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YEARS OF WORLD WAR II (1939-1947)

This period extends from July 1, 1939, to June 30, 1947, and is
called the years of World War II, although it was not until December
1941 that the United States entered the war which began in Europe in
September 1939. By the beginning of the period, it was evident that
this country might be drawn into the conflict and a rearmament program
including the draft act, effective in September 1940, was started and
prosecuted vigorously prior to December 1941, when the attack on
Pearl Harbor forced us into the war. Although the war was not official-
ly ended by June 1947, President Truman proclaimed the end of hos-
tilities on December 31, 1946, thus terminating some of his war-time
powers, and by further action terminated other war-time powers as of
June 30, 1947.

This was a period during which the chief endeavor of the Branch
was to keep its essential work on a fairly satisfactory basis in the
face of the many handicaps to civilian activities caused by the war.
To these handicaps were added increasing demands for more in-
vestigations. These demands which came from both cooperating States
and Federal bureaus increased the total Branch funds from $3, 060, 000
in the fiscal year 1940 to $6,360, 000 in the fiscal year 1947; and in-
creased the full-time personnel from 513 to 1, 043.

W. C. Mendenhall, the Survey's Director since December 22,
1930, retired February 27, 1943, after 48 years of service in the
Survey. That year was a critical one for oil and Secretary Ickes was
anxious to have an outstanding oil man head the Survey. In his search
for the best man available, he reque sted a number of scientific societies
to suggest lists of names. The list furnished by the National Academy
of Sciences was headed by William E. Wrather, a consulting petroleum
geologist. Dr. Wrather was offered the directorship and having accept-
ed, was appointed Director May 7, 1943, the sixth to hold that position
and the first since Major Powell fo come to that position from outside
the Survey. :

-

For the Surface Water Division, every State was in cooperation
with the Survey by the end of the period, and the number of gaging
stations was increased from 4, 164 with 3,000 recorders to 5,812 with
4,750 recorders. The number of district offices was increased from
37 to 41, with sub-district offices in addition. \

For the Ground Water Division, as a result of the important role
that ground water played in the many war establishments during the
war years and the post-war expansion, all but seven States were in
cooperation at the end of the period. The Division had so many re-
quests for information from war-time establishments, that a large
part of the personnel devoted considerable time to the special in-
vestigations required to obtain the desired information. The nation-
wide observation-well program was increased from about 5,500 to
9,200 wells, of which about 680 were equipped with water-stage recorders



2

Increasing interest im the guality of both surface and ground water
on the part of industry seeking new locations, during and after the war,
resulted in more wide-spread cocperation with states seeking additiona
industrial plants. As & result of this more wide-spread state coopera-
tion, it was possible to establish a number of laboratories in various
parts of the country, and thus make a beginning in decentralization.

The Water Utilization Division broadened its activities by entering
further into the field of interpretative studies, and in improving the
analytical methods and techniques used in computing stream-flow
records.

GENERAL ORGANIZATION

As a result of natural causes, there were more changes in the
general organization tham during any previous period. Carl G. Paulsen
became acting chief of the Branch from the time of Nathan C. Grover's
retirement, January 31, 1939, to October 17, 1939, when Glenn L.
Parker was appointed Chief Hydraulic Engineer. At that time, Mr.
Paulsen became Asgistant Chief Hydraulic Engineer, & newly-created
position which was made necessary by the greatly expanded work of
the Branch. Mr. Parker died February i2, 1946, after nearly six
and 2 half years as chief of the Branch 2nd more than thirty-seven
years in the Geological Survey. He had served for two years in
Alaska and for twenty-eight years in the States of Washington and
Oregon, of which twenty-six were in the position of the Survey’s dis-
trict engineer in the state of Washington. He came to chiefship
therefore, after long field experience and with intimate knowledge of
the functions and probiems of the Geological Survey. His service as
Chief Hydraulic Engineer, which fell wholly within this period, had
to do largely with the difficult problems of war and of expansion of
funds and personnel to meet war needs. These needs related to the
availability of water for cantonments, hospitals, airfields, and other
military establishments and for imdustrial plants engzaged in produc-
ing military equipment and supplies. Such expansions included also
great increases in cooperation with other Federal Bureaus, espec-
ially those having to do with war activities and to a lesser extent
in cooperation with States. His administrative problems were there-
fore many and exacting. Mr. Paulsen succeeded him as Chief Hy-
draulic Engineer on March 1, 1946.

Throughout the period when Mr. Parker was Chief of the Branch,
Mr. Paulsen served az Assistant Chief. He served also as Acting
Chief of the Surface Water Division until April 19, 1940. Subsequent
changes are described on page 25.

Under the war-time act 1/ authorizing the recall of personnel
1/Public 411, 77th Congress.

who had been retired, N, C, Grover was recalled August 20, 1942.
At first, he divided his attention between Military Geology, a war-
time division, and the work of the Branch. Within a few months,
however, he had so many calis for work in the Branch that he had
to give up his connection with the former group.
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O.E. Meinzer continued as Chief of Division of Ground Water 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, 1946, and was succeeded by S. K. Love.
R. W. Davenport continued as Chief of Division of Water Utilization.
The Division of Power Resources continued under direction of A. H.
Horton until his death, March 4, 1945, The Division was discontinued
March 31, 1945, and its functions transferred to the Division of Water
Utilization.

