape.r 2. , "Grotlnd
water survey of area north of 0 1Neill , Holt County, Nebra ska Conserva-

tion & Survey Di ision. 11 
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With the star t of the Missouri Basin Departmental Program in 

October 1945, much of the activity was integrated with that plan and ex
panded by it. It is described under the activities of the Missouri Basin 

Departmental Program . 

During the annual convention of the National Reclamation As so cia 
tion, held at the Fontenelle Hotel in Omaha, October 9-11, 1946, the 
Ground Water D ivision joined with the other divisions in having an ex
hibit of its activities . The ground -water d iorama was obtained from 
Washington , together with v arious d iagrams. 

Mr. Waite continued in charge of the Nebraska investiga tions and 

had the following Civil Service technical assistants : 

Name Period 

R . L . Schreurs May 16 p 1944 t o Aug . 2 7' 1944 
R. L . Stribic Oct. 1 p 1945 to June 30, 1947 
M. F. Sunyoke Oct. 15, 1945 t o Nov. l, 1946 
F. G. Schni ttker Nov . 5, 1945 to June 30, 1947 
Ray Bentall Nov. 9 , 1945 t o June 30, 1947 
H . F. Haworth Jan. 21, 1946 to July l, 1946 
R. L. Nace Feb. 12, 1946 to Aug. 12, 1946 
G . D. Jones May 1' 1946 to June 30, 1947 
w. K. Bach July 21 , 1946 to June 30, 1947 
E. A. Duncan No v. 20 , 1946 to June 30, 1947 
J. w . Nelson Nov. 20 , 1946 to June 30, 1947 
F. E. Busch Jan. 20 , 1947 to June 30, 1947 
c . F. Keech Feb. 1 7, 1947 to June 30 J 1947 

Phyllis J. Beckman was the district clerk from August 11, 1943 to 
June 6, 1947. 

Kansas.- The inventory of Kansas g round -water r ·esources required 
test drilling to augment the available geologic data, ·and at the beginning 
of the period, the State Geological Survey purchased a hydraulic rotary 
drilling rig, and the Survey purchased the necessary water truck and 
trailer for the drilling tools . Thus equipped~ test drilling became an 
important part of the investigations. 

So numerous were the separate investigations, usually on the county 
basis, and so uniform the general pattern, that it is unnecessary to de 
scribe in detail each one , even if spa c e limitation would permit. The 
basis of the county investigations was the mapping of the geology; the 
inventory of wells, collection of driller ' s logs, augmented by test drill 
ing for additional information; determination of pe rmeability by mechan
ical analyses of water-bearing materials; collection of pumpage recordsp 
either actual or estimated; establishment of observation wells connected 
with sea level datum and maintained subsequently; and collection of water 
samples for analysis by the S tate Board of Health. In some studies, 
pumping tests by the non-equilibrium method were made m ainly in 
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cooperation with the State Board of Agr i 1t re. T e necessary geologic 
studies were based not only on t e data collected ut also on pre icn· s 
studies in the areas concerned. Wat.er -- table contour maps and depth 
to-water maps were made fo r each co nty. Beginning with the Scott 
County investigation, early in the period. it ecame the practi e to 
show by contours the thi .kness of the satu rated mate r ial, whic h w·as 
the distan e from the uppe r su.rface of the wate r ta le to bedrock . J.n 
some counties, the thickness was too small fo r th a t p r ocedure. When 
completed, the results were published as bulletins b y the State Geolog 

ic:al Survey. 

The magnitude of ea h inv estigat ion i s su m m a rized m the following 

table : 



County investigations in Kansas VJ 
0 
~ 

Wells Obser- State 
Inven- vation Test Water Bull -

County Fieldwork toried Wells Holes Samples etin Author 

Ford Oct . 1938- Aug . 1939 531 37 21 65 43 £!. A . Waite 
Morton July - Sept . 19 39 158 19 11 36 40 T. G. McLaughlin 
Meade July - Sept. 1939; 1940 354 28 24 45 45 J. c. Frye 

Stanton July - Sept . 19 39 147 17 11 36 37 B . F. Latta 

Scott Fall 19 39; Summer & Fall 1940 282 29 23 30 66 H . A . Waite 

Finney & Gray Fall 19 39; Summe r & Fall 1940 543 53 28 55 55 B . F. Latta 

Hamilton & Sept. - Oct.l9 39 ; Aug. - D ec, 1940 320 39 24 48 49 T. G. McLaughlin 

Kearney 

Seward July - Aug . 1940; also 1943 16 2 11 17 18 67 F .. E. Byrne & 
T . G. McLaughlin 

Grant & May - Oct. 1941; Oct. 1942 227 30 30 51 61 T . G . McLaughlin 
Haskell 

Kiowa Summer 1941 101 7 18 30 65 B . F. Latta 
Jewell Aug . - Nov . 19 41 250 52 11 36 V . C. Fishel & 

H. A . Waite 

Steven s July - Sept. 1942 129 9 9 26 61 T . G. · M cLaughlin 
Thomas 6 wks . Summer 1942; 2 wks . in 115 10 29 24 59 J . C . F rye 

1 9 4 3 ; 1 wk. in 1 9 44 

Republic & Summer 1942 291 9 " 113 51 73 V . C . Fishel & 
N . Cloud S . W . Lohman 

Pawnee & Summe r 1944 & 1945 360 9 133 71 8 0 T . G . McLaughlin 
Edwards 

Norton July - Aug. 1945 285 15 64 45 J. C . Frye 
B a rton & 3 mos . 1942; 3~ mos . 1944 382 2 1 106 95 B . F . Latta 

Stafford 
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In addition to the count1' 1· t d · . · es Is e 1n t.he preced1ng tabl · ·1 · 

t
. t' . e, Slml ar lU -

ves 1ga 10ns were made m Barber Kingma d R. C . ' n , an 1ce ounhes, b u t as 
the reports were not completed the deta 1·led · f t' . . ' 1n o r ma 10n 1s not avail -
able . 

The in .. estigation of Republic and Nort e r n Clou d Counties listed on 
the preceding table was made at the r equ e st of the B u reau of Reclama 
tion :'hich, in c.onnection with its surveys in the Republican Riv er Basin, 
was mterested m the feasibility of i rrigating some of th e a ea from 
~round water. Preliminary sur veys by the B\· r ea , including t.he drill _ 
mg of .S test holes, had indi c ated tr .at possibility. 

During the war years , the :r egu la r p rogram wa s interrupted by the 
necessity for making numero s but brief investigations of small but ex -· 
tremely important areas . A few of the mo r e important are desC'ri ed . 

The first was a brief reconnaissance of g ro nd -water resources 1n 
southeastern Kansas and adjacent areas in Missouri and Oklahoma, 
made at the request of the Kansas State Chamber of Comme r ce . It s 
purpose was to obtain a geologi c r eport n g r ound -- water resou r .e s of 
that area for presentation to the Wa r Department.8 in connection wit} ·a 
proposed series of integrated defense plant s requiring large ground 
water supplies . The reconnaissance was made by G. E . Aberna t y , a 
State employe, early in 1941, and was based chiefly on info r mation 
obtained from various so rc es in that a r ea . The report was p u blished 
in Bulletin 38 , 11 1941 repor ts of studies. 11 

· In Janu ary 1942 , the a r chi t ec t- engine e r team c: onstru t ing the 
Kansas O r dnance Plant n ear Par sons , r equested th e Survey to cooper 
ate in making test borings at proposed dam site s along the Neosho 
R ive r, and also in making an investigation fo r a possible g y ound -water 
s upply in the Neosho River Valley; s u s i stence for the d r i lling c rews 
was to be fu r nished as well as the additional labor required . T h e in · 
v es t igation was made by C . C. Williams . Du ring the field work, h i 
la s ted from January 15 to February 9, 1942, 8 test holes were drilled 
at the proposed dam sites , 4 observation wells estahlished, and a p u mp 
ing test on one well lasting 98 hours, made by the contractor unde r Sur
vey superv1s1on. For that test, 7 obser vation wells we r e drilled n ear y . 
Both the equilibrium and non - equilibrium met hods w e r e u sed in com · 
puting the results, and those were found t o be in substantial ag r eement. 
To obtain additional data fo r the water - table contour map. 18 holes in 
the alluvium of the r iver valley we r e bo r ed by hand auge r in Oc tober 
1942 . The resu lts we r e published as Bulleti n 5 2, part 2, 11 Ground -· 
wate r conditions in the Neosho R )ve r Valley in the vic in ity of Par son s , 

Kansas. 11 

As an aid in solv ing g r ound - wat e r p r oblems d u ring th e ~ ar y ears, 
S . W. Lohman and his staff in 1942 prepared a r eport calJ ing a tte ntion 
to the availability in Kansas of large grou nd - water s upplie s of satis · 
factory che.mic.al quality for many national defen se industries. The r e 
port also contained a chapte r on sur fa .e wate r s u ppli es y the S u.rface 
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Water Division. A companion :r ep r t ,alled att.e tion to the large quan 
tity of ground water of good quality in south - centr al Kansas . Both re
ports were published as Bulletin 41, "1942 reports of studies. 11 

An investigation of a 7 - mile a r ea of the Kansas Ri v er Valley m the 
vicinity of Kansas City, K ansas, although not specifi ally equested b y 
war agencies , may be considered a war- time a ti ity. The steady in
crease in the demand on g r ound water in the area was sha rply acc ele 
rated by the increased use by old indus t ial plants, and still more by 
many large new war plants . The investigation w as starte d in July 1943 
by V . C. Fishel , who spent 2 months making a ell inventory of a bout 
110 wells and gathe ring othe . available data . T h e outstanding fe at'u re 
of the investigati'on was the pumping tests made in J anuar y n· - F eb r uary 
1944 by the Army Engineers in which the Survey participa te d . Not only 
was a well drilled solely for the pumping test, being filled in later, but 
38 nearby observation wells ere also drilled . A series of 1 8 tests 
were made . The results of the investigation were published as Bulletin: 
71, "Ground-water r esour ces of the Kansas City, Kansas area . " 

Similarly, an inve s tigation in th~ Smokey Hill Valley, in which two 
important military es ta lishments and several importa t cities were 
located, although not specifi ally requestedp was a ar - tim~ activity 
as its purpose was to obtain the ans er s t o questions w hich were cer
tain to be asked . It wa·s made c . iefly during the summer of 1943 by 
B . F. Latta . The nature and thickness of the water - bearing material 
was d etermined , invento ries mad.e of 98 wells, and samples from 5.5 
wells an~lyze d . During the following w inter, 109 test holes were drilled 
and in the spring, the Bureau f Re clamation co pe r ated in putting down 
11 small observation wells. 

A simila investigation of the A rkansas Valley in Sumner and 
Cowley Counties w as made during 1943 3 hy C . C . Williams, which m 
chJ.ded drilling of 143 test .. h oles and ollection of 43 a ~er samples for 
analysis . The inf9rmation obtained as furnished the Wa r Production 
Board and oth er agencies , iTl c onnection with the location of war indus 
tries. 

Several investigations ere not classifiable as County investigations . 
The first was a b r ief investigation made b y J . C . F ye in At hison 
County in June 1940 8 at the r equ est o f the agricultur a l agent . .A ·pro 
longed drought d· ring the w inter and spring had c: aused s e rious defi 
ciencies in rural water .su pplies , and additional areas fo r ground ·- w ater 
supplies w ere sought . The second inv estigati on was tha t for a ground 
wate r supply to replace the sur face water supply fo r the city of Lawrence, 
made at the r equest of the C ity Wa ter Depa r tment . It was made by S . W. 
Lohman . Dur ing the field work, w hi h lasted from October 30 to Decem
ber 23, 1940 , 29 test wells were drilled . well inv·entories from 16 wells, 
mechanical analyses of w ater - bearing material , and water samples f:r·om 
34 wells analyzed. Both r epor ts were published . a~ Bulletin 3 8 , 11 1941 
reports of .stu dies. 11 The thi r d investigation was that of the oil-field 
areas in Russell a-nd Ellis Counties , made by J. C . Frye a d J . J : Brazil, 

\) 



307 
a State employe, in t ~e u mme 1' of 1 o -t • 0 if r- ops o f the ater _ earing 
formations ere stud1ed and thei tr ir kness measured; 7 te st ,oles w e r e 
drille d; 2.32 ells were inv ent o ied, and samples from t .. em analyzed 
fo ch.l~ride ontent.; and me chanical analyses made of ater-bearing 
fo r mations . The re s ults ere publis ed as B ' ll et1·n 0 ''G . d t . . . . · ' , .rr ou ·wa .er 
m the 01l - fle ld areas of E llis and Russell Co ties , Kansas ." A n in -
ve~ti.gation wa s made in l q44 by T . G. M La~ghlin at t e r eq . est of the 
ofhe1als of R u ssell fo t.he purpose of de termining v.. ether a satisfacto ry 
ground-waters pply was availa le. As the st rface - ~ ater supply was 
c ontaminate d by oil -·well bri es through t.nde"'grot.n d pe rc olation, the 
r esults ·ere inclu ded in "Ground -· water s upplies at Hays , Vi<-tor ia, 
Walker , Gorhama and Rus ..;; ell, Kansa s. " A small oil field , known as 
the Whe lan po 1 i Rar er C o nty , was a potentia l so :r-r e of contami ·· 
nation, and the State Board of Health reqt..es ted an in vesti ga t ion of a 
s mall area in tb.e lower part of Elm CrePk Valley to determine the ex 
tent of oil - br i ne ontamination in the g r o\.nd water . C . C. W illiams 
and C . K . Bayne, a Sta te emplo e , made ih.e investigation fr om A gust 
1 t o Sept ember 12, 194S, d r r ing •h ich 2 'i test holes w ere d r illed,' 48 
w ells indud ing the test oles in en t o hed, a d 'iJ samples c o ll ected for 
analysis. T e re s ults w e r e pu b lished as Bulletin h4 , p t. 3, "Ground 
water con di t i ons in Elm C r eek Valley, . Ba:r h e r C un ty, Kansas. ' 

In the fall of 194~, a inv es tigation of the A kansa s Valley in t .e 
viciPity of H ut his 0 n w·as made h y C . C . Williams a t e request of that 
city. T e Ci ty c ontracted for the d rilling of 32 test h oles under Sur · ey 
s p ervision , and the S urvey drilled 7 additio al ones . Re c. or ds from g t, 
test ales and ells» and pt mpage re OY ds , ere .ollec ted ; mechani al 
analyses of water -h earing material as made for pe o:- mea i lity ; a nd 
geologic studies ere made. Chemi c al a alyses of h 3 a t e . sampl es 
w ere aLso made. T e es lts e re pu lished as .R · lJ et.in 64, part ~~ 
"Ground -w ater < onditions in A kansas R j ve Valley in H-e vi inity of 

Hutchison, Kansas ." 

The B ur eau of Re lamation was ma~ing a study fir igation po ssi 
bilities in Kansas

9 
and in c onne tion with t . e p ropo sed Cedar Bl ff 

Reservoir , is ed to know whether t e p resent and futu e needs of the 
towns of Hays , V ictoria , Walker , GorhamD and R u ssellD c ould e sup 
plied y ground wate r 

9 
or whether p rovision m u st be made to Ltiliz,e 

res ervoi water . The Survey w as requested t.o make a.n investigation 
as a part of the Missouri Basin-Departmental P r ogram. lt was made 
in April yq40 by B. F. Latta, w o supe r ised the d r illing of 27 test 
h les

9 
and made the u s al well inventory . As a esult o f the inves tiga

tion, it was concluded that large s pplies of ground ater do not exist 
in the area. T e . eport wa s published as B u.llet.in 76 , pt. h, "G ·o n d 

ater supplies at Hayss Vic toria. , WalkeT, Go:r ham , and R ssell, 

Kansas . " 

Throu g h the d es ,ription of tr. e variot. s yea:rs ~ investiga tjo n s a r e 
found refe :r enc es t o the so - called "equus bed "whi _ rover a hr o a d a r ea 
between the Smokey Hill and Arkansas River Valleys. T ~at fo r mation 
had long he en c onside x·ed as a poss i le nP~ sou·r ce of supp ly for W ir hit.a 9 
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the largest city in the state, whose ground - water supply on account of 
its poor chemical quality was unsatisfactory . The investigation made 
during the previous period26;y had resulted in a new well field in that 
formation 20 miles northwe~t of the city, first used in September 1940. 

The study for Wichita's new supply covered only a part of the im
portant formation, and the investigation of the "equus beds" was con
tinued during most of the period; not being confined to one or two 
counties, it was not classed as a county investigation. All of McPherson, 
nearly all of Harvey County, and smaller parts of Sedgwick, Reno, and 
Marion Counties were included in the investigation made by C. C . 
Williams and S. W . Lohman~ which was concluded in 1946 . Inc-luding 
the results of the Wichita investigation, detailed g~ologic stu( .. e s of the 
various formations in the area were made, 720 wells inventoried, 161 
test holes drilled, and the logs of those wells and test holes collected; 
in addition, 229 chemical analyses of ground waters were made. The 
report which also contained a geologic map, water-table contour maps, 
maps showing lines of equal change in water level on several dates 
from June 1940 to October 1944, cross-sections of the area test drilled, 
and a map showing distribution of chloride in ground waters was pub
lished as B ulletin 79, "Geology and ground-water resources of a part 
of south-central Kansas, with special reference to the Wichita municipal 
w<:tter supply.'' 

During the period, the observation-well program was increased 
from 1a:1 ·wells to about 500 wells, 12 being equipped with recorders. 

S . W. Lohman was in charge of the Kansas investigation until August 
14, 1945, when he was succeeded by V. C. Fishel, who came to the dis
trict August 10, 1941. 

Other Federal Civil Service technical personnel : 

Name Period 

H. A. Waite July 1' 1939 to July 31, 1942 
J . c. Frye July 1 , 1939 to Dec. 31 , 1941 1/ 
W. W. Wilson Apr. 1 7' 1941 to June 30 , 1947 
c. c. W illiams Oc t. 25, 1941 to Apr. 1 , 1947 
B. F. Latta July 7, 1942 to June 30, 1947 
D. W. Berry Jan. 21' 1946 to June 30, 1947 
T. G. McLaughlin Apr. 2 7 J 1942 to Sept.30, 1945 
A. R. Leonard Feb. 2 , 1946 to June'30, 1947 
M. H. Rush, Jr. Apr. 12, 1946 to June 30, 1947 

,------~ 

The district clerk was Mrs . Ruth Wilson until February 1942, Mrs. 
Fern Ashby until September J 9, 1945, and Mrs . Wilma Howard for the 
remainder of the period. 

26 2 I P. J 2 J: ( 1 9 2 s - 1 9 3 9) • 
'----- 1/ Accepted appointment with State Geological Survey . 
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. ?klahoma. · Of t e three co n 1 ~ es c omprising the Panhandle inves -

hgahons, two had been rompleted during the pre ·0 · d Th · . . . v1 us per1o . e 1n · 
veshgahon of Beaver County was started in .. uly lq'3q and like those in 
the o.ther two c~unties~ it inc.luded a study of t e outc- ops of water -· 
bear1ng formations and an inve to y of 82Z w ells t'-- · · t 

• 1 r: e measur1ng po1n s 
for wh1ch were connected with sea le el dat• m E t f t · . .... . cep o r cer an; 
geol~g1c. features ~ the investigat ion was ompleted and the geologic 
stu~1es 1nterrupted by the war, were not c ompleted during the period. 
Unhke ~he later investigations , those tr ree we re areal su:r v eys, as 
funds were insufficient for quantita ti ,, e s tudies. 

Although a number of in estigations destined .o become connty 
wide were started, the necessity fo r making spe<.ial studies andre 
ports during the war years pre rented the ompletion of any additional 
county investigations during· the period . 

In 1939, as a result of inquiries from City officials and others 
interested , an inventory of the wells and pumping records in No r·man 
were made , a fe pumping tests made , and a report made to the city. 
In the fall of 1942 , two large navy bases e r. e established, one north 
of the city and one south of it. Bot e e pu mping from the same 
g round-water reservoir, with the re s ult that the water levels in t e 
Norman ¥ ·ell field between the two navy base w·ell fields dropped early 
200 feet within a year. The City of Norman ished to drill additional 
wells and the WPB requested the S rvey for a report . Early in 1944, 
the Su rvey made a dozen pumping tests on \veils a t both navy hases and 
in Norman , and a o t. '>0 water samples w ere analyzed. As a result, 
the C i ty drilled additional wells and obtained a larger Sl pply. The 

ells inv estigated we re all in the Garber sandstone and Wellington for 
mation. Jn the same a rea, an investigation of the possi ilities of the 
alluvi1 m in the Ten M ile Flat area oft e Canadian Riv er Valley was 
made for t he Navy . l n addition to a ell invent ory, a pumping te st w as 
made and h wa te:r samples analyzed. That inv estigation as consider ed 
the 1:-eginning of the Cleveland County pr o j e t. 

n J ly l 94 , an investigation of the underflow in t e Nort.h Capadian 
Valley a h o v Oklahoma City as star ted . The Oklahoma Planning and 
Resources Boa d was considering the adjudi ation of the water r ights, 
and wished to know whe ther the underflow ~ as sufficiently larg e to e 
considered . By hand auger, 2 w ells v.. ere p ut down and the observation 
from those, together with observations from a few existing wells, made 
it possibl e to plot the ground - water contours; 35 test oles totaling 2, 000 
feet were drilled by contract. Several pumpi g tests on El Reno c i t y 
we lls were made and the permeability also dete rmined in the lahorato :r y, 
using variable-head apparatt.s . The investigation, completed in 1943 , 

showed the under flow to be relatively small. 

A criti .al situation was developing in Oklahoma C ity in. 1943. A 
large airbase and an airc r aft manufactur ing plant ou tside tl'>e r ity had 
t eir own supplies, bu t the large influx of workers liv ed in the city and 
were dependent on the c ity supply . T e city re se v oir as nearly empty 
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and as plans were made to drill addi tional w el s » the WPB requested 
the Survey for an opinion as to the adequacy of those plans . A r econ
naissance survey was made, including the installation of a recorder on 
one well t o check the drawdown, and a report made that the plans were 
satisfactory. Perhaps it was fo rtunate for the Survey ' s reputation that 
soon afterward 9 hea vy rains replenished the storage supply. 

The Ottawa County investigation was started in 1944 as the result 
of a WPB request . The C ity of Miami was d rilling wells for the Good 
rich Company Tire Plant, and the S urvey made .an investigation to de
termine whether sufficient water for the plant could be obtained. The 
city had just completed drilling the wells , and 5 pumping tests on them 
were made. These tests s h owed that the full amount or igina J..:. y required 
could not be obtained from the wells . Accordingly, the requirements 
were reduced and methods of reuse of water were installed. A well in 
ventory of the area was made and water samples collec ted, and the in - · 
vestigation was expanded to over the e nti re c ounty . It was in progress 
at the end of the period . 

During 1944, the Ground Water Division was calle d upon to p repare 
a section on Oklahoma ground-water resources for the publication 
"Oklahoma Water, " being sponsored by the State ~ and had a separate 
allotment for that purpose. 263/ To ohtai,n information on an important 
aquifer for which the data we~e in~dequate, a pumping test to dete~mine 
the transmissibility was made, and inventories of a number of public 
ground-water supplies were made to supplement the inventories furnished 
by the WPA, the more important of which were checked. 

With an increase in personnel, it was possible t o start the Grady 
County investigation i n August 1945 . It was a study of an important 
aquifer in a region where the · surface water supply is s c anty and of a 
very poor quality . While the investigation was in progress, the Ci ty 
of Chickasha in the spring of 1946 was looking for a better water supply 
than that from the Washita Rive r . The Sur v ey made pumping tests on 
the airport well, and on a well at Ninnekah~ a few miles distant, on the 
same formation underlying Chickasha , b ut neither tests showed sufficient 
water. The county investigati on was r esumed and considerable geologic 
mapping was performed. The investigatipn was in progress a t the end 
of the period. 

Four investigations not resulting in c ounty reports during the period 
were made . One on the special investigations being made for "Oklahoma 
Wate r " in 1·944 was near Tipton where a pumping test of the irrigation 
well at the So~thwestern Cotton Substation was made . From logs fur
nished by an oil company, a grave l - f illed c hannel in the terrace deposits 
in the Tipton area was partially mapped . As that town was searching 
for an additional supply , the Survey advised test drilling an area to the 
westward where the c hannel should be. The test drilling confirmed this 

263/ p . 21- . 
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. . The City of Duncan t at same year requ.ested elp in finding an ad 
dltlonal supply. The Survey made pumping tests and found t .e < oefficient 
of transmissibility so lo'' that anott. er sour( e was advisahle. The only 
other kno n grot nd -· ·ater SO\>rc.e was test drilled ard an u st sperted 
shale fo-r·mation was ePcounte :re d wh.i< h ,~~: · a., also 1 PS\,itable. The city 
finally had to turn to a lake supply . 

The construction of the Altus Luge t Reser '< oir by the Bureau of 
Reclamation made it necessary to drain the reser 1oir supplying ater 
to the City of Altt1S. The reservoir ~ becat, se of the drought ir:> lQ43 , 
failed to refill, c.reating a critical shortage of water in the c ity and at 
the Army Ajrbase. The Air ase, needing a water supply, requested 
the Sun, ey to investigate the available supply and S vvells were d . illed . 
Pumping tests were made apd the snpply was found to e of ery po r 
quality and limited iP amount . Soon afterward, fortunately, the critical 
situation was r elieved y rains whit h replenished the city s storage. 

The final investigation was for the City of Durant, made in the fall 
of i g4t). Desiring to change from a surfa e water supply to one fr0m 
ground water, the city drilled 7 wells and t .e.n asked the Sur ey to in 
vestigate. ThreP. pumping tests were made ~hicb indicated that the 
supply was sufficient. 

In addition to the requests leading to the special iP v estiga tions de
scribed; there were nearly 500 inq iries from munir.ipalities, indus
tries, and individu.als. The others were answered y letter, giv ing 
such information as was available, or by brief reconpaissance whe:re 

necessary. 

S. L. Schoff v;;as in charge of the Oklahoma inv estigati0n, except 
during his milita y furlough from July 17, · 942 to April 29 , 1 Q4A , vc•hen 

E. W . Reed carried on . 

Other Civil Se vi ·e tec:hnical assistants were · 

Name Peri0d 

Thomas McCauley, Jr. Sept. ~o. 1Q41 to De c. 20, g41 

E. w. Reed Jan. 9 , lQ42 to Jt ,ne 30 . 1947 

D. w. Sc acht J ly l, 1 q ~2 to Sept. 2t), 1':142 

c. L. Jacohsen O<t. s, 1942 to May 20 , 194'1 

P. K. Suthe ." land De<. 27' 1Q4~ to May 23, 194~ 

G. L. Oakland Sept. li$ l Q44 to De c. c;, 1942 

Texas ._ At the egi ning of the period, t ere were fi ve proiects 
under investigation, the High Plains Investigation, t . e Pecos R1ver 
Joint Investigation, the sperial iPvestigations in the Ho ston Galv eston 
area, the state ··· wide investigation by counties, and the ol se rvation ,N·ell 
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program. As Texas was an a rea oi intense war activity, both by mili
tary and industrial establishments, pra _tic ally all the time of the entire 
personnel during the first t o years of the war as devoted to answering 
the many requests for information, inv olving in some instances special 
investigations and pumping tests. With the exception of the Pecos River 
Joint In estigation, which was dis continued early in the period, the pro 
je ts that had been started in the p re v ious period ere c ontinued . Two 
new projects were started, one to c ollec t basic da ta for all publi c-water 
supplies in the state, and the other, an inves t igati n of the Pe c os River 
Valley to bring do n t o date the da ta that e r e ollected during the 

Joint Investigation. 

The Pecos River Joint Investigation 2~/y in the Texas p o J 10n of the 
Pecos River Basin included ground -water investigations whi h were 
star ted in July 19 39 by J . W . Lang and P . E . Denni s, under A . N. 
Sayre : s general supervision, and the field work was c ompleted in 
December 1940. An inventor y of some 900 wells and springs was 
made and a study made of the drillers ' logs of wells drilled for tests 
for oil and gas. In the irrigated distri cts» about I, 200 auger holes 
were put down and readings of the water surface in them were taken 
at regular intervals, and the relative elevation at the s urface of many 
of them were obtained either by spirit leveling or barometrically. Maps 
of the irrigated distri cts were compiled, showing the areas of different 
depths to ground water and the slope of th~ water table, and a limited 
amount of geologi .al work as performed. A report c o v eri g the inves
tigation was prepared by C . V . Theis , A . N . Sayre 8 and others, was 
published by the National Resou rces Planning Board . 26!./ 

Perhaps the most important, and c ertainly the most intensive, m 
vestigation during the period wa s the se c ond phase of the Hous t on in 
vestigation, started in the fall of 193 8 . The first phase of the investi 
gation in the Houston area, whi h was completed in 1933, had indicated 
that the ground - water supply was sufficient for immediate needs at that 
time . However, early in 1937, the pumpage was increased about 40 
percent when new wells near Pasadena were placed in operation, and 
the decline in wate r levels was so rapid that fear was again felt for the 
adequacy of the ground - water reservoir. The City of Houston contrib
uted $5, 000 to the cooperating State agency for a second investigation 
and that was started in the fall of 19 38 by C . R . Follett and N. A. Rose, 
with headquarte r s established in Houston . In the spring of 19 39, W. F . 
Guyton was assigned to the investigation, and remained at Houston until 
the fall of 1941 when he was assigned to a special investigation in the 
Lufkin-Nacogduches distr ict . 

The field operations included the expansion of the observation-well 
net of 82 wells of the p revious investigation t o 185 w ells; bringing the 

264/ P• 15. 
26?J/ The Pecos River Joint Investigation : Repor ts of the Participat 

ing Agencies, June 1942. 
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p revious w ell in" ento_r~ 1,p t date h y i c l ding nev wells , g1vmg a to al 
of 1 • 0 1 8 wells; omp1lmg re rds of a b o t ·300 d r illers 1 logs and a out 
200 electrical logs f wells that had e en d 1"lled b ·1 · · t y 01 compa n1es w . e 
general area; and making pu mping tests in 21 c ity ow ed well • An 
important part o f the new work c onsisted of explo :r.at ry drilling in ne · 
territor-y, during whi .h. t e City, e i.ween Man 27 , 939 and At .. g u st 
19 39, unde r S u rvey super v ision, drilled 13 deep te s t ells 5~ inc es 
in d iameter, ranging in depth from 360 t o 2D 000 f e ei. T e ·ells w ere 
electrically logged and the g r ap _s thus ob ta ined e re compar ed wit the 
d r illers 1 logs . and the d rill c.o r es and dr ill- stem sand samples from t e 

ells ere mec anic.ally analyz,ed . J. n the fa ll of 19 3Q, pumping tests 
were made in l i ity - o w ned ell s , t. n cter the di r e ction of C. E . Jac ob , 
to dete rmine the coefficients of tran smis s ih ili ty and sto age of the water
bearing beds . In addi t i on, 46 shallow test w ells in groups of 2 to 6 wells 
ea h., were put down in t e out(' r op area, and wate r levels in them were 
measured r. egularly in on . ection ith studies of r e c har ge . F r om avail 
able data , g eologic p ofiles of the grou nd -w ater r ese rvni r w er e prepared, 
as was also a map s owing the app r oximate altitu de of wate r le v els in 
wells dra ing from the most heavily pu mped sands . A stu dy o f the lo 
cation of areas o r beds of sand containing s a lt water was made . Sam 
ples of water from some 60 selected w ells e r e taken t •i c e a year a nd 
analyzed by the Survey in the A u stin laboratory. The sec ond phase of 
the investigation was c omple te d in 1940 and the r esults ere pu lished 
as Water .. S u pply P aper 889 - C . A c ompanion paper des cr ibing t e ex 
plorator y drilling and studies made in c onnection t. e :r e \\ i th was publ i shed 
as Water-S pply Paper 88Q - D. The r e o r ds. of ater le ·el s in t e ohse r 
vation wells and of pumpage were c- ontinued . 

The Ho stan area was a n important cente of wa r a tivity, and 1he 
heavy draft on the gro1 nd - wate r as lo er ing t e a t e r l evel t o the 
point here the War P r. odu ction Board ecame ala r med over th e e ff e t 
of the de line in at.er le els on the operat ion of the existing ell s 9 it 
refe r ence to the depths bela 1 th e land su fa r e at whi h t _e pumps we r e 
set, and the capa ity of the e l ectric motors for t1).e pumps. Jn m o s t 
wells, the depths to pumping levels were u . known, and infor mation re 
garding the a acte r of the pumps a nd posit.i ns of the pump owls ·a s 
needed . The Survey was requested to make an i vestigation, 1 ich as 
done by N. A. Rose and W. T . St .a .tt dur ing t .. e pe r iod F e b r u.a r y to 
April I Q43 . T a t investigation as o n c erned . i th the pu mp s e ttings 
and the p umping levels, and th e data c olle ted w e r e mo e detailed in 
that respect t .an for any othe city in t .. e United States . 26!:/ A rep ort 
co er ing the investigation as made t o the War.. P r odu tion Board. 

Jnve s tigations , chiefly of a r outinE> ~,.; tu r e , w e :r e co~tin ed in th e _ 
Houston area, d uring bich t . e observ a11on ¥< e ll s er e 1ncrea s ed to 24 1, 
and sample s from 30 selected well s w e -r-e c ollected a nd a~a-lyz. ed annu a lly . 
Jn Novemb er 1945, p u mping te sts ' ere m ade on 6 ells dnll e d y t e 
city in i ts new s ou thwest ell f ie ld . By t.sing the a e r a ge values o f 

26?_/ Unpublished repor t on a r· a r k of the Ground W a ter D i i s ion. 
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coefficients of transmissibility and storage obtained from the tests, 
computations of future water levels to be expected under various as
sumed rates of pumpage were made . From December 1944 to Septem
ber 1945, the field operations were directed by N . A . Rose, assisted 
by W . H. Alexander, Jr . Mr . Rose was transfer r ed to Arkansas and 

was succeeded by J. W . Lang . 