Miss Helen Kiesel continued as Branch Chief Clerk.
APPROPRIATIONS

During the previous period, although the 50-50 cooperative
principal was recognized by Congress, the Bureau of the Budget, and
Congress itself could 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 also due in part, 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. During those years, the Survey
was reluctant to request deficiency appropriations.

However, during the war years, the psychology of Congress in
making the collosal appropriations for the war effort was such that
the relatively minor increases in appropriations requested by the
Survey were granted. If later., those amounts proved to be inadequate
to meet the States’ cooperative offerings. the additional amounts need-
ed were requested and were supplied in deficiency acts. That situation
continued until the last year of the period when a new Congress con-
trolled by the Republicans, elected on an economy program, refused
to grant the full deficiency appropriation needed, and for the 1947
fiscal year, the Suxrvey failed by 3 percent to meet full State cooperation.

The greater water-consciousness of the States with larger coopera-
tive offerings, caused by the increase in the use of water, both surface
and ground, needed by the tremendously expanded war industries, the
plans for flood control by the Army Engineers. and the irrigation in-
vestigations by the Bureau of Reclamation in which the western States
were deeply interested, were some of the causes of the increases in
appropriations, particularly during the latter part of the period.

The following table shows the annual Branch appropriations, the
amounts restricted to State cooperation, and the unrestricted remain-
der which was available for other purposes:

Annual Branch appropriations, amounts restricted to State
cooperation, and remainder for other purposes:



Branch Restricted to Remainder for
Year Appropriation State Cooperation other purposes
1940 $1,143,000 $ 900,000 $243,000
1941 1,224,500 1,000,000 224,500
1942 1,285,500 1,000, 000 285,000
1943 1,308,950 975, 000 339,930
1944 1,436,700 1,008,700 428,000
1945 1,590,000 1,180,000 410,000
1946 2,116,900 1,620,000 496,900
1947 2,588,672 1,710,000 878,670

The "remainder for other purposes' has been segregated to em-
phasize the fact that the Survey has had to take on additional duties of
a purely Federal character. During the previous period, the Federal-
type work was confined largely to the mamtenance of stations for the
Colorado River compact and the beginning of / 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 treaty with Mexico, all of which
are described under the activities of the Surface Water Division, were
factors which led to increases in the non-restricted items. Also, as
the many requests from defense agencies for data on available water
supplies in all parts of the country could not be handled properly on
account of the small amount of non-cooperative funds, Congress in-
creases those funds by $50, 000 during 1942 and by $94, 000 for the
fiscal years 1943 to 1946, inclusive. During 1946, there was a non-
recurring item of $100, 000 for post-war planning. Of the large
increase in 1947, $263,000 was to pay a part of the cost of stations
maintained for the Army Engineers ($175, 000), the Bureau of Re-
clamation ($50,000), and TVA ($15,000), and for which those agencies
had previously transferred funds. Although the $263,000 was only a
small part of the funds transferred, it was hoped by the several
agencies concerned that eventually Congress would appropriate
directly to the Survey a major part of the funds needed to continue
the Army Engineer, Bureau of Reclamation, and TVA stations in-
stead of to those agencies for transfer. For starting investigations
in Alaska, $14,000 was made available, and $37,500 for research,
both in the 1947 fiscal year.

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

1940 $140,000 1944 $169, 000
1941 140,000 1945 200,000
1942 140,000 1946 200, 000
1943 170,000 1947 235,000

The salaries of personnel temporarily detailed to the Washington
Office, although paid from field allotments, were charged against the
limitation if the period exceeded five days.



COCFERATION

The growing importance of water-resources investigations and
its public recognition is shown by the increased cooperative funds avail-
able during the period. The State and Municipal funds were practically
on a 50-50 cooperative basis. The funds of other Federal bureaus
could not be matched, but the marked increase in those funds were a
measure of the growing importance of water resources records to the
Federal government itself.

Annual cooperative State, Municipal, and Federal funds:

Year State and Municipal Federal Total

1940 $ 914,688 $ 1,052,684 $1,967,372
1941 936,034 955,403 1,891,437
1942 15,808,951 941,843 1,950, 794'
1943 994,333 838,040 1,832,373
1944 1,108,733 926,261 2,034,994
1945 1,241,693 1,163,329 2,405, 022
1946 1,603,%52 1:300,285 2,904,037
1947 1,872,203 1,790,845 3,663,048

As there was no direct connection between the State and
Federal funds, it was coincidental that they were in fairly close
agreement.

WAR-TIME ACTIVITIES
Effect of Draft Act on Personnel

The "break-through' of the Nazis in the spring of 1940, after
six months or more of the so-called '"'phony war' made it evidént
that there was grave danger that the United States would become in-
volved in the war, and, to prepare for such probable action, Congress
enacted the Draft Act, known as the ""Selective Service and Trammg
Act of 1940'" which became effective September 16, 1940. / Under
3/ Stat. L 54, pt. -1, 11.885 et seq.
that act, every male citizen between 21 and 36 years of age was re-
quired to present himself for registration, and become liable for
training and service in the land or naval forces of the United States.
Many of the Branch personnel were affected by that act, and as the
tide of war rolied nearer and finally reached our shores, the de-
pletion of personnel became more pronounced. Being red-blooded
Americans, many did not wait for the draft but volunteered for ser-
vice in the various armed forces; others holding reserve officer
commissions, or having had previous training, received commissions;
while still others, because of special gualifications, were drafted for
special war-time activities, L/
L7 p. 10, 5

The loss of so many experienced young men proved a serious
problem for the Branch as at the same time, the work was increased
considerably, partly as a resguit of various war activities, and re-
placements were urgently needed. The usual source from which
personnel had been recruited, the Civil Service Commission lists of
graduates of colleges, had dried up. Other sources had to be dis-
covered and utilized. The work of some Federal agencies had been ser-
iously curtailed and it was possible to obtain from them by transfer, en-
gineers and engineering aids who for one reason or another were € ‘empt from
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the draft. Although the employment of sub-professional grades had

not heretofore been practiced, except in a few instances, the need for
men was so great that such men were now used for routine work, partic-
ularly in the field.

War-Time Appointments - To meet the serious shortage of personnel
of many agencies, and having few or no eligibles on its lists, the Civil
service Commission, acting under Executive Order, granted authority
to the various agencies to obtain applications of persons who were be-
lieved to be qualified for the work required; the Commission rated the
applications, and authorized appointments for those who received
passing grades. Under Executive Order No. 9036, dated February 16,
1942, the Commission gave the agency concerned authority to make
nwar-time' appointments limited to the duration of the war and not to
exceed six months thereafter, thereby deferring permanent appoint-
ments during the period while millions of citizens were in the mili-
tary forces and war industries, and so were unable to compete for
permanent appointments. So great was the need for personnel that
a number of women were employed as engineering aids. A total of
617 "war-time" appointments was made.

Members of Branch personnel who entered military service were
given military furloughs, and aithough many returned after the war,
expanding personnel needs were not filled and many ""war-time"
appointees were retained. Realizing that in the not-distant future,
the War would be efficially declared ended, the Civil Service
Commission, under Executive Order of February 1946, gave in the
summer of 1946 when the great majority of service men had returned,
a series of examinations for various grades, from which eligible lists
for regular probational appointment were made. Many war-time
appointees took the examinations and because of the experience gain-
ed in the Branch, were successful in them and were given probational
appointments.

Effect of Restrictions

Use of cars. - Perhaps the most serious effect of restrictions
imposed by the war was on the use of automobiles. Early in 1942,
all automobile factories were converted to the production of war
equipment, and no additional automobiles were manufactured. Thus,
no new cars or trucks could be purchased and it was necessary to
make the old cars last during the emergency. One of the first
restrictions imposed was contained in an order from the Secretary”’ S/
S/ Order No. 1669, March 26, 1942.
which required that other means of transportation be used in all
possible cases, that all automotive vehicles not absolutely essential
be removed from active service immediately, and that the most
effective use be made of vehicles remaining in active service. As
a result of these restrictions, cars and trucks were operated very
much longer than previously, and instead of being turned in when
the distance traveled was 50,000 or 60,000 miles, and when the
maintenance cost began to rise sharply. the vehicles were operated
100, 000 miles or more with, of course, steeply mounting mainten-
ance costs, Congress fortunately repealed the limit that could be
spent on repairs on a car during any fiscal year.
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Closely allied with the operation of cars was the consumption of

gasoline and the use of tires, In 1941, when gasoline and rubber short-
i y 6/ ordered that in the interest

6/order No. 160i, Aug.i5, 1941. s
of conservation, no official cars should ke driven in excess of 40 miles
per hour. Some months later, upon learning that his order was being
disregarded, the Secretary stated in a memorandum / that infractions
77 May 15, 1942.
would not be tolerated 2nd violations brought to his attention would be
dealt with summarily. With the prosecution of the war, the need to
conserve tires became more critical and President Roosevelt appoint-
ed a committee headed by Bernard Baruch to study means of con-
serving rubber. That committee, known as the Rubber Survey
Committee, made a report which was transmitted to Congress,
August 6, 1942, and its recommendations were enacted into law soon
afterward. The chief regulation affecting the Branch as well as all
citizens was the speed limit of 35 miles per hour, which would achieve
the greatest conservation of tires. Although many good citizens heed-
ed that warning, many others failed to do so, and a year or two later
the task of pelicing the highways against 35-mile violators became an
impossibility, and that limit was generally ignored.

Not only was the use of cars restricted. but rationing of gasoline
applicable to the entire population was an egually important factor.
From May 15, 1942, in the East and December 1, 1942, in the West
to Aguust 16, 1945, it was necessary to apply each quarter to the
local rationing boards for coupons, without which gasoline could
not be purchased. In applying for such coupons, it was necessary to
estimate ciosely the mileage each car would be driven on official
business. The estimated mileage was freguently reduced by the
rationing boards in their infinite wisdom and coupons based on
consumptive use of 15 miles per gallon, issued. If such coupons
were found to be insufficient, it was usually possible to obtain
additional coupons before the end of the quarter, but as this re-
quired convincing reasons, the tendency was to limit strictly the
use of cars. In addition, the use of trucks, beginning Novenber
15, 1942, required a certificate of necessity from the Office of
Defense Transportation, which Office determined the mileage for
gasoline, based chieily on the amount requested in the application
for certificate. This certificate had to be reviewed gquarterly.