Perhaps the second most important investigation that was made 
during the period was in the Galveston - Texas City-B aytown district 
which had been started in 1930 as a par t of the Houston investigation 
and discontinued with that investigation when funds were no longer 
available. Like Houston, Galveston be arne concerned about i.ts 
ground-water supply, owing to the increased draft by indus h y center
ing about Texas City and to its own in reased pumping from the Alta 
Lorna well field, all f r om a common grot nd - water reservoir; and in 
19 38, the City contr ibuted f:unds to the State agency fo r a resumption 
of the cooperative investigation . T he investigati on included an inven 
tory of 726 wells, an observation - well program of 15 wells, compila
tion of pumpage records, and a test -well drilling program which was 
done by the city . The City of Galveston, u nder Survey supervision, in 
1941 drilled 4 test wells ranging in depth from 940 to 1 , 221 feet in the 
vicinity of the Alta Lorna well field , and in 1941-42, drilled 12 test 
wells in an area north and northwest. Pumping tests were made. As 
a result of the latter exploration, the city drilled 6 wells from which 
most of its supply was later obtained . The new city wells were com
pleted in 1942. 

There were many smaller investigations which are described some
what briefly . In August 1941, W . L. Broadhurst moved his headquarters 
from Plainvi ew in the High Plains to Longview in northeastern Texas, 
and during the ensuing year , devoted most of his time to ground - water 
studies in the lat t er region. He made detailed investigations of the 
geology and the occurrence and de velopment of ground wat.er in Gregg, 
Harrison, and Marion Counties, and described the results in manuscript 
reports which later were mimeographed and are to be published as water
supply papers or contributions to geology . Each of the reports in 1udes 
a section on surface water by Seth D. Breeding. Preliminary investiga 
tions, including water well inventories, we r e made in eight additional 
counties , of which five were covered by Mr. Broadhurst and three by 
Mr. Follett. It was planned to follow the preliminary work in these 
counties with more detailed studies but this had to be abandoned because 
of the urgent need for ground - water investigations, requiring the serv
ices of both Broadhurst and Follett, in other parts of the State--investi 
gations which were largely connected with the War effort. 

A second investigation was started in the Lufkin area by W. F . . 
Guyton in 1941. The fi r st inve stigation in 1936-37, described in Water 
Supply Paper 849, ad shown that the Carrizo sa.nd offered opportunities 
for fairly large scale development. Following that investigation, the 
City of Lufkin drilled a well t o the Carrizo sand for its public supply, 
six wells were drilled to the formation by the Southland Paper Mills, of 
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hich five were put into ope r a tion, an.d plans , e .r e made by the city c.£ 
Na c ogdo ches to put down a dditional well s to t e san d . 

The ear lier studies and s u bs eqt.e t dr illing operations ad sho n 
that the Carr izo sand was of wide oc t..rr ence , hat it was fairly nifo m 
in thickness and c har a cte r, and that it h ad k no n a r eas of 0 t c:r op . The 
aquifer , theref o re , seemed w ell a dapted fo r study b y means of the T eis 
non -eq u ilibriu m f o r mula . n A ·gu s t and Septemre 1g4 ·· , seve r al 
pumping tes t s we r e made on their atte r y of ~ ell .hy t e S out land 
Paper Mills . The results of these tests ere analyzed by Mr . G yton 
and the coefficients of transmissi ili1y and storage ere de te mined . 
With these figur es and appli< ation of the T eis for m n la estimate s e e 
made of the d :rawdowns to e expected in the ells themselv es and at 
varying distances from them as a r es ult o f coniinuing p u mping at the 
current rate , and fo r varying inc reases in the cur r ent :rate. T he r e . 
sults were summariz ed in a r eport by M . Guyton w i c h w as re l eased 
in manus c::r ipt fo rm in De cem b e r i 941 , and was p blis e d in the Trans · 
actions of the American Geoph s ica! Un i on fo -r t 94 2 . 267j Later, when 
the estimates of d r a do ns w ere c ompa ed wit the tr- e d r a downs , 
shown by m e asurements in wide! spac e d o servation ells , the 
average difference was found to b e c omparitiv ely small. 

During 1941 - 43, considerable a ttention was given t o the Sparta 
sand in va r ious parts of the ter r itor y betw een Lufkin and Nac o gdo-.hes. 
The outc rop of the sand was st died by M r. Rose and a ( ons iderable 
number of tes t w ells wer e put down and pumped unde t. .e partia l di 
recti n of Guyton and Rose . The r esults of the in es t igation t o the 
fall of 1 43 V\,er e released in November 943 jn a manu script r epo r t. 
by Mess r s . Guyton and Rose in N ovember 1Q43 . 

Of the many ar-time requ ests , de s iptions of fi v e e sulting 

special investiga tions are p esented . 

Early in 1941 , fo r Camp Swift., a si te was sele ted a out 1~ miles 
no r th of Bast op. The site was excellent exc: ep for its wate . u pply, 
where the nearest sour e of su face - ate r supply was ,h e Colo r ado 
R jver, which was more than 2 miles a ay and a out 200 f ee t l owe m 

elevation. In the s p ring of 941, t .e Survey made an inves t igation and 
reporte d that the fa ts seemed to justify te s t d rilling and p1 mping a t a 
selected location on the camp site . Ac ordingly, two te st w ells w er e 
put dow n and te sted by p umping u n d e r th e direction of R . W . Su nds t:r'om 
in O ctober and Nove m er 1 g41. The results w e e enc ou r aging and a 
little later fi e additional ells wer e p u t do n . The wells ranged from 
531 t o 584 ~feet i n depth and drew f rom sands in the middle portion of 

the Wil ox. 

In June and Ju.ly 1941 J the seven well s "1.\ ere given s y s tematic pump -
. f M G t on At tl e time tbe tests we re ing tests unde r the di ectlon o r. u y · 

267_/ Pt. I , p . 4 0 . 
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made, it was con templated that th amp, which was originally de 
signed to t r ain 3 5 , 000 men, might be called u pon to contain 50, 000 . 
The r esults of the tests were analyzed by means of the Thiem and 
T eis fo r mulas and t e tentative conclusion was r eached that five of 
t _e best wells would stand .ontinuous operation at the rate of 800 gal
lons a m i nute each. It was pointed out, however, that an elaborate 
set of assumptions had been made to reach the figures given in the 
r epor t, some of which were unfulfilled, and that the results of the 
computations as given in r ates of pumping and drawdowns might also 
be considerably in error. Therefore, it was recommende d ·that water
level measu ements be made in all the wells, and the pumpage from 
each well rec orded once a day . This was done, and the figure s wer e 
made available to the Survey. Later , two additional wells Lr e drilled 
somewhat to the eastward of the first line of wells. It developed, how
eve r, that the five original wells were almost adequate for the needs 
of the camp, whi h ultimately contained about 45 , 000 men and the new 

ells were practically unused . Thus , an adequate supply of water of 
acceptable quality was obtained for one of the largest army camps in 
Texas . 

As a result of a request by the Army Quartermaster Corps in S ep 
tember 194 con erning the availability of 5 million gallons per day 
from wells in the vicinity of Killeen and Belton, f o r the water supply 
fo r a new camp {Camp Hood), an investigation was made by R. R . 
Bennett in O ctober, during which an inventory of the wells and drillers 1 

logs were colle ted, samples from 2 wells collected for analysis, and 
a b r ief geologic study made to supplement information on file. A re
port stated that it was not likely that the desired supply was available 
at the camp site . Wells fo r the camp supply were drilled several 
miles to the east of the camp site in the spring of 1942, and in Sep 
tem er a the Sur vey was requested to make a pumping test of them. 
A series of 8 pur.nping tests between September 29 and November 4, 
1942, was made under the supervision of W . F . Guyton and W . 0. 
George. 

In August 1942, at the req est of the Army Engineers, who had 
sue eeded the Quartermaster Corps in the construction of Army estab
lishments, a re onnaissance survey for the availability of 4 , 500, 100 
gallons per day for the North Camp Hood Tank D estroyer Center was 
made by Mr . Sundstrom . He tentatively concluded that the required 
supply could probably be obtained from several properly spaced wells, 
to be confi r med by a test well several miles southeast of Ga t esville; 
that an accu rate d r illers ' log be kept, the well t o be e lectrically logged 
on ompletion and a pumping test mad~ . The test well was drilled in 
Octo er and a pumping test was made under Survey supervision . Nine 
wells were subsequently drilled and a series of pumping tests made be
tw een January 16 and March 19, 1943, also under Survey superv ision. 

The investigation of the Big Spring area made in 19 3 7 and 19 38 268/ 
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had ~hown little possibility of developing additional g r ound ater of good 
quall_ty and had suggested that a S"llrfa c e-water s u pply be sought. A c--· 

cord 1ng ly, two reservoirs to store surface ate r w e :r e constructed a 
few miles from Big Sp r ings B 1943 b th · . · Y , o res e rvous were empty and 
as a State h.osp1tal and a large Army Air Base had bee recent ly c- on -
structed, and the popula ti on increased b y war activities, the demands 
on the water· supply was so great that a critical situation arose . The 
C ity and the_ Arm~ En_gineers, in the fall of 1943, reql1ested the Survey 
to make an 1nve stlgahon of the poss ib ili ty of obta iring g ound water in 
the valley of the North Fo r k of C oncho River, 20 to 30 miles distant. 
J . W . Lang made the investigatinn h ich a. s c-omplete d in May 1944. · 
Eight test w ells were drilled y the city in the valley area r e ommended, 
and p u mping tests made on 7 w ells to determine the d ra down. An ad
ditional supply limited in quantity was obtained. 

The C elanese Corporation was constructing a plant near Bishop9 

and its ground - water supply, inc reasi ng the draft on the fresh ater 
sands near the coast, required approval by the War Production Board . 
The Survey was r equested to make an inv estigat ion and Mr . Sundstrom 
made a reconnaissance in Jun e 944 and r ecommended that pumping 
tests in the existing wells be made . Tests on 4 w ells ere made a 
month or so later under his s pervision. 

An investigat ion, indi r ectly associated w ith war activities due to 
the war - time increase in population, was made for the C ity of Bryan in 
1944. The City considered t e drilling of additional we lls and r equ ested 
the Survey fo r furthe r help, as . wells had been drilled as a resu lt of 
an investigation made during the prev ious per iod. 269j Pumping t ests 
on those wells were made between J u ne 1 S and July-4, l 944, unde r the 
Sllper v ision of Mr . Su ndstr om . T h e results of the pumping test showed 
that the city wou ld be safe in drilling an additional .- ell in the field 
without danger o f u n atering the artesian sands from hicb the wells 

we e drawing water . 

With the rapid in( rea se in ground-wate r u se , t . e need for certain 
basic infor·mation relative to all puhlic water supplie , e r- ame so urgent 
that in. 1944, a project w as star ted to c olle c-t for each public ater s u p
ply, itemized data on its sour e, amo"llnt. of water c onsu med. s torage 
facilities, number of c: stomers served, and the chemic al character 
and treatment of the water. Whe:r e the sou ce· was grou nd water , re 
cords of d rillers ' logs we . e compiled; also the charader of pumping 
equipment, well yield, record of water levels·, and water temperature. 
During the period, the State agency published that in fo :\"mation as "Public 
water s u pplies in central and sou th - rent.ral Texas 9 " " Publi c ater sup 
plies of eastern Texas," and 11 P h li C' w ate r supplies of southern Texas ." 

2~/ 

In the Pecos Valley, nearly as m uch land is i n: igated from g r ound 

269/ p. 330 .1 Q28 - l93Q) 0 

270/ The latter was also published as Wa ter -·S u pply Paper 1047. 
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water as from the Pe os Rive r , and when t e Bur eau of Reclamation 
was making its investigations in 1946, it ontributed $6 , 000 to the 
S t. rvey for fu rthe r stu d ies in Pecos and Reeves Counties . That in
ve stiga ti on was sta ted in the fall of 1946 , by D . B . Knowles and J . W. 
Lang . for the purpose of b ringing together available data on ground
water de ve lopments to da te, with especial reference to irrigation 
from wells n ear Pe .os; also to record the effects of past and pre s ent 
withd rawals on the g r ound - wate supply and if possible , to dete rmine 
the future limit of well irrigation. This wa largely a well - inventory 
program, d uring hich records of nearly 600 wells and springs, 191 
d illers 1 logs , and rec ords of pumpage from nearly all wells ~ 2q 
being measured by current meter , were collecte d . As much o f t he 
area had b een geologized p r eviously , the geologic study wa s ar gely 
of a supplemental nature . As the suitability of water for irrigation 
depends largely on its sodium content, chemical analyses of 522 wells 
and springs were made l y the Austin laboratory . The investigation 
continued beyond the present period . The results to July 194 7 were 
published by the S tate agency as " Preliminary report on geology and 
g r ound - wate r esources of Reeves Count y , " and ''Records of wells and 
springs in northe.rn Pecos County . 11 

In the fiscal year 1946 , the Bureau of Reclamat ion was making a 
survey o f irrigation possibilities in the lower Rio Grande Valley and in 
conr~ection with a p r opos.ed large international reservoir between 
Laredo and Rio Grande City , desired a report on the ground water in 
the area to be covered by the highline canal in Hidalgo and Cameron 
Counties . G . H . C r omack and W . L . Broadhurst made an i n vestiga
tion in 1944-45 and the results were released to the Bureau of Recla
mation in 194? . 

An investigation of the geology and ground-water resources of 
C omal Cou nty was started in 1941 by R . R . Bennett, and taken over 
by W . 0 . George in September 1943. The study was interrupted re
peatedly by work rela t ing to defense and war projects and was not 
completed u ntil 1946 . T he investigation comprised part of the study 
of the discha ge 9 re harge 9 and movement. of ground .water in the 
Balcones fault zone . The discharge of springs from the Edwards 
limestone in this zone » which is about 250 miles in length, averages · 
about 400 million gallons a day . Of all the springs, the Comal Springs 
are the largest; in fact , they have the largest average flow of any known 
springs in the southweste r n part of the United States ~ The principal · ·• 
purpose of the investigation in .the county was to determine the source 
of the water that issu es £:rom the Comal Sp rings . 

The resc.lts of the investigation are described by Mr . George in 
a repo r t whic w as released in mimeographed form in February 1947, 
and is to e published later as a water- supply paper. ·_ The report in - ·- . 
eludes a se tion on chemical c haracter of water by W. W . Hastings -
and a se tion on surface-water runoff by S. D . Breeding. 

The occurrence and development of ground water in t he San Antonio 
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area p T exas down to 1?34, is descrihed ir Water Su.pply Paper 7 3 B. 
Jn the s u m mer ~f 94?P Penn Livingston, assisted by Jack Barnes, 
m ade a se c ond 1nvesbgation in the area to bring the recC'rd do n to 
date. It was found that although the total discharge of ground ater m 

th: ~rea was about 155 million gall ns a day in 1946, compared ith 97 
mllhon gallons a day in IQ34, t e artesian pressl res nevertheless 
showed n o !let d e dine; in fact, the ave.r aged sligl-1lv higher in 1946 
than they ere in 1 q 34 . · 

A report entitled 11 Ground water resot..r(es of Bexas County, Texas,'' 
summarizing the results of t e .urrent studies a d long time observa 
tion of water level fluduaiions in wells was p t. lis}' ed in mimeoli','rap . ed 
fo:rm in May 194 7 . 

W . C. Rasrm. ssen employed most of his time during 1 46 in a 
field investigation. and preparation of a report Telating to the geology 
and ground -water r eso rces of Cald'>.. ell County in s o th central Texas . 
The report was released in mimeographed form in May 1 Q4 7 , and later 
is to be published as a water supply paper . 

The High Plains occupies an area of about 3S , 000 square miles and 
covers parts or all of 45 ~ounties in the western pa:rt of Texas . In a 
lar g e portion of the area, irrigation from gror nd water, sin( e the dry 
years of the nineteen - thirties, bas inc-reased at an unprec-edented rate . 
The investigation of that area was started with a PWA grant in 1 q 34 and 
became a part of the S tate ( .. ooperative program in 1937. The area was 
so vast and t e need for basic data so great that the studies , usu ally y 
county unitsg were confined largely to ell inventm: ies, chang es in 
water levels as shown by obse rvation wells , records or estimates of 
water pumped, and water analyses . Later investigation included geo 
logic studies with reference to thickness and c:haracter of ater -bearing 
sands, source of grOlrnd water, and rec: _al" ge and di scharge of the 
underground reservoir. 

A spe c ial investigation on the High Plains beyond t e c ounty unit 
was made in l Q38 and 93Q. twas a study ·of the grovn d - water dis 
charge alo!lg a 75 mile stretch of escarpment extending southward from 
Q uitague Creek to Double Mountain Fork of the B razos Ri v er . The flov-• 
from all known springs and seep were estimated, and the laT ger ones 
mapped; all losses of ground water hy evaporation a.n.d transpiration not 
accounted fo r other ise, were e timated . The tota 1 ground-water dis
charge in that stretc was estimated as abo t 19, 000 arre -feet annual-· 

ly. 271/ 

From t .e begin ing of the stat.e - wide inves igations hy counties to 
the end of the pe iod, stu dies had covered in some degree 33 counties. 
and 7 progress reports were issued , h being mimeographed reports hy 
the S tate agency, and 1, Water - Supply Paper 889 F , p blished 1->y the 

271/ Water : Supply Pape r 889· F , p. 390 . 
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Survey. In addition, detailed inv e sti g a tions of local areas m the vicin
ities of Amarillo, Bo ger , Denver City, Ette , Lub ock, Midland, and 

Seagrams were made . 

The p ogram of systematic observations of water levels in wells 
w hi ·h was star ted in the Winte r- Garden distri t in 19 29 was gradually 
expanded to state - wide p opo r tions in the 1930 1 s . At the end of the 
pe iod, a total of about 1 , 200 wells ere unde r observation . 

W . N . White continued in ha:rg e of th e Texas investigations and 
had the follow ing Civil Service technical assistants : 

Name Period 

s. F . T u ner July 1 i 1939 to Aug. 20, 1939 
Pen Liv ingston J u.ly 1, 1939 to June 30, 1947 
N . A . Rose July 1' 939 t o Dec. 31 t 1945 
w. F. G u yton July l , 1939 to Aug. 28, 943 
R . w. Sundstrom Aug. 20, 193q to June 30, 1947 
R . R . Bennett July 1 t 1939 to Auj. 15, 1942 
P. E. Dennis O ct. 2, 1939 to July 1, 1941 
W. 0 . George Jan . 2i 1940 to June 30 • 1947 
W . H . Alexa nder O ct. 15, 1941 to June 30. 1947 
w. L . Broadhurst Mar. 5, 1942 to June 30, 1947 
J. w. Lang June 943 to June 30, 1947 
W . c . Rasmussen Jan. 4, 1946 to Sept . I 5, 1946 

There were no military furloughs . 

Mrs . Margaret Petmecky was district clerk until September 30, 
1942, and Mrs . Ali e Lee from September 1, 1943 to February 15, 
94~ . 

Wyoming . -· Ground-water investigations were started in November 
1 q40 b y T . W . Robinson who was in charge of similar investigations in 
Iowa and Sou th Dakota . The Pine Bluff area in the southeastern part of 
the state as selected, as ground water was being increasingly used for 
irrigation. A well inventory was made with the usual geologic ~tudy, 
a d 29 wells w ere selected as observation wells for monthly measure
ments except two, whic were equipped with recorders. In the summer 
of 941, t e Survey in co peration with the local office of REA, meas
u r ed t .e disc arge and power c onsumption of 23 electrically operated 
pumping plants in the area·. By so doing, an approximate check on the 
qt anti ty of ground water withdrawn by those pumps was maintained by 
computi g well p mpage from the electrical energy used. In August 

942, the i vestigation was expanded to inclu de all the southeastern 
part of Laramie County, with special referenc e to the well-irrigation 
area near Carpenter. Jn Mar .hand April I 43, a test-drilling program 
in the Pi e Bluffs area which onsisted of 34 wells in 4 north - south lines 
across Lodgehole C r eek Valley, ranging in depth from 20 to 185 feet, a 
total of 2 , 400 feet being drilled, was undertaken. Thirty of those wells, 
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later :r educed to 20 ells k • were e p t petl and w e .r e u sed as o .se vation 
wells in addition to .t e 29. wells selectE>d when i·he ir>.vestigat.ion was 
first started.. The mveshgation wa s om:pleted in 1946, and t . ereafter 
only the r ouhne o servations showing the effed 0 f · d · . ~ . Jnc.,...ease p ump1ng 
were continued . 

When the Wyoming investigations w ere started, C . V. Theis, R. C . 
Cady. and T • W · Ro ins on made a rief in " estiga ti o t1 fo r the City of 
Cheyenne and measured a fe wells, b t it wa s n o t u.. til June g4 · that 
the c.ity requested an investigation for an addi t ional ·ater s u pply rhich 
was needed both fo r the milita y establi s h ment near t e city and for 
the increased population of the city its e lf , due to t e war activities . 
The city supply consisted of a s r face - water supply i h could not be 
increased without going far afield , and a rather small ground - water 
s u pply, w hich it w as oped could be enla r ged . Forty - nine wells we e 
selected for regular observati ons . D ring the following year, obser 
vations were continued on 43 wells and egr n in l q other wells , 10 of 
which were near Fede r al, 24 miles nor th est of Cheyenne . Of those , 
the city had d rilled 4 d uring the latt.er p a r t of 1942 to test the grou nd
water possib ilities of that area . T h ose ells, when teste d , proved 
disappoi ting and · ere not used as a part of .he c i y system, and their 
periodic observation was discontinued . ln 1 <)4 .5 and q4h , the city 
drilled 10 additional w ells near its wells field; five were considered to 
be failu r es and the oth e r five , although r.onsid e"ted to e a suc c ess 9 

were not connected with the City system . The pe r iodic measurements 
in the city ·- S · pply wells and in other sele ted o se vation ells w ere 
c ontinued . T ·o p ogress r-epor t s we r e i ssued, one hy F. C . F o ley m 

g43 , and the other y A . M . Morgan in 1946 , c ove r ing the r·esu lts 
from 1943 h r ou gb. 1945. 

In May 1942, the City of Laramie · as seeking an addi t ion a l w a t. e 
supply and r equ e sted the Sur vey to deter-mine th e a v ailab le grou nd 
water res our es. Its ater supply as o tained hom t.wo sp ings and 
three ells. Work was started at that time, and t e ell inventory 
incl ded a o t .50 wells» a majority of ich were used as ohse J" ation 
well~. A study of the recharge to, and the discha ge f rom , the Casper. 
formation, the sour e of the ground wate r» ,. as also made. The i -
vestiga tion w as completed with the field seas n of i 941s as the city had 
decided in t .e meantime to seek a surface ·· ·water s ' pply. 

In March 1943, the ground -- water investigat.i ns we :r e extended t o 
the southern part of Goshen County. The geology as mapped and the 
wate r ·-bearing beds identified and their distribution det e xmined . The 
water levels in many existing wells wer e mea s r ed and the ele vations 
of the ground le v el at the wel] determined . A s o r tage of f nds made 
jt necessary to dis C" ontinue the inves tiga tion h efo r e t e basic fiel d work 

was completed. 

A preliminary field investigation at Ra w lin s as made d u r i ng May 
and June 1946 . T he i ves1 igation was made at the :requ est of the U. S. 
Gene r al Land Office and the State Engine ~ r to dete r mine be t e r the 
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drilling of oil wells in the area adja cent to the springs supplying the 
City of Rawlins, would affect the flow of those springs. Other brief 
investigations' ere made for the towns of Ranchester, Glendo, and 
Kaycee in 1 g46 . Analyses of water samples were made in the 
Albuquerque lahoTatory until the establishment of the Lincoln labo
ratory in 1946 , hen the su sequent samples were sent there for 
analysis, as the Wyoming inv estigations ere in the Missouri River 
Basin. 

Mr. Robinson remained in charge of the Wyoming investigations 
to which he could only devote a part of his time, until June 11 , 1941, 
when F. C. Foley was assigned to the Wyoming investigations with 
headquarters at Cheyenne. He remained in charge until Aug . .> t 2, 
1942, when he entered the Army. A. M. Morgan, who had been as
signed to the Laramie investigation May 19, 1942 , su,c ceeded him and 
remained until January 26 9 1946 . Other technical personnel were : 

Name Period 

J . B. Graham July 2 7 , l g42 to Sept. 16, 1943 
D . A. Warner Sep t . 8, lg45 to June 30 , 1947 
R. J. Littleton Feb. 25, 1946 to Apr. 1 5, 1946 and 

Apr. 2, 1947 to June 14, 1947 

W en the Denver Offi c-e was established by S . W . Lohman in August 
I g45, t e Wyoming investigations came 1 nder his supervision. Pre
viously, those investigations had long range supervision from Washing
ton . 

Colorado . - When cooperation became effective for the ground-water 
inv estigation in July 1945, S . W. Lohman was given charge and he es
tablis ed headquarters in Denver in Al gust 1945. 

Two areas were selected for the first investigations, the Big Sandy 
Creek area near Limon in the eastern part of Colorado, and the sump
drain feature of the San Luis Valley project, which was of long. standing . 

The Big Sandy Creek project as started with a reconnaissance by 
Mr . Lohman in September 1 g45, and field work started by T. G. 
McLaughlin in O ctober . The investigation included an inventory of 171 
wells, the s-upe r vision of 39 test holes put down by the State agency, 
and the collection of many logs furnished by local drillers . Chemical 
analyses of water from 30 representative wells were made in the 
Albuq erque laboratory. The geologic mapping covered 1, 440 square 
miles, with special reference to the development of irrigation by ground 
water in t e Big Sandy Creek Valley abov e Limon. Field work was com 
pleted in September 1 g46 and the results were published in November 
1946 by the Colorado Water Conservation Boa r d as Bulletin 1 of its 
Ground - Water Series, "Geology and ground - water resources of parts 
of Lincoln, Elbert, and El Paso Cot nties, Colo . " 
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The San Luis Valley sump-drain study was one that had een made 

by _various_ agencies for many years i . onnection wit . the possi ility 
of mcreasmg the flo . of the Rio Grande A a f 2 300 . . . n rea o , square 
mlles m the northern part of the San Luis Valley 11·e · 1 db · . s 1n a c ose as1n, 
and stud1es had been made to c onstr uct a s bd · f t 1 · . ra1n rom e ow po1nt 
of th.e closed basm to the Rio Grande, and to estimate the quantity and 
quallty of the ground and surface ater which cou ld be made a ·ailable 
1n that manner . 

In connection it . an int ensive investigation of the San Luis Valley, 
the Bureau of Reclamation was c onsidering the sump -d ain study . The 
Colorado Water Cons ervation Board ~a mt..cb interested in this pro -
je t s and its director appointed a sec ond Clos-ed Basi Committee con 
sisting of R. J. Tipton of the Water Conse rvation Board, D . M . 
Forester of the Burea of Reclamation, and S . W. Lohman oft e 
Survey . At. a ,me P. ting held in Monte Vista in October 1945 , the deta.ils 
of the coope r ative agreement. were worked out, w .erehy the B reau 
assumed t e .major cost of the g•ound ·water in v estigation , including 
the d ilJing and test - pumping of about .33 test wells, putting down s0me 
200 shallow observatioT:\ wells, running level lines to all t .. e ells , 
makin g the observation-well measurements , and collecting the water 
samples.· The B urea u also was to pay the Quality of Wate D ivision 
for analyzihg the wate samples . The S u rve was to Sl pe r v ise the 
test d r illing and pumping te sts, geologic logging of all wells, compute 
the quantity and qualii.y of the water to be expe ted f rom the Sl mp •' 

d rai n. 

The test drilling was not started by the Burea until April 1941) 
at which time

9 
W. J. Powell and W . K . Bac ere assigned to the 

pro ' e t. Thirty - three test wells were drilled and p umping tests were 
made. The field w o r k as completed in Novembe r I Q46 . D uring the 
investigation, both M r. Lohman and Mr . McLaughlin made frequent 
inspe tion trips. The data obtained ill be included in a later report 
with that obtained from a detailed study of the adja .ent irrigated area . 

As is u s al during ground- ater in est.igations , there were re ~ 
q ests from a n mher of communitie s for help in obtaining additional 
wate r supplies. The City of Craig as considering an additional s p
ply from deep artesian ells . Mr. Lohman ' s investigati on indicated 
that a deep ar t esian s upply would e insu fficient and of po r quality , 
and an enlargement of the s pply from the Yampa R iver as ad ised . 
The town of Dove Creek w as contemplating deep d rilling for a ate 
supply b u t M ' • Lohman ' s in esi.igation i dic~ated that the needed Strp 
ply c ould be obtained from properly developed shallo ·ells i the 
alluvium of a small inte r mitt.e t stream near the town. Three wells 
were put down wl ir h yielded about t i<...e the arnot nt expec-ted. 

Jn c onr.ection with the Big Sandy Creek investigation, i t was dis 
c o vered that the wells supplying Limon ere improperly locat ed with. 
the r es'lJ.lt that the water supply had een short fo r rna y years . Wi t in. 
a deepe r channel sout of the prese t wells, m reproductive sand and 
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g r avel w ere fou nd, and two new w ell s w ere drille d in that channel. 

The City of Eads as desperate for an adequate water supply and 
bad drilled a , 200 - fo o t well to the Dakota sandstone where salt water 

as fo u nd . It was planned to drill an even deeper well at a cost of 
many t ousand dolla r s hen the Survey's advice was requested. A 
b r ief field investigation showed the f tility of fur ther deep drilling, 
and shallow t est drilling in several nearby a r eas underlain by pr om 
ising thicknesses of sand and g r avel was r e c o m mended. 

An investigation of the Grand J nction a r tesian basin , which is a 
v aluable source of limited supplies of a r tesian water for domestic use, 

as egun in J u ly 1946 . Are onnaissan c e of the geology a r d r echar ge 
a r ea was made, in lu ding an inventory of all flowing wells . Detailed 
head and flow tests were made on many wells , using an improved ink 
well me cu y gage specially designed for the project 2~'2;', and levels 
r ·n to all of them . The investigation was not completed by the end of 
the pe iod as it was planned to map the geology in detail and continue 
the h yd r ologic studies. 

As a part of the Missouri River Basin- Departmental Program, the 
Burea of Reclamation desired an investigation of the South Platte 
River Valley between Kersey, Colo. and Paxtun, Nebr . Although plans 
had b een made some months before , the impossibility of obtaining an 
engineer pre ented the investigation being started until April 1947. 
Headquarters were established in Fort Morgan, Colo, with L . J . 
B ·orklund in charge , assisted by R . T . Littleton, who made the geo
logic studies . W. E . Code of the Colorado A & M College, Fort Collins, 
had for several yea r s been collecting records on about I, 000 irrigation 
w ells and t o avoid dupli _ation, copies of those records were obtained. 
T en an a tive field in entory of the wells in Morgan County was begun 
and o h servation wells were established. Many logs were obtained from 
local w ell drillers, and from a study of those logs, tentative locations 
fo r test holes to be d r illed in June were made. A contract had been let 
fo :r t h e d r illing of 5, 000 feet of test holes , to begin before the close of 
th e fis al yea:r . R . T. Littleton resigned in June and to have a geolo 
gist s u pervise the test drilling, which began June 25, Howard Haworth 
was borrowed from the Lincoln Office . 

At t e end of the period, 60 observation wells were being main
ta ined, of whi h 3 w e r e in the country - wide net of key wells. 

S . W . Lohman ,ontinued in charge of the Colorado investigations 
and also those in Wyoming . 

The Civ il Service technical assi s tant s 1n Colorado were : 

27 2/ p . 225 _ 
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Name Period 

T. G. McLaughlin Oc t. 1 ! :i 94"> to June 30, lQ47 
w. J. Powell Dec . 3, i q4t; to June 30 i947 w. K. Bach • 

Feb. 4, 1Q46 to A u g . 10, 1947 
L. J. Bjorklund Apr. 2, · q4( to une 30, lg47 
R. T. Little ton Apr. 2 

' 
I Q4 7 to June 14, iQ47 

Miss I. L. Schoole r was district cle:rk. 

New Mexico . - In Mar ch q }Q, an in\ estiga tioP at Hot Springs, 
N. Mex. had been started , and continued t4ntil July IQ40 . The City of 
Hot Springs had heen. u sing the hot springs for their therapeuti<' value, 
and had drilled artesian wells for irrigation and had obtained the same 
water. That well field had been declared a g round -v ater district, 
and the State Engineer desired to know how long the existing use m 1ld 
continue without lowe r ing the water level. When the latter ocr:urr ed, 
wate-rc might be d:rawp in from t e Rio Grande and thus change the 
mine:tal content. The discharge of some 31:, wells and 1 11 springs ere 
meas1 .1. ed, t.he tempe atur e rerorded, and samples of water analy7. d 
in Washing ton. The geologi<' relationship oft e O( cur ence of the 
springs as sLLdied. A report entitled ''Thermo water s of the Hot 
Springs A tesian BasiP_, Sier ra Co Pty, N . Mex., b y C . V. Theis, 
G. C . Taylor, Jr. 8 and C . R. Murray, ' 1 was prepared for puhlication 

y t e State Engineer . 

At the beginning of the period, the Pecos Riv e r Joint Investigation 
273/ was sta:r ted and the field o r k (on tin ed through Decembe :t 1940. 

The ground water report was <' Ompleted in March · Q4l. This investi ·
gation was in pa t a continuation of the Pecos investigation near Carls · 
bad , star ted during the prev ious period,2~o/ but coveTed the geology of 
the entire Pecos, both in Ne w Mexico and Texas, and the ground wate r 
hydrology of the basin as affecting irrigation and t . e gains and losses 
of the Pecos Riv er. Studies of leakage from Lake McMillan and Lake 
Avalon e re made. The ork in Ne Mexi c o as performed by C. V. 

Theis, A . M. Morgan, 0 . L . Lor etz, and W. E: Hale . T~fSresult.s 
ere puhlished by the National Resources Planmng Boatd . _/ 

A report on t e water supply near Carlsbad, la:r gely an outgro th 
of the Pecos River Joint Investigation, was prepared y Mr. Hale in 
1940 for public a tion in a forthcoming biennial r eport of the State engi 
nee:r. Jn 1941, Mr. M u rray supervised the drilling of a test well near 
Deming, hich showed the prese ce of additional cief'per aquifers in 
the Mim res Valley and the possibility of red·tcing the inte ference b e 
tween wells in ap over - developed section o f the va lley ; a secopd test 

2?3/ 
274/ 
27~/ 

p. 15, 
p. 3 33 1928 Ig3Q) . 
T e Pecos Rive r Joint Investigation 

ting Agen ies 3 June 1 g42 .. 

Report s of tt e Partic-ipa 
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east of the Florida mountaing drilled in l944i had the same results . 