Perhaps as great a restriction as any on the use of cars was
the rationing of tires. As a first step, the War Production Board,
in July 1942, ordered an inventory of the number of new and used
tires and tubes. This was followed bty an order to turn over to
that board, all tires in excess of 5 for each vehicle. Thereafter,
as no new tires could be purchased on the open market, it was
necessary to obtain replacements from the War Production Board,
from the pool of tires previously surrendered. Tires sold to the
Board originally, were sometimes repurchased at considerably
higher prices,

Changes in hours per week. - Early in the war, the effect
on Government personnel of the Draft Act, and other war activities,
was such that the Secretary ordered as a war measure, a 44-hour
week, beginning January 26, 1942, With the intensification of the
war effort, the Secretary ordered a 48-hour week with no holidays,
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beginning January 2, 1943, After V-J Day, (Aug. 15, °1945), uthe
Secretary reduced the work week to 40 hours, consisting of five
8-hour days, effective August 26 in Washington and September 9,
1945, in the field. The practical efiect of the reduction was greater
than the actuzl reduction in hours. Previously, it had been the
rather general custom in the Branch, particularly in the field, to
work long hours without regard to the actual number of hours per
week and frequently work was continued on Sundays and holidays.
However, with the 40-hour week, the tendency was to limit the
hours of work, and when, on field trips, work was performed on
Saturdays and Sundays, time off to compensate for such work was
taken after returning to the office

Increase in Salaries

After the work week was increased to 48 hours, Congress,
by the Act of March 24, 1943, 8/ provided that all officially ordered
8/Public 17, 78th Congress.
overtime in excess of 40 hours, should be paid for at one and a
half times the regular rate, for the first $2980 of basic pay, the
total compensation not to exceed $5,000. The overtime rate was
in accordance with the rate established in industry 2s a spur to
the war effort. That act was liberalized in 1945, by providing
over-time pay for salaries in excess of $2980, at decreasing rates
for the higher salaries, 9/ When the 40-hour week was established
9/ Public 106, 79th Congress, 1st Session.
and overtime abolished except in emergencies, Congress increased
the base pay by amounts approximately equal to the previous over-
time pay. As a result of the general increases granted industry by
the Government early in 1946, Congress felt that Federal salaries
were out of iine, and increased all Federal salaries by 14 percent,
effective July 1. 1946.10
10/ Public 390, 79th Congress, Znd Session.

Limitation on number of personnel. -When Congress granted
the I4 percent increase, 1t was with the proviso that the total
number of employees in 2il civil departments should not exceed
a definite number, that number to be substantially less than the
number employed when the increase was granted. The Bureau
of the Budget, each guarter set ceilings on the number of personnel
each Federal agency could have.

Salaries outside ccntinental United States. - The Brookhart
Salary Act of Juiy 3, 1930, had required the hsads of executive
departments and establishments to adjust the compensation of
civilian field-sevrwvice employees outside the continental United
States unless such positions were expressly excepted by statute
from the Classification Act of 1923. This requirement apparently
had not been observed except by one or two agencies in Hiwaii
where widely varying differentials had been applied. This pro-
cedure had resulted in what the Civil Service Commission de-
scribed as "a chaotic situation for the various Federal agencies
in Hawaii’., Finally, in 1942, when Hawaii was a critical war
center, the Civil Service Commigsion requested from the Comp-
troller General a decision regarding differential pay in order
that the Hawaiian situation might be clarified. As a result of
that decision, the Civil Service Commission on December 3, 1942,




ruled 11/ that it was permissible for the head of a Department or
11/ Circular 394.

Independent Establishment to fix salary differentials upon a
percentage basis for employees serving at any point outside the
States of the United States and the District of Columbia, the
maximum differential being 25 percent. Accordingly, the Survey
applied that differential to Hawaii and to Alaska.

Requests from war agencies

The many new establishments, both military and industrial,
brought about by the war, posed many problems of available water
supply to determine the best locations available, and the Survey
was looked to for the answers. From July 1, 1941, to the end of
the war, the number of requests received were:

Surface Water 10, 053
Ground Water 3,250
Quality of Water 2,366

Total Lsy 66 ;

The requests for surface-water data were largely for records
or estimates of flow and in general, required but little additional
field work. Similarly, requests for quality-of-water data could be
answered by existing data and little field work was required. The
requests for ground-water data were so varied and as they fre-
quently required field investigations, a large part of the time of the
ground-water offices in some parts of the country were devoted to
those requests during the early years of the war. The investigations
are described in some detail under the activities of that division,

The great number of requests threw such a burden on the
Branch that Congress increased the non-cooperative funds by $50, 000
for the fiscal year 1942 and by $94, 000 for each of the fiscal years
1943 to 1946, inclusive.

In appreciation of the assistance 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
you to know how appreciative I am of the fine cooperation the Geological
Survey gave to our Water Division throughout the period of the war
emergency. Mr. Gowner, Director of that Division, has often told me
of the invaluable consulting service received from members of your
Washington staff and from your engineers in the field.

tThe continuity of your records and the long experience of your
staff was invaiuable to the Water Division and permitted it to meet
its immediate and pressing war problems with 2 minimum of staff
and without duplication of effort.