Even before the beginning of World War II, a la r ge amount of the 
ene:r gy of the New Mexico Office was spent in special investigations of 
water supplies for military establishments for the War Department , 
not only in New Mexico but in nearly all states in which the Survey had 
at the time no ground - water offices . This work for the war effort in 
cluded later the study of water supplies for pro specti ve carbon black 
and other industrial plants needed in p reparing for war. Contrary to 
results elsew ere in the United S tates , where competent preliminary 
ad ice on wa t er supply was not always sought, no military establishment 
in New Mexico that developed its own water supply, had a water shortage 
durin g the wa:r. 

Because oft e necessity for war - time investigations and military 
furloughs~ the non - military work in New Mexico during the war period 

· consisted almost entirely in maintaining water-leve l records and in 
ventories of pumpage in the i rigation areas . The l-atter were made by 
determining the d ty of ater in a number of typical farms and applying 
this duty to t e i rigated ac eage . This w ork was done by C. R. , Murray 
and P . D . Akin. 

Near t e close of the war, it .was possible to increase the personnel 
and start additional investigations. One of the first was the extension 
of the ork to the Bluewater area in Valencia County which started in 
1 Q45 . That same year, the all branch cooperation with Colfax County 
was started . 27!!/ The ground - water part of this work consisted of the 
preparation of a geological map of a large part of the county in which 
the Geologic Branch oope ated, and a study of the availability of water 
to wells throu ghout the plains part of the county. The report was pre
pared by R . L . Griggs . 

ln April 194">, an investigation ot the non-thermal flowing artesian 
wells lying south of Hot Springs was started at the request of the State 
Engineer . As the City of Hot Springs obtains its supply from that source, 
the immediate purpose of the study was to determine whether the city 
supply would he endangered by additional de:velopment. The overall pur
pose was to study the geology and hydrology of the artesian bqsin." . A 
preliminary repo.rt by Messrs. · Murray and ·Theis was prepared near 
the close of the period, and a detailed report was to be made later . 

In the. 947 fis .al year, cooperation with the Elephant Butte Irriga
tion District resulted in an inyestigatidn looking for a ground-water sup:_ 
ply to augment the inadequate surface-water supply during dry years. 
In general 9 • wq.ter was found to be· available throughout most of its area, 
b u t that the first effects of pumping would probably be to decrease the 
surface supply of the area. This work was done by C. S. Conover. The 
work was continued beyond the end of the·period . 

?76/ p. 63 " 



A critical s hortage of Santa Fe s 'llv ate 
occur :r·ed in 1"946, a .d a h ief inv estigation 
A u gust 1 q4n by Mr. M u rray. 

supply du e to a drou ght. 
as made d ri . g July ·and 

The B ure a of Reclamation as making an in estigation in t e 
Pe c os Ri e r Valley and desired additional informatioT' to that obtai ed 
during the j oint investigation . D ring that investigation , the S u v ey a d 
sug!lested that brine mig t be pumped into certain near y sink holes an d 
allowed to evapo r ate and th s dimir>is h the qu.a tity eing dis c arge into 
the Pecos Rive r. T e Bu ea was also inte r es t ed i n . e problem of 
using the Hondo Rese r v oir , whirb ~a s on e oft e fi r st onst ted by 
the Re-clamation Se rvice, ut had pr o v en so leaky t .at its se ad ePn 
abandoned. Hondo Rive r has practically no channel and du ri g igh. 
water, spreads ove r the cot.ntry flonding Roswell. Ho d o Rese ·o ir 
is an off - channel res e r voir in an old s ink and it is possi le to use it 
for flood p r e v ention; the water so impou ded. percolating to the gro d
water and r aising the water level in the artesian irl'igation ells. Other 
problems on hich information as n e eded were the effect of t . e pu mp 
ing of shallo w a ter in the Roswell Basin u p on the flo · of the PeC"os 
Rive ·1 and the possibility of g round tate r irrigation on tbe u.ppe r Pecos 
Valley. The B ur eau of Reclamation tran sferr ed to t e S e $ 11. 9 000 
t o inv estigate those possibilities. The inves tigation hie was started 
in anuar y 194 7 con si sted o f a geologi s tudy of Hondo Basin, permea 
bility st dies of the sink holes nea r Malaga Bend, pumping tests near 
Roswell , and a geological study of the Pe os Valley in San Miguel 
C0u n t y . In c onne ction with the studies of the effe .ts of pumping nea 
R s ell, the Surfac e Water Div ision made a seepage rttn on the Pe c os 
Riv e in the Roswell Basin eac inter to indi ate any hanges in t e 

m isible inflow to the r i er. 

Mr . Theis continued in charge of the New Mexico work during the 
peri od although f o r extended periods from · 943 , it was " i n absentia., " 
w ile he as attarhed to the staff of the Nort . . est Division of t.h e 
Corps of E . gineers Alaska H i gh ayL 2!!_/ and engaged in gro nd ~· ate r 
studies con e ted ith i on mining in Mi higan . 278/ 

Ci v il Ser ic e technical assistants were ; 

Name Period Military FurlouL 
-~-

A. M. Mo rgan July 1, 19 9 to uly 10, 942 

c . s. C nover July 1, 1939 to J ne 30 , J q47 Aug . 16 , 1941 t o 
Dec . 30 . 19411 

w. E. Hale July 1, 1 q39 to une 1 • 1Q42 

G. c. Taylor, 
0 . J . Loe ltz 

Jr . July 1, 1939 to Nov. 17, r <uq 

Nov. 18 , 1939 t o Oct . s. 19 42 ~/ 
c. R. Murray Sept . 19 39 to u ne 30 , yq4 

211 I p . 234 . 
278/ P< 289 ' 
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N·ame Peri d Military Furlough 

P. D. Akin Fe . 24, 1941 to De c. 1944 

u. N . Benge Nov . 5, 1943 to June 30, 1947 

R . L . G r iggs Dec . 1945 to Jl ne 30, 1947 

R. T. Bean Dec. 13, 1946 to June 30' 1947 

R. s . Jones Jan . 20 p lq47 to June 30, 1947 

!/Militar y fu r lough; did not eturn to distri c t . 

ldaho . ·- Until 1943, the only ground - water wo r k in Idaho was the 
maintenance of three observation wells in the Rathdrum Prair i e in 
Ko tenai County in connection ith an investigation of the cont iguous 
Spokane Valley of Washington. 27~/ 

As a resu.lt of cooperation with the State Reclamation Engineer, 
started in June 1 q43, Penn Livingston from the Texas District and 
H. R . Mac-Donald' from the Utah Distri .t, investigated the artesian 

ells in the Malad Valley near Malad CityP during June and July 1943. 
Abo t 4 ~ a r tesian wells were tested for l e aks with the Al,l deep-well 
meter, 2&:y and re .ommendations made for repai ring the leaky wells. 
About 140 wells w ere visited but many of them c ould not be tested with 
the meter owing t o thei sma.ll size or bad c ondition. R eafizing that 
additional study of Malad Valley would be require d to determine the 
safe wit.hdra als £r m the a tesian basin, that recommendation was 
made. The State Reclamation Engineer, during the next two fiscal 
years» ·ontinued small scale cooperation which enabled personnel 
from the Utah Distri t to establish and maintain 164 observation wells 
in the v alley at first, b u t by 1946 the number of wells was gradually 
decreased to 60. 

D ing t e fis al year 94 7, the c oope rativ e funds were sufficient 
to sta r t a state-wide investigation, and July 30» 1946, R. L. Nace was 
transfe r red from the Nebraska Dis trict and given charge of the inves -· 
tigation, w ith headq a.rters in Boise . He made a reconnaissance of 
the state to determine the nature and location of the ground-water prob
lems9 and establish the beginning of a state - wide observation - well 
program wi tb a goal of 300, of hi h 70 were in operation June .. 30, 
194 7. He made a re -inventory of wells in the Malad Valley in order 
that a final report might be prepared . A series of well inventory sur
veys on a state-w ide basis w as also started, with a well inventory in 
the Boise Riv er Valley. 

In addition to Mr. Nace, R . W . Mower was an assistant from 
December 2, 1946 to J une 30, 1947. 

Utah.- At the beginning of the period, investigations m Cedar City 

279/ p . 341 . 
2~/ Water-Supply Paper 59 . 
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Englnee.r, were m pr.ogress. T is was a n intensiv e st dy of tr e gro nd -
water d1sch.ar ge and recharge in the two valle Th Stat E · . ys . e .e ng1neer, 
unde r the ground-water code adopted in · Q35 had · h' f'l 1 . . . , 1n 1s 1 es a arge 

• amount of data pertammg to the location and logs of ells and disc .arge 
reco r ds of water pumped from irrigation ells . Records of obser vation 
wells we re also available giving the background of several year t s re 
cords as the basis for the investigation; records of 74q wells and meas 
urement~ of disc.harge o f 123 wells were utili z,ed. The geologic work 
augmentmg prev1ous stu dies compr ised studie s essential to the unde r. -
s tanding and interpretation of t .e ground -water problems. The ork 

as started July 19 38 by H. E . Thomas, assisted by W . K . Bach and 
continued until J u. ly 1 Q40 . G . H. Taylor devoted several months to the 
investigation. These results were published as Water Supply Paper 
9<? 3 . 

The n~xt investigation was that of Tooele Valley started. in Oc to e .. 
1940 by H . E. Thomas .. The field work was contin ed intermittently 
until June 1942. The geologic studies were .made hy F . C . Foley

9 
and 

later by G. B . M13-xey, W . K. Bach, and P. E . Dennis devoted several 
weeks to the work.. In addition to much data pe taining to quantities of 
water drawn from wells during 19 38 -- 1940, inclusi e, and many at.e r 
level measurements furnished by the State Engineer , all availahle 
drillers 1 logs were collected; also p rivate records of the disc a ge of 
t o mine - drainage tunnels . Twenty - four wells wer e selected to indi · 
cate the hanges of storage in the gronnd-, ··ater reservoir. Jnte rferenc:e 
and permeability tests were made, and field determinations of c loride 
content were made on samples f om 175 wells. The Quality of Wate r 
Division made analyses of samples from 99 wells , 3 springs , and 8 
streams in the Washington laboratory . The res lts of the inve stigations 
were publishe d as Technical Publi ,ation No . 4, ''Ground - water in Tooele 
Valley, Tooele County, Utah, by H. E . Thomas , 11 in the 25th Bien . Re · 
port of the State Engineer. 

Bet een ma. j o investigations, M r. Thomas, early in 1942, p r e 
pared a supplemental report to Water Supply Pape r 79 - D , b inging 
down to date the results of subsequent observations on the Ogden Valley 
Artesian Reservoir. More complete info mation on three wells was 
obtained, and the capacity of the reservoir was r eestimated. The re 
sults were published by the State Enginee r as Technical Publication No. 
2, 11 The Ogden Valley A rtesian Reservoir by H . E . Thomas. 11 

The next investigation was that in Pavant Valley started November· 
1942 , by Mr. Dennis. The field work in luded a study by Mr . Maxey 
of the geology in r elation to grou nd - water occ · r rence, and periodi c 
measurements of ater levels and flows of practically all wells in the 
valley. Six recorders ere maintained in wells and from Ap . il 13, to 
May 24, 19431l Penn Livingston was bor owed from the Texas D i strict 
to measure, by means of the deep - well meter , the leaka-ge i 48 of 
some 100 ar tesian ells in the Flowell area . The S u rface Wate r. Divi 
sion established and maintained a station on Chalk C reek and made 
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periodic mea su.rements of othe r s tr e ams i n the a ea. Piezometric 
profiles were constructed to deter m ine the direction of the underground 
flow ; in November 1943 and 1944, a f t er the flowing wells had been 
closed, interference tests ~ sing 5 different discharging wells were 
made . The inv estigation was completed in October 1945 and the results 
published by the State Engineer as Techni al Publication No . 1, "Und r 
ground leakage f r om a r tesian wells in the Flowell area, near Fillmore, 
Utah, " and Technical Publication No . 3~ "G r ound - wate r in Pavant 
Valley, Millar d Cou nty, Utah . " 

The City of Ogden was faced wi th a critical shortage in its water 
s · pply d u e to the w ar time increase in popu lation, and cooperated with 
the Survey for the pur pose of o taining if possible, an addit '.L,, t o its 
supply hich arne from artesian wells in the Ogden Valley . Available 
data e r e pe r iodic w ater level or press r e measu rements maintained 
by the C i ty of Ogden sin e t e investigation of t e Ogden Valley about 
in 1g34; also a r ecorder recor d on one well since 1938. In addition, 
the State Enginee r in 1936 had made interference tests of wells . That 

ras done at t e request of w ell u se r s w h o feared that recently drilled 
w ells by the Utah Drought Relief Adminis t ration were interfering with 
their s u pplies . P . E . D ennis and H. R. MacDonald started the work 
in March 1943, and performed the greater part of the field work during 
t at s ummer . As the Army Engineers were interested in obtaining a 
wate r supply for Army establishments in that area, W. B. Nelson was 
detailed by the Army Engine ers to the investigation, and also furnished 
data on wells drilled by that agency . Water - stage recorders or pres
sure re orders were installed on four wells and piezometric profiles 
were ompiled. Mr . Livingston made a test of leaks in one well being 
drilled by the Army Enginee r s . Chemi al analyses from 27 wells were 
made in the Surv ey · s Alb querqu e laboratory and the Army Engineers 
made 150 analyses in their Salt Lake City laboratory. A typewritten 
report, "G r ound - water in the vicinity of O gden, Utah, " was released 
m Decembe r 1944. 

That inv estigation raised some additional questions, and to obtain 
the needed answers » t e ity on July 1 3 1944 extended the c ooperation. 
Dur ing the se ond investigation, which was made by Messrs. Dennis 
and Nelson, three different p roping tests ere made in the vicinity of 
Ogden. One was made in Janua y 1945 on the airpo r t well, no other 
obser v ation well b eing used . In March and April, a test of the Ogden 
Drought Relief Administration well in the mouth of Ogden Canyon, to 
dete mine its interferen e with wells about two miles distant was made; 
a ·ate r- stage recorder was pla ed on one ell , and periodic measure
ments e r e m a de in 10 ot er wells . Samples of water wer e taken dur
ing t ose tests and analyzed by the City of Ogden . The ci~y drilled two 
wells during 1945, and at the completion of the first well~ a pumping 
test was made du ing August and September, using 17 othe r observation 

ells . In May and June 1946, both ells we e tested, using 20 observa
tion wells . Duri g the 194 7 pumping season of the c:ity wells , fou r re
corders we r e operated on observation wells. A typewritte n supplemen 
tal report w as f rnished the City of Ogden. 
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Afte r the war , additional personn e l became a ·-ailable . Da is and 

Weber Counties c ontributed funds to s uppleme t th · t· t· · . . · n e 1nves 1ga 10n 1n 
those areas and an mveshgation of the East Shor e a r ea was started in 
July 1945 . The City of Bountiful in Davis County had drilled a well 
450 feet deep without finding water. Pro tests by water users against 
the city drilling additional wells led to the investigation~ which was 
being carried on by Mr . Thomas at the end of the peri od . 

In November 1946, P . F . Fix, a professo r of Qeo logy at the Utah 
Agricultural College who held a w. a. e . appo intment in the Survey, 
started a study of the aquifers in Cache Valley as a re search proj ect . 2~/ 

The Geologi c Branch during 1946 and 1947 wa s making a s tudy of 
the northern part of the Utah Lake Valley, and Mr . Thomas made a 
field study to determine the piezome tric surface in that area. There 
are some 3 , 000 wells reaching diffe rent aquifers. and three piezomet 
ric surfaces were dete r mined . The field work was completed in June 
1947 . 

The reports of the various investiga tio»s were used c hiefly by the 
S tate Engineer in determining whether applications for additional wells 
should be approved , the State ' s duty under ground-water law . 

G . H . Taylor was in charge of the Utah investigations f r om July 1, 
1939 to November 19 40; H . E . Thomas , De cember 1940 to June 30 , 
1942; P . E. Dennis , July 1, 1942 to De emb er 21 , 194S; and H. E. 
Thomas again after his return from military duty J anua r y 1946 to June 
30, 1947 . Othe r technical personnel we r e : 

Name Period 

G . B . Maxey Sept. 15, 1941 toOct. 17. 1943 

H. R. Ma Donald Sept. 13, 1942 to May 19 ' 1944 

W . B . Nelson July 3, 1944 to June 30 , 1947 

R. G. Butle r Aug . 1, 1945 to June 30, 1947 

P . F . Fix Feb . 3, 1947 ·to June 30 , 1947 

Ne vada . - As a result of the survey of leaky wells in the Las Vegas 
artesian basin , 289' most of these wells were repaired or plugged and a 
conservation program initiated that resulted in an estimated average 
saving of more than 2, 000 , 000 gallons p er day . Water le v els , however, 
continued to decline particularly during the w ar years with the increased 
demand on the ground water and in July 1944, as a result of State c o
opera tion, a further study of the area was made . G. B . Maxey was 
transferred from th.e Louisville Office to m ake the inve stigation under 
the supervision of P . E . Dennis, in charge of g round "wate r investiga
tion in Utah and Ne vada . H. C . Jameson, arte sian well superviso r for 

281/ p . 2 6 . 
2 8]/ p . 3 3 7 ( 1 9 2 8 - 1 9 3 9) . 
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the Las Vegas A rtes ian BasinJ as si sted in the compila tion of the hydro 
logi re cords . The State Enginee r had kept up the inventory of the 
wells since 9 39, and a s upplementary in en tory was made dur ing the 
present investigation. During that inventory, a discharge record was 
obtained for most of the artesian w ells and springs from 1924 to 1944. 
In 1924, the citi z ens had become alarmed o ver the ground - water sup 
ply and the Nevada Experiment Station had made measure ments of head 
and di schar ge of the ells at that time . At irregular intervals , sub
sequently, measurements of the flo of a few wells and water leve l 
meas rement s in non - flowing wells had been made . A geologic study 
was also made during the present investigation . At the conclusion of 
the investigation in 1946, :records o f ater levels by water-stage re
corders and by monthly measurements were c ontinue d on al::- c ,, t 80 
wells . The results of the investigation, up to the summer of 1945, 
toge ther with recommendations for curtailing drilling, improved well 
CC?nstru tion and ontinuation of the work, were published by the State 
Engineer in Mar h 1945, as "Progres s report on the ground - water 
resources of the Las Vega s Artesian Basin, Nevada , by George B. 
Maxey and C . H . Jameson." So important was the Las Vegas field 
that additional reports giving data on water .levels and artesian pres 
s u res and a s u mmary of the g r ound - water studies w ere published. 283j . -
The last report indicated that the safe yield of the valley had nearly 
been reached . 

About t h e time that the Las Vegas investigation was s tarted, field 
work in Pa rump Valley, which had de v eloped some of the largest 
artesian flows in the west9 was also started . 

When the state -wide program became effective July l , 1945, T . W. 
Robinson was transfe:rr ed from Safford, Ad z ona , to Car son City , 
Nevada, and pla ed in charge of the Nevada work. Before beginning 
the cooperative p rogram, i t was decided that it w ould be impossible in 
g eneral to obtain quantita_t:Lve :results in all of the valleys in the state 
as t e field wa s to large and the necessary data for such re sults too 
fe w. 

Howeve r, it was deemed desirable to stu dy quantitatively those 
areas in which the r e had been development of ground - water or in which 
developme nt could b e expe cted in the near future . As a result , during 
the p resent pe r iod , th e investigations were largely quantitative and as 

283 / 

.· 

Water Resources Bull. No. 3 : "Water levels and artesian pres
s ure s in wells in Ne vada, 19 24 to I 945" - (c ontains records for 
most of the Las Vegas w ells) , Apr. 1946; Water Resources Bull. 
No . 4 : "Well data for Las Vegas Vall e y , " June 1946; Water 
Resourc es Bull. No . 5 :. "Geology and Water Resources of Las 
Vegas » Pahrump and Indian Spring Valleys , Clark and Nye 
Count ies , 11 1947; Water Resources~Bull. No . 6 : ''Ground-water 
in Las Vegas , Pahrump, and Indian Spring Valleys" - (a sum
mary) , 194 7. 
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detailed as the available hydrologi c data a d 1· ·t d · . · n 1m1 e geolog1c stu dies 
pe r m1tted. In selec t ing the a reas to e · ~ · t d . 1nve 1-1ga e ~ 1c ere 
gene_r~lly dec1ded by the State Enginee r. p r eference as given to 
munl Clpal water pro lems, and then to irrigation problems as p r e 
sented by the water u sers . To make it p ossible to do test drilli g 
where ne cessary, a Failing No . 314 r otary well - d rilling ig as 
pure _ased from_ s :rplus property h y the State E nginee thr ou gh the 
~se of co perabv e f _ nds . D r in g t e p :resent period, 'i w Us ranging 
m depth from 70 to l, 008 fe P.t w e :r e d ri lled . F0 t at ork, a d rille r 
and helper we r e hired, with aS ey emp loyee as p e visor . 

The first in ··estigation ndertaken as that of L velock Valle 
where fo r a few d r: y years, the \'Tater supply fo the Ci t y of Lovelo ·k 
derived pa r tly from g r ound - water as deficient par ticularly d uring 
the s u mme :r. months . Finally in 1945, t e situatio ecame so c r itical 
that water was strictly rat ioned . There w e r e rna y shallow wells in 
the .ity, but the q ality of water was poo r . The city' .desired an inves 
tigation to locate a ground - water supply of go d q ality . The investi
gation was started by Mr. Robinson in November, 1945 , and continued 
until March 1946 . The geologic stu dy was made by J. C . Frede r icks. 
Available well data were obta ined and wate le v els measured during 
the investigation. The r esults we r e published by the state as Water 
Resources B ulletin No . 2, "Ground - water res our , es of Lovelock Valley, 
1946 . II 

In March 946, an investigation of Meadow Valley Wash, was 
started by D . A . Phoenix. For the area in the vicinity of Panaca, an 
intensive and detailed study w.as made . About 1938, cheap power from 
Boulder Dam made it possible t o pump gro nd wa t e for irrigation in 
the vi inity of Panaca and the success of that v enture stimul'ated simi-
la se of gro nd-wate r els ewhere in Nevada ~ To de ter m i ne as nearly 
as possible the safe limit of pumpage in the pioneer area, a water in 
ventory was made . T e surface inflow to the Panaca a r ea was meas
ured at the gaging station. on Meadow Valley Wash9 near Panaca ; the 
underground inflo was b ased on the oefficient of t r ansmissibility 
determined from a pumping test made June 11 and 12, 1946, on one 
well. and the ater - table slope ased on obse rva-tions in two wells; 
the width of sat rated mate r ial was based on the logs of existing wells; 
the flo of spr ings wa s measured by cu r e n t meter . The ou tflow was 
t e total f {1) ate:r dis c ha ged y evaporation hom soil and transpi r a 
tion, (2) s u rface flow leaving the valley, {3) unde r flo , and ( 4) pumpage 
for i r rigation. E vaporation and t r anspiration e r e based on t e exp e r i 
ments made in the Esalante Valley, Uta 28Jr; t e su.rfac e flow was meas 
ured by means of a fo u.r - foot weir ; the u ndergr ound flow was ased on a 
pumping test in a well drille d by t . e Survey fo r that pu rpose , and the 
amount of wate r pumped by 8 irrigation wells and one p ub lic supply w ell . 
The field w ork was complete in Novemb e r l q46 and t e results of the in 
vestigations were publi shed by the state a s Wate r Resources Rulletin No. 

28~j Water - Supply Pape r 61)9a . 
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7 p ' 'Geology and ground-water in the Meadow Valley Drainage Area, 

Nevada, ***, 1948 . 11 

About the time the Meadow Valley investigation was startedp a co
operative investigation of the Argenta Swamp area was started by Mr . 
Robinson . T h at area lies on the Humboldt River a few miles north of 
Battle Mountain. The Bureau of Reclamation had purchased several 
thousand acres of land in that area for a Bureau project, and had 
transferred downstream the water rights appurtenant to the Argenta 
Swamp. Citizens of Battle Mountain desired an investigation to de
termine whether that land could be irrigated from ground-water with
out interfering with the flow of the Humboldt Ri v er . A cooperative 
program between the Surface and Ground Water Divisions, the State 
Engineer p and the B ureau of Reclamation was arranged. · The Surface 
Water Division installed 3 gaging stations, a part of the cost which 
was paid by $1 , 000 ground-water funds and $2 , 000 by Bureau funds . 
The field work was started in the spring of 1946 when several shallow 
observation wells were drilled. Observation of water levels in wells 
and the flow of Humboldt River above and below the Argenta swamp 
were continued in the present period . 

Like Lovelock, the City of Elko had a water shortage especially 
during the summer months . The shortage was due to the expanding 
population, and in 1946, the city officials desired to increase the sup
ply of ground water . The investigation by J. C. Fredericks and 0 . J. 
Loeltz was made in November and December . Pumpage records since 
1 9 3 7 were available by the City. Logs of 12 wells were utilized and 
p mping tests in 4 wells were made during November and December. 
A mimeographed report "Ground - water in the vicinity of Elko , Nevada, 11 

p u blished in 194 7 , presented the results. 

Reconnaissance studies were started in Grass Valley, Paradise 
Valley, Fish Lake Valley, Eagle Valley, and the Reno-Sparks area. 

Analyses of the water samples taken during the various investiga
tions were made largely by the University of Nevada, which was equipped 
to render that service without charge . 

In addition to T. W . Robinson, district engineer, the Civil Service 
te chnical personnel were : 

Name Period 

G . B. Maxey July 1, 1944 to June 30, 1947 
J. c. Fredericks Oct; 1945 to Feb. 15, 1947 
D . A . Phoenix Jan. 2, 1946 to June 30, 1947 
0 . J. Loeltz Mar. 16, 1946 to June 30 , 1947 

Arizona . - Until the beginning of the present period, there had been 
no State co peration in Arizona, and no continuing investigational pro
gram . There had, however, been a few areal surveys covering areas 
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of especial Fede ral interE-st and s1 ppo ·.- ted :1 .. 11 F · 

• • • · ' 1.:0 y eae-al f ds . 
State co perat10n_ h egan soon afte T tr e eg 1·n 1· a of · 

t-> p ·ese t peri d . 
A b o u t tte same hme , tf.e A r-my E ng ineF. s and U:e J dian Se . v ice ea c 
desi r ed investiga .ions and a a c om . ined r ec; t J t, ·t as possi le to 

establi ~h an offi r~ in T ur s on and begin , ·hat p r ovE-d 0 e a g :r ad~ally 
expa .d 1ng progr am c·o vering all part of Ar izo a . s . F . Tu:r e was 
placed in r a:rge o f t e A izona i vestigations . 

The fi r st i vestigati on ·as t at in tre Q .eel Creek a ea star ted 
in A · g st 19 39. That was a mall area, an the A r m Enginef;:rs sug 
ge sted that it be u sed as a ' 'guinea pig" o t y ut the metl: ods and train 
the r ela tively inexperienced pe:r c; onnel for tr. la rge Gila R i ve r inve s -
t igationto bemadelat.e r. Formucht.t.. esame~eas o t S t C L' , 9 •. e a n a :ruz 
Rive r Basin investigatio wa s · started in Septem e!. 

T e general methods u sed w e :r- e those des < rihed at leng th m c.on . 
nection wi th. t e Gil a Rive r in estiga tion3 exc· ept they ere not so ex --· 
tensiv e . To dete r mine th e stT'eam b e d lo s s es in Queen C r eek, fu nds 
were transferr ed to t e S u.:tfaC'e Wate r Di .'ision fo :r t e installation 
and operation of a gagi g station on the cr eek .ear the upper end of 
th e v alley . Tb.e G r·ou.nd Wate r Di'\·isio installed and per ated a. num ·
be of temporary stati ns farther do ·ns ream t meas e t e losses 
in the v ariou s rea h e s d t. ing flo d flo s a. d thr. s d ete . mi e the 
g r ou d - ate .· r e(:ha r ge . T e losses h om s ea y flo~ s of d ea ·a ter 

e re dete r mined y r s f seepage rri. e asuremen s . A .. inv ento 7 of 
p u mpage w as made ; c anges in g . o nd ·ater l e v els measured in 60 
obse rva tio rells ; st n d i e of e v apo,...ati n losses f r om ::r_fac es of 
flood flows, and f:r>om ·etted st.r eam ··b ed s .rfaces a£ er s c . flo·w s 
had p as c;ed ; and a mount. of ater th.at pe e tra ed dow n ard as st died 
i n several and d illed test w ells . Tbe field in estigati w as com -
pleted and a confidentia l r eport as rapsmi t ed t o the A-,..my Eng-ineers 
i n anuary 1 q4 0 . 285/ Jn addition , a pape was pu lish.ed i . t he Ame ri..,. 

can Geophysical U~i n T ra s ac tion for 9 . 2. 28~/ 

I n the Santa Cr u z Valley~ t e i vestigation wa to d ete r mine the 
an .ual g ro nd w ate r Tee ar·ge , its quality. source a nd dL edion of 
flo •; and t fuTnish t e i n formation de i r ed 1->y the A rmy Engineers 3 

the pro a le effect on the ground - ater s 1,pply of p ropo ed fl o d con 
trol reservoi r s . b i g to the s canty ~· ainfall, '~hich t. s ally oc '-- r s as 
hard rains o f s ort d uration" the c: ie£ ?Ource of r e( barge i s th e in 
filtra t ion los ses fr m flo r' d flo rs in str eam 1-.eds hat are d y most of 
the time. Th.e ·· echa ge \\ 'as studied by 5 meth,od.s {I) lo s s e s b et een 
gaging stations on t e same st:ream •: z) los se as dete :r mined b y series 
of seepage measu r ement P. hir inch .. d e d all inflo " S a d · ive r sions 

28~_/ 

28~_1 

Ground · 
Ariz.ona~ 

ater r e r barg hom flo · d aters of Q u een Creek , 
by S . F. T urner, L . C " Halpe t'Y . H . M. Ba . ock., 

a n.d R. B. MoT·' i son. 
Recharge to gro nd y· ate r fr om flo0d in a t _ piral de 
P mal C ovn.ty . by H. M. Ba co k and E . M. Cushin g. 

ert ash. 
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( 3) determining recharge points by means of moisture penetration 
tests (4) computing recharge from canal and irrigation seepage, and 
( 5) computing underflows from contributing sources. 

In measuring surface flows, use was made of existing gaging 
stations augmented by a number of auxiliary stations installed and 
operated by the Ground Water Division during the investigation. To 
check results of the seepage runs which were made at the infrequent 
times when the flow in the streams was fairly steadya the drop in 
wa ter leve l in the pools left in the river bed after flood flows was 
measured daily until the pools disappeared . The direction of flows 
was determined from water level contours constructed from readings 
in numerou s wells in and near the area studied. Records o f p~mpage 
were colle c ted as well as results of seepage losses from canal sys
tems, usually furnished by the operators of those systems. The 
underflow at various key points was computed by means of measured 
cross -- se c tions of the valley fill using permeabilities determined by 
pumping tests. Those investigations were made by H. M . Babcock, 
E . M. C u shing, H. R . McDonald, H. G. Fernandez, and D. H. 
Bratton, with the geologic studies by G. A. Waring. The field work 
was completed in late 1942 and the results transmitted to the Army 
Engineers and published by the Survey in mimeogrp.ph form. 28~/ 

The most noteworthy work during the period was the intensive 
Gila River investigation. This investigation, which had two phases, 
one lasting from October, 19 39 to June 1942, and the other from June 
1943 to 0 tober 1944~ was really one investigation and is so treated . . 

The fi r st phase covered the Duncan- Virden Valley in the upper 
end of the gene r al G i la River Valley , and the Safford Valley, from the 
lowe r end of the 25 - rnile canyon section separating ·the two valleys, 
to the San Carlos Reservoir . In determining the loss from stream 
beds , th e existing gaging stations both for streams and canals were 
utili z ed and 20 auxiliary gaging stations on dry washes were installed 
and ope r ated by the Ground Water Division, the stations being equipped 
with self-starting recorders devised for the purpose, which operated 
.only during periods of flow. Seepage measurements were made month
ly during the summer seasons of low flow. Changes in ground-water 
sto r age were determined from observation wells, in 11 lines across 
the ri v er bottoms at intervals of about 5 miles, 7 to 13 wells about 500 
feet apart being installed in each line, a few in each line being equipped 
with r e c orders . Staff gages were installed in the river at each well
line c rossing and the readings recorded when the well observations were 
made . Pumping tests were made to determine permeability. The un
u sua l feature of the investigation was the measurement of the large 
quantity of water consumed by salt cedars {tamarisk) and other wat~r-

287/ Ground - water resources of the Santa C'i-uz Basin, Arizona, by 
S . F . Tu r ner and other S g Tucson, Arizona . May 14, 1943. 

28R/ p . 7-18 . 
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lov ing plant s which lined a large portion of th · b k T d . . e :nver an s. o eter -
~me th~t amou n t, a n e xperiment station was established in Ap:r il 1940 
m the n v e r bottom near Saffo r d Jn May 7 so1·1 ta k · t 11 d . . · , n s ·ere 1ns a e J 
two conta1n1ng salt c e dar two bacchal"1· 5 and th h ·1 The ' - , ree are s o1 • 
wate r l eve l in the tanks was measured each morning as well as the 
amount of w a te r a s added to ring the water level hack to t.he desi ..-ed 
leve l. ~ater - stage recorders were maintained in wells in salt cedar, 
bacchar1 s , and m e squite thicke ts and in groves of cottonwo od tr ees 
at va r ious po in t s in th e river bottoms, Transpiration was also meas
u r ed by botanical m e thod s . 2~/ The investigation came to a close in 
J u ne 19 4 2. and prelimina ry re s ults '~·e re transmitted to the Army E ngi-
neer s and Indian Service and also pu lished by the Geolog.ira 1 rvey 
in a mimeogr aphed r e pod entitled "Water resources of Saff n a and 
Duncan - Virde n Vall eysg Ar i z onaJ Aug . 15, 1941," The field work on 
this p r ojec t w as c a rried O\ t by L. C . Halpenny, W . T . Sh .. ait , H. M . 
B a bcoc k , H . R . McD onald9 R . S . Mon iso ~ and Thomas McCa, ley. 