1] sincerely hope the programs you are planning for expansion
will be supported and carried out, for war conditions clearly indi-
cated not only the extent to which our national economy is dependent
on adequate water supply, but also the essentiality of the Survey's
continuous accurate record of the country's water resources as the
basis of their economic development and use. "
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Pig Iron Survey. - The production of steel was a vital factor in the
war activities, and early in the war, much concern was feit by the War
Production Board regarding the amount of pig iron avallable' to the '
foundries, and whether such pig iron was being used exc-luswely for the
war effort. Like some other war agencies, the Board d1_d not have the
necessary personnel to carry on the country-wide 1nvest.1gat1ons need?d,
and as the Branch was anxious to further the war effort in every possible
way and had a country-wide coverage of field offices, the Board on
March 2, 1942, requested the Branch to undertake, at the Board's ex-
pense, a survey of some 3,200 foundries to determine the gross tonnage
of pig iron used during December 1941, and the amount allocated for
February 1942, also to determine whether priorities in the use of the

pig iron were being observed strictly,

Lists of foundries and questionnaires were 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 letters were received, the survey was
started. Each foundry was visited and the necessary information
obtained, being verified by the actual 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 an investigation required a week or more to the smallest
requiring only a short time to obtain the necessary information; others
used scrap instead of pig iron and still others were no longer operating.
About 2,400 foundries were actually investigated. 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 personnel to
“#he various branches of the military service. Owing to their special
training a large majority were given commissions. One was commis-
sioned as colonel, the highest rank for a reserve officer, and several
were commissioned as lieutenant-colonel, one being an engineer who
entered the Army as a private and attended Officer Candidate School.
Many more were commissioned as major, captain, and lieutenant,
with the corresponding naval rank for those who were in the Navy.
A few retained their civilian status, being classed as specialists.

At the specific request of the War Department, ten geologists
of the Ground Water Division were given commissions ranging from
major to lieutenant, and assigned to water -supply battalions on
headquarters' staffs overseas.

The complete list follows:
- Beamer, Norman H,

Aertker, Donald E. Backe, Gordon J. ; Blake, Robert L.
Albert, C. Bruce Baker, Roger C. : Bodhaine, G. Lawrence
Anderson, Keith E. Barber, DeLoss H. | Bolon, Harry C.
Anderson, Orman K. Barteldes, Otto E. : Brewer, John Harold
Anderson, Samuel G. Batcheller, Jean E. Britton, James J
Armentrol.xt » Warren R. -Beaber, Howard C. Y Brown, Glen Fra;lcis
Augur, William T, Bennett, Robert Bruce Brown, Irving L
Babcock, Horace M. Bent, Paul C. Brown, Russell H

Bach, W. Kenneth Berkowitz, Sidney A. Burkebile, Frederick V.



Burkman, Grant A,
Busch, William F.
Cady, Richard C. 1/
Calkins, Myron D.
Carlson, Enos J.
Carns, Jack M.
Carstens, Charles H.
Carter, Roland W.
Cederstrom, D. J.
Colby, Byrnon C.
Colvin, Grattan C.
Conard, Raymond F.
Conover, Clyde S.
Constant, James A.

Hale, Malcolm D.
Hall, Hatler F.
Hanks, L.awrence F.
Hannum, Curtis H.
Hanson, Archie J.

-Harbeck, G. Earl, Jz.
Hardine, Kenneth L., Jr.

Harrell, Guy B.,Jr.
Hassler, Milburn
Haynes, George L. ,Jr.
Henderson, Warren K.
Hennemuth, John R.
Henning, Norman E.
Hensley, Paul W.

Cornelius, Quincy,C.,Jr. Hickerscn, Homer C.

Cox, James B.

Cox, L. Theodore
Crane, Billy H.
Cross, William P.
Culler, Richard C.
Davies, David L. ,Jr.
DeWire, Harry A.
Dickstein, David D., Jr.
Dillon, Jack G.

Doll, Warwick L.
Dougherty, Donaid F.
Dragnich, Stanley W.
Drake, Herbert E. , Jr.
Drescher, William J.
Dunagin, Louis K.
Dunkle, William F.
Earhart, Charles E.
Ellis, Harold H.
Faehnle, David M.
Fellouris, John H.
Ferrin, Arthur J.

Fischback, Alexander A.

Fisher, Bernard
Fiske, Charles C.
Fleming, Dewitt P.
Fogarty, Donald J.
Foley, Frank C.
Folsom, Orrin J.
Ford, Paul G.
Fredericks, John C.
Gardner, Milton S.
Garner, Willie L.
Gerardi, Angelo P.
Glasier, Lloyd John
Goshorn, John D.
Graves, Rayfield W.
Griswold, Thomas N.
Griswold, William S.
Gunwaldsen, Ralph W.
Gurry, John W.
Hackmann, Glen N.
Hagensen, Carl Philip

Higgins, James J.
Hill, Herndon S.
Hodges, Edward B.
Homyk, Anthony, Jr.
Hulsing, Harry
Hunter, Hubert S.
Hurtgen, Donald C.
Ingles, James N.
irelan, Burdge
Janda, Benjamin H.
Jenkins, Clifford T.
Jensen, Leon J.
Johnson, Thomas G.
Jones, Graham D.
Joseph, Irving
Jorgenson, Leconard N.
Kasner, Charlotte F.
Kizer, Lee E.
Kramsky, Meyer
Kroening, H. Frank
Lander, Frank T.,Jr.

LaRocque, George A.,Jr.

Leak, Howard S.
Leggette, Ralph M.
Lenfest, Leslie W.
Lewald, Charles E.
Lindholm, Curt F.
Loeltz, Omar J.
Lynn, Richard H.
McCabe, John A.
McCall, John E.
McCauley, Robert F.
McGowan, Jack
McKim, Robert L.
McLaughlin, James R.
Martin, Robert J.,Jr.
Mayhew, William E.
Mathews, Elmer P.
Millexr, Everett G.
Miller, Leonaxrd W.
Miller, Mearle M.
Miller, Wallace T.

A
Mims, Benjamin L., Jr.
Molloy, John F.,Jr.
Molloy, John J.

Moore, Samuel C.
Moore, W. James
Mouiton, David R.
Murphy, Joseph A.
Murphy, William J., Jr.
Murphy, William M., Jr.
Murrow, Duncan C.
Nace, Raymond L.
Newcomb, Reuben C.
Odeil, Harold H.

Ogata, Kent M.

Oltman, Roy E.
O'Neill, Vernon L.
Otton, Edmond G.
Patch, Marshall A.
Patterson, James L.
Paulsen, Wesley W.
Peck, Robert H.
Peirce, Earl H.
Pepper, Jack W.
Peracca, Americo R.
Perrey, Jospeh Il
Perry, Woodford J.
Peterson, Lee R.
Phillips, William N.
Porter, Livingstone, Jr.
Post, Arthur L.
Procter, Miles W,
Pynchon, Charles T.
Pree, Henry L., Jr.
Quarles, Thomas J.
Randzall, Doris G.
Randolph, Burr H., Jr.
Rantz, Saul E.
Rasmussen, William C.
Reed, Albert L.

Reker, Carl C.

Rewell, Russell W.

Ridgway, Lyle G.

Robinson, William H.
Rudd, Harold S.
Sanderson, Roy B.
Sandven, Hertel A.
Sayre, A. Nelson
Schaefer, Francis T.
Schaefer, Roland H. 2-,/
Schmickle, Robert D.
Schoerpner, Milton H.
Schoff, Stuart L.
Schreurs, Raymond L.
Schuller, R. Dale
Schwob, Harlan H.
Searcy, James K.
Seitsinger, Dan T.
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Sexton, Harold J. Stephens, James W. Warren, Moultrie :
Shappy, Lillian R. Stipp, John R. Wa§y1k1w, Myron w ¥
Shimasaki, William M. Stockton, Herbert R. We}nga?tz, Larry W.
Smith, Gerol B. Swenson, Herbert A. We}nhenner. Thomas W,
Sheaff, James L. Taylor, George C. W1-1‘1taker, Clair L.
Silverman, Louis P. Taylor, George H. W}lt?.la, Sulo W
Sittner, Walter T. Thomas, Harold E. W}ll:}ams, Adrian H.
Slaughter, Marvin J. Thomas, Nathan O, W}lhams, Percy B.
Smith, Alvin L. Thompson, Robert W.,Jr, Wilson, Alfonso
Smith, Harold L. Toth, Albert S. Wilson, Woodrow W.
Smith, Robert J. Tracy, Hubert J. Wollin, Ernest G.
Smith, Rufus P. Trisch, Donald L. Wood, Auburn E.
Snell, Leonard J. Wagar, John E. Woodward, Douglas R.
Spofford, James R. Walker, Kenneth W, Workma§ter. Frank N.
Steacy, Robert E. Wandke, Alfred D. Youngquist, W. L.
Stearns, Harold T. Wann, Verlin M. Yates, Canipe B.

L/ peceased. RAMSPECK ACT

During the years 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 promotions were tightened each year, Federal employees
made their grievances known in Congress, which enacted the Ramspect
Act in 1941.12/ By this new act, the Classification Act of 1923 was amended
12/Stat. L. 55, pt. 1, pp. 613-15,
to provide auftomatic promotions for 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 automatic increases
occurred every 18 months for those whose increments were $100 per year
or less, and every 30 months for those whose increments were $200 per
year or greater. ' :

In 1945, 13/ the automatic increases were made to apply to those
13/ Public 106, 79th Congress, Ist Session.
employees whose current efficiency rafings were good or better, the
increases to occur every 12 months for increments of $100, and every
18 months for increments of $200 per year or greater.

AMENDMENT TO RETIREMENT ACT

In keeping with the liberal ideas of the Roosevelt administration,
the Retirement Act was liberalized during the present period. The
motive for such liberalization stemmed in large measure from those
members of Congress who, having served many years, naturally de-
sired retirement benefits for themseives, and also for the Congression-
al Committee employees, some of whom had also served many years.
Accordingly, with that powerful incentive, legislation was enacted
January 24, 1942, 1L/ which liberalized the retirement provisions,

14/ Public 41T, 77th Congress.

making it possible for those who had reached the age of 60 and had
serve:d 30 years, to retire and receive half the highest salary during
any five consecutive years of service. The original compulsory re-
tirement at 70 was retained, as were the original methods of com-
puting retirement benefits; which in some cases were more advanta-
geous. Employee contributions to this retirement were increased
from 3 1/2 to 5 percent. Immediately after the passage of the
amended act, there was an outcry from the country against paying




pensions to members of Congress, «nc the opposition was so strong
that Congress quickiy again amended the law by eliminating themselves
from its benefits. In passing, it may be noted that in 1946, Congress
enacted a law granting pensions to members of Congress.

EFFICIENCY RATINGS

Although efficiency ratings had been applied to positions in
Washington since 1923, it was not until the present period that such
ratings were extended to the field.

In 1913, Congress authorized the Civil Service Commission to
set up a division of efficiency, but it was not until the passage of the
Ramspeck Act in 1941, which made such action mandatory on the
Executive Departments, that efficiency ratings were made. As the
Executive Departments were considered te consist of personnel in
Washington, as distinguished from the Field Service, the ratings
previously had were not applied to the field personnel. However, the
Ramspeck Act prssed in 1941 reguired that efficiency ratings be applied
to all positions, whether in the field or in Washington, in order that
eligibles for automatic promotions could be determined. The fiscal
year ending June 30, 1942, was the first year for which efficiency
ratings were applied to all Survey personrel,

The application of efficiency ratings to the field personnel
resulted in some changee in grades and positions.