The second phase wa s c onfined t o the Safford Valley, as the 
Indi a n S ervic e bad a controve rsy w i th the Phelps Dodge Corporation, 
and would n ot a llow th e inve stigation t o inch de the Indian Reservation. 
T h e r efo r e , the a r e a selected started at the rese r vation line, and ex 
t ended s ufficie n t l y fa r up s tream t o include a la:rge area of salt cedar 
whic h w as to b e clear ed later a nd al so a large area to remain undeared . 
It was expecte d that the investigation w ould continue until the amount of 
wate r saved b y clea, r anc e c ould be act ally measured . The area select 
ed was the 4 6- mile re a ch of the valle y hom Thatcher t o C alva, within 
w hich t h e a m ount of water use d by the river bottom vegetation, nO per 
cent salt cedars , was to be determine d , together with the chemical 
char acte r of the s urface and ground -water The previous investigation 
had shown the loss of 70, 0 00 acre-feet from the river - bottom vegetation 
in one year. T he methods used ·ere substantially those of tbe previous 
investiga tions J b ut greatly intensifi e d . The large experiment station 
wa s e specially notewo rthy . 

This station c on s i sted of 29 soil tanks , and a very ('Omplete Class 
" A " w e a the r station, with c ontinuous reco:rding jnstruments . The 
tanks w e r e 10 , 6, a nd 4 feet in diameter and 10 , 8 , h, 1)~ , 4, 3~ feet 
in depth, being a mong the largest h Sed fo 1' this type of work. Cotton 
wo o d tr ee s w er e g r own in two of the largest tanks , and salt cedars in 
two of the l ar g est and all of the medium-sized tanks . Baccharis was 
grown in the sma ller t a nks and the evaporation from a r e soil surfa ce s 
of vari ou s t y p e s was determined rith the smaller tanl.<s. Depths to 
w ate r of 2.

8 
4 , 6. and 8 f e et were used in the expe r iments . The field 

wo rk was dis c ontinu ed in December 1 q44: The results will b e published 

as a w a t er- s u pply paper . 

While the Q u e en Creek , Santa Cru7. and Gila RiYer investigations 
were getting underway, a geologic rec onnaissance of the Big Sandy Valley 

289 / Ame r i ca n Geo . Union Tran 1q41 ~ PP• 738 743. 
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in Moha e County as made to determine the possibilities of obtaining 
a r tesian water for irrigation. As it was found that such poss ibilities 

e e not promising, a quantitative inv estigation was not made. The 
s u rvey lasted from October 193q to February 1940 and was made by 
R . B . M orris on . The report was released in mimeograph form. 

Beginning in April 1943 , at the request of the War Department, 
an intensive investigation was started for the pur pose of locating addi
tional g round -water supplies fo r the A rmy Air Co r ps Flexible Gunnery 
S .ho c l near Kingman, Ariz . T he scho 1 had been supplied with water 
from wells penetr ating volcanic r ock s north of Kingman, ut the great 
expansion of the s c o o l required a large additional supply, a nd the in
vestigation indicated that the existing source wou ld be adeqt.; & e for only 
a limited time fo r the enlarged school. Beginning in A u gust 1943, a 
p r og r am of test d r illing and pumping was started in the Hackberry 
Wash area about 1 8 miles distant . The Geophysics Section put down 31 
electr ical depth profiles ~ whi h helped materially in determining sites 
for drilling . As a result of the investigation, an ample supply of water 
was obtained . 

In the fiscal year 1944, c ooperation with Phoenix became effective 
for the purpose of determining the ground - water resources of the lower 
Verde River Valley and of Par adise Valley .·;· The investi gation was 
started in June 1944, by H. R . MacDonald, J. F. Hostetter, H. D. 
Padgett, and F. I. Bluhm. The source , rate , and direction of move
ment of th e ground - water were determined in the Verde River Valley 

elow Bar tlett Dam . The quantity of underground storage in, and the 
rate of recharge to the p r esent well fields in the valley was de termined 
as ell as the effect of silting up on r echarge from the Verde River. 
The ele trical - r esistivity method of geophysics was used to locate 
sites fo r new w ell fields and these sites were test d rilled and pumped. 
Thr ee rep orts wer'r:! issu ed as follows : ''Geology and ground - water 
resour es of the Verde River Valley near For t McDowell, Arizona," 
November 1, 1945; "Further inve stigations of the ground - water re
sources of th e Verde River Valley near Fort McDowell, Arizona," 
May 18 , 946; "Geophysical investigation of possi le aquifers in the 
v i .inity of Williams and Moore Ranches , Verde R iver Valley, Arizona," 
Februa y 10 , 1948 . · 

The Paradise Valley investigation was chiefly a geologic study 
during which measu rements of existing wells were made and data on 
89 existing wells and drillers ' logs on 13 wells were collected. A 
p mping test on an irrigation well drawing from the principal aquifer 
was made t o determine the transmiss ibility. The investigation was _ 
completed late in 1946 , and a mimeogr aphed report entitled "Geology· 
and ground -water resources of Paradise Valley, Maricopa County, 
Arizona" published by the Survey in January 194 7 . 

The follow.ing year 1945) . cooperation became effective with 
Globe . During previous years , the City had d rilled a number of dry 
holes and the Cit y ' s c onsulting engineers, being familiar with the 
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Phoenix inv estigation and the Sur v y : s ,0 k f f t h . . r or some o . e Army camps 
du rmg the war1 adv1sed the City to r eq est th s • · . . . . _e urvey · s f'OOperat1on. 
The 1nveshgatwn, h1ch was started Februar 20 · g4c: b G E H . Y , .1 • ) y . • azen, 
was ch1efly a geologic study . Reco r ds of existing wells and driller . 
logs were also obtained. The best sites for additional w ells ere select 
ed , based on the geo logical and hydrological work . Electrical re si st ivi 
~robe~ we_re n n at these sites and the best seleded fo d rilling . The 
mveshgab_on w~'s completed in the summe r of 1946 and a mimeographed 
report enhtled Geology and g r ou nd - water resources of the upper Pinal 
Creek area, Arizona ," published in De cember lg46 . 

As a result of a talk by M r. T ur ner on the work of the G Pr''ogi cal 
Survey given before a mine ral society at Prescott, c o perat:.. 0 u,ras 
effected with that city in the fiscal year 1946 . The existing surfac e 
water supply was deficient and a ground "water supply appeared to be 
the neares t sour .e of additional wate r . Like that fo r Globe, the in · 
v estigation was a de tailed geological s tudy, hich s . ow ed by g eology 
and the electrical - resistiv ity method, where water might be fou nd . 
T his as followed by test drilling . The ork was started Octoher 10 , 
194.? by H . M . Babcock and K. K . Kendall and the field w ork was rom . 
pleted in June 194 7. The report is eing prepared for publication. 

During the last two years of the period, the critical wa ter shortage 
sho ed the need for a ground-water law. and to b r ing that need before 
the citizens, the State Land Commissioner requested M r. Tu ner to 
give a series of addresses throu ghout the state, u nde r the Commission 
er ' s sponso r ship. A special session of the Legislatur e was called in 
Septetn er 194 to consider legislation needed for the enactment of a 
g r ound-water code . The information on ground - water resources of 
the entire state was so scanty that enactment of a gro nd - ate r c:ode 
was postponed , and a law was enacted requ iring t e r egistration with 
the State Land Commissioner of all i :r. igation and drainage w ells having 
capa ities of 100 gallons per minute o r greate r, a n d annual reports of 
the amou nt of water pumped . A special appropriation was made for 
cooperation with the Survey, dire<;:ting it to cor r elate and study all 
available data on the ground -- water r eso rces and gather additional data 
where necessar y, and ompile reports and comprehensive statements 
covering such information; s ch r-eports to be available to the 194 7 ses

sion of the Legislatur e . 

Cons idering the size of the state , the small amount of data avai l 
able -and the deadline date a little more than 2 years distant, the p r ob 
lem was solved b y making reconnaissance surveys of the v a r ious 
ground .. water asins eginning with those most economically important. 
The in estigations w e r e designed chiefly to sho the current c onditions 
and the nat r e of the problems to be met in framing a g r ound ·- · ate r 

code. 

The requi r ement that wells be r egiste r ed was of g ea t assistance 
in preparing the reconnaissance rep o r ts . Unfortunately , the require 
ment for an~ual pu mpage r eports as not enforced . Some, at least of 
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the most economically important, ba s ins had been studied in detail in 
t h e earlier years of the period . R eports on the Safford, Duncan, 
Santa Cruz , and Cactus Flat - Ar tesia areas, the latter having been 
stu d ied in detail during the investigation in the Safford Basin, were 
prepared by bringing down to da te the lists of new wells» the depth 
to wate r measurements, and the reco r ds of pumpage, which had been 
kept p in the meantime. For the other areas stu died, Salt River 
Valley, San Simon Basin» Holbrook Area, Wellton-Mohawk Area, 
Wilcox Bas in , Gila Bend Area, Date Creek Area, and Peeples Valley, 
the reports were chiefly geologic, with r e cords of wells and drillers' 
logs, together with records of pumpage. Where available, statements 
regard ing the problems to be met were made and estimates of the safe 
yield were made when possible . 

To make the reports intelligible to citizens and the -legislators 
unfamiliar with the ground - water terminology, they were written with 
as few scientific terms as possible. However, as it was necessary to 
use technical terms where precise ideas were involved, and to make 
the reports more understandable by the public, the Tucso.n office pub
lished Mar ch 18 , 194 7 .--a mimeographed r eport entitled 11 Definitions 
of geologic , hydrologic , and chemical terms used in reports on the 
ground-water resources and problems of Arizona. 11 This report proved 
to be a "best seller, 11 and requests for it were received from other 
states and also foreign countries. 

D u r ing the last two years of the period, the B1,1reau of Reclamation, 
in connec t ion with its study of the Central Valley project, desired a 
compilation of existing data necessary to estimate the annual safe yield 
of g round water in the Salt R ive r Valley between the Granite Reef and 
the G illespie diversion dam. A vailable data comprised stream flow, 
pumpage records of irrigation districts, and water level fluctuations. 
Funds were transferred to the Survey for that" purpose. The results 
were published by the Bureau as a part of its Central Valley project. 

Mr . Turner remained in charge of the Arizona investigation and 
had the following C ivil Service technical assistants : 

Name 

R . B . Morrison Oct. 2, 
H . R . M cDonald Nov. 27, 

May 
w. T. Stuart May 15, 
E . M . Cushing Aug. 16, 
Thomas M c Cauley Mar. 16, 
L . C . Halp enny Apr . 16, 
H . M . Babcock Nov. 20, 
J . H . Brown July 26, 
D. H . Hall Oc t. 1 ' 
G . E. Hazen Dec. 17' 
T. W . Robinson Jan. 1, 

Period 

1939 to Aug. 
1939 to Sept. 
1944 to June 
1940 to Aug . 
1940 to Dec. 
1941 to Sept. 
1941 to June 
1942 to June 
1943 to Jan. 
1943 to Jan. 
1943 to Dec . 
1944 to May 

31, 1942 
5, 1942 

30, 1947 
1 3. 1943 

8 , 1942 
1942 

30, 1947 
30, .1947 

31' '1945 
20, 1944 
14, 1945 
16, 1945 

. , ! 

Military Furlough 

; . · , 

Sept. 15, 1942 to 
Dec. 4, 19 45 

(W.A.E.) 
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Name Peri od MUitary F,,rloug - - · -----------

J . F. Hostettler Apr. 25, 1944 to Nov. l 6~ 1941:\ 
T. P. Shelley Tuly 1 p lQ44toNov. 2, 1Q4S 

oH. D. Padgett Sept . 22, 1944 to June 21 ~ 19 4S 
M . B. Booker Dec. s, i94!;toJ ne 30 , lQ47 
P . F . Fix Dec . 14, 194!) to At..g . 1p l 946 IW . A .E.) 
R . s. Jones Fe h. 14, 1946 to .Tan . ~ 1947 s. • c. Brown Mar. 18, i946 to June 30 , 1947 
Mrs. J.!. Jones Mar. 2 1 J 1946 to Mar. 23, 1947 
K . K. Kendall Apr . l' 946 to Jan. 31, 1947 
F. J. Bleilim Oct . } p l 946 to June 30 , 1947 
R . L . Cushman May 21 g 947 t o June 30 , 1947 

Mary J. Scott was the district cle r k . 

Washington . - There w e re two hold over investigations
0 

one with 
the City of Ta oma sta rted in 1937, and the other an inv estigation of 
the underflo of the Spokane Valley as a part of the State -co perative 
program started abou t the same time. 

The field work for the Tacoma investigation was continued by J. W . 
Robinson w o, with the assistance of J. E . Upson, Jr., completed the 
geologic mapping in 1942 . The routine measur ements of wells and 
springs were c ontinued and other hydrologic data w ere collected on a 
reduc ed scale dur ing the remainder of the period . The results of the 
investigation were contained in a report by Mr. Robinson and A . M. 
P1per, under the title, 11 Ground water resources and pertinent geo 
logic features of Tacoma, Washington . " That repor- t now is undergoing 
revision for :release in dttp l icated form . 

Beyond ke e ping up the ro tine measurements of hydrologic datap 
the Spokane Valley investigation was deferred until 1941. At t at time, 
an aluminum rolling mill and a magnesium pla t wer e considering a 
location on the Rathdr u m Pr'ai r ie ser.tion of the Spokane Valley and a 
large supply of water was needed hy each plant . As the low flow of 
Spokane River is derived from gro nd water , the War Depar tment re
quested an investigation, and to supplement. the previous hydrologic 
investigation ,, a geologic study was needed . During 1941 and !942, 
L. C. Huff stu die d t.he distribution and character of the water - bearing 
fo rmations, and inv entoried about 340 wells . The number of observa 
tion wells was increased to 31 , of which 2 were equipped with recorders , 
and 10 wit . float gages . Spokane city ells we re studied by a pumping 
test which showed the high permeability of the out.wash gravel. The 
movement of ground water in the Spokane Valle y is !'elatively rapid; 
wood chips scattered on the s rface in many w ells mov e slowly down 
the gradient of the water table, and by observing that p enomenon in 
many wells, local well drillers have gained considerable knowledge 
about ground-water movement. As a result of the 1941-42 investiga
tion , it was possible to make mor e accur ate estimates of the underflow 
that had been made previou sly . The res ults of the Spokane Valley 
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investigation were included in a report deferred for more complete 
geological study after the war . The report now is planned for early 
revision and release in duplicated form . 

The first new work w as near Bremerton to determine the avail
S~-bility of ground - water supplies. Mr. Upson made a geologic study, 
and the information obtained enabled the city to expand its water supply 
with the increasing war -time population. 

An investigation of the ground-water resources of the Bureau of 
R eclamation 1 s Columbia River Irrigation Project was started in August 
1940. It was c oncerned with the availability of supplies for farms and 
for c ommunities; also with ultimate drainage problems and pos sible 
percolation of retur n flow to areas outside those irrigated. G. C. 
Taylor , Jr . made an inventory of l, 072 wells and 36 springs over 
three nits of the area that are scheduled for early settlement, and 
44 wells were selected for periodic observation. Although the inven
tory which continued to July 1942 covered three units, the data, in 
connection with the geologic studies based largely on the previous 
wo r k . made it possible to estimate the necessary depths and probable 
yield of wells needed in the plans for settlement over the greater part 
of the area. In that connection, water requirements for domestic use 
and stock water were e-s-timated on the basis of gallons per day per 
square mile . The base data from that inventory, with a descriptive 
text# were released to the public by the Survey and will be published 
by the Bureau of Reclamation. The report has been used as a basis 
for s ccessful prediction of results on most of the preliminary develop
ment wells of the Bureau. Further work in the Columbia River Basin 
was started in 1945 and 1946, when T . E. Eakin made a semi-detailed 
study of the geology in a representative area. However, before the re
port was completed , he transferred to other work. The results of the 
later study will be incorporated in work planned for the project area. 

As a result of cooperation with Snohomish County~ an investigation 
ofthatcountywas started in 1944byJ. W. OwenandJ. W. Robinson, 
the geological work was deferred until 1946 when R. C . Newcomb 
underto k completion of the project. An inventory of about 800 wells 
having an average depth of less than 200 feet was started in the fall 
of 1944 and completed in the spring of 1945. Nearly complete chemi
cal analyses of representative water samples were made , and about 
50 additional samples were analyzed by field methods for hardness, 
and 18 for hardness and chloride content. The reconnaissance geologic 
mapping and the resulting studies were completed in June 194 7 . They 

ill h e published as a Water Supply Paper and in the meantime have 
been approved for duplicated release to the open file. 

During the fall of 1945, Mr. Eakin made a geologic reconnaissance 
on the Columbia plateau north of B adger Mountain for the purpose of de
termining the possibility of additional water supply. A repor t entitled 
"Ground-water resources of the Waterville area, Douglas County, 
Washington." was made and placed in the open file. 
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The last investigation started du ring the period was that in Walla 

Walla County · It was an extension of the investigation made in 1933,m/ 
as it involved an intensive geologic s tudy in the foothills area surrou~ 
ing the v alley . Mr . Newcomb started the investigation in 1946 but 
owing to personnel shortage , was able only to complete the earliest 
phases of the work during the present period . 

Under the state -- wide cooperative program fo systematic. valua
ti n of the grou nd-water resources, it was plann ed to make a prelimi 
nary inventory in those a eas whe r e no public source of ground-water 
information was available , The fi r st a rea selected was the centra l 
part of the Chehalis Valley and some adj acent areas 9 and a '" '"h. i e fly 
concerned with the ground water of the unc onsolidated depos t s fill ing 
the valleys. The inventory listed 125 wells; it was begun in January 
194 7 by R . A . Kelly , Jr. and finished by W . N . Schlaxll Jr . in May 
194 7 . A preliminary report on g r ound - water resou rces of the central 
Chehalis Valley was issued by the Survey 

A somewhat similar investigation in Whatcom County was made 
during 1947 by Messrs . Newcomb and Schlax, and thereafter ll Mr . 
S c hlax made a geological study ove r the W enas Creek Valley in the 
Yakima drainage . 

During the period, the state -wide ob s e rvation-well p :r o g r am was 
increased from 22 to 122 wells , three being equ ipped with recorders . 

A. M. Piper was in charge of the Washington inyestigations until 
April 1, 1946, when he wa s .assigned to the economi sur vey expedi 
ti on to ex- Japanese mandated islands , 29Jj and was succeeded by M r. 
Newcomh, who came t o the district Jan~ary 3 , 946 . As both Wash 
ing t on and Oregon investigations were unde r Mr . Piper : s di r e ction 
with headqua ters at Po tland , Oregon, the following C ivil Service 
techhical assistants were available for both State investigations : 

Name Pe r iod 

Geo r ge LaRocque July 1' 1939 to Jan . 21 ' 1940 

J. E. Up son Feb . 1, 1940 to O c t . 69 1941 

J. w. Robinson Feb . 12, 1 q4o to Apr . 4, 1947 

L. c. Huff Sept. 20, 1941 to Nov. 2, 1943 

G. c . Taylor, Jr. Sept . 24, 1941 to Oct . 9 , . 1942 

T . E. Eakin Aug. 16 ll 1943 to Aug . 21 , 1946 

J . c . Manning June 20 9 1946 to Feb. 3, 1947 

R . A . K.elly, Jr . Oct. 31, 194h to Feb . 24, 1947 

F. A . Wa tkinsll Jr . D ec . 13 , 1946 to Ju e 30 , 1947 

W . N . Sch1ax, Jr . Mar . 31 , 1947 to June 30 ll 1947 

290/ P· 341 (1928-1939) . 

29l/ P· 237. 
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Oregon.- The ground - a ter a ctivities were concer ned chiefly with 

expanding the observation-well program started in 193 8 and in making 
investigation of ground - water resource s in restricted critical areas. 
At the eginning of th e period, there were 65 wells which had been es
tablished in connection wi th various i nvestigations during the previous 
period . Of these, 16 were in the Willamette Valley in the western par t 
of the state, and 49 ea s t of the Cascade Range in the semi-arid part of 
the state. In the latter area, nearly half were in the Walla Walla Basin 
and were obs erved by the S ta te Watermaster for that basin . With the 
gradual re d ction in cooperative funds, the number of wells was re
duced to 55 in 19 42 , one being e quippe d with a recorder that year. The 
increase in cooperative funds effective July l, 1943, . made it p os s ible 
to expand the p r ogram and the number o f wells was increas e d to 78 
with one recorder at the end of the period . Many of the observation 
wells were placed in new areas as their basic hydrology became known 
during loc:al inve stigations . 

In 1941, before the operation of the Oregon Agricultural Experi
ment Station was discontinued, J. E. Upson made a reconnai~sance of 
ground-water possibilities in Lake County in c ooperation with that 
agency. With Mr . Upson ' s transfer to Santa Barbara the study was 
d efer red until after the war. 

When a dditional funds became available in July 1943, a canvass of 
public water s u pplies, similar to that made in Washington in the pre
v ia s p eriod, ex ept that it was made by personal contact instead of by 
corresponden e, was started by Mr . Robinson and c.ompleted by June . , 
1944 . Data for the public water supplies of · 73 cities ~nd towns derived 
from ground water were compiled in typewritten form and made avail
able to the public at the Surv ey ' s office in Portland. Also , in 1946 and 
194 7 , M r . Robinson made an investigation of Prinevrlle Valley in the 
central part of Oregon, where the flow of a number of a~tesian wells 
had heen re duced by the drilling of additional wells. As a result, the 
earlier well users had referred the matter to the State Engineer. A 
typewritten report on the ground water of the area was released to the 
open file . As both Oregon and Washington are handled· by one office, 
one personnel list is presented with description of the Washington in
vestigations. 

Califo rnia. When the co operation with Orange County and Los 
Angeles County agencies became effective in January 1940, A. M. 
Piper , i n charge of investigations in California, established an office 
in Long Beach . G . A. LaRocque, Jr . was in charge of this office dur
ing 1940; subsequently, J. F . Poland was in charge . 

The first investigation was that know n as the Long Beach-Santa 
Ana project, the field work for which was started in January 1940. It 
was a study of the geology of the Quarternary deposits, the source of 
ground water in that area. Special attention was given . to the effective
ness of the coastal barr i er - - the so -called "Newport-Inglewood" fault 
system, r oughly paralleling the coast line--in restraining the movement 
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of salir:1e o ean waters into the ground- ·ater bas· ·w·th· th 

0 
· m. 1 - 1n e area 

ere. , 000 to. 8g 000 a tive or potentia lly active at er wells of su. _ 

s~antlal cap_ae1ty,_ anging in depth from 6 to 
1

950 feet . At tl:e begin 
mug of the mveshgation, there were available many tho sa:nd ater 

1~ el_ measu.re_ments which had been made by various a gen ies he~in 
mng 1n 1904$ Including some y the S rface Wat er Divi sior>; also, 
se · e~al thousand c_omplete chemical analyses of gr ot.nd water. D ur ing 
the held work, w 1ch as completed in l q44 3 600 ate 1 1 , , r - eve meas-
urements ere made; also 2 , 300 partial ( hemi .al a nalyses of wa ter 
were _made by A . A. Garrett. at Long Beach , and some 40 c omplete 
chem1cal analyses were made by the Quality of Wate r Division in th e 
Al uquerque labo :c a tory . 

The hyd rologic featu r es of the investigation were concerned with 
the historic fl ct ations of 'W a t e :r level in r elation to the magnit de and 
c .ange in draft, the d eg ee of salt - water en cr oac ment, and t e effe -
ti eness of the coastal harrier. The last e lement as appriased from 
geologiC", geo hemical, and hydrologic data but t e most specific evi
dence was obtained from differenc:es in fl c tuation in ells on opposite 
sides of the barrier , three pairs of deep obser ation ells we:re on 
structed as pa:1" t of the cooperati e program . 

In t e .oastal areas of Los Angeles and O r ange C ounties, the 
geologic. and hydrologic featu res were studied by means of peg models 
containing all available logs of-..; ater wells; fo r each well, a peg colored 
to represent the log was placed on a map base. To determine hether 
the harrier faults cut t e yo ngest deposits of recent age , 64 shallow 
observation wells ere ored in the 5 low - level gaps containing r ecent 
deposits and profiles v; ere p r epar ed showing water levels for the shal 
low ~ - ells tapping t e "semiperched" water and pressure levels in 
selected dePp wells . Maps showing the water -level c:: ontours for Sep
tem er i 9 36 and for April 1941 ere also prepared. A out 20 pt roping 
tests were made to determine plant efficiency , ut none ·ere made for 
permeability and transmissibility. The results of the investigation will 
be published as t _r ee water - supply pape r s de v oted to the geologyg chem 
ical t ha ac ter of t e water, and the hyd rology . 

Soon afte oope r ation with Santa Barh ar'a County became effective , 
a suh offir e was es tahlished in Santa Barba a in am·ar y 1 <?4 1. This 
p :r·oject was unde r the local harge of G. A . LaRocque , r. , ntil he 
entered the A . med F rces in February 19439 and su sequently J . E . 
Upson took charge. As if as an overall app r aisal of the ground - water 
resour ces of the county, the usual well inventory fo r each ground -water 
basin w as made. An obse vation. - well p r og am of 177 w ell 1 some of 
whi . had ee:n o ser ed previor sly, was eslablis ed . Late , the num --

er of wells was increased to 18") , of which 6 ad recorders and h had 
float gages. The principal pu pos e was to d etermine the p rennial 
yield of each ground -water basin; those of t.he- t o principal stream 
s y stems, Sa ta Ynez and Santa Maria, and two small south - coast 1--asins 1 

t e Carpente r ia and Gal eta Basins . Mr .' P ipe r realized that to deter
mine the per en ial yield of the ground -water reservoirs , additional 
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stream gaging stations were ne eded, and at his s uggestion, the Surfa e 
Water D ivisio began c pera ti on with S a n ta Barbara Cou nty on J u ly 1, 
l q41, established 6 add itional g a g ing stations a and c o perated in the 
hydrologic stu dy. In tha t i n v estigati on, whi ch ont inued during the re 
mainder of the period , the r e w as n o s alt- w ate r encr oachment although 
the ground -water level h ad e en dr aw n down l ow enough locally to de 
velop potential salt - w a te r e c roachment. About 50 pumping tests were 
made on selected wells to d e termine the p ermeability a nd transmissi 
bility of the w a t er - earing f o r m ati ons in the several g r ound-water 
1:'-asins . The results of the inve s t igation, cove rin g the geologic inves 
tigations , Yec o rd s o f p u m p a ge, and hydrolog ic st dy , w e re pres e nted 
in thre e reports to be p u b lished as water - s u p p ly p ap ers, on the ge ology 
and ground water resources for the th ree area s a Santa Yn e z l u ver 
Valley, Santa Maria V a lley, and the sou th -c oast basins . 

l n July 19 4 3, th e oo p erati on w i t h th e L o s Angele s County Flo od 
Control D istrict virtuall y e x tend e d the Long B e a ch -Santa Ana investi 
gation north estwa r d t o the Torranc e - Santa Monica area , which in-
cl ded the so- alled Wes t Basin. Tha t inves tigati on, which was made 
to eval ate reple nishment t o and salt -wa ter e ncroachment in the West 
B asin ~ was c ompleted in 94 7 a n d a r epor t enti tl ed 11 Geology, hydrology , 
and chemi c al characte r of the g r ound wa t e r s in t h e Torrance - Santa 
M on ica ar ea, L os A n geles County, California'' was made to the Flood 
Control Dis t rict. 

Jp t h e Wes t Ba sin of Lo s Ange l es County, the barrier faults of the 
Newport ·- lnglewo rJd plift are a l ong its inland edge . They serve tore 
strain c oastwa r d movement of f r es h water into the basin. The amount 
of rep leni shment th at p ass es th rough them depends upon tbe differenc e 
in head o n the t o s i d es. In Or a nge Cou nty , on t he other hand, the 
har r ier featu r es are clo s e t o th e c oast a n d no w func tion to hold back 
salt water fr o m entering the main grou nd -wate r b asin . These barr ie r 
features are not wa.ter-·ti gh t i n either area . Nevertheless, ~ in Orange 
County, they are of g reat benefi t ; for the West Basin, they are an 
eter n al p roblem. 

The inv estigat ion a long the Rio Hondo and lower Los Angeles Rive 
fo r t e A my E ngine e rs wa s star t ed in December 1944 . In connection 
with ot e r flood-c o ntro l me a s u r es , the A r my Engineers were consider 
ing concrete p avemen t as a hannel lining fo r the Rio Hondo from the 
Whittier Nan ows t o i t s c onflu ence with the Los Angeles River at Imperi
al Highway, and for the latte r s t r e am from that place to the c oast. Major 
problems of the inv estig ation in luded the max imum possible hydrostatic 
pressure that might be e x e r ted by the g r ound w ater on a concrete chan
nel lining , the maximum rate at w hich w a t e r m ight have to be d r ained 
into the C"hannels to relieve such p ressure , a nd also the extent and quan
tity of ground -wate r rep lenishment that occurs by natural seepage loss 
f rom t e channels . 

The Army E n g in ee rs m t h e fall of 1944a after confer r ing with the 
G eological Su v e y , c onstr ucte d 79 shallow observation wells along the 
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reaches of the t ·o s t. e a rns , in l ines normal t o th e r i e r a d a mile 
apar t. Ea h line comprised fo r wells - - b o on e ac side of the r.i ver, 
one at t . e toe of the levee, and the other 500 feet distant . Owing to 
personnel sho r tage, the Su rvey w as no t able t o as ·b · l · t - s t..me respoPsl 1 1 y 
for the wate r·- le v el m easur ements in t ese wells un til anuary 1 q4s . 
A_s backgrou nd for t~e stu die s , the e sults of othe r inte sive inves ti ga 
tions by the Surv ey m that area were u tiliz ed , and dur in g t e inves t i ga -· 
tion an inventory of all wa te r w ells w i thin mos t of the pr o ject a rea was 
made . 

Hydrog aph. s and p r ofiles along th e r ive r » based on r ive .. leve l s 
and wate r levels in the shallow a n d near b y d e ep e ll s , s h ow e d t - a t for 
about 6 miles dow nstream from the Wh i tti er Nar row s , the R i o H ondo 
flows a c ross an intake a r ea in which seepage loss s pplies s u bstantial 
recharge to a c ommon wate r body , bt.~. t th at be tw een the in take a r ea and 
the c oast., the streams are nderla.in by tw o s epar ate a nd distinct ater 
bodies . The principal water body is confined h y relative ly impermea le 
flood - plain silts and clays which contain the semiperch ed shallow body . 
The shallo body is hyd r aulicly continu ous w ith the r iv e r. and mig t 
exe r t a maximum hydrostatic pressure which w ould r a nge a r eally from 
zero to as much as 13 feet of water . The small r ate of dr ainag e ne c es · 
sa r y to relieve the destru ctive heads was es t imated on the asis of 
permeability , cross section, and g r adient. The per' m eability of the 
shallow aqu ifer was determined both by field and labor a tory methods . 
The forme r c:onsisted of three pumping tes t s made in the a r e a of 
greatest potential hydrostatic uplift , and on a scale fa r smaller than 
any previously repo· t ed- - the pumping ra t e s ranged f r om o e - fou th to 
two - thirds of a gallon per minute . The labora t o r y tests ere made by 
the variable head pe r meameter on 10 3 samples of mat e r ial obtained 
during the investigation . A progress report as made t o the Army 
Engineers in January 1946, and a second p ogress repor t i'n Ap r il 1 ~ 4 7 . 

T e las t investigation d ring the per iod was sta r ted i n Jul y 1946 in 
San Bernardino County, and was known as t he study o f t e Low er Chino 
B a sin A r ea in the Uppe r Santa Ana Valley. It a s an appraisal of the 
g r ound wate . r ising f r om the low er part of the C h ino Ba in a n d es c ap
ing into the Santa Ana R i v e r; also a study of geologic and hyd r ologi c 
conditions c ontrolling t at escapement. In tha t st dy , the e vapo ·- · 
t r anspiration losses in the area had pre iou s ly b e en es timated by the 
Department of Agr icu lture.' l n a s e nse , thi ~ inves ti gat ion which wa~ 
confine d to the valley por tion of the area and th at of H . C . T r oxell, -~ 
· hich w a s c onfined to the mountain a r ea in the San Ber nar dino County, 

are complementary . 29-f The inv es tigation w a s in p r ogress at the end 

of the period . 

Jn 1943 , th e A r m y Enginee r s req u es ted the S r v ey t o r e view a ll 
available reports d e s cr ib ing the grou nd - wate r c onditions in the San 

292/ p . 188 ~ 
29J/ Statement of M . P o la nd to au thor . 
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J oaqt. in Valley in Central California, and Mr. Piper as signed that re 
viev;• to Penn Livingston of the Texas District. A repo r t entitled 
"Ground-water features of the San Joaquin Valley, California" was 
made in Janu ary 1 g44. 

Mr . Piper ' s supervision of the California investigations ceased 
when he was detailed to the economi survey of the ex-Japanese man 
dated islands in the Western Pacific, Ap r il 1, 1946. 2 ~lf At that time, 
M :r-. Poland w as placed in charge of the Califo rnia investigations. The 
follo w ing Civil Serv ice technical assistant s e e in the Long Beach of
fice during the period : 

Name Period 

G . A . LaRocque, Jr . Jan. 1940 to Jan. 24, 1941 
. F. Poland Jan. 1 5, 1940 to June 30 , 1947 

A . A. Garrett Oct. 1 7. 1940 to June 30, 1947 
R . C . Ne comb Jan. 6, 1941 to June 6, 1942 ~/ 
A . L . Det ·eiler Feb. 24, 1941 to Feb. 1 7' 1942 
Leonard Phelps May 19' 1941 to Apr . 26 , 1942 
Allen Sinnott Mar.25 , 1942 to June 30, 1947 
W . W . Paulsen July 1' 1942 to June 15, 1943 
B . H. Mashburn Dec . 6, 1944 to Mar. 1, 1945 
w. C. Reimund Feb. 2, 1945 to Dec . 30, 1946 
A . S. Sollid May 23, 1945 to Aug . 2 3, 1946 
H. G . Thomas son, Jr. Aug . 26, 1946 to June 30, 1947 
T . E . Eakin Dec. 2, 1 g46 to June 30' 1947 

~ /Military furlough ; did not return to distri ct. 

Civ il Se rvice technical personnel in Santa Barbara Office : 

G . A . LaRocque, Jr . Jan . 25, 1941 to Feb. 1943~/ 
G. F. Brown Jan . 1941 to Oc t. 6, 1941 
c. A. Wahrhaftig July 14, 1941 to Sep t.Z O, 1941 
J. E . Upson Oct. 6, 1941 to June 30, 1947 
G . F . Worts, J:r.. Nov . 1941 to June 30 , 1947 
L . PorterJ Jr . July 1942 to Sept. 1944* 
• T. c . Fredericks Jan . 1943 to Mar. 12, 1943* 
Penn Livingston Sept . 1944 to June 1945 
V. H . Bartolome June 19, 1945 to Mar . 1 • 1946 W.A.E. 
G. F . G regg July 17' 1945 to Jan . 16, 1946 

~ Military furlough; did not return to distri t. 

T e office clerk was Myrtle Holt until August 1944 when she was 
succeeded by Ann Peck. 

?9!!_/ P • '~ j I 



349 
. Ha' ·aii. - ~t 1h.e beginning of the period~ i vestiga.ti on s on the 
1slands of Mau1 and Molokai ";rere in progress Th M · · t" . . . e au1 1nves 1ga -
b on, wh1ch had he en started in l q 32 , was so far advavc-ed t at the 
field work c-onsisted chie fly in several month 1 · · b s geo og1c mappmg y 
G. A . ~acdonald in_1q3q and 1940 , the final field work being com ~ 
pleted m the fall of 1940. By means of the Territor ial Div ision of 
Hydrography drilling :r ig, t o test holes we r e drilled t..nder H . T . 
Stearn

1 
s super ·is ion in 1 Q40 . The report was pu lisr.e d by the Divi 

sion of Hydrogr aphy as B lletin 7 , "Geology and grotnd -wate re 
sources of the island of Maui , Hawaii. 11 

The M lokai inv e tigation .. as s spended dur ing the ar r :1 s 
wi h their many special s tudie s 9 and ·as not r es l:..med u ntil ~ -~ .S hen 
M r Macrlonald completed the geologic mapping and g r ound - water m 
vestigations. The County made q test b o rings . In addition to t.he m
v entory of 29 drilled' ells and 1 3 tu nnels , r e o r ds o f str eam flo 
w ere presented. Variou s plans fo :r tunnels to bring ground water 
f r om the windward valleys to the southern slopes fo . ir r igation were 
disc ssed. The report was p blished as Bulletin l s "Geolo.gy and 
ground --'I.Nater r eso n ·es of t .e island of Molokai." 

The first inv estigation started during the period was on the island 
of Hawaii , t e larges t of t e island g r oup , having an area of 4 , 0 30 
squ a r e miles . The need for additional wate r in the Kona distri .tis 
acute d uring e v ery d:ry period as the wells along the oast a r e brac-kish, 
and cann o t. b e u sed for domestic purposes . Farthe r inland, the public 
and domestic supplies are obtained from r ainfall colle , ted on roofs 
a .d stored in tan~ s . Every few years 1 dro ghts oc c r w hen those s up .. 
plies bec ome exhaus ted and cause muc l:.a r dship . To elieve that 
situation, the Territorial legislat .r e passed a special ad fo r a ground 
water investigation f that distrid . The inv estigatioD was started in 
1 g3q and continued intermittently until 1944. Test d r illing as started 
by the S urvey in I 940 , but was stopped h.en. well d r iller-s became un 
a v ailable due to the war yea r s . However , in connection ith war -- time 
investigations for the Armed For c es , dr illin.g as J: est med in ( o opera · 
tion with t .e A r my Engineers in 1 q42, and in corJperation w ith the Navy 

m 1944. 

AlthO\ gh started primarily to stt: .. dy the Kona dis t:r. i , t ~ the i vesti 
gation was broadened to cover the entire Island of Ha aii. As the is 
land was b ilt up by S vol anos , only two of hir:h, Mauna Loa 1 13 , A80 1

) 

and Mauna Kea (13, 784 'L a r. e activ e, much of the geologic study was 
de voted to the effe . ts of volcanic adion on the geology and descriptions. 
of historic e rrt p t ions. A topograp .ic map of th e island was essential 
to the investigation , and the G r oun d Wate r Offir·e c-omp iled one f rom 
existing maps pub l ished by the Na ti onal Park S ervic-e , and the G e ologi
cal Su rvey . I n addition to being used in Rulletin 9, it wa s publishe d 

and released for distribution in Mar ch 1944. 

Basal water, the unconfined ground water oc c urring 1n the lavas 
under the entire island, exc-ept the rift z ones , is the chief source of the 
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g r ound \1 a ter supplies and the d epth to those supplies increases apidly 
v.ith tl:e distance from the < oast, du e to the steep slopes . Contra c ts 
w e r e let to sink diamond drill holes to basal water, a distance of about 
640 feet at one site and 2 b feet at another , but due to inexperience, 
the < on t ~arto s '~·· e :r e una le to drill more than 80 feet. 

Dl~ring the investigation, n merous requests were received for as
s i stanc- e in lo1 ating ground-water supplies near Hilo and in Februar y 
I q42 , a r f"port by Mr . Macdonald de scribing pla\es where wells could 
be s l...nk to s l:.pply Hilo as released. Sites for one or more test holes 

ere pointed out ith the s ggestion that the oles should b e drill e d to 
a depth of 1, '300 feet bef o ,. e being abandoned. A type of well known as 
the Mau.i type v.ell , .. as used at several locations. That wel i 1 ::; a shaft 
sunk either ve1 tic-al!y or diagonally on the mountain side. At the bot 
tom is an enla7 ged hamber for the pump and from the sump beneath 
tl:· e pump c-hh.mher, one or more tu.nnels are driven horizontally. An 
in er>tory of 8 Maui-iype ells, rang ing in depth from 42 to 1, 550 feet , 
'~as made ; also an inventory of all public ater supplies, chiefly 
£:rom grot...nd water . Discharge re.cords of springs , wells, and tunnels 
~-< ere obtained chiefly from water-users. It was found that in a ddition 
to the know disc a ge of grot nd ater, hug e amounts discharg e from 
basal springs at seale ·el all around the island, and are p actically 
l mJc;ed , High level o pe rched water, above the basal water, i s used 
in limited qt.antities , and t e discharge of about 150 springs from that 
sot. r' e was estimated. ln the fiscal year 194S, test borings were com 
pleted near Kaih.a, Kona , Hawaii to de termine the quality and head of 
the r•asal wate r in that area. The report was published in 1946 as Bul
letin l _,_ , "Geology and ground-water resources of the island of Hawaii." 

Du:r in g tr e ' ar years , mu< h of Mr . Stearns 1 time was taken up 
ith special investigations fo the Army and Navy, starting some 

time efo:r e Pearl Har or , hen b oth branches desired advice in 
ground - ·~ater supplies a!}d location of quarries for the various estab-
lishments . ot. only did ~eq · ests f0:r- information rega ding sites in 
1.he Territory continue bt...t in the follo ing years, answers to the re
q1. est.~ idened his field of operations greatly . In 1942, he investigated 
the geology and grou nd - '.'.ater resour es of Samoa for the Navy, and in 
1 q 43 , at ·the request of the Navy t he made two extensive airplane trips 
through the South Pacific, ,isiting all rna ·or and many minor Naval 
hases to lot ate ground - a ter and r ock supplies. In September and 
Octor er of that year, at the request of the War Depa rtment , an inves 
tigation of the possibility of obtaining fresh wate r from wells on 
Ascension lsland3 a stopping point on the air route t o Africa in the 
Atlantic was made; sites for drilling wells were selecte d , and although 
the fi r st test v ell fo t.. nd bra kish water , indicating that fresh water 
prospec-ts ere not good, the brachsh w ater (·ould be use d for bathing 
and san1tary purpoc:;es, thus making it unnecessary to continue bringing 

·ater for these p '. rposes, by ship. While on that t r ip , Mr . Stearns 
o tained data on g r o n d -water conditions on many South Amer ican bases, 
either by v isiting the bases or contacting engineers who had been engaged 
in onstrt .. cting w ater· supply facilities. A memorandum was prepa r e d 
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for the Surv ey on ·ground -water condit ions in South. A.r:ner i an bases on 
October 23 , 1943. 

Du.ring the last half of 1 q44, he ··as engaged on a study of water- , 
rock, and mineral supplies in the Maria a Jslands fo r bot the Arm 
and Navy, and following th at , he stu died ater supplies on the Pacific 
Islands where troops were based . 

With the end of hostilities in l q4s , i t was po s sible to concentrate 
on the co perative program in the Hawai ian l slands and omplete inv es
tigations previou sly started . A rief inv es t iga tion on the island o f 
Niihau 'as made durin g the latt e r part of May 194'1 . Tha t is lnr d bas 
no perenn ial strea ms , and as the wa t er from w ell s is b ackish, the 
domestic s pply is rainwater caught on the ro .fs and stor ed . A geo
logic st d y as made and also a inventory of 57 w ell s and water holes . 
Samples we r e collected from the latt er and t i t rat ed fo r chloride by the 
S u rvey . The result of the inves t iga t ion e r e pu lished as Bulletin 12 , 
"Geology and g r ound- ater reso r c es of the i.sland of Nii au 9 Hawaii.'' 

T e inv es t igation of the last of the p r incipal islands and tbe se c ond 
lar gest w as tha t of the island of Kau ai , sta ted in the spring of 1945, 
and by J ·ne 30 • 1 <?4 . , half the geologic mapping a n d t e field work for 
the investigation .a d een completed . 

A special investigation cove ing th e damage , effects , and possi le 
means of wa ing of the seismi c wave of Ap r il ', 1946 , which c aused 
v e r y .ons i dera le d a mage , was made by M r. Macdonald . 

M r. S t ea r n s r esigned J u ne 30 , 1946, and as succeed e d by Mr. 
Mac don ald . On J anuar y 1 5, 1947, D . A . Davis w as assigned t o the 

offi c e . 

Tbe p repar ation of the vario s reports made it necessary to u tilize 
the following Territorial Civil-Service tee _.nical assistants : 

Name Per i od 

s . H . Elbert J u ly 1, 1939 to F e 1942 

J. H. Nitta Mar . 1 q41 to J une 30 , 1942 

Jean B r aund Feb . 1942 t Oct. 1945 

Ethel M c Afee .. Sept . . 1945 to June 30 , 1947 

Puerto Ric o .- Wbe~ co peration e c ame effe c tive with the Puerto 
Rico Aq u educt a n d Sewer S e r v i c e , C . L . McGuin ess was detai l ed to 
Puer t o .Rico , and b ega n f i eld O Tk in Sep tembe r 194S . The purpos e of 
the in e stigati on a s t o obta i g eneral info r mation on the q u anti ty and 
quality of t e ground wate r i n all p arts o f the island , but on a (,- c ount of 
the limited tim·e and fu nd avai la b le , it was necessary t o confme the 
investigation to a reconr .aissanc e survey in whi ch observation s of ~ea.
logic and hyd r ologi c condiii ns · ere those a~pa~ en from s urface_ 1nd1 -
cations . Howeve r, prev i o t... s geologic inv estlgatlons made b y v a r1ous 
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agenc.. ies ' _ad made available a more C'omplete knowledge of the geology , 
th a n for a y o ther i s land in the Antilles . In addition, A . G. Unkelsbay 
o f the G eo logical Sur ey , a few months previous had made, at the re-
q e st of the P u e r to Ri ·o Jnd stria! Development Company, an investiga
ti on of th e g r o nd- ··ater s u pplies in ·the San Juan area with reference 
to its in d stries . 

T h e in v estigation as aided very greatly by the action of Sergio 
C u e as Bustamente, the head of t e cooperating agency , who provided 
th e nec-essar y ser ices and facilities, some w ithout ost . In addition 
t o p er sonal v isits to many parts of Puerto Rico , data from the principal 
w ell d r illers a nd representatives of most of the agencies, both ove rn 
mental and privat e , which use large quantities of ground water .. As a 
result, an inv entory of the larger public water supplies , chiefly surface 
w ate r 8 '.ltras made t oget er with an inventory of about 950 wells . Field 
te s t s for 1-~ardness and chloride content for 62 wells and springs were 
made . Field w ork was completed in March 1946 and Mr . McGuinness 
retu rned to Washington to prepare his report, which was published by 
the Pt:terto Ri~ o Aqu ed ct and Sewer Service as "Ground-water re-
s our es of Puerto Rico . 11 

Washington Offi ce personnel 

The field personnel are listed in connection with the activities 1n 
eac h state and to complete the list, those in the Washington Office 
during all o r a part of the period are presented here : 

Name 

0 . E . Meinzer 
A . G . Fiedle r 
V. T . S tr ingfield 
A . N . Sayre 
D . G . T ompson 
D . J. Cederstrom 
L . K . Wenzel 
V . C . Fish el 
R . C . Cady 
C . L . McGt inness 

F . H. Klae r, Jr. 
R . G . K az.mann 
A . C . Bye r s 
C . E . a ob 
G . A . War ing 

Period 

July l , 1939 to June 30, 1947 
July I , 1939 to June 30, 1947 
July l, 1939 to June 30, 1947 
July l, 1939 to June 30 , 1947 1/ 
July 11 1939 to Feb. 19, 1943 Deceased 
.July l , 1939 to Nov. 14, 1940 
July , 19 39 to Dec . 7 , 1945 Retired for dis-
J ly 1, 1939 to July 2 , 1941 /ability 
July 1 , 1939 to Feb. 1, 1941 !:_/ 
July 1, l939 · to Jan. 24, 1942 _ 
Jan . 25 , l 943 to June 30, 194 7 ~/ 
July 1 , 1939 to July 19, 1943 
Mar . l3, 1940 to Nov. 11 , 1943 
Jan . 17, 1940 to Aug . 25 , 1942 
Sept. 2 7, 1944to June 30 , 1947 
Apr. 22 , 1941 to Nov . 2 .1). 946 ..!:_/ 

1/ For detail to Military Geology, see p . 234. 
2/ Milita r y furlough; died Jan. 15, 1943 . 
3/ Detailed to Puerto Rico Sept . 8 , 1945 to Mar . 14, 1946. 
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Name Period 

B . Fisher Fe h. 18, 1942 to May 5, 1942 4/ 
R . B . Morrison S e pt . l ' 1Q42 to Nov . 1 ' 1942 II 
F . A . S w enson July 24, l Q42 to Mar . l ' 1Q47 T/ 
R . M . Je ff ords Jtrly 23, 1942 to S ept. 15, 1942 I I J . M . Be r dan Aug . 10} 1942 t o O ct. 1 s. 1946 
W . 0. Smith Dec . 4, 1 Q45 to June '30 , 1Q47 
J. M . Birdsall De c . 13, 1943 to Dec. 11, 1·944 
R . C . Hart Ju.ly 1, 1939 to Jan . 24, lQ43 

O ct. 22, 1Q4'1 to June 30, 1947 
W . F . Guyton May 1, 1945 to Mar. .S • 1946 !_I 

Mar . 1 oll 1947 to June 30 , 1947 
M . M . Saunders Aug . 20, 1 Q4.5 t o J ne 30 . 1947 

I For detail to Military Geology, seep . L3r:' , 
t/ M ilitary fur lou.gh; did not eturn. 

QUALJTY OF WATER DIVISION 

The increasing in terest in the quality of both surface and ground 
water on the part of indus try h rougl:}t about largely by the war , re
sulted in grea t er cooperation · itr. the S tates which were seeking a dd i -
tiona l industrial plants . Also , post - war planning hy Federal agencies 
making studies of the water resour es, par ti .ula rly in the western 
states , created greater interest in sedimentation with referen~e to 
existing and p oposed reservoirs, and in the chemical quality of sur
face and gro nd water for irrigation . The increase in Federal funds 
was espe .ially marked during the last t 10 years when the intensiv e 
investigation oft e Missouri Rive r Basin-Depa :rtmental P 'rogram was 

in effect . 

The result of these influences was an inc r ease in the t ota l annual 
funds for the Division from $86 , 678 in 1940 to $316, '382 in 1947, an 
increase of more than 3SO percent , mos t of which oc, _urred during the 

last three yea r s . 

Perhaps the greatest effect on the Division was the d ecentraliz,ati on.. 
which took pla e during the period . Prev iously, p r adir·ally all t e ana 
lyti al wo k had heen perfor med in Washington, ex~ept for a limited 
amount in the Aus tin laboratory which was set up in 1937; but the ex 
pansion made it possi le as well as highly desirable , to estab~ish 7 
field laboratories , w ith permanen t staffs located m uc h closer to their 
fields of operation and hav ing a more intimate knowledge of their areas , 
and reducing the very cons id e ahle expense of tr anspo rting the ater 

samples to the laborato ry . 



Washi ngton Office 

W , D . Collins continued in charge of the Division until his retire
ment on September 30, 1946, when he was suc c ee>ded by S . K. Love . 
C . S . Howard was in harge of the operation of the Washington labora
tory u ntil e established headquarte rs in Albuquerque , New Mexico , 
in J ly 1942 hen Mr . Love succeeded him in charge of the labor a tory. 
M r. Ho ard was also in charge of the continuing investigations in the 
Colo ado and Rio Grande Basins , and the Pe os Riv er Joint Investiga
tion ith w as started in the beginning of the pe riod and continued until 
Decem er l 94l. Mr . Love was in charge of the sediment investigations 
fo r t e Soil Conservation Servi< e and the Flood Contr ol Coordinating 
Commitiee of the Department of Agr-ic lture , whi h were ste;' t~ d in the 
pre viou s period and continued during the first year or two of the present 
period; also of that part of the Southeastern Florida investigation re
lating to q ality of water which was started in the fall of 1939, and con 
tinued during the period . When M r . Love became chief of the division, 
E . W . Lohr took charge of the operati n of the Washington laboratory . 

Field 

The first move in the decentralization hich characterized the pre
sent period 9 w as brought about in 942. by the limitation on Washington 
Office salaries 9 2~]' hich required that some Washington Office personnel 
b e transferred to permanent field headquarters . One of the principal 
areas of operation was the Colorado River , Gila, Rio Grande , and Pecos 
River Basins in the south est and as C . S . Howard was in charge of 
those inv estigations , his headquarters were moved to Albuquerque, N. 
Mex . in July l q42 , that c ity being selected not only because it was rath
er centrally lo ated, but what was of equal importance, laboratory space 
wa s made available by the United Pueblos Agency . At that time, Mr. 
Ho •a :" d · s territory included all that west of the Mississippi River and 
w est of Texas. When the Missouri River Basin-Departmental Program 
became effective in the 1946 fis al year , that area was transferred tp 
the ne ·ly established Lincoln Office , and when the Fayetteville Offic·e 
w as esta lished in 1945, the Arkansas work was turned over to it. 

Laboratories.- Prior to the establishment of the laboratory at 
Albuquerque , a permanent laboratory was established in Austin , Texas 
1n 937, and a tempor ary laboratory was maintained at Pecos, Texas 
from A u g . l , 1939 to June 30, 1941 in connection with the Pecos River 
J oint Investigation. A temporary laboratory maintained at Roswell , 
N . Mex . from 19 3 7 to June 1943, and another temporary laboratory 
maintained at Safford , Ariz .. from July 1940 to March 1945, except for 
the period from June · 942 to June 1943, were under Mr. H oward ' s 
s u pervision. 

Additional S tate cooperation made it possible to establish laboratories 

29z_/ p . 4 
\ 
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at Raleigh, North Carolin a in September 1Q43 ° h 
L t C 

0 ° , m c arge of W . L. 
amar; a ha r lottesville, Virginia in July lC)4S al 0 b f 

0 0 

° 0 
, so 1n c. ar ge o 

Mr · Lamar ' ~t Fayettev ille, Arkan sas in September 1 Q45 , in charge 
~f l. W . Walhon.g and later of G . A . Billingsley; at S t illwater , Oklahoma 
m July 19

0

46 , m c-harge of I. W . Walling; ( the Fayetteville and Still\ oate r 
laborator i es were und er t he supervision of w OW H t o h. 

0 
• • as 1 ng s, w o w a s 

m ch~rge of t h e Austin la oratory); and in Septemb er 194n , at Phila-
delphia, Pen.~sylvania in charge o f N . D . B e a m e r under the supe rvisi on 
o f W. F. Wh1te . A temporary labor ato r y v. as m ainta ined at M iami , 
Florida from February 1940 to Sep t emb e r 1 Q42 . 

The Missour i Ri v er Basin -o Depa:r tmental P og:ram w h h , ~ a s 
placed in operation. in the fall of 19 45 , requi r ed an i ntens ive s e diment 
study in the entire basin, with a less inten sive study of quality , and a 
main offic e and labor atory were established a t Lincoln. , Ne raska , in 
March 1946 9 unde r the s per vision of P . C . Ben. e d i ct , wh as in 
charge of the D ivision ' s investigations in th e Basin . T .at p r ogr am 
w as so extensive, as well as intensive , that sediment labo r atories 
w ere al s o established at Worland, Wyomi n g in March 1946, ·i th T. F . 
Hanly in charge; at D ickinson, North Dako a in Jun e l 94f.,':l it B. C . 
Co lby in charge , followed by R . B . Vice; and at Nor ton, Kansas, in 
April 194 7, wit D . M . Culbe r tson in charge . 

T he firost regional full-scale laborator y esta lish e d for chemical 
analyses and sed iment determination, was that at Salt Lake City, Utah3 

in January 194 , as a result of a spec oific appr op r ia t ion y Cong r ess. 
With th e expansion of the Division ' s activities , i t ·as recogni z ed that 
regional laborato:r.ies ou.ld be necessary; the c o st of equipping a lab
oratory in each state where investigations were b eing conduc:ted, w as 
in general to o great for the a vailable funds and t h e l ogi c al solu tion 
was a number of regional laborato:r.ies e quipped b y means of FedeTal 
funds appropriated for the pu rpose . Wi t the es tabli hmen t of regional 
laboratories , the e xpense of transporting ·ater samples fr om t he field 
to the laboratory a u ld be m u c les n than th a t req u i r ed t o se d them 
to the fewer and more di stant laborato ies . Salt Lal e City was sele cted 
as the site of the firs t r egional laborato r y , as tl:oe wo r k had inc r eased 
in the up p er Colo rado Rive r Basin in U1a b. and Co l or a do , and in ldah o , 
and to a limited e xtent, the Pac ifi c No:r th ··es t . It w as e s tablish ed by 
Mr. Howar d in q u arte r s at. Fort Dougla s in a building of a fo rme r A my 
Post which had been a c quir ed by the Public B u ild ings Adm inistration . 
R . T . Kiser was sent from Albuquerqu e in Januar y 1 g4 7, t o set up the 
labo r atory . He was assi s ted by W . M . We ster and begin n ing Mar ch 
24

3 
1947, E . L. Singleton joined the staff. 

S tate c ooper ation 

The number of states c oopera tipg in q u a lity of w ate r inve stigations 
increased from 3 to i 3, th e a dditi on s oc c u ..,. ring ch ie fly dur i ng the last 
half of the period. T h at increase ·was d u e largely to the fac t tha t i n 
planning f or the pos t - war per i od, many indu stria l fi r ms e r e se eking 
new sites, and w a ter of s uita ble q uali t y was necessar y . T he many 



356 

inqu1nes receiv ed b y State and c ity o ffi ials , in consequence , called 
a t ten t ion to the impo tance of a knowledge of the quality of the water, 
bo th surface and grou nd . There we re practically no State organiza
tions working independently on industrial and agric ltural quality of 
w ater in a comprehensi e way, and as competition was keen, especially 
in some sections of the country, the natural result was that offers of 
c o ope r ation by additional States were re eived h y the Survey . 

Annual coop e rative State funds : 

1g4o $23 ,:;oo 
l q41 18 , 400 

1942 $13 , 209 19 44 $13 , 550 
1945 26, 300 

1 9 46 $4 5, 0 31 
1947 59 540 

T .e decrease during the first 4 years was due to the fact that a 
n u m b e r of special investigations by the surface , ground, and quality 
of w a t e r· divisions , started during the previous period, were completed 
and t he q u ality studies either discontinu ed or greatly reduced. The in
c rease during the last 4 years reflects the interest aroused chiefly by 
indu strial needs . 

The details of ooperation m each state are given under '' Operations 
1n ea c h S t ate . " 

Federal Co peration 

The r e w ere three principal reasons for Federal cooperation which 
c ons i sted in transferring to the Survey sufficient funds for the Survey 
to do the work r equ ested : (1 ) special investigations participated in by 
se v e r al aget}cies during the first two years , (2) investigations during 
th e war year s pe r- taining to the war effort, and (3) the investigations of 
the B u reau of Reclan1ation, requiring an intensive sediment program 
pa l"' ti cular ly in the Missouri River Basin during the last tw o years. 
T h e t o t al annu al amounts of Federal cooperation were : 

1940 $12 , 964 1944 $ 3,096 
1941 1 3, 893 . . 1945 6. 320 
lg42 12, 380 1946 103 . 630 
lg43 3,418 1947 148 , 640 

T e details of the activities for each agency follow . 

A rmy Engineers . - Early in the period , the Army Engineers re
queste d the SuJ"' vey to make analyses for dissolved solids of 10-day de
posits a ove Conches Dam in the Canadian River in New Mexico , and 
ab o v e and below t he John Martin Dam on the Arkansas River in Colorado . 

. D u ring the war years, the Army Engineers requested the Survey t o 
make analyses of water supplies for existing or proposed military es-
ta lishments in various parts of the country . Those requests were made 
usually by the various dist ict offices. To assist the Office of Chief of 



Engineers in mai.ntaining water st.t p}-ly systems at tr e various Army 
camps; th.e Repa~rs and Utilities D ivision ~ · as 0 ganized during the 
war, and tn the hs( al year 19439 U·.at agen< y requested the Surv ey, 
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as the authorized agency for that purpos , to fu · h 1 t . . ~::, r n1s a comp e e ana -
lytical ser v tce for Army camps as needed That · t' d se ::", 1c.e was con 1nue 
during the period , and analyses of the water supply at each camp e e 
made at least on Le a year by the nearest Su rvey laboratory . 

Annual amounts of Army funds availabl e 

Year Army Engrs. 

1941 $ l , 168 
1942 980 
1943 qos 
lq44 1, 3S8 

945 784 
l q46 
lg4? 2, 1 31 

Army camps 

$ 2, 5.~. 3 
1, 7 ~8 

l)jl) 

420 
5, Sl o 

Total 

$1, 1. ,'-' 
q8o 

3, 418 
3 , 096 
1' 320 

420 
7, 6SO 

Public Works Administration. - During the l q42 fiscal year, the 
P ublic- Works Administration made a final tra sfer of funds to the 
Survey amounting to $23, 500 9 of ~' irh $11, 200 was allotted to the 
Q uality of Water Division to continue tr. e analys es that had been sup 
ported by that agency during the previous period. Of that amount, 
$8 ,650 was used in Texas , and $2; 550 in Ne¥. Mexico. 

Defense Plant Corporati on.- The se .ond phase oft e Gila River 
Investigation25i/ made as a war meas Jre , w as finanred by the Defense 
Plant Corporation, a ar time agency of the Re c onstruction Finance 
Corp or atio , and required a large number of analyses "hich were 
made in the Safford laboratory29_I/ . To meet t e expense of that o k , 
the following allotments were made available . 

1944 $S, OOO $ . • 000 

Burea u of Reclamation. Of the $38 , 000 contr il ded to the Pecos 
River oint n v estigation hy the Bureau of Re lamation,29!,/ $'), 800 as 
allotted to the Quality of Water Division fo,. i s work in the Texas por
tion of th«:> Pecos River- Basin during the Fiscal y«:>ar 1 q40 . 

It was not ntil the fiscal year 946 hen t.he Bu"'ea was 1n esti
gating the Low r Rio Grande Valley G ravity Pro "ect tl-at fu rth er funds 
were made available. At that time, the Bureau ished to know the 
amount of salts eing applied to the irrigated lands by river · ate r, 
and the amount leac bed out by the drains and wastewa ys . F u nds were 

296/ p . 362 . 
297/ idem. 
29~/ p. 17. 
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pro11 id ed fo r the a n aly si s of the w a te r s amples hich the Bureau col 
le cte d . T h at agen y also made t e ne essa y d ischar ge measurements . 
The inve stigation c-on tin ed du r ing the 1 q4 7 fiscal year. A small num 
b er o f ana lys es w e r e also made in the Upper Brazos Rive r Basin. 

D ring tb. e fis al y~ar 19 4 7 , the Bureau : s inves tigations of both 
S\.r fa c e a nd g r o nd - aie r projects were b eing expanded , and fund s 
fo .,. t e analy si o f w ate r for a number of neVi inv estigations in Oklahoma, 
Nev. Mexi c o , a nd Colorado we re prov ided. D u ring the g r ound-water in
vestiga t io ns in the Pecos Valley i n T exa s .2~/ the s odium conten t of the 
w ater a s an impor tant factor. • and s ampl es from l:i22 wells and sp rings 
' e:re analyz ed . Sedim e nt sampl es a t thr e e- points in the Peco s River 
B asin . t~ o on the main stream , a nd one on A l amagordo C 1 e . k a bove 
A la.magordo Reservoir . It was anticipated that r ecords w ould be ob
tained s ho ing 1 a ds d u ring periods of s mmer s torms , but unfortunate 
ly, n o fl ov.· oc c r red in Alamago:rdo Creek and the flo of the Pecos was 
no r mal. 

Dai ly dissolved s o lid s s amples were colle c ted at the Rio Grande 
g a gin g s t ati ons near Lo atos, Co lo ., hi c h is the Stat e line s t ation, 
a n d at O t o w i Bridge , N . Mex . 

T h.e g r o nd "· wate r investigation of the sump drain in the closed 
b asin portion of the San Luis Valley, Co l o . ,300j required the hemical 
analyses of samples f om some 200 wells . 

Nea:r t he end of the year , funds were made a v ailable fo -r the col 
l e c tion of daily sediment samples at four gaging stations in the Washita 
Riv e r Basin, Okla oma . This was an inter-division u ndertaking; a 
local o se r e r to k the samples , which were c ollected by ·, the Su rface 
W ate engineer b y the S tillwate r labora t o y; and finally the Surface 
W a te r Divi sion, in onnecti on with the d ischa rg e recor ds , c ompute d 
th e load in ton . 

Total a n n al amou nts of Bureau of Re lamation fu nds available : 

$ 5 , 800 1947 $23 , 900 

S oil Conser vation S ervi ce . - Of the eight proj e cts in whi c h sediment 
stu d i es r~ad b een started during the p r evious period, tho se at Tarkio , 
Mo., D e ep River , N . C . ·, Conn Creek, Wis . , and Pullman, Wash . were 
co t inued u.ntil 1941 . 

The < ollection of sediment samples in the field were made by the 
S u rface Wate r Div ision ·hi ch maintained t he gaging stations at which 
the sampl es were colle ted , and funds re r e allotted t he Surface Water 
D ivisio n fo :r that pu pose. The analyses of the sed iment samples and 

299/ p . 31 
300/ p ')) 
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comp .tations of the sediment load was made by tbe Qu.ality of Wate r 
Division, and fo:r that p · t f urpose , e ollo"·ing amO\,nts v' ere available : 

1940 $2,064 $2 , 300 

Fl_0od ~ont:r ol Co0rdinating Committee .... The st dy of sediment. o 1 

~he Boise River, l dah.o P r oject started in January l 930 , w as di s ontinued 
In Novemhe:r l 04.1, and th.e temporary p roj ect a t St. Francis , Mo. 
star ted in Fe ruat·y l o 30 was discontinued in J. q40 . 

The collection of sediment samples · as made by the Sur fac e Water 
Division hich maintained the gag i g stations at which the sa m Jles were 
collected, and fu nds w ere allotted the Surface Water Divi sion w -r that 
purpose . 

The analyses of the sediment samples and the r ompu.tatio n of the 
sediment load ·as made by the Quality of Wate :r Di ision, and for that 
purpose , the follo ing amounts were available : 

Year Boise St. Fran is Total 

1940 $ 8 , 000 $ l , 200 $ 9 , 200 
lQ41 4, 400 4 , 400 

For a description of the Boise River Project, see p . 806 . 

Navy Department. T he Su rvey vras cal .ed upon to analyz,e the 
wate:r s pplies at a few Naval estahlisbments and the Navy Depar tment 
f nds expended were . 

$225 $200 194 $lAo 

Veterans Administration.· Perhaps folJow ing t e p r ecedent set by 
the Army Engineers several year p revious, the Veterars Administra 
tion near t.he end of the period entered into an agreement with the S r 
vey t o analyze , c iefly for cor rosion and scale , tr·e '~·ater supplies of 

Veterans hospitals as requeste d . 

Du:r ing I q \ ?, .he amount of Vete a ns Administrati on f1 1.nds req ired 

w as $330 . 

State D epartment. -- As a result of the International Treaty with 
Mexico D t e San Mar cial gaging s .tation on the Rio Grande was trans
fer red from the Inter·national Boundary and Water Commission to the 
Surv ey on uly i, 1946 . The San Man ia l station is a c ompa r a ively 
short distan e above ElephaP t Butte Reser v oir and b oth stream-flow 
and sediment rec ord s were maintained. The State Department pro
v ided funds for the maintenance of the s tation of whic h $3, 400 was 

allotted to the sedime t studies . 
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Boise Ri e:r l nvestigation 

The Boise- Riv er Investigation '~ as one of a number of similar in
v estigations s ta:r ted toward the end of the previous period in co pera
tion either v. itb th e S o 1l Conservation Ser ic-e or the Flo d Contr ol 
Co0 r dinating Committee of the Department of Agric u lture . It is here 
de s cribed as dur ing the im estigation, ne methods of collecting and 
computing sediment records were sed, methods hich have b ecome 
more or less standard. in the Survey . 

The inves . igation was started in January 1939 , with the measure
ment of discharge at 13 points, the general lo ations of which w e re 
selected by the Soil Conservation Service to show the effect 011 e rosion 
of placered areas . bt1rned areas. cut - over areas, virgin timber areas, 
and range areas in thr ee different stages of depletion . All stations, 
three of wt ich ere existing stations, were equipped with recorders 
and an mber also had b :r oad-crested controls . When the flow was too 
small to he measured by urrent meter , portable weirs were used . The 
field v. ork of meas ring the flow and t ollecting sediment samples was 
performed by the Boise District of the S rface Wa ter Division , P . C . 
B e n edict eing in har ge of the project under T , R . N e 'ell ' s supervision. 
The development of the sediment sampling equipment, the collection of 
sediment samples and their analyses we e under the direction of S . K . 
Lov e » ~ ho spent considerable time in the field. A temporary laboratory 
in charge of H . A. Sv. enson was maintained from July l , 19 39 to Oct . 
30 . 1940 . 