WATER RESOURCES REVIEW

Early in the present period, the Branch increased its services
to the public by starting the practice of issuing monthly summaries of
water conditions, thus giving information on current trends. That
action had its origin in 2 request from the White House, in a letter
written by a Secretary to the Prezident, dated July 27, 1939, addressed
to the Secretaries of Agriculture and Interior, the Works Progress
Administrator, 2nd the Director of the Civilian Cconservation Corps.
The letter started:

""The president has asked me to invite your
attention to official and unofficial reports of the damage
in the states affected by the present drought, damages
to crops and timber lands and to the danger of low water
supplies, '2%d to ke growing more acute daily.

"The President asks that these conditions be
mosi carefully observed 2nd that the Federal Agencies
be prepared in the event of 2n emergency, to render all
poesible asgistance. ”

That letter was referred to the Divivion of Water Utilization where
the desirability of issuing a monthly statement was recognized. The es-
tablished procedure at that time required that all Survey publications
must have editorial atteniion 2nd review by the Adminigtrative Geologist,
and that tirne -consuming procedure thus involved was @ bar to the prompt
publication of monikly statementa. However, W.B. Langbein, in
January 1940, preprred a memorandum giving anr outline of 2 proposed
summary of all water conditions. So severe was the wide-spread drought
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at that time that it was necessary to request special information from
several districts. In February, the district engineers were advised of
the desirability of such action and of the values that would accrue to the
public through a systematic study by the Survey of the march of hyc.lro-
logic events, and regular prompt reports thereon. In that connection,
the memorandum stated:

The Survey's continuous records of stream-flow
not only register faithfully climatic trends, but also serve
many direct uses that are particularly affected whenever
stream flow deviates widely from the mean.

It was proposed that each district select one or more stations,
having stable control, unregulated flow,. records of sufficient length to
determine normal regimen, and what was of chief importance, the rec-
ords from which could be transmitted promptly each month. To make
the monthly summary feasible, it was necessary to obtain a special
dispensation from the standard 'editorizl attention and review' require-
ment, and W. G. Hoyt, through his contacts with the Director's office,
obtained such dispensation.l>/ Thereafter, it was possible to make

157 Letter irom W.B. Langbein to author.
delinite plans for monthly publication.

To W.B. Langbein, under R. W. Davenport's direction, was
given the job of working out the precedure and preparing the necessary
forms, and on June 8, 1940, standard forms were sent to the district
offices. The first "summary of stream-flow conditions' was issued
for November 1940, and was based on the averages of 24 gaging sta-
tions. Texas, in keeping with its well-known characteristics, had
“"bigger and better floods" during that month and the results of 13
floods were included in that issue. About 350 copies of the summary
were sent out to those who had reguested information on stream flow.
In the report for December, the map showing the percentage of nor-
mal stream flow was first introduced. Commenting on the first few
issues, the Washington Office stated16/ that as shown by the many
) eb. oy 3
requests from organizations and individuals to be placed on the mailing
list, the summaries seemed to be satisfying a popular need. Some of
the requests came from persons who were apparently ignorant of the
Survey's stream-gaging program which had been in operation for 50
years, The Defense agencies found that the summaries were particu-
larly valuable to them as a basis for forecasting stream flow, and the
Army Quarter-master General requested 200 copies of each future issue.

In the fall of 194i, R. W. Davenport, at the time of a hearing
before the International*Joint Commission, discussed with officials
of the Dominion Water and Power Bureau, the summary of stream-flow
conditions and the definite need it was meeting, and suggested that the
service might be extended to include the numerous streams along the
international boundary of common interest to Canada and the United
States. 17/ This suggestion met with approval and arrangements were
7] Letter to Dominion Water & Power Bureau, Nov., 3, 1941, '
made to have the Canadian records sent directly fo Washington, from
the field. Records from 16 Canadian stations first appeared in the
issue for May 1942, Commenting on the proposed inclusion of the
Canadian records, J.C. Beebe of the Federal Power Commission
stated that the contemplated inciusion of the Canadian records would be so
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-valuable to the pulp and paper indus®ry alone, that it would be worth the
cost of the entire service. 18/
187 Memo by W. G. Hoyt, Apr. 17,1942

In June 1942, data on ground water were first included and in
recognition of its broadened scope, the name of the publication was changed
to "Water Resources Review'.  Until January 1943, the monthly releases
had been handled by the Department's office of Information, but beginning
at that time, the Review was sent out directly by the Branch, thus saving
time,

By the end of the period, the number of stream-gaging records
used had increased to about 130, and the well records to 55. The cir-
culation had increased tc 1,500, of which 150 copies went to Canada.

PECOS RIVER JOINT INVESTIGATION

The Pecos River is an interstate stream rising in the mountains
east of Santa Fe and flowing south through eastern New Mexico and western
Texas to its confluence with the Rio Grande, near Comstock, Texas.
Characterizing the river basin, the National Resources Planning Board
stated: 19/

127“1{ ""6?151 Planning Fart X; Pecos River Basin, jJune, 1942, p. VL

For its size, the basin of the Pecos River probably
presents a greater aggregation of problems associated with
land and water use than any other irrigated basin in the
western United States. . These involve both quantity and
guality of water supplies, the problem of salinity being
particularly acute; erosion and silting of reservoirs and
channels; damage from floods; and interstate controver-
sy over the use of the waters, There is an abundance of
good land so that the limit of development is the availability
of water of satisfactory quality. The use of the water of
the river has been fully appropriated.