The f r equenc-y of the sampling depended upon the changes in sedi
ment content. D1 .ring spring runoff, samples were collected from 3 to 
1 2 times daily . As changes in stage and sediment content usually occur 
more suddenly in small streams. samples ·ere collected more frequent 
ly on the small t"l·· ir u.ta r y streams . During flood periods , the loads for 
mos t of t . e statio ns were computed in tons per hour and plotted in the 
fo r m of c-ontim .. o u. s graphs for each da • and the daily loads determined 
by meast. ring v:.ith a planimeter the areas und er the graphs. During 
periods of low flow and periods of low sediment content and the discharge 
fairly unifo r m ,, tr e daily loads ~ · ere computed from daily samples and 
the average discharge for the day . A total of 43 , 900 sediment samples 
we r e collected at the 13 stations . 

F1eld ork was completed June 30 . 1940, and the results of the ln
ves tigation were published as Water ·- Supply Paper I 048. 

Pecos River Joint Investigation 

The w o r k of the Quality of Water Division for the Pecos River Joint 
Investigation as a continuation of that started in 1937 in cooperation 
~ ith the State of Ne Mexico , which ha.d been confined chiefly to the New 
Mexico portion of the Pecos River Basin with sampl<es from one gaging 
station in Texas . The analytical work as perfo rme d under supervision 
of C . S . Howard in a laboratory established at Roswell, in charge of 
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W. F . Wh_it_e, Jr . When the .Toint Investigation as star_ted in July 
1939, add1honal work as performe d in the Texas portion of the a · ea · . 
with analyses being made in the laboratory at Pecos , Texas ,': estab 
lished August 1, 19 39 9 · in charge of W. W . Hasting~ . · . · .. 

Daily samples were collected at 16 gaging stations on the Pe cos 
River and less frequently at several intermediate po_ints on the main 
stream. As the surface waters in the Basin ar e r ather highly miner;:;_
lized, colle ction of daily samples was nec-essa y t o obtain a clear under 
standing of changes in concentration and rharacter oft e river aters . 
At the station on the Pec-os at Red Bluff, New Mexico , it was ne c-es sary 
to obtain 2 samples daily becaus e of marked diurnal va r iation :.., c on
centration . The concentrates ente r ed the river at Malaga B e nd, do n 
stream from the power plant below Carlsbad, and as that plant regulated 
the river, the per entage of concentrates varied . Samples of impo tant · 
trib taries were obtained at frequent inter vals to evaluate the effects 
of tributary contributions on the composition of the waters in the Pecos 
Rive r . Many wells w ere sampled throughout the basin to determine the 
character of the ground wate rs available for irrigation and to show the 
quality of the gro nd water , which is a large proportion of the lo flow 
of the river . After the end of the Jo int Investigation in June 1941, 
quality of water investigations were continued on a vety ted . ced scale 
thr ough cooperation with the states of New Mexico and T·exas . 

The Civil Service personnel in the Roswell laboratory were ~ 

w. F. White July l, 193Q to Nov .• l , 1942 

E . D. Parsons Sept . 5, l93Q to Oct. 14, 1941 

J. D . Hem July 1942 to June 1943 

W . L. Minton June 24 , 1942 to Jan .. 5., 1943 

A. R . McKinney June 3. 1940 to Sept . 16 , 1940 

J. K . Lawson June l.~, 1940 to Sept . 3-0, 1940 

R . J. Putman Apr . 2, 1941 to July 26 ? 1A41 

The Roswell laboratory was merged with that at Albuquerque June 

16, 943 . 

The Pecos ·laboratory was opened August 1 9 193q and continued 
until June 30 , 1941, after which date the small amount of analytical 
work being continued was performe d in t e A u stin laboratory . The 

Civil Ser ice technical employees were : 

N. A . Tal vi tie July 1 p 1939 to June 30 , 1941 

w. w. Hastings Aug . 1 , 1939 to June 30, . 1941' 

Burdge Irelan Sept . 18 ' 1939 to June 30 p 1941 

R . G. Kerlin June 2 5, i 9 40 to Dec·. 2 8 , 1 Q40 

N. L. Lewis Jan . 2 , 1941 to une 30 , 1941 
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Gila Riv oc r Inves tiga ti on 

At the requ.est of S . F. Turner 9 a laboratory was set up at Saffo d , 
A :r izona in July 1 q40 ~ in charge of J . D . Hem . lts fun tion was to ana 
lyze th e water s a mpl es requir e d hy the g r ound ate r inventory of 
Safford Valley, v. h i ch ere s r face - a nd g r ound ater samples to de 
termine the a mo n ts o f d iss o lve d sol i d s e n ter ing and l e aving the a lle y , 

· and the sou.rces o f the saline m ate ial. I n a dd iti o n, analyses o f ground 
a ter in other parts of Arizona w e re mad e . T . e first phase of the in

vestigation9 d u r i n g whic ah o1•t 2 , 000 analyses w e e made , was ended 
m Jl,ne rq 2 and the labo a1 o:t< y was closed in J u ly . 

The seco n d and more inte nsive ph as e of t he Gila R i r inv e s tiga
tion, ma d e at the -request of the Defense Plant Corporation and financed 
l::·y 1t9 with f t...n d s furn i s hed b y the Phelp s Dodge Corporation, was 
starte d in J n e 1q 4-3 . and t e l a b o r ato r y w a s reopened y Mr . Hem on 
a more exte n sive s . ale . Ab ou t , 000 a te r· samples were analyzed to 
determine the effect o n the quali ty o f w a t er in the area by its use by 
i rr igati on . in d s t r y 9 and nat iv e vegetat i on . Some of the analyses of 
g r u l"ld -wate :r sam ples v. e r e sed i n a me t hod of computing ' water use 

y ative e g e ta tion. , whic was de v ised d u ring the investigation. The 
in restig ation lasted unti l the end o f 1944 h en the laboratory as closed . 
Jn a d ditioT' to M r. Hem. R . T . K i ser as there from August 16 , 1943 
to Au.gust 1 q 44. 

C olo r ado R ive r Investigation 

The p rog ram of sediment s a mpling on the Colo ado River was 
virtually unc a g e d from that o f the pre vious period . The gaging sta 
tions selected f o r sampling were a t impo r tan t points onnected w i th 
plans fo r reservoirs , o:r thos e s tati ons rh ich would indicate the la r g e 
sedim e nt-prod l.H i n g areas. S e d i m ent samples e r e collected at the 
follo '~ ing points · 

Colorado Riv e r near Cisco , U t ah 
Gre e n R iv e r at Green River , Utah 
San 4 u an R iveJ' near Bluff, Utah 
C olo r ad o R 1 v e r a t G :r and Canyon , Ariz . 

Tr, e samples we r e analy z e d i n local labo r ato r ies by the resident 
e gineers of the Su face W ater Di vi s i on . The computation of daily , 
monthly3 and an·nua l sed imen t loads w e r e made in the Albuqu erque 
lahorato y ., 

D l.r ing the p eriod , th e di ss olve d solid s studies , however , w .er·e 
expande d . Thei p · . rpose w a s to d etermine the concentration in hemi 
cal c'barac.te:r o f the ri er w ate rs at var iOlJ. S points in the main stream 
an d tr. en asce t a in the nature a d quanti ty of the contributions of dis ·
solved solids fr om t r ib tary s treams . The user~ of water in the lower 
b asin eca m e c onsciou s o f .he ne e d for q u ality o£ water· information, 
p articul ar l y i n anti ipat.ion that t r ans - mountain diversions out of the 
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he?-d ater areas of the basin would ave a detrimental effect on the 
quali t y of the water available in the lower basin. 

Dissolved solids studies we r e c onducted at th.e following gaging 
stations : 

Colorado Rive r at HotS 1 h S · C u P ur prmgs , olo ., A pr. to June 194 7 
Colorado R iver near Gl d S · C en woo prmgs , olo . , Oct. 1941 to J u ne 194 7 
Colorado R iver near Cameo, Colo ., Oct. 1933 t o une 1947 
Colorado River near Cisco , Utah, Oc t. 1928 to June 1947 
Colo rado River near Lees Ferry, Ariz., O ct. 1942 to June 1947 
Colorado River at Grand Canyon , Ariz • . , Aug . 192'1 to J une 10 47 
Colorado Rive r below Hoover Dam, Oct. 1939 to June 194 7 
Colorado River near Yuma, Ariz., Oct. 1942 to June 1947 
Green River at G ree n River , U tah . Oc t. 1928 to une 1947 
G unnison River near Grand Junction, Co l o . , Oct . 19 39 to June 1947 
San Juan River near Blanco, N . Mex . , Apr. 1945 to June 194 7 
San Juan River at Shiprock, N . Mex . , Feb . 1941 to 1944 
San Juan River near B luff, Utah, Oct. 1929 to June 1947 
Animas River at Farmington, N. Mex., June 1940 to June 194 7 
Eagle River bela ' Gypsum, Co lo. , Apr. to June 1947 

D aily samples were collected and the analyses made at first in 
Washington, but were made in Albuquerque after the laboratory was 
estab lishe d in July 1942 . 

The Colo r ado River investigation was u nder the direction of C. S. 
Howard who furnished the foregoing information. 

Annual Federal funds available were : 

1940 $ 9 , 800 1944 $ 11' 800 
194 9, 720 1945 14, 000 

1942 9,620 1946 12 .. 400 

1943 1 0 ' 7 80 1947 29,000 

The increase for 194 7 was ma2e in recognition of the gr w ing inter
est in and need for more sediment and dissolve d solids data for the 

C olorado River. 

Albuquerque Laboratory . - The Albuquerque laboratory was virtually 
of the type which came to be known later as a regional laboratory . It 
was maintained chiefly by Federal funds and analyzed samples of sedi
ment and dissolved solids, from a large area in the southwest. At first , 
the samples analyzed were from the Colorado River but later samples 
from ground water investigations in the southwest were analyzed, and 
during the las t year, sediment samples from the Rio Grande , Pecos , 
and Little Colorado Rive r Basins were analyzed for the Bureau of 

(' 

Reclamation . 

The laboratory had the following Civil Ser v ice technical pe r sonnel 
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under M r. Hov:. a r d 1 s s upervis io n . 

Name Period 

w. F . White, J r. Nov . 2 , 1942 to Aug . 3 , lq44 

T rudell Downe r Aug . 2, 1943 to July 11 ' 1945 

M . R . Cummings Nov . 20, 1943 to Apr . 5, 1944 

R. T . Kiser Aug . 1944 to J une o. 1947 

J. D . Hem an . 194S to J e 30 , 19 47 

M . E . K raus n ick Aug . 17 . 194S to Mar . 8, 1946 

v . D. Arnold June 7, lg4 to June 30 , 1 47 

W . J. Ettleman J\dy 22 , j_ q46 to May 29 , 1947 

W . M . Webster- Sept . q . 1946 to June 30 . 947 

E . F. Williams Feb . 1 1 , 1946 to June 30. 1947 

E . L . S ingleton Mar . 2 4» 194? to June 30 , 1947 

Missour·i River Basin - D epartmental Progra"m 

When plans for the Q ality of Water Division 1 s participation in the 
D epartmental p r ogr am ·e r e well adv anced , P . C . B ene di t, who had 
dev o t ed a large part of is time in the Iow a D istrict to t he development 
of sediment samplin g equipment as t he Geological Survey r epr esenta
ti v e 930Jj w a'? tr ansfe r red Sept ember 21 , 1 45 , from the Surface Water 
D i rision to the Quality of Water Div isio n a nd p lace d i n charge of the 
Div isions activit]es in the Missouri River Basin . Those activities 
w ere conc e r ned c iefly ith t h e sediment dischar·g e of streams , re 
lated to reservoirs p r oposed for construction by ~he Bureau of Recla
mation, as 'ell as stu dies of the mine ral quality of s u rface and ground 
w ate r s to meet the needs of all Federa l agencies in the Missouri R ive r 
B asin. 

After a stu.d y of the p r obable investigations to be unde rtaken and 
transportation fa <. ilities available , S . K . Love and P . C . Benedict 
re ommended the establis ment of a c entral offi c e and laboratory in 
Lincoln, Nebr . 9 and when field w ork was being started, Mr . Benedict's 
headqu arte r s we:r-e mo ed on March 6 , 1946 , to Lincoln . 

The A my Enginee r s ere obtaining sediment samples at Survey 
gaging stations in the YelJo stone River Bas in in c onnection with the i r 
plans for constr u ctin g flo d control res ervoirs; sampling at 2 stations 
was di s continued, and the othe r stations were incorporated in the Sur 
vey ' s pi og r am. Tr.at p r ogram consisted of de termining daily sediment 
discharge at 25 gag ing stations and miscellan eous studies at several 
o her s t ations . For the q tJ.a lity study, dai ly samples were obtained at 
4 gaging stations, and samples were collected monthly and during flo ods 
at 38 ot .er stations. Man y of the latt er samples were obtained by the 
S1 rfa e Wate r Di~ision eng ineers while making d-ischarge measuremen ts. 

301/ p . ~ 
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By une 30 ~ 194 7 , the requested p rogram had expanded to include 44 
dai ly sediment stations . and 7 sta t ions sampled periodically, and 13 
quality stations sampled daily plus 61 stations sampled periodically . 
Water samples collected by the Ground Water D ivision in the Missouri 
River Basin were also analyzed, and discussions ere prepared for 
inclusion in ground-wa ter r:eports . 

To carry on the investigation , offices and laborator ies w ere es 
tablished in L incoln, March 1946; Worland, Wyomi ng, March 1946; 
Dickinson, No r th Dakota, June 1946; and Norton, Kansas, April 1947 . 
Ar~: engineer w ith several assis tants was in charge of each office a n d 
was responsible for the field office and laboratory work in h i c:; a r ea 
and, at times, mad e needed water - discharge m eas urements. H. A. 
Swenson was in charge of the quality of wate r studies in the Lincoln 
Offi c e. The Dickins on sub office , which is car rying on bot~ quality of 
w ater and surface water investigations , was jointly super vised by the 
respective district offices , Lincoln> and B ismarck. Surface water 
engineers in K ansas , Nebraska, South D a kota . and Wyoming also as
sisted with the P.rogram . 

The follo wing amounts from the Missour i River Basin funds were 
allotted to the Div ision: 

1946 $ 98, 000 1947 $115, 450 

Although not conc erned sole ly with the Missou ri R iver program, 
the Survey 1 s participation in the development of the sedi:ment samplers 
at the Hydraulic laboratory at Iowa Ci ty wa s u nder the supervision of 
the Lincoln Office as M r. B e nedic t had p r e viously been engaged in that 
study . Mr . Benedict had as Civil Service tech nical assistants the fo l-

lowing : 

Name Period 

Lincoln: 

F . T . Schaefer Jan . 2'?' 1946 to J une 30 , 1947 

H . A . Swenson Feb . 1. " 946 to une 30 , 1947 

J . G . Conno r Feb . 2 5, 1946 to June 30 ' 19 47 

s. E. Emeson June 3,. .1 g 46 to Aug . zq, 1946 

R . H . Schaffer Sept. 2.3 , 194h t o J une 30, 1947 

J . J . Wright Feb·. 4, r g47 t o J une 30, 194 7 

s . E . Palmer Ap r . 21, l g47 to June 30, 19 4 7 

Mrs . W . M , Bar June 2, 1947 to Ju.ne 30, 1947 

L . L . Thatcher June 2 , l g47 to June 30, i 947 
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Name ---
Di ckinson, N. Dal< 

B . c . Col y 1/ 
R . B . Vice i/ 
J. M . Stovv 

Norton, Kans .. 

K . B . Johnson 
D . M . Culbertson 

Worland , Wyo .. 

T . F. Hanly 
S . G . Heidel 

Mar . 
Ju.ne 
July 

Pe:riod 

2'1 , 1946 to Aug . 12, 946 
lq, lq46 to June 30, 1947 

1 , 946 to June 30 , 1q47 

Feb . 18 , 1q47 to J une 30, 1947 
Mar . 17, 1947 to June 30, 1947 

Jan. 
Mar . 

15 J 

18 , 
1946 
19 46 

to June 30 , 1947 
t o June 30, 1947 

A . R . Robinson, Jr . June 2 , 1947 to June 30, 1947 

1/Surface Water Division. 
- In addition , the Surface Wate r Divis ion =s sub-office at Cambridge, 
Neb r . supervised the sediment work in that area. 

Research p r oj ects 

P rior to the fiscal year 1947 , the divi sion ' s activities in research 
had b een largely c oncentrated on methods of chemical analysis as ap
plied to the chemistry of na tural waters, but ith increasing demands 
for actual analyses 3 less time and funds were ava ilable for research. 
Ho eve:r J v.ith. $7 , 000 a v ailable for r esearch)~:r it was planned to 
parti . ipate in furt er research and de velopment of sediment sampling 
eq ipme n i and technique at the Iowa C ity laboratory , and the initiation 
of a program for studying geochemical problems in connection with 
studies of ground u.ater reso r ces . 302_/ 

The funds ·ere used for five new p roj e . ts and for one of two pro
·ects star ted previa sly . The new p r o ·ects wer e : 

A detailed stud y of the flame photometer for the routine determi
nation of sodiu m and potassiu m , condu cted by a graduate student at 
Okla oma A & M College in S tillwate r , u nder j oint supervision of the 
Chemistry faculty of the college~ and I. W . Walling , the Survey ' s resi
dent chemis t . 

An improved ele c trometric met hod for de'termining boron developed 
1n the Lincoln laboratory, under the general supervision of P . C . 
Benedi( t 

302/ p . ~1 
JO)/ S . K . Love : Proc . Sout he r n Branch Conference , Dec . S-7 , 

1946. p 134. 
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W ·. L . Lamar supervised in the Raleigh labo r atory a method to 

determ1ne color in tr rb · d t b · · 
. • 

4 
•
1 ' a er Y 1ntroducmg a concentrated sol · tion 

of s~dlUm chlonde, wh1ch would p r ecipitate the turbidity with~ut af
fectmg the color. 

A study of methods for d t · · b . h e erm1n1ng 1g nitrate content in natural 
waters was made in the Austin laboratory unde r the direction of Burdge 
Irelan. 

A study of analytical methods needed for pollu t i on investigations 
~as mad: by W · L . Lamar, who v isited the Tennessee Valley A u thority 
m Knox ' llle and the Public Health Service in Cincinnati ~ and or ta ined 
a large amount of information on the pollution problem . 

Of the two projects started previously, one was the de ve lopment of 
sediment samplers~X>_o/ and funds were used to help finance the activities 
of the Survey rs representative , B . C . Colby . 

The other project was a study of zinc uranyl acetate for the deter
mination of sodium, which had been started a year or so previously by 
the Albuquerque laboratory under the supervision of C . S . Howar. d . No 
research funds were devoted to that proj ect dur ing I q4 7 . 

Sedimentation Studies 

Increasing attention to the sediment loads in streams was being 
given not only by the Survey but also by the Army Engineers , Bureau 
of Reclamation, TVA , Soil Conservation Service, and other agencies 
concerned with the shortage of water, and soil erosion. The accuracy 
of the c omputation of sediment load depended largely pon the degree 
with which the sediment samples collected gave a true measure of the 
sediment in the stream cross section at the time of sampling . For col
le cting the samples, no standard type of eq ipment known as a sampler 
had been developed; the Sur v ey was using. the so - called Colorado ·· type 2 

the Army Engineers were using various types de v ised by. the different 
district offices, and the other age11ci.es had thei:: ow sa.mplers . Also , 
there was no standar d method of analysis of the sediment loads. 

·To make a study of the various types in u se , and develop satis
factory types for various conditions, Gail" Hathaw ay, Spec-ial Assistant 
to the Chief of Engineers, U . S . A ., · contacted Prof.. E. W . Lane at the 
University of Iowa ' s Hydra li e- Laboratory in Iowa City in 1939; the . 
Army Engineers we r e carrying on a study of lock models at the time 
and had a sub - office there . Prof. Lane expressed a willingness to 
unde r ta:k'e ,;_research project, and t o guide that research, an inter

.agency o~mittee, consisting oj. representatives from the Army Engi
neers, Bureau of Reclamation, TVA , Soil Conservation Service, and 

304/ p. 368 
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Office of Indian Affairs, wa s fo rmed in 19 3g . Headquarters for the 
project ere es tablished at the Hydraulic Laboratory in the spring of 
rg39 . At first, the pro ' ect was ac tively participated in by personnel 
of the Army Engineer s , Soil Conservation Service, and t he Geological 
Survey; some wha t late the Bureau of Reclamation and TVA d etailed 
men to the p roj e ct for a rela tively short time. Prof. Lane guided th e 
pro · e t until t e summer of 1942 when e left the Hydr aulic Laboratory. 
Altho ugh preliminary models had b een mad e , no tangible results had 
heen obtained , and there was a di spos i tion on the part of some of the · 
agencies t o discontinue the proj ec t. L . C . Crawford was most insist
ent that th e study ontinue unti l a sa t isfactory sampler was developed . 
The Army Engineer s also desire d the contin uation and thereaft e r t he 
development ork w as carried on b y P. C . Benedict of th e Sur v ey and 
M . E . Nelson of the Army Engineers in charge of the Army Engineer 
s · h-off i e at the laboratory . The Survey =s participation was financed 
fr om Federal station funds , and V . A . Koelzer of the Iowa District 
was the Surve y ' s full -time representative, under the supervision of 
R . G . Kasel, dis t rict engineer , who was succeeded by L. C. Crawford 
April l , l g40 . M r . Koelzer resigned November 12, 1940, and the 
Survey had no rep r esentative until the followin g June when P. C . 
B ene d ict w as transferred t o the Iowa D istrict. Thereafter , he devoted 
half his tim e to the joint investigation until he was transferred to 
Lincoln 9 Nebraska , to head the Quality of Water Division s partici 
pation in the Missouri Ri er Basin ~· Departmental Program on March 
6 ~ lg46, and was succeeded by B . C . Colby on a full-time basis to 
complete certa i n important phases of the remaining work of particular 
interest both to the Army Engineers and the Survey. From then on, 
the Sur ey ' s share of the proj ec t was finan ed by Missouri River Basin, 
Colorado River , and Research funds , and general supervision was ex
ercised by M r . Benedict from t he Lincoln Office . 

The first phase of the inv estigation was a review of field practice, 
an d equipment s ed in sampling suspended sediment. More than 50 
samplers in use , no t only in the United States , but also in Europe and 
J.ndia ere studied, together with the current field practices which 
va ied considerably . As a result of that study, the requirements for 
an ideal sampler e re set forth , as were also the frequency with which 
samples s ould be taken, and the selection of sampling points . The 
results ere p ubli shed by the Army Engineers ' sub-office at Iowa CiyY" 
as "Report No . I , Field practice and equipment u sed in sampling sus
pended sediment, A u gust 1940 . '' It formed the basis for the subsequent 
investigation. 

As the most unsatisfactory phase of sediment sampling was the 
d etermina tion of bed load and bed material, a study of existing sam
plers was made, a n d the req irements for an ideal sampler outlined . 
Report No . 2 , "Equipment useo for sampling bed load and bed material, 
September 1940 , 11 gave the re sults. It appeared to be almost impossible 
t o develop a e d load sampler fo r streams having sandy channels, and 
as that type of stream car ri es the heaviest concentrates, the type of 
stream of g eates t concern to t e cooperating agencies, no work was 
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P:- study. of. the various sampling methods in use was made to de
termine th:Ir Inherent errors when used in streams where the sediment 
concentr~tiOns and velocities vary betwe f' n the surface and stream bed . 
As a basis for subsequen t field work, a labor atory study of the problem 
was made both by analytical methods and use of many f ield samples. 
It was termed a ''quanti tative analytical study" and the results w ere 
published as Report No. 3$ "Analytical study of meth ods of sampling 
suspended sediment, November 1 q41 . " 

As a part of that study, or perhaps it would be more ac c:wr<1 t e to 
state, being carried on at the same time , . as a stu dy of me thods to 
determine concentrations of sediment in the samples . There was a 
lack of uniformity in the methods in use , as was shown y Report No . 
4, "Methods of Analyzing Sediment Samples" was also publ i shed in 
November 1941 . 

Wi th the background of existing samplers and the study of sources 
of error through the sample collected being non -representative of the 
conditions in the stream, the next step was to eliminate by laboratory 
tests the sources of those errors . The chief sour c es were 1} due to 
adverse sampler intake conditions, ( 2} accumulation of sediment in 
the sample contai er , and {3) loss of sediment m transferring a sam
ple , Repo t No . 5, "Laboratory investigations of suspended sediment 
samplers , December 1941 , " gave the r esults . 

Having determined the so rces of error in existing types of sam 
plers , the next step was to design samplers which would eliminate 
those errors, and that work was sta ·ted early in 1941 . To meet the 
wide range of field conditions , two types of samplers ere needed, 
one the depth-integrating sampler which, as its name implies, would 
obtain an integrated result as the sampler was moved uniformly from 
the top to the hot tom and return, and the other , a point sampler to be 
held ai a fixed point i the vertical. The depth integrator was the more 
complex, and it was studied first . . Working drawings for a sample r 
were prepared from which plaster models were made, the latter being 
changed until size and shape appear ed satisfactory. Then a finished 
metal sampler was constructed , which w as subject to labo atory and 
field tests . The tests disclosed weaknesses which resulted in furthe r 
revisions. That procedure continued with more exhaustive tests on 
each sue eeding model, until the fifth model was completed early in 
1943 . In May 1943 , 10 test models were made , and distributed among 
the Office of Indian Affairs , Bureau of Reclamation, Army Engineers, 
and Sur vey offices for comparisons itb samplers in use . Reports ·re
ceived from 13 field offices indicated that the sampler proved to be 
satisfacto y for average conditions , but needed some mod ification to 
satisfy extremes of dep th and velocity . The comparisons also showed 
that in some instances, the discrepant results of the existing samplers 
were due in part to the methods used in sampling . Thus, it was appar 
ent that there was a need to standardize the methods used in sampling . 



A progress repo r t ontaining the n~ s ults of the various field tests was 
published in De ember 1944. It '.Nas transmitted t o the Interdepart 
mental Committee for study of methods use d in measurement and 
analysis of sediment loads in st earns , as that agency had directed 
that such study be mad e. As a result of all the studies, report No . 6 
w as prepared hav ing the title , 11 The design of improved types of sedi
ment samples. 11 

While the depth -integrating sampler was being developed, work was 
star ted on the point sampler in which the Army Engine ers were parti
c-ularly interested . Work ·as suspended before more than the one 
laboratory sampler as made, as the Interdepartmental Comm ittee 
on July 3, 1 942~ agreed to defer further developmen t until a£ c the war. 

With an apparently satisfactory sampler of the dep th -integrating 
type and a orkable laboratory sampler of the point type, Mr . Benedict 
took both samplers to the S sampling stations in the Colorado River 
Basin o test them under . rigorous field conditions, and also with the 
samplers then in u se at those stations. A few days were spent at each 
station and the experimental samplers were found to operate satisfac
torily . 

On Mar ch 28 , 1944, the Interdepar tmental Committee , adopted the 
name 11 U . S . Sediment Sample r D-43 11 fo r the depth integrator, 43 being 
the year w en it as de eloped, and 11 U. S . Sediment Sample r P-43, 11 

for the point sample r.. Experiments with the P - 43 sampler were con 
tinued and in 1946, it was re d esigned as the P - 46 . 

During the remainder of the period, contracts were let for 162 
P-43 samplers which were used chiefly by the Survey. At an inter
agency C"Onfe:r ence on sediment held in Denver May 6-8, 194 7 , the 
advantages of the new sampler s we re recognized and the agencies con
cerned generally agreed to use them in the future. 

Follo\\ ing the development of the two samplers m 1943, attention 
was turned again to the size analysis of suspended sediment samples; 
as none of the methods in use could be applied satisfactorily to all 
siz.es and concentrations existing in streams , it was hoped to remedy 
that deficiency by de veloping a- device suitable for analyzing suspended 
sediment samples with a wider rang e of sizes and concentrations, than 
any kno n methods. War conditions curtailed the study before its com
pletion, but tl:e results actually obtained were published as Report No. 
7, 11 A study of new methods for size ana lysi s of suspended sediment 
samples," in June 1943. 

The material leading up to and discussed in the re'ports of this 
series was summarized in Rep rt No . 8 entitled "Measurement of the 
sediment disc- arge of streams." T his report was prepared to help 
the field men in their selection of equipment and methods for me as
uring sediment loads , 
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One of the chief needs for sediment studies was to determine the 

rate a~ which res.ervoir capacities would be depleted. As the quantity 
of sed1ment earned by a stream is usually expressed by weight, it is 
necessary to convert that weight into volume, and as no thorough 
study has ever been made for such conversion, the estimated densiti es 
cover a wide and indiscriminate range of values. Early in the resear ch 
project, Prof. Lane and Mr . Koelzer compiled all available data and 
drew certain conclusions from their analys i s. The study was published 
as Report No. 9, "Density of sediments deposited in reservoirs . '' 

Sediment - discharge measurements.- Messrs. Love and Benedi ct, 
on the Boise project, the field work for which lasted from Janu, r y 1939 
to June 1940 , used methods which , with subsequent refinement, based 
somewhat on the studies at the Iowa Hydraulic Laboratory , were used 
in the Missouri River Basin ·- Departmental Program. The methods 
included the hydrographing of daily concentration on the gage -height 
chart. So - called sediment- discharge measurements included the col 
lection of samples from 3 to 5 vertical points •using the D · 43 sampler. 
The locatioll of the verticals was obtained from current-meter meas -• 
urements and represent equal points of discharge . The local observer 
took his daily samples at one point in the cross section except in 
streams having wide variations in concentrates in the cross section. 
Observer 1 s results were compared with the engineer 1 s sediment
discharge measureme~ts and corrected by a shifting channel method , 

when necessary . 

Special Repor ts 

With the increase in the number of analyses of surface water, both 
for dissolved solids and sediment, and the greater interest in the re 
sults, the need arose for a series of annual publications containing the 
analyses. Accordingly, for the water year 1941, the series was started 
under the title "Quality of Surface Waters in the United States," the 
first being Water-Supply Paper 942. In the report for 1943, a summary 

for the previous years was included . 

The results of the sediment studies m the Colorado River , started 
in 1925, had previo"usly been made available to Federal agencies by 
means of typewr.itten ,. reports , but to make then available to the public , 
the results from October 1, 1925, to September 30, 1941, were pub
"lished as Water - Supply Paper 998 . Records at the Grand Canyon gag 
ing station were given for the entire period , and for shorter periods at 
other stations. They included records of the mean daily discharge and 
daily sediment load for many stations . Records for subsequent years 
were included in the annual "Quality of Surface Waters of the Uni te d 

States." 

In connection with an investigation of the Boise River drainage 
basin made in cooperation with the Flood Contro l Coordinating 
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Committee , in 19 39 a nd l 940 ,3°.)-' the results of the sediment loads 
were pt..blished as Wat r - S pply Paper 10 48 . 

State cooperative programs 

Delaware .- l n con e tion with the investigation or' the Brandywine 
C:r eek Basin, by several Survey divisions cooperating ith the New
ca stle Conservation District, daily sediment samples were collected 
at the gaging station on the Brandywine Creek at Wilmington, to meas 
ure the erosion from that a rea, starting in December 1946 . The sam
ples v,. ere analyzed for sediment in the Philadelphia laboratory , b ut 
the computation of the sediment. load was performed in Was lt.gton. 

Cooperative funds available during the 1947 fiscal year were 
$1 , 250 . 

Pennsylvania. · The Pennsylvania Department of Commerce, like 
similar agencies in other states d ring the later years of the war , was 
advertising the indu strial advantages of Pennsylvania, and quali ty of 
available a ter s u pplies wa.s an important factor to industries seeking 
new locations . J . W . Mangan, in charge of the surface-water investi 
gations . called the Department's attention to the need for a study of the 
quality oft e surface w ater of the state, as little information was 
available . As a res lt, a co perativ e agreement with the State Planning 
B oard of the Department of Commerce was signed in June 1944, the 
beginn ing of the State ' s fiscal year , for the purpose of studying , in the 
State's pht·a eology, "the industrial utility of the surface waters . 1 1 The 
~~ o:rk as placed in charge of W . F. White, Jr., who retained his head
quarters in Washington . M r. Mangan , who had sponsored the new pro
gram and was anxious to p t..t it into effect, had the surface - water field 
men take spot samples at i 20 gaging stations during the low-water 
period in the spring of 1945 , the samples being analyzed in Washington . 
The res ·· lts of those analyses, together with the temperatures at the 
time the samples were taken, were published by the Department of 
Commerce in August 19 47, as ''Chemical Character of Surface Water , 
1944 tO 1 q46 , II 

October 1, l q44, a regt..lar program of daily sampling at 10 gaging 
stations ~ selected to show diffe rences in quality , was started, complete 
analyses of 0 - day composites being made in Washington. At .the sta
tion on the Susquehanna at Harrisb rg where the total channel _.;as 
nearly a mile wide and t he quality of water was so different throughout 
the cross section, as the eastern and estern tributaries were radi.cally 
diffe r ent in quality, the samples were taken at 11 points in the cross 
section. 

It had beE'n the custom , chiefly on account of insufficient funds , to 

305/ p joO. 



disconti~ue daily sampling stations at the end of one year, and sele t 
new stahons. However 1 Mr . Whi te decided t<? make only partial 
ana.lyse~ for 3 or 4 elements at those stations·, and keep them on the 
achve hst . By so doing , sufficient funds were saved to enable him 
to establish on October 1, 1945 , 5 additional daily sampling stations 
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at which complete analyses were made . By means of the same pro
cedure » and possible additional funds , 4 more stations were established 
October 1, 1946 , making a total of 19 daily sampling stations at the end 
of the period . 

The increased load on the Washington Office laboratory and the 
space required for the storage of the daily samples became so gr eat 
that means to relieve that situation were sought, and on Sep te mbe r 18, 
1946 , a small laboratory was established in unutilized space in the 
laboratory at Philadelphia's northeast sewage disposal plant, in dire ct 
charge of N . H . Beamer : As the available space was limited, the sam
ples from only 7 stations in eastern Pennsylvania were analyzed in the 
Philadelphia laboratory, the remainder continuing to be analyzed in 
Washington . A few samples of ground -water were also analyzed in 
Philadelphia. 

Annual State cooperative funds available : 

1945 
1946 
1947 

$18,000 
25 , 000 
25 , 000 

The increase in funds after the first year indicates the recognition 

of the value of the work and its appreciation . 

Mr . B earner continued in charge of the laboratory and had as 

Civil Service assistant, J . W . McGuire . 

A special investigation made at the reques-t of the State agency and 
financed wholly from State funds was that for the Pennsylvania Turnpike 
Commission in 1940 . In the early days of railroading, the Vande r bilt 
interests had planned to build a railroad through central Pennsylvania 
and went so far as to obtain the right - of-way and bore a number of tun
nels . The Turnpike Commission selected much the same route as being 
the best, and completed the boring of the old tunnels. They were to be 
lined with concrete, and in that connection, the Commission requested 
the Survey to analyze the water in them . The Survey collected samples 
in the various tunnels and analyzed them in the Washington laboratory , 
The Commission allotted $ .1, 700 for the investigation . 

Virginia . - Prior to the present period , ther e had been a two-year 
cooperative program dur ing the years 1929 - 19 31. 30~/ Cooperation was 
resumed in the fiscal year 1945; D . S . Wallace , who had the dual role 

306/ p . 60 (1928-1939) . 
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of Survey District Engineer in charge of surface water investigation, 
and also Chief Engineer of the Virginia Conservation Commission ' s 
Di v ision of Water Resour es and Power, found that a shortage of 
per-son el was c rtailing the su:r- face water investigations to such an 
extent that $4, 000 during 194S could be made available for quality of 
water investigations of the streams in which ind ustrial concerns were 
greatly interested . On his rec ommendation, the Conservation Com
mission began cooperation ith the Quality of Water Division . . There
after 9 funds were allocated annu.ally for that ork. A laboratory was 
establis ed at the Uni ersit.y of Virginia in Charlotte s ville in July 1945, 
by W . L . Lamar . He was assisted by Mart.ha Carr beginning Septem -

er 17 t 1 q4 l) . In Ma:t c . l 94 7, G. W . Whetstone was transferr e d fr om 
the Raleigh laboratory and placed in barge, unde r Mr . Lam · r s super
vision . D . G . Walker was assigne d to the C harlottesville laboratory 
Janua y 6, 1947 . 

D u ring the first year of operation , 7 daily and 4 monthly sampling 
stations were established at o r near gaging stations. Analyses were 
made on spot samples collected at o the r gaging stations. The results 
oft e s rface wate r investigations t o Sep t ember 30, 19 46, we re pub 
lished y the S tate. 307j 

To provide additional funds to analyze samples required by the 
ground - water investigations, the Virginia G eological Survey began co 
operation in t e fiscal year 194 7. 

Annual State c oopera tive funds availab le : 

Year 
Virginia Conservation Commission 

D ivision of Water Resources and Power Geological Survey 
Division 

$ 4, 000 
4 , 500 
4 , 5 00 $ 500 

Nor th Carolina. Fea . ing the let - down of industrial activity after 
the wa , the State Depar tment of De v elopment and Conservation, in 
creased its advertising of North Carolina ' s advant ages to industries 
se e king new locations . As the quality of available water supplies was 
an impo :rl:ant consideration, the State Department in co operation with 
the North Carolina S tate College in Raleigh, conducted an intermittent 
qualiiy of water investigation unti l 1943 , when the chemist in charge of 
that work ' oined the military forces, and th e work stopped. Realizing 
the importance of continuing the quality of water inv.estigations and 
placing them on a ontinuing and coor dinated bas is, the Department 

Lamar, William L . , and Whets tone , George W . , Chemical 
Character of surface waters of Virginia : Va . Cons e rvation 
Comm., Bull. No . 8, 1947. 
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made a request fo co perat· t ~ D B . . · . 1on o .t... • urcha d, who was cooperat -
ing Wlth that agency 1.n surface-water investigatio s. That equest was 
referred to the Was mgton Offic e and W D c 11· d w L L . . o 1ns an . . amar 
went to Raleigh. In pointing out the advantages of co . peration, Mr . 
Collins explained that the Survey had the country - wide view and method 
~f approach, an.d that the State officials knew the local needs , resultin g 
m mut~al c o~tn~utions in planning the work of co pera tive quality of 
water 1nvesbgahons . After lis tening to t e advantage of coope ation, 
one State official t rned to anothe r and said , "Did you hea:r that guy 
from Washington admit that sometime s the State people knew some 
thing? 

11 
The advantages of cooperation we re recognized and became 

effective in the fiscal year 1944. M r . Lamar established a lc h0ra tory 
at the State College where the State had fo mer ly made i t s ;, ,lyse s . 

In the fall of 1945, the State Board of Health began cooperation in 
order that the investigations might be expanded to cover the quality of 
public water supplies; one agreement covered the cooperation with the 
two State agencies , The expanded p ogram required new laborator y 
space , and the Board of Health ' s State Laboratory of Hygiene in 
Raleigh , furnished both laboratory and office space . 

The first year , daily sampling stations were established at or near 
3 gaging stations; the se cond year , at 4 stations; and the third year at 
6 stations . Monthly samples were also collec-ted at 4 stations , spot 
samples at all gaging stations , and at particular points desired by 
l.ndustry . The results for the first year ere published by the Survey 
as "Chemical character of surface waters of No th Carolina 1943-44, 11 

and by the Department of Conservation and De ve lopment for the three 
succeeding years, 1944-4'1, 1945-46 , a d lq46-47, as Bulletin 52 , 
Volumes 1, 2, and 3 . Information about the public water supplies ob
tained from surface waters was issued in multilith form . by the Survey 
as Progress Report No . 1 , "Publi surface-water supplies in North 
Carolina , descriptions and chemi .al haracter . 11 As a result of co 
operation with the State Board of Health, all public surface - water 
supplies numbering 116 , serving 139 communities , we re inventoried 

and analyzed . 

/ 

A program of rive -basin studies w as started to de termine the 
character of the ater throughout each basin, the change in character 
from headwaters to mouth, and the extent of industr ial pollution . To 
obtain comparative samples , those were collected .throughout each 
basin from headwaters to mouth over a period ranging from one to 
three days for each basin . Da ta were obtained for 10 basins and pub
lished by the State with the records for 1946-4 7 as B ull etin 52, Volume 
3 . In addition, the investigations for each basin, together wit h the in
vestigation of the Surface and Ground Water Div isions , were included 
in basin reports of which two were published dur ing the period . .30~/ 

308/ Hydrologic data in the Cap e Fear River Basin, 19 20-1945; and 
Hydr ologic data in the Neuse River Basin, 1866 - 1 q45 . 
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Mr . L a m ar w a s in ('ha ge o f tl e N o r th Ca r oli a i n v estigations and 
had the follo ing C i il Ser v i c e techP ir.al assistants : 

Nam e Pe r iod 

E velyn Holloman Sep t. 2 7 ~ lq43 to No . 15, 1946 

G . H . Wh ets tone J u ne i.q45 to M a . 1947 

F . H . P aus z ek Mar. 21' 1946 t June 30, 1947 

B . Floy d S ept. 3, lq 4(-, to Fe i 4, 1947 
B . F . Joyn e r S ept. 18, 1946 to June 30 , 19 47 

Ann al Sta te cooperativ e funds availa ble " 

Year D ept. Con s . & D evel. S tate Bd . of Health Total 

944 $ 4 , 0 00 $ 4,00 0 
194~ 4 , 0 00 4 , 000 
1946 4 , 8 56 $ 2, 500 7 . 356 
1047 6 , 340 2 , 500 8, 840 

In addition, the D i ·i sion of Mineral Resources of the Department 
of Conserv ation and Development, coope r ated throu gh t he Surve y ' s 
Gro nd Water Div ision in a study of the quality of ground water . 

So th Carolina .- Like her sis t er states, South Carolina w as 
lo oking for ne indu stri e s afte the a r and likewise realized that 
information on the q u ality of available w a ter s u pplies would be re
q t.. i :r ed. Ac .ordin gly, the Sou t Carolina Research Planning and De 
velopment Boar d 9 through A . E Johns on and W . L . Lamar , the form 
e r in char ge of s u rface water i~ estigations in the state, the latt e r in 
char. ge of qual it of vate o r k in Nor th Carolina , arranged a small 
co perative p r ogram eginning in the fis(~ al year 1946 . Daily samples 
at one gaging s t ation the fi r st year , and t o the second year, obtained 

y local obse r,, ers , as ell a s spot samples from practically all gag
ing stations w ere colle t ed by the Surfac e Water Division in connection 
vt itb. i t s r egu lar field wo r k. Funds we r,e n o t available to establish a 
la orato r y in So t Carolina, a nd t e nearest Survey laboratories in 
N o rt Carolina and Virginia, were primarily for the analyses of sam 
ples i n those states. Therefore , to avoid t o muc h outside work for 
eithe r la o r ato r y , the 10 -- day composite analyses of the daily samples 
we r e made in Vi r ginia , and the analyses of spot sampl es were made in 
N o d.h Car olina . 

A n n u al State c ooperativ e funds available : 

$ 60 0 1 947 $1 J 500 

T e r es lts of the a n alyses wer e p blished by the State agency. 309/ 

309/ Chemi al c . a r acte r o f sur fa e wate r s of South Car olina, 
:l94- 4 8 b y William L. Lamar : B u lletin 16 : 
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Georgia . -- T e r e was one co p ,,,. ati e ag r e t> ment ith the State 

covering the variou s in estigation s of the Branc-h; the division of funds 
was v a r ied to meet the wishes of the State offir.ials , and as ground 
water was becoming increas ing ly important during t e period

3 
it was 

necessary to reduce the funds fo tb.e q uality of water investigations . 

At the beginn ing of the period, the salinity study of the Savann a h 
Riv e r was in progress, and daily samples at the s e l e cted sampling 
points were c ollec ted from J ly 2i t o S e p tember 30, 19 39 . They were 
analyzed in the temporary laboratory in Sava nrah, w hit h as maintained 
by W. L . Lamar unti l D ecembe r 1939. Coope r ativ e funds were not 
adequate to complete the computation o f the r e c ords , and as a e~ult of 
a contribu tion of $ 500 by t e City of Sa" a nnah, a WPA p r o· . .t de r Sur-
ve y supervision was set up for that pu rpose, h t the r eport was not fin 
ished before WPA funds became exhausted . A br ief summary of the 
work was published in an ar ticle by W . L . Lamar in the T r ansa tions 
of the American Geophysical Union for 1940 , pages 46 3 --4 70. In 1943 , 
the City of Savannah made an appeal for t h e completion of the Sa vannah 
River investigation, but throug h lack of p er so nel , the Survey was un 
able to do so . 

Analyses of t e public water supplies were continu ed through 1940 . 
Also during 1940 a nd 1941 , dail samples were c olle cted at t o gaging 
stations on the Cha ttahoochee River, and 52 spot samples of sur fa . e 
water analyz ed . During the emainder -af the pe iod , one daily sam 
pling station was established and operated eacr. y ear . Othe r analyses 
were ,onfined r-hiefly to ground - water samples furnished by t.hat divi 
sion, including the c. he cking of the c lo r ide con tent in key wells in the 
Sav annah area . 

Until t e establis ment. oft . e Raleigh laboratory in 1943 , th e field 
wo r k was performed by Mr . Lamar and the analyti c al wor k , except 
that in connection ' ith t _e Savannah River investigati on , as perfo rme d 
in the Washington la oratory . Between 1 q43 and l g45 9 it as performed 
in Raleigh , and w it _ the estab lishment of the Cha lo ttes v ille la oratory 
m July 1g45, it was divided betw een Rale igh and Charlott esville. 

The data collected from 1937 to q41 , hie in ,l uded 470 analyses 
of surface water at 96 sampling points ere p u blished as Water S pply 
Paper 889 - E , "Chemical char a .te r of s ur face wat e r s of Geor gia ," and 
those for 66 public water supplies were published as Water Supply P a per 
9 12, " Industrial q uality of p blic w ater S \ ' pplies in Georgia . " 

P r ior to the 1945 fiscal year , the o ope r ating S tate agency as the 
D ivision of Mines , Mining, and Geology, but subsequ ently , i t was 
changed to the Department of Mine s , Min ing, and Geology . 

Annu al State cor perative f nds a v a ilable : 

1940 
1941 

$3 , 500 
2, 400 

1942 
1943 

$ 2Jf 45 
1,000 
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$ 300 

400 
1946 

947 
$ 800 

800 

Florida .- T e c omp r ehensive in ve stigation of the water resources 
of southeas t e r n F lorida , s tarted in D e c e mb er 1 939,3~/ required an 
a naly s is of the surfa c e a nd ground wate r s , and the City of Miami co 
operated with the Q u ali t y of Wa te r Div ision dur ing that period . A lab 
orato ry w as e sta blish ed in spac e m a de a vailable in the city laboratory, 
and was m aintaine d b y H . A . Swen son fr om De ce mb e r 29 , 1940 until 
A ug st 13» 942 , w h e n he joined the mili tary fo rces . Thereafter, the 
laborato ry ra s c losed , and as the s c o p e of the work was decrea sing, 
t e re l atively f e w a n alys e s were m ade i n th e Washington laborato ry . 
S . K . Love s p ervised the M iami q u ali t y of w ater s tudies . 

Not only ·e re t _e us u al sur fa c e and ground water samples analyzed, 
but t e study of salt water enc r oach ment required many extra analyses 
to d e f in e the mov ement of salt wat er up and down the tidal reaches of 
t h e c oas tal s treams and canals . So numerous were those samples that 
a metho d o f r apid determination w as req\ ired , and a special electrical 
field sa lini ty me t e r was developed by S . K . Lov e, A . H. Frazier, and 
H . C . Spi . e r 3 t he latter of the Geologic Branch . It was an adapta t ion 
of a l a b o r ator y instr ument to field u se for the measurement of electri
c al c ondt.c tance of w ater . As the r atio of the electrical conductance to 
t. e total s alinity of sea wate is fai r ly c onstant, the salinity meter was 
inval a le in tra c ing t e amount of salf water contamination in the tidal 
c anal s . 

The F l o rida Geolo g i cal Su rvey w as cooperating with the Surface 
W ater D ivision in a s t udy o f the la r ger springs in the State, and begin 
ning with the fis c a l year 946 , th e c oope r ation was extended to the 
Q u.ality of W a ter D ivision for th e purpose of determining the quality of 
spr ing water . By tha t t ime , the S t ate survey had been interested in the 
spring s , a n d t o c omplete the p i ctu re , needed chemical analyses., and 

. wha t w as equa lly p otent , had the a v ailable funds . 

Annua l S tate a n d municipal cooperativ e funds available : 

Year 

1 Q40 
1941 
1Q42 
1943 
1944 
19 45 
1Q46 
1Q47 

3l_Q/ p . 19 . 

Miami 

$2 , 500 
5,500 
4 , 564 
4 , 300 

500 
500 
500 
?00 

S t ate Geological Survey 

$500 
500 

.· , 
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Louisiana.- State cor pe r ation w a s in e ffe. t d · t e f. 1 · . r1ng 1sca years 

1944 and_ 1945 . Thel'e were t o p rograms cov ering different fields , 
but car_n_ed on d u ring m u ch of the same p er i od . T h ey were nde r the 
supervlston of W · W . Has t ings , in char g e of the A stin la orator y 
where the analy ses were made. 

In October 1943, to help meet the many r eques t s for non -exi s t e nt 
informat ion ·oncerning the q u ali t y of th e s rfac e ater, R . E . M ar s h , 
in charge of the surface w ate :r inve stigations, set aside $2 , 700 f r om 
the State ~ s co . perative stream- gaging fun d s fo r the p rpose of analyz 
ing water samples from 52 gaging s atio . s during r o th low and i g 
wate r periods . The surface ·· ate r field men colle cted t e s arnple s 
in connection with thei r regular field w o:rk . T w o daily s a m }. ·.i1.g sta
tions were also establi s hed . T a t pr o gr a m wa s d is continued in October 
l 944, at the end of one year . 

Co peration with the State D e p artment of Conse r vation wa s started 
in Feb ruary 1944 for the pur pose of de termining the ch a r acteristics of 
Calcasieu River and its lower t r ibu tarie s in the v i cini ty of Lake Cha le s, 
with r eference to the salt wate r encroachment from the Gu.lf , indu s trial 
wastes, and oil field brines . Seven stations for weekly s a mpling were 
established9 only one being at a gaging station. The slopes w ere so flat 
that suitable gaging station sites were pra ·tically non - existent . Local 
observers ere employed . The interes t s c on cerned desired the infor 
mation chiefly d ring the low - water pe r iod , and a lso dur i ng the period 
of maximum diversion from the rive r fo r ri c e ultu r e . The program 
was discontinued in Decembe r 1944 . 

State coope r ati · e fu nds a vailable w er e · 

1944 $1 , 600 $1. 750 

Ohio . - The pur pose oft e Ohio Wate r Resour ces Board, created 
in Octo er 1945, was a st dy of the State · s wate r resour c es, and in 
that h ighly industrialized state , th e q u ality of the s rface w ater was an 
important factor . C. V . You ngqu ist, the Board · s c ief enginee r 9 was 
familiar with th e p r ogram e c>91-tly star ted in Pen nsylv ania , and de 
sired a similar one for Ohio . He dis c ss e d the s i th ati o n with W . F . 
White , J r . , in char ge of the Penns y l vania o r k , and c o o p e ra t ion was 
started in the spr ing of 1946 under Mr . W .i te ' s su.p e r v i sion . For the 
first fis c al year , samples w e r e o ll ec te d a t fl O gaging sta t ions du ing 
Apri l and May during the no r m a l h i gh wate r season and aga in dur ing 
the low wate r period in Sept e m b er a nd O ctober. B e g inning in July , 
daily samples were collected a t 2 gaging stations , and in October, 2 
mor e daily stations w er e a d d e d . The Su r face Wa t e r D ivision, in c on 
nection wi tr. i ts re g u la r f i e l d o r k , collected t .e spot sampl es , made 
measur e ments and r e ad temperatures a t the same t ime , and s ent t h e 
samples to Wash ington for analys i s. A t t he daily sam pling s tation s, 
local obse rve r s took the s amples a nd sent the m t o Washington. 
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Annual State cooperative funds available : 

1046 $1 , 500 1947 $9 , 152 

Beca se of the many requ ests for the data , the Water Resources 
Board issued a prelimin ary r eport January 194 7 . 3~)1 

Arkansas .- When the Unive sity of Arkansas Bur ea of Research 
was c r eated by the Legislature in 1944 and fu nds made available for 
resea rc- h , Dr . C . 0 . Brannen, Dire c to , Bu eau of Research, and 
DJ' . Ha r rison Hale ~ head of the Univ e rs i t y ' s Chemistry Departme nt, 
proposed a n investigation of the q u ality of the water resource s oi the 
state as there ad been many inquiries from prospective in ..tstries re 
garding the quality of available supplies. The Bureau of Research rec
ognized the value of such an investigation and cooperation with the Sur 
vey w as starte d in the fiscal year 1946, $6,000 being allotted each year . 
W en the c ooperative agreement was prepared, it covered both the 
quality of ater , and ground-wate r inv estigations which were to be 
started , specifying the amounts for each division . 

An offi e as established in the Chemistry Building at the Uni
versity of Arkansas in Fayetteville in September 1945. I. W . Walling , 
a chemist employed by the Texas Bureau of Economic Geology, was 
gi v en a S · rvey appointment. and placed in charge of the Fayetteville office . 

For the first year ' s program, three objectives were outlined : 
( 1) inventory and analyses of all public water supplies; ( 2) daily sam
ples of s face w ater at h gaging stations with analyses of 10-day 
c-ompo ites , a d at 6 - month intervals, analyses of samples from all 
Survey gaging samples; and ( 3) analyses of water samples from all 
ground · water in v estigations . 

The 6 sampling stations selected were 1n the northern part of the 
state ere t e streams were not affected by industrial wastes. Dur -
i g the second year, 3 of the original stations were dropped. and 4 
stations in the so thern part added. The southern streams were being 
increasingly polluted by such wastes, and it was felt that the analyses 
sho ld e started before the pollution ecame any worse . 

In addition to the analyses of the surface water, analyses were 
made for ElDor ado and Ashley County ground - water investigations.3::31 
The inventory and analyses of the public water supplies were published 
by the Bur eau of Research as Research Ser ies No . 11, June 30, 1947. 
T e resu lts oft e analyses for the ground - water investigations were 
included in the reports of these investigations . 

Mr . Walling continued the Lrkansas investigation until July 1946, 
rhen e as transferred to Stillwater , Oklahoma, to initiate the quality 

311 I The J.nd strial Utility of the Surface Waters of Ohio, Bull. 4 . 
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of ·ate r c;tudies in that ·tate. He ''as succ et>ded by G. A , Billingsley, 
w ho as as sisted by Dorothy M . Parrish. 

Oklahoma . In conne t ion ·i th the compilation. of quality f ater 
da ta fo.r the .rep0:rt, " Oklahoma Water, 11 .31,}' thP O k lah . rna Pianning and 
R esou:rces Board PT o ided $850 during t.t~ fi s al vear I Q44 for t. e pur 
pose of making a reconna issance s r vey f chemical c .. a't ad.er of 
Okla .• oma waters. From Septembe t Decemb r I g 44 , daily amples 
w ere c ollected at 6 gaging stati0ns, and c:;pot sample,;; ·e e ( ollected at 
all other gaging .· tatiops in the Sta e. The d ailv amples .ere -.ent to 
h e S u rvey 's A stin lahnrato1y for r, omplPte analvc;es, and part.ial 
~naly s e s of the spot samplP were made in a temp rary SurvPv '- ora 
o r y at th.e Oklahoma A & M College . Tre esults of .be a nc: ~"' s were 

i ssued by the Sur ey in mimeograph form under the title ''Chemi a l 
An lyses of Su . face Wate r in Oklahoma, September to December l Q44. " 

·-
Du.<- ing i e wa · yea s, industry ber am

1
e int r easingly i t e res te d in 

the quality of available ra er t.pplies, botl: surface and g r ound, a d 
"ith a vie · to a .swer ing the many r equ.e sts hom munidpalities, in · 

dividual s and existing as v.ell as p 'tO pective industrial plant $ S ate 
agencie s in the hsc al year :1.94 7 united in LOntrib ting fu. d<> fo o 
operation ith the S 'ltJ:vey for c nti nuing on a sta1e · wide scale the 
quality .. of ateT' st 1d ie s started in i 944 . The cooper ativ e ag . eement 
was w i th t e Expe:rime t Station c;, t e State Geol gi< al Su vey and the 
P lanning and Resnt:.r c e . .Board bot r.ontribu1ed t0 that a genc y , making 
the total S tate 4; 0 ,pe rati e funds $6 , 2.">0 for 1.he 1947 fis al yed.r. 

A laho at.o ·y as e 1.ahlished in the Ch misi.ry Building at th 
A & M ColJege at Stillwater , uly 15, 94A . !. W . Walling as t. a n 
ferred fr om t e FayettPville J Arkansas, la orato:ry and placed in 
c a ge . D . Dunn, vjc e diJ ector of the Expe irrwn C)tation, repre 

enied the Stat e in fo mt.lating the O'T'k pr 0gram. Dail · - amplP of 
s dace ater olle< te d at 0 gaging tati0n s we e analyzPd y i 0 - day 
c omp sites,. a<> ell as samples of g • ound ate ( llected i connection 
with tl-f" gr ou d -~ ate _ i vestigati0ns. The e ults of t .. e an.aly e at 5 
g aging s ~ati ns in tl:>e Washta RivPr B asin dudrg · Q46 ·±7 were pub 

li shed ry tht> State agenry. 3~j 

Onf' <>p~dal inv e:s+.igaticn '·as w oily financed by +he Ci y of Miami . 
The Go 0 d :r j h Ru _ e . Plant •as l0' e.,. in.g U f' w 1 f"r tahle to sue an ex 
tent t at the ity v:ras lnr kmg for a ,.,tandhv c;u:rfa c. e s pply ; eekly c;arn 
ples from t ree pos 5ible sm,.:r.- re "'ere analyzed fo'~' a period of m.r 
mon. s. Jn addition to Okla _oma samplPs , t o o;e f nm the Ark a sa;; 
R i e:r Basin in Kansas pr·e also analyzed in trf' Stillwater l a 0:r.at ry . 

313/ P· 
JJJ!/ ChemiLal ( a :cider of su.rfac e wate,. s i 

Ba in of Oklc:1 0ma, 1946 -4 7 : Bull. 4:. 
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Texas . At. he beg inning of tLe pe i d , there ere two quality of 
·ater progr ams in Texa • ne staded in 9.37 it a WPA grant fo r 

t e pur-pose f analy7.ing t . e grou nd - ·ater sample in c n nection with 
I e state - ide g r0und - ate inv estigation, and the other, c o operation 
witt tl:. Red Bluff Wate r Po e C . tr l Distr ict and the State of Texas , 
as a part of the P os Riv er oint I n v e ~tigation.31~/ The latter p r -
gram consisted f lle ti g d aily samples fro m 5 tati ns on the main 
stream and 1 o t:r. ib tay·y s b: eam for analysi by 10 - day c o mpo sites; 
also, t _e nalyses of a large n umber f spot ample collected from 
the Pe e s R 1ve.r.. t .e main tri tari e s a d g:ro n d ·· \\ ·ate r ~ ou. e • 3~/ 
Afte r the (on< h . ;;i n of .hat inv e ..,tigation D e e m be · 1940 , the Red 
Bluff D · shi · t ~ ontint ed , oope ation on a greatl red uc ed scale, m ain 
taining a sampli g station n the Pecos Riv e at O rla below lL~,; r es er 
v i t 0 

W en t e WPA pro ' e .t e .d e d in Jam: ar · 942 , ther e as a dra stic 
redur tion in a ailab le f ds~ and con e quently in lab orato r y operations . 
To make m o r e analyse possible$ t he Ground Wat er Division made 

vailable additional fund for the conti u ed a aly sis of g ound - wate r 
samples , llected in c onnection with extensive ground - w ater inv esti 
gatjons . The S tate ·as becoming steadily more c on sc ious of t he value 
of data o t e quality of its ur fa .e w a ters, and began cooper ative 
stud ies in a small way in the fi cal yea i. 942 . The g r eat industrial 
mov ement i to the sta te was in full swing by 19 44 and the data being 

olle c ted at v. · id~ ly scattered areas ·ailed attention t o the need for a 
more .omple t e cov~rage , so t at during the last two years , the State 
cooperati n w s g r P.atly inc eased . 

U de r the State - coo per a tiv e p · gram, a gmen ted y fu nds of the 
Gr o nd Wate r D i vision whi ~ i ed to help sta lish the quality of 

a .e ,.. p . ogram, and f n d ., contribut ed by sev eral local age ies~ dur 
ing t e fis r~ al yea 't' s 1942 t o 944 , daily samples for a n alys is by 10 - day 

omposite s w e e gr a d · ally s · ted a t 4 gaging stations . The daily 
sampling p :r og ·am a expanded t o 20 ~tat.ion at t e e n d of the perio d . 

F om i 943 to 94-, spe c ial o k o n ected with industrial plants 
and milita y es .a l ishmen s occupied a lar ge p ar· t of he quality of 
water pe snnn el. W . W . Ha s tings w a a that. time the only expe rienced 
c em is s because of los of t:r·ained per s n .. el to the A r my and to in 
dustrial ·a plants . 

ln t _e fiscal year 1945, the CitiP. of Deni s .on and She r man we re 
nsider ing taking 'rate f om t e D enis on R ese v oir with its c apa c ity 

of 5, 700,000 a 1 e - feP.t$ and ao;;ked the Bod.rd of W ate r Engineers for 
info mation egard ing it q ..1ali ty. No info r mation w as available and 

31.5/ pp . 15 ·l 7 
316/ Pe os Ri ·er .J int In v e stigation, Reports of participating 

ag n ies ~ p . i 02 : National Res o · rces Planning B oard, 
• u ne i 942 . 
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the Board as~. ed M • Ha.s h g~ :.0 c;uggest a. sampling p .1. og am. That 
prog r am 9 , .h1ch onsisted of daily sampling station c; on the 2 pY"incipal 
contributary streams to 1 ~ re">~r voi , and 1 statinn n tl;e R ed Rive 

below 1. e .:-eser oir, ~ · a..; agrP d up n and the citiec; he gall coo p eration. 

. Th~ City of Childres .· needed dn impro ·ed water supply and con -
Sldered tr~e possibility of irte t e sting th~ BUl ea ~ 0f R ec.lamatinn in a 

reser~oir on Quitaque Cre ek ~, and ( ooperated 0n.e · ea1 fo;- the purpose 
of ha ·1ng the ate.r oft .a.t stream analyzed . The St:.v fac: e Water Divi 
sion e<>tablished a gaging s i a .ion 0n tl-.a.t si:rP.am to dete mine its d i - .. 

charge . W ile t e qualivy a s adPquate, it v.·as found i.hat stT·eam fl w 
as in.:; ffic-iP.nt, and the city dropf ed itc; pr 0jed. 

Dur ing the fis al y ar s 1 q42 to 19449 the Ped se River Flood C on 
tr 0l Di strir_t. the Came on Co n.ty Water Cont.. ol and Imp!·o v ement 
D i~t i c: No . 5, th e Braz,o.;; RivP r Conse,.. \ ation and Re<.lamcJUo n D 's

t . icta and th<> Lo ~ ~ · Color adn R 1 '~ r A t d.h.o r ity, r ont.r ihu ed funds to 
the S tate Boa.rd of Wate r Engine .rs for the pmpose of htaini g 
q u lit studies f t e proposed ater ·uppli~s for t eir indi idual 
pro'ects . One o.r moe daily sampling station v.er mai tained at 
stream gaging stations fo r each p r-oj e . t. 

The sb d o f the quality of t he Pe o s River and its tribu tC:tries 
made du r ing the Joint I v stigation wa.s not car:tied on f r a suffi .ient 
lengt of tim to obtain omplete info mc..tion on be <>ali . ity of the 
t . i . taries in Texas. ln t e fi a.l year 1944~ the Pee s Ri ; e :r- Com 
pa t Commissi n$ a state ag~ncy , co trib te d f nds 1c we c use d 
to ~stablish Z daily c;ampling stations on t ib tat ies 9 one f b.ir· on -
tr:i u ted water o ly during a fe · days th~ ear:- . 

B ginning in Ma 1 g41) , t e Colo ~ado R ive _ Municipal Water 
Assnua.tion and the TPxas Electri c Ser ice Company o trih ted funds 
t o t ~ B ar d of Water Engine r s for t P p1 rpo se of dete -r: mining the 
quantity and q uali1y of V.dteJ. in the Upper C lorad o Riv e with a view 
to pos i le sio1age of rater near Colorado City_, for th~ u e of 5 r ap 
l dly gx owing cities in t at gene r al ar·ea. T re ~ dail sampling tations 

re:re maintained» and amples on tr ib tary streams cl: tain ed at less 

freq ; .nt inter als , 

E . W . Loh:r 'I'. as i c ha r ge of the Austin labo r ato:ry {Tom its stab 
li hment in. 1937 until July 1, 1941 ~ when W . W . Ha ti .gs$ fo 1. me . l y in 
chargf! of the Peros lahorat ry9 wc. s placed inc arge of t}-e Qu lity of 
Watf'r tork i11 Texas and also in A r kansas , Lo'l isiana, Mis s issippi, 
and Oklahoma ~ r .en in v estigations :ere st.aded i11 t OS'! s tat s later 

1 . t e period . Ot e r C ivil Se vi(~ technical ~mplc>yf":t.. s i"P Texas w ei e : 

Name 

E . W . Loh.r 
B. l: •·e l an 

Per i nd 

July 1~ 1q39 i.o ,Tune 30 , 1941 
July .1., J Q4.l to .Tun~ 30, i q4 7 

Milita .,. y F i..r lo gh 

Sep t . Z 4, 1 q ·l l t o 
Ma, . l ~ 1 q :1:6 
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Name P er iod Military Furlough 

N . A . Tal vi tie July l • 1941 to Nov. 15, 1942 

P . A . Witt Sept. 1, 1942 to June 6, 1943 

J . H . Rowley Mar . 1, 1943 to July 3, 1946 

M . L . Begley June 27' 1944 to May 20, 1946 

J . H . Raby May 3, 1944 to June 30 , 1947 

D. M . Par rish Aug . 28 , 1944 to Nov . 26 , 1945 

G . A . Bill ingsley Oc t . 12, 1945 to Sept. ·, 3, 1946 

J . R . Avrett J an . l 3 ' 1947 to June 30, 1947 

R . M . Collier Jan . l 3, 1947 t o June 30, 1947 

Annual State and municipal cooperative funds available we r e: 

Agen y 940 1941 1942 1943 1944 1945 1946 1947 

Board of 
Water Engrs . $ 700 $450 $ 950 $ 600 $2,950 $2, 600 

Red Blu ff Water 
Power Cont. 
Dist. $9 , 000 $2,000 

Pecos River 
Compact 
Comm . 

Denison &: 
Sherman 

Childr ess 

300 400 400 400 

800 

800 

400 

800 
125 

400 

400 

Total $q , 000 $2.000 $ 1,00 0 $850 $2,150 $1,800 $4,275 $3,400 

New Mexico . - The study of the salinity of the Pecos River started 
m 19 3 7 w as merged with the Pecos River Joint Inv estigation. The pro
gram consisted of c ollecting daily samples from 11 stations on the main 
river » and 4 on tributar y streams for analysis by 10-day composites; 
also , the analysis of a large number of spot samples collected not only 
from t e Pecos R iver and main tributaries, but also from . ground-water 
sou rces . 31'}_/ 

Afte the completion of that investigation in December 1940, the 
state of New Mexico desired the continuation of the analyses of daily 
samples from 6 Pecos River stations . The state thought there was a 
poss ibility of a new law suit by individuals who claimed that the quality 
of th e Pe c os R iver had deteriora t ed because of use in New Mexico and 
that the State might be made a defendent . A ls o, there was a possibil
ity that the hoped-for Pecos River Comp act would have provisions of 

311/ Pecos River Joint Investigation, Reports of participating 
agenc i es , p . 102 : National Resources Planning Board, 
June 1942 . 
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_quali t y ~f \rater similar to those i ncluded in the Rio Grande Compact. 
31~/ In v1ev. of those possihilities, the State de sired a continuation of 

the quality of water studies ,31~/ Also, in 1 q4 1, analyses of daily 
samples from the Rio Grande at San Acacia we e desired . The sam 
ples were obtained hy local observers and analyzed in the Alb querque 
laboratory . In that connection , it may be stated that one observer , to 
avoid Sunday ork , was taking 2 samples on Satt..rday and marking one 
for Sunday . After being told that a Sunday sample was equir d, he 
took 2 samples on Saturday and 2 on M onday , mixed one Saturday and 
one Monday sample , and marked it Sunday. 

The investigations were in charge of C . S . Howard , bo move d 
his headquarters to Albuquerque in July 1942 and establis e c c. e 
laboratory . 

In the fis al year l94o, c ooperation with Colfax County became 
effective. The program included surface- and gro nd - water investiga 
tions in addition to those of q uality of water . The specific quality of 
water problem areas were in the vicinity of Raton and on the Maxwell 
project south of Raton. A daily sampling station as established on 
t e Cimar r on River at Ute Park. Periodic samples were coUected 
from the Vermij o Rive r and other irrigation sources for t e Maxwell 
project.3~j 

The State ' s share of the cost of the Pecos Ri ver Joint Investigation, 
as we ll as of the subsequent inv estigations , was borne y the State 
Engineer in his capacity as Secretary of the Interstate Streams Com
mission, as funds for that purpose were available to the C mmission 
only for studies of interstate streams . 

Annual State and 

Year State 

1940 $8 , 500 
1941 8,SOO 
1942 5, 000 
1943 5,0 00 

Count ooperative funds available : 

Co nty Year S tate 

1944 $5,000 
1945 5, 000 
1946 ' 000 
1947 5,000 

Washington Office personnel 

County 

$1 , 500 
I, 500 

The Civil Service field personnel are lis ted under the various 
field activities , and to complete the Div ision ' s personnel, those in the 
Washington Office during all or a part of the period are presen ted here

with. . 

318/ p. ~? i-t 1928 - 19 39). 
Ji9/ Letter from C . S . Howard t o author . 

Ji:J/ Idem . 
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The Civil Ser vice technica l pe r sonnel in the Washington Office 

were · 

W . D . Collins July l , 1939 to Sep t. 30 , 1946 

c . S . Howa d J uly , 1939 to June 30 , 1942 
S . K . Love July 1 • 1939 to June 30, 1947 
W . L . Lamar J uly l . 1939 to Sept . 1943 
Margaret Fos te r July 1 • 1939 to June 30 . 1942 
E . W . Loh.r J uly l. 1941 to Jun e 30 , 1947 
F . H . Davis July 1 ' 19 39 to Apr . 30, 1941 
W . W . Hastings J uly l. 1g3q to A u g . 1 • 1939 
A . T . Ness July · l. 1939 to Aug . 15 , 1939 
w. W . Brannock July l ' 1939 to Aug . 31, 19 4 ) 

W . M . Noble July l. 1939 to Oct . 31 , 1940 
M . H . Silberman July 1, 1g39 to O ct. 10, 1939 
G. Petr eti c July 1 • 1939 to May 30, 1942 
M . D . Reeves July 1 • 1939 to Mar . 16, 1941 
J . D . Hem July l. 1939 to July 1940 
T . W . Dakin May 2 7 ' 1940 to Sept. 26 , 1940 
L . w. Miller July 8 , 1940 to Apr . 22, 1942 
H . A . Swenson Nov . 2 , 1940 to Dec . 28, 1940 

Dec . 11 , 1945 to Jan . 30, 1946 
c . G. Seegmiller Jan . 21, 1941 to Jan . 21, 1942 
w. F . White , Jr . Aug . 4 , 1944 to June 30, 1947 .! 
Mar garet Thomas Nov . 2, 1942 to July 20, 1944 
J . D . Boreman Aug . 20, 1942 to Nov . 21 , 1943 
W . A . Henderson J ne 15, 1942 to Nov . 23 , 1942 
D . M. Derrick Mar. 26 , 1944 to Sep t. 28 , 1945 
E . M . Bur chard June 9 , 1944 to Sept. 21 , 1944 
A . A . Vlisidis July 2 7, 1944 to June 30, 1947 
M . K . Wood S ept. 5 , 1944 to Oct. 5, 1944 
E . D . Manfredi Nov . l , 1944 to Feb . 28, 1945 
G. W . Whetstone Nov. 16 , 1944 to June 1945 

. H . White Feb . 25, 1945 to Sept. 6 , 1945 
E . J . Barton Mar. 22, 1945 to Sept . 21, 1945 
s . E . Brien May 18, 1945 to June 30, 1947 
Anne tte Theriault Sept . 24, 1945 to June 30, 1947 
N . H . Beamer an . 22 , 1946 to Sept . 17, 1946 
w. T . Platt Feb . 18 , 1946 to June 30, 1947 
N . K . McShane Apr . 1 2 , 1946 to June 30, 1947 
M . E . Schroeder July 18 ' 1946 to June 30, 1947 
I. H . Barlow Nov . 8 , 1946 to June 30, 1947 
A . L . Whit e Dec . 10 > 1946 to June 30, 1947 
R . H . Dellett De c. 18 ' 1946 to June 2 7 . 1947 

YIn c arge of Pennsylvania and Ohio programs. 

Mrs . A . J . Reynolds performed the duties of district clerk 
during the entire period . 
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WATER UTI _) ZATION DlVJSTON 

The Water Utilization Division or cupies a unique position in the 
activities of the Wate r Resources Branch. The three other divisions 
emphasize basic fact -finding programs in their respective activities 
and operate from numerous field offices. In addition. eac field offic e 
is to a large extent, on accou.nt of its close contact with co0perating 
State and Federal officials, engaged in making ava ilable its services 
to those agencies. By contrast, the Water Utilization Divi sion has 
only a limited basic fact -finding program, but is engage d largely in 
coordinating the studies of the fact -finding divisions and in improving 
the general analytical methods used. 

Expanding Activities 

ln previous years , the activities had rela ted largely to studies 
along the Canadian Border , requ.ired by the International Joint Com
mission, financed by State Department f nds , to supervising activities 
relating to Federal Power Commission projects, and to coordinating 
and supervising special flood studies. A n entrance was mad into 
the interpretative field in the special rainfall-runoff studies . 32l j Dur 
ing the present period , the Branch broadened the scope of its activities 
and entered farther into the field of interpretation . The division spear 
headed the establishment of the Water Resources Review . The broaden
ing of branch policy was given impetus hy the view of the new Director 
that the Survey should be more than a statistical fact-finding agency, 
and should make interpretative st dies of those facts along with the co 
o:r. dination of field data . 

Along VI ith interpretative studies came a movement to improve 
analyti<" al methods and techniques , and train selected personnel of the 
Surface Water Divisi on in the use of such methods and techniques for 
use in thei ;~: field districts . In addition and as an incident of the prepa 
raiion of the 16 basin reports for the Bureau of Reclamation)~2j division 
personnel were assigned to some of the major river basins in the west, 
for the purpose of making overall rater supply studies . With funds 
appropriated for research in the las t year of the period, the division 
stimulated and coordinated the suggested s u bjects for research by the 
other divisions, and guided such research . Another activity that came 
into the picture was participation in the Department ' s Soil and Moisture 

Conservation Program. 

Organization 

R. W . Davenport, the division ' s chief , in describing the activities 

of the division, stated ·3~/ 

p . 7f {1928-l93q) . 
p. l r • 

Proc . East-Central Branch Conference, Nov . 7 _g 

Indianapolis , Ind ., p . 2i . 

1946 , 
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The Division has collecte d a s mall group of specialists 

and men believe d t o e particularly qualified in d irecting , 
co,..,rd inating , and s t imulating t echnica l work in hydrology 
and hydr aulics . ln addition to the c o r dinative function , we 

ish to perfo r m a clearing house functio n , that is , to be 
r esponsible fo r collecting new and worthwhile ideas with 
( the} vie to dissemi nating them so tha t all may have the 
advantage of them . 

Jn the previous pe r iod , the division ' s activities were carried o n 
ch i efly by the Washington Offi e personnel with certain studies made 
by R . R . Wo o lley in Salt Lak e C ity and other studies fo r a short time 
by W . E . Dickinson in Los Angeles . Additional duties , h ov e ve r, 
changed the p icture somewhat during the present period. 

When the work relating to the Soil and Mois ture Conse rvation 
P r ogram was placed under the d ivi sion s supervision in 1941 , H . V . 
Peter s on ras given charge of field operations wi th headquarters in 
Los Angeles . Wit t e creation of the Miss ouri River Bas in-Depart
mental Plan , B . R . Colby was assign e d to the Branch Office in 
Lin< oln in April 1946, and with the intensive studies of the Columbia 
Riv er Basin being ndertaken , C . C . McDonald was assigned to 
Ta · oma early in 1946 . J::__Lj 

D evelopment of methods and techniques 

n the Washington Office , W . B . Langbein devoted a large part 
of is time to the d evelopment of the s cience of hydrology in the Branch 
and about 194n, modern statistical met hod s b egan to be used . Those 
a££ or d alu a.ble too ls for analyzing masses of b asic data, and by elimi
na t ing la r gely individual j dgment, are s traightforward in reaching the 
solution of a p r oblem . A notable example w as the determination of 
normal flow at index stations used in the Water Resources Re v iew 
"' e r e the length o f the index r ecords varie d widely . It had been the 
pract.ic.e to use t e mean of the years o f rec o r d , and that required a 
recomputation each year . To obtain a uniform and stable basis , a 
study by statistical methods w as s t arted by Mr. Langbein in 1946 . A 
2 S ~ year period, 1921 to 1945 , wa s cho sen and the median computed for 
each index station . Records not c overing the entire period were ex
tended by correlation with comparable stations and rainfall-runoff s tudies . 
That as the longest period for which stream-flow records were available 
at a suffi ient n umbe r of i n dex gaging stations . However, that period is 
believed to be fai rly representative for the entire region, as it contained 
th e a n ormally e t years of 1927 and 1928 and the extremely dry years 
of the nineteen - thirties . 325/ The 25-year mean was not used for the 
Water Resou rces Review ~ntil O ctober 1947 . As a matter of passing 

.. "' .) ;; . . 
Wate r R eso ces Review, S up. 2 : No r mals and variations 1n 
runoff , 1921-1945, p . 2 . 



389 
interest, it may be stated that the T hames Conser ancy, which fur

nishes ~ondo~ ' s water supply, uses the records for the 35-year period 
1881 to 1915 m computing the "standard averages . 11 Statisti al methods 
were also applied to the analyses of flood frequencies , trends in runoff, 
effects of reforestation on stream flow, and similar problems involving 
three or more variables . 

The study of statistical methods was not usually included in engi
neering curricula , and few engineers of the B ranch wer e fami liar with 
them o r their uses. To insu e tha t each dis trict offi e would eventually 
have at least one engineer trained in these methods , the p r oced re was 
started in the fall of 1946 of supplementing the work of field n g ine ers 
detailed to the Section of R eview , Surface Water Division, t') u. month ' s 
detail to the Water Utilization Division. In addition, the practice was 
started in 1947 of de tailing to the Division in Washington for 3 or 4 
months, engineers from other divisions having ·suitable qualifications; 
they worked on projects designed to instr u ct them in anal ytical tech
niques that w ould be useful in their field offices. So popular did the 
theory of statistics ecome that evening courses offered by the Grad-
ate S chool of the Depar tment of Agriculture were attended by a number 

of the engineers on detail. 

In response to several requests, a pamphlet of methods of "Flood 
frequency compilations" was prepared by Mr. Langbein . A little later , 
it became apparent that manuals on the following subjects were pre 
pared . Flood - frequency compilations; median - discharge computation 
methods; abstra ting topographic characteristi cs of drainage basins ; 
channel storage and flood routing; extending stream - flow re cords; 
double mass curves; analyses of low flow; flood frequency analyses . 
Some of the manuals were not completed until after the end of the per
iod . The designation " Handbook for Hydrologists , 11 wh ich was under 
M:r . Langbein 1 s editor ship , was as signed to the s ~r. ~es to avoid any 
implication that they were complete text books on hydrology. The 
manuals have been frequently revised to include additional experience . 

W . G . Hoyt, although nominally attached to the Conservation 
Branch, de voted practically his entire time to the Water U t ilization 
D ivision until July 1944, when he became Vice - Chairman and Executive 
Officer of the Department ' s Water Resources Committee. After the 
work leading to the publication of Water-Supply Paper 772 in the pre 
vious period, Mr . Hoyt played a major role in the origin and develop
ment of the Water Resources Review , being virtually its editor, and 
was r esponsible for important contributions to a number of flood re 
ports . In addition, he was called upon for a wide vari ety of very im 
portant work, in luding consultation and re vie w of re ports for the 
agencies with which the division 's activities were con ce rned . 

Spec i al Flood Studie s 

As an important phase of the Branch activitie s , the d is ri ct 
engineers in whose d istricts major flo ds occurred, made 



390 

investigations a d prepar ed repor ts. lf the floods. were sufficiently 
w ide - spr ead to cover more than one district, especially if unusual 
methods of d etermining peak dis c arges were necessary, arrange
ments e T e made for t e detail of an espe ially q alified engineer of 
the Branch t o assist as consultant and coordinator. Hollister Johnson 
made espe c ially notew orthy contributions along this line . All flood 
repo:r ts to he p ublished by the s~rvey e r e reviewed . and arranged for 
publication y the Wat er Utilization Div ision , W . S . Eisenlohr , Jr. · · 
being detailed t o th at a ti vity. 

The mo.st wide - spread floods d u ring the pe r iod were those of 
August lQ40 in th e sou th eastern s t a t es . The r e ere two ma'or 
flo od s that took t e lives of abo t 30 pe :r s·ons and caused da .:.~ g e of 
some $30 , 000 , 000 . The Survey lost 6 recorde r shelters and 6 cable
w ays . On the Roanoke River » the flood was ttie greatest known since 
settlement in the seventeenth centur y , and in western North Carolina 
the g r eatest k.no n , except on some streams where the flood of July 
1916 was g r eate r. An ou tstanding feature of the storms causing both 
flo ds w.as the l arge number of earth slides on the steeper hillsides , 
mor e than 150 being reported within an a r ea of about 150 square miles . 
The field studies started in Octobe r and contin ed through December 

ere made by the Asheville , Atlanta .~~ Charlottesville , Chattanooga , 
Co lumbia , and Charlestown Distri t s . The organization of the work 
in the early stages was arranged by Hollister Johnson, who contacted 
f o r rainfall reco ds all Army Engineer and Soil Conservation Service 
offices concerned. He also advised on the evaluation of the flood dis
charges at variou s points . By means of $8 , 000 contributed by the Soil 
Conservation Service , it was possible to enlarge the scope of the work 
and in lu de measurement s of peak discharge on a greater number of 
streams . The Army Engineers , Fo est Ser vice , and Flo d Contr ol 
Coordinating Committee furnished field parties to determine peak dis
charges it; ce r tain a r eas . Mr . Langbein prepared the section on rain
fall a nd r unoff studies , and made t e hydrologic analyses. Mr . Eisenlohr 
revie ed the reporl and prepared it for publication which appeared as 
WateT -Supply Paper 1066 . 

International Joint Commission 

The studies of water s pply onnected with treaty obligations were 
extended during the pe r iod by the increasing investigations of the Colum
bia River Basin being made both by American and Canadian agencies . 

. . ) 
The International Columbia Rive r Control Board created by the 

Commission on Decemher 15, 1941 , had the Chief Hydraulic Engineer 
as the American member . The duty of the Board was to report to the 
Commiss i on the facts r egarding ba ckwater in Canada caused by the 
operation of the rese rvoi r at the G r and Coulee Dam, 150 miles down 
stream from the Boundary . An International Station at the Boundary had 
bee·n maintained since 19 38 but the completion of the dam had required 
the installation of a second gage t o determine the slope . F . M . Veatch 
analyz,ed the stream-flow records to determine the amount of backwater 
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The International Joint Commission on July 12., 1943, created the 
International Osoyoos Lake Engineering Board, of which F. M. Veatch 
was one of the two American members. Certain obstructions in the 
channel of the Okanogan River caused backwater on Osoyoos Lake, 
located on the Boundary, and thereby raised questions requiring atten 
tion of the International Joint Commission. 

In 1944, the International Joint Commission appointed the Inter
national Columbia River Engineering Board to conduct investigations 
and advise the Commis sian regarding harmonizing plans of p oj ects 
within the basin in the United States and Canada . The Ame ri.can mem
bers were the Assistant Chief of Engineers of the Army, and the Sur 
vey 1 s Chief Hydraulic Engineer. The Canadian members were the 
Controller of the Dominion Water and Power Bureau. and the Superin
tending Engineer, Department of Public Works. A field committee was 
appointed, the representative of the Interior Department being F . A. 
Banks of the Bureau of Reclamation, with F. M. Veatch as alternate . 
Mr . Veatch assisted Mr. Banks , particularly concerning the participa 
tion of the Survey in the investigations, and most of the Survey contri
butions were channeled through him. 

The comprehensive investigation made by the International Columbia 
River Engineering Board required an intensive study of the hydrology of 
the Basin and C . C. McDonald was assigned to Tacoma in January 1946 . 
to carry on this work . Mr. McDonald cooperated with the Canadian 
engineers of the Committee in preparing a map and index of all gaging 
station records in the Upper Columbia River Basin above Snake River . 
He also made a study of flood frequencies . W . F . Kennon was his 
assistant. 

An account of the increase 1n the number of International gaging .sta
tions is given on p . , 

The operations of the Kootenai Lake Board of Control , of which T . R . 
Newell was a member, are described under the activities of the Boise , 

Idaho, District. 3~/ 

The Water Utilization Division assisted the Chief Hydraulic Engineer 
in conducting activities relating to the international program and was in 
large measure, responsible for the details of administration and super
vision. W . S . Eisenlohr, Jr . was particularly active in the computations 

required. 

Missouri River Basin-Departmental Program 

Among features of the Missouri River Basin Departmental Program 

326/ p . 1 73 
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""ith which the Wate r Utilization D 1vis i on was directly concerned was 
an inventory of the water resources of the Basin, and improvement 
studies of the range in which water is the limiting factor. For the in
v entory , B . R . Colby was assigned to the newly established Branch 
Office at Lincoln, April i 946 1> and the range studies were made under 
the direct s u pervision of H . V . Peterson, District Geologist, from his 
headq t...aJ: ter s in Los Angeles . K . R . Melin was in direct charge of 
those studies with headquarters in Billings . 

The inventory C'Onsisted of a table of gaging station data showing 
for each of several hundred stations, the drainage area, period of re
co d , number of years with complete records, average disch<'\rge based 
on years of complete water yea r records , maximum and m i 1imum dis
C'harges ith dates , approximate acreage of land irrigated by divisions 
above each station, and the approximate developed capacity of reser
voirs . Average disC'harge of str eams a d ave r age an al depth of run
off were shown on ~ps . For some years , the Army Engineers had 
collected sediment samples at a number of Survey gaging stations on 
the Missouri and principal tributaries, and from the concentration of 
those samples , monthly and annual records of sediment discharge were 
computed. A study of changes in the bed of the Missouri River at 
Omaha with sediment load was started and was in progress at trhe end 
of the period . It was hoped that the investigation might show whether 
the sediment at Omaha. came from the main river or from the t ributar ies. 

An important objective of the r ange-improvement studies was the 
proper location of surface tanks or small reservoi rs having capacities 
ranging from 1 to 5 a re-feet each for livestock, where ground water 
was not available from wells . Being ~sually on small drainage areas 
for which discharge reC'ords were not available, data were obtained on 
precipitation, a.nd size and character of drainage area necessary to give 
reasonable assurance of periodic filling of the tanks; also studies were 
made of silting and evaporation and seepage losses. 

Soil and Mois t re Conservation Program 

Under the President· s reorganization plan 4, dated April 11, 1940 , 
the planning for the conservation of soil and moisture on lands in the 
jurisdiC' tion o f the Interior Department, formerly carried on by the 
Department of Agriculture, was transferred to the Interior Department 
as a more logical g ouping of activities . The Secretary ' s Office set up 
the Office of Land Utilization, under Lee Muck , assistant to the Secre 
tary, to administer the program. Largely at the suggestion of W . G. 
Hoyt , the Geological Survey was selected to act as adviser or consultant 
to the active agencies which carry on the work; Office of Indian Affairs, 
Grazing Service , General Land Office, Bureau of Reclamation, National 
Park Se rvice , and Fish and Wildlife Service , all in the Interior Depart
ment . The administration of the new service was lodged with the Water 
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Utilization Division,32Y' and Mr. Hoyt was especially identified with its 
development. -

. To ~ave field_ charge of the new activity, H. V. Peterson, a geolo -
g1st hav1ng expenence with the effect of geology on runoff, accepted 
transfer from the Army Engineer's Office in Los Angeles, and estab 
lished his headquarters in the same city Oct. 1, 1941. The chie f func
tions of the new unit were to advise on range-water d evelopment, 
erosion and sedimentation, from both s urfac e and ground sources . 

In May 1941, Mr. Peterson and Mr . Langbein made a reconnais
sance over the public domain to obtain first hand information on a ctual 
conditions; during the trip, the princ ipa l offices of the ac tion a.gencies 
were visited, and cordial relations established. 

During the first year , in preparation for later operations , reference 
files of pertinent data were compiled; reference showing the general re
lation of geology, water, soils, cover, erosion , and climate to soil and 
moisture conservation; a file showing by states and specific areas , the 
availability of ground water , and geologi c maps, and stream flow and 
meteorologic records; a manual showing essential features of about 150 
experimental areas being maintained by Federal agencies , to determine 
soil-water - climatic relationships . In addition, the action agencies were 
supplied with topographic maps and reports on availability of ground 
water and other data as requested. Having assembled all available in
formation in shape for ready reference, the new unit was ready to func
tion as adviser to the action agencies. 

The first request carne from the Grazing Service to investigate the 
flood problem and geology in the lower Moapa Valley, Nevada . Mr. 
Peterson and the chief engineer of the Grazing Service spent several 
weeks making a study. A report was made to the Grazing Service in 
1942. 

As a further example of the service supplied, in 1942 the superin 
tendent of the Navajo Indian Reservation at Window Rock , Arizona, re
quested information regarding prospective sites for stock-water wells . 
Mr. Peterson assisted by R . W. Revell, spent June 15 - 23 , 1942, in 
rnakina an examination of well sites, and collected data relative to soil 

0 

and moisture conservation. Four prospective well sites were investi-
gated and rejected, but a new site was suggested. The log of one w ell 
was obtained and the discharge estimated . The report to the Indian 
Reservation dated August 18, 1942 , in addition to recommending a well 
site , contained comments on erosion and a discussion of the small log 
dams in existence, and suggested sites for small flood- control dams . 

Also, the Regional Grazier at Phoenix, Arizona, in September 1942 , 
requested an investigation to de termine the possibility of establishing a 

327/ Memo to Lee Muck June 26 , 1941 . 
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feed cente r of some 2.0, 000 acres near Wickenburg; a local promoter 
had a plan to irrigate the land fr-om ground wa te~, and wished to have 
it ithdrawn from grazing . The only possible water supply was ground 
water, and a brief investigation and geologic study indicated that there
quired ground ater was not there. 

Beginning in 1q43 , weekly records of stage of several small re ser
voirs in Arizona were kept in order that data on the hydrology of those 
reser voirs ( stock tanks) might be used in the imp r ovement of that source 

of supply . 

During t?-e w inter of 19 43-44, the Divi sion mad e erosion sh ... die s in 
the southwest by Hollister Johnson , unde r Mr . Peterson s s ,_;c r vision. 
These studies were essentially, ( l) field surveys of washes near 
Shiprock, N . Mex. to determine amou n t of erosion and head cutting 
which had taken place since the original surveys by the Conservation 
Branch in 19 3o , and {2.) field surveys to de termine the area and capac 
ity of s t ock tanks on the Hualpai Indian Reservation in Arizona . In 
addition, experimental w o rk for the de termination of the elevation of 
the ground-water table for use of geophysical methods. It was carrie d 
on in vari ous parts of Arizona and was participated in by the Conserva
tion Branch. 

Also, as a result of the various investigations, of which those 
mentioned are typical, Mr. Peterson prepared a memorandum to Lee 
M uck, describing the various mechanical measures to combat soil 
erosion use d during the nineteen-thirties and commenting particularly 
on their deficiencies . 3~/ 

The Bureau of Reclamation in the fiscal year 194 7 , requested an 
appraisal of the erosion structures •installed in the southwest some ten 
years previously . and transferred $15 , 000 fo r tha t purpose. Three 
areas in the Gila River Basin were investigated in detail , the striking 
re sult of the investigation being the lack of results previously obtained. 
Many structures f erosion dams) had failed largely through lack of 
maintenan .e, and where failure had not occurred, there was little 
evidence that the structures had fulfilled their mission . 

ln an attempt to determine the basic cause of erosion , a study of 
tbe past cycles of erosion was started in 1946, with an investigation of 
Moneta Reservoir , Wyoming, in cooperation with the Bureau of Land 
Management. R eco:rds were kept of water levels and silt levels in the 
reservoir , together with those of precipitation , and conditions of vege
tation and erosion in the basin. 

The last req est receive d during the period was from the Regional 
Grazier at Alhuquerque to examit.e proposed sites for stock-well sites 
in New Mexico . Fifty-one sites were examine d by C . F. Hains from 

32~/ Water Resources B u ll. , May 1944, pp . 106-Ill. 
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March 17 to April 26, 1947, who recommended either 
drilled to determine the ground-water possibilities or 
abandoned. 

that the sites be 
that they be 

U~til the beginning of the Missouri River Basin-Departmental Pro
g_ram tn 1945, the Soil and Moisture Conserv9-tion activities were con 
~med chi~fly to the southwest from lack of personnel. But upon be ing 
1ncluded m that program, and sharing in the available funds the ac-
tivities were extended to the Missouri River Basin . 3~/ ' 

The_ S~il and Moisture Conser vation activities were financed by 
appropnatlons made by Congress to the Office of Land Utilization in 
the Secretary's Office . Annual funds transferred to the Sur c 1 for this 
work were: 

1941 
1942 
1943 
1944 

$15 , 000 
11, 500 
11 ' 000 
16,400 

1945 
1946 
1947 

$17 , 600 
17,200 
33,300 

The increase in funds during 1947 was due to the fact that the serv
ices rendered were becoming better known. and it was believed there 
was a greater need for those services. 

H. V. Fete rson continued in charge of the activities and had the 
following assistants: 

R. W. Revell 
K. R. Melin 
C. F. Hains 

Jan. 15, 1942 to Mar. 15, 1946 
Feb . I, 1944 to June 30, 1947 
Jan. 20, 1946 to June 30, 1947 

Of the Missouri River Basin-Departmental funds allotted to the 
Division, $8, 732 were expended. 

Salt Lake City Office 

R . R . Woolley continued to supervise Federal Power .Commission 
permits and licenses . A large part of his time was de voted to an in 
tensive water utilization study of the Great Basin, including : a hydro
logic study of streams with relation to physiographic and climatic con
ditions pertaining to floods and their occurrences over the entire basin; 
analysis of trends in stream flow over the periods of records; hydrologic 
studies of Great Salt Lake and trends relating to stream flow; analyses 
of total precipitation in drainage basins and the relation to various uses, 
and to measured runoff; and from the legal side , a study of sta te control 
over water resourc es and its relation to the public domain. Those 
various studies were being continued at the end of the period . 

322_/ pp. 
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Los Angeles Office 

W . E. Dickinson s study of the water supply of the Colorado River 
Basin, which had star ted in 19 38 , v. as continued during the early years 
of the period . It :re sulted hiefly in the :revision and bringing down to 
date of the records for key sta ti ons on the Colorado River . The record s 
were published as Water-Supply Paper 918 . 

Special Studies Supervis e d 

There were a number of studies c.a r r ied on by Surface Wa ter Dis
tricts and otherwise , under the general supervision of the Water Utili
zation Division. Although those studies are described in 0>1r....: ction 
with the districts operations p brief descriptions are presented . 

In 19 38 , since floods in the metropolitan areas in New Jersey 
caused heavy damage , as the cities had encroached on the natural 
river channels. The State was requested to prepare a map showing 
the allowable limits of riparian encroachment . G . R . Shanklin , a 
State employee, was detailed to the st dy under the technical super
vision of the Water Utilization Division . Interrupted by the war, it 
was resumed in July 1946 , and expanded to a state-wide basis, when 
an engineer of the New Jersey district was assigned to it . 

In 1939, the Water Utilization Division, with the Weather Bureau, 
sponsored a WPA project in Pittsburgh where there were a large num
ber of unemployed draftsmen and te hnicians. Its purpose was to de
termine the topographic characteristics of drainage basins from topo
graphic maps, limited to those basins completely mC!:pped in the states 
east and north of Ohio and Virginia . The results are published in 
Water-Supply Paper 968C . 

In 1940 , the Boston Dj strict started a similar project for Mass
achusetts, dealing with floods . A special appropriation was obtained 
frJm the State , and B . R . Colby was detailed to it, working under 
H. B . Kinnison 1 s supervision. The investigation was completed at 
the beginning of the war . Flo d formulae, based on area, slope , 
average distance of water travel , and valley storage obtained from 
topographic maps, were developed . They were published in the 
A. S.C. E . Proceedings for March 1944. 

Soon after the creation of the Ohio Water Resources Board in 
1945, C. V. Youngquist,chief engineer , and formerly the Survey's 
district engineer in Ohio, suggested Survey co operation in a general 
hydrologic study of the state by W . P . Cross . The first study was 
that of floods from small areas , those of June 1946 in Wayne and 
Holmes Counties being selected . A list of past floods at existing gag
ing stations was compiled and a study of their frequencies made. Both 
studies were published by the State agency . 

Co peration with the Division of Waterways and the Illinois 
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Department of Public Works and B uild ings was begun in 1945 on a study 
of unit hydrographs . This work was under the technical supervision of 
W. D . Mitchell of the U r bana District and was completed in 194 7 . The 
Water Utilization Division gave advice and support to the investigation. 

Cooperation was begun in 1941 with the San Bernardino County 
Flood Control District of California , on a study of the hydrology of the 
streams draining the San Bernardino Mo ntains . This work was under 
the technical direction of H . C . Troxell. The work was completed in 
1948. The results are scheduled for publication in a water-s pply 
paper . The Water Utilization D ivision r eviewed the work to the same 
extent as similar proj ects in other field offices . 

Miscellaneous 

In addition to the major activities described, there were a number 
of short studies pertaining to runoff of specific streams in various parts 
of the country, rainfall··runoff relations, median discharge methods, 
maximum flood flows from small areas in the western part of the coun
try, analyses of variation in annual flow in the Columbia River Basin, 
relative effect of variations in rainfall on runoff, and effect of droughts 
on hydro-electric power generation, by various members of the Branch, 
made under the supervision of the Division . The Bulletin of August 
1947 listed 29 such studies at the end of the period . 

Division Personnel 

Mr . Davenport ' s technical assistants, wit the exception~ · the. per
sonnel of the Soil and Moisture Conservation Program which are listed 
under that program, were as follows : 

Name Period 

R. R. Woolley July 1, 1939 to June 30 , 1947 

W . B. Langbein July 1 ' 1939 to June 30 , 1947 

w. s . Eisenlohr, Jr. July 1' 1939 to June 30 , 1947 

W . E . Dickinson July ] . 1939 to Sept. 30 , 1943 

D. F. Peter s on, Jr. July 1' 19 39 to Sept. 15, 1939 

J. M . Fox July I' 1939 to Aug . 31 , 1939 

L. c . Crawford July 1' I939 to Apr . 29, I940 

Alphonso Wilson July I' 19 39 to S ept. 9, 1939 

M . D. Brands Apr . I2, 1940 to Sept. 21 , 1942 

Sean O ' D eorean Mar . 19, 1941 to Dec . 31' 1944 

M. I. Rorabaugh Sept. 1' 1944 to May 5, 1945 

Mrs . E. M. Pa t ton May 3, 1945 to June 30, 1947 

Hollister Johnson June 28 , 1945 to J une 30 , 194 7 1 I 
Miss E . M. Wilson Jan . 5, 1946 to June 30' 1947 

G. E . Harbeck Jan. 13 , 1946 to June 30, 1947 

1/ On detail from Albany D i strict previously . 
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Name P eriod 

R . E. Oltman Apr. 3 , 1946 to June 30, 1947 
F. w. Kennon Apr . 25, 1946 t o June 30 , 1947 
B. R. Colby Apr. 29, 1946 to. June 30, 1947 
c. c . McDonald May 22 . 1946 to June 30, 1947 
F. D. Spencer Dec. 2, 1946 to June 30, 1947 
Irving Sherman Jan. 1' 1947 to June 30 ' 1947 
c. F. Hains Jan. 20 , 1947 to June 30, 1947 

The division clerk was Miss Loula Salter unti l June 1942, Miss 
Martha J . Karres from July 1942 to April 1945, and Mrs. May E . 
Thiesen from July 1945 to June 194 7. 

70237 



- • ·"! 

. 
. i \ .. . 

. " . 
. . . 

. ~ . . . . 
• r 

....... ..__.. .. .. -.... -.. . 

' . 

. . 
• 

. . . 

l --

- . . 

-· .~ 

' . 

t 

IIMI~!!IIfll~iU!~j~!i~l/111~!! 
3 1818 00113523 3 

. .. 

~· 

... . ~ 
·~ 

' 
• 

~.. - . . ' 

' .... 

. ' 
~ - . 
.. 

... . 
\ - ' ·e: .. ~ . 


	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228
	229
	230
	231
	232
	233
	234
	235
	236
	237
	238
	239
	240
	241
	242
	243
	244
	245
	246
	247
	248
	249
	250
	251
	252
	253
	254
	255
	256
	257
	258
	259
	260
	261
	262
	263
	264
	265
	266
	267
	268
	269
	270
	271
	272
	273
	274
	275
	276
	277
	278
	279
	280
	281
	282
	283
	284
	285
	286
	287
	288
	289
	290
	291
	292
	293
	294
	295
	296
	297
	298
	299
	300
	301
	302
	303
	304
	305
	306
	307
	308
	309
	310
	311
	312
	313
	314
	315
	316
	317
	318
	319
	320
	321
	322
	323
	324
	325
	326
	327
	328
	329
	330
	331
	332
	333
	334
	335
	336
	337
	338
	339
	340
	341
	342
	343
	344
	345
	346
	347
	348
	349
	350
	351
	352
	353
	354
	355
	356
	357
	358
	359
	360
	361
	362
	363
	364
	365
	366
	367
	368
	369
	370
	371
	372
	373
	374
	375
	376
	377
	378
	379
	380
	381
	382
	383
	384
	385
	386
	387
	388
	389
	390
	391
	392
	393
	394
	395
	396
	397
	398
	399
	400
	401
	402
	403
	404
	405
	406
	407
	408
	409
	410
	411