As will be shown, it is a basin in which the Federal interest
is marked. Asg the basin has a scanty rainfall. agriculture is wholly
dependent upon irrigation for which the water is obtained from both .
surface and ground sources. Early in its existence. the U.S. Rec-
lamation Service took over from private interests the Carlsbad
project; storage facilities were inadequate and in 1937 the Bureau
of Reclamation constructed the Alamogordoe Reservoir. In Texas,
10 independent projects were attempting to irrigate land from the
Pecos River but serious water shortages and an increase of salinity
rendered the river unfit for irrigation 2t times. By 1934, much
land in those projects was no longer cultivated. As that was the be-
ginning of the New Deai era of large scale loans and grants, the Red
Bluff Water-Power Control-District was organized for the purpose of
constructing the Red Bluff Reservoir by means of a dam south of the
New Mexico State line, which would be operated for the benefit of
the surviving and consolidated independent irrigation districts. It
was called a water -power control district as it was expected that
the developed water power would uliimately liguidate the costs. The
Reconstruction Finance Corporation purchased the bonds and the

resgrvmr was constructed as a PWA project and was completed in
193
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At times the Pecos River is subject to severe floods when the cities
of Roswell and Carisbad are inundated in part, as well as much agricul-
tural land. The flood of May and June, 1937, was particularly severe,
and as Congress in 1936 had declared the prevention of floods a Federal
responsibility, there was a demand for Federal action, particularly as
the Federal interests described previously were also affected.

Prior to World War I, potash, a strategic war mineral, had been
obtained chiefly from Germany, but that war showed the necessity for
developing a domestic supply. Some years later, large salt deposits
were discovered in the Pecos Valley and in 1932, the U.S., Potash
Company began the extraction of potash from them. During that pro-
cess, large quantities of waste brine were deposited in an area having
no visible outlet, Later, irrigators complained of increased salinity
in the river water and brought suit, An investigation by the Survey
showed that the salt was coming from a water-bearing formation and
not from the wastes. 20/ Although that suit was dismissed, there re-
20/P. 2 A -4 Yo :
mained the possibility of future suits, and to prevent possible interrup-
tion of a vital industry, further investigations were needed to determine
possible sources of salinity.

Perhaps the greatest need was complete information relative to
the water supply and its quality which must be available for the purpose
of perfecting a compact between the states of New Mexico and Texas.

A compact had been negotiated in 1925 but had not been ratified.

The Rio Grande Joint Investigation, which was made in 1936
under the gponsorship of the National Resources Committee, which
later became the National Resources Planning Board, had pointed the
way for a similar investigation on the Pecos, and while the efficient
organization conducting the Rio Grande activity was still intact, it
was thought by those interested that a similar investigation of the
Pecos River should be undertaken., At the request of Secretary Ickes,
the National Resources Committee called a meeting of all Federal,
State, and local interests concerned, at El Paso, Texas, on March
20, 21, 1939, at which time it was unanimously agreed to undertake
the Pecos River Joint Investigation, It was organized and carried out
in cooperation with bureaus and services of the Agriculture, Interior,
and War Departmenis, and funds for the Survey’s portion of the in-
vestigation were provided by cooperation with the State cfficials of
New Mexico and Texas and by contributions from the Bureau of
Reclamation and the National Resources Planning Board.

The Rio Grande investigation had been carried on during one
year. As previous investigations, chiefly by State agencies, had
furnished much of the data needed, one year's further results were
deemed sufficient, The Pecos investigation, however, had no such
fund of accumulated information and so it was planned to cover two
years. It was headed by Harlowe M. Stafford, engineer in charge,
and Fred C. Scobey, associate engineer in charge, both employees
of the National Resources Committee, with headquarters at Roswell,
New Mexico. Field operations were started in July 1939, and con-
tinued through December 1940, and the final results were published
by the National Resources Planning Board.

Availabie funds for the Survey’'s portion of the investigation
were contributed as follows:



17

Survey $ 30,000,
State of New Mexico 30,000+/
State of Texas 20,0007/
Burezu of Reclamation 38,0007/
National Resources %
Planning Board 23,000
Total $ 151,000

1 / Regional Planning Part X, Pecos River Basin, p. i0: National Resources
— Planning Board, June 1942.

The investigations of each division are described under the general
operations of that divizion in its portion of the Branch History.

GILA RIVER INVESTIGATIONS

The Gila River, like many ofther western streams, had been
seriously over-appropriated for irrigation, and that situation was
further complicated by the faci that the Indiang on the San Carlos
Reservation had prior rights to a large part of the flow. That prior-
ity was jeopardized by the use of water by the white settiers. In order
to have the information needed to protect the Indiam rights, the Indian
Service in 1914 madzs an allotment to the Surwvey for the purpose of
maintaining gaging stations on the Gila River and the diversions from
it. The information fhus obtained was expected to be used in an ad-
judication of the Imdian rights. The investigation was discontinued
in 1916, apparently for lack of funds; however, the river stations were,
continued by means of State cooperation, and beginning about 1921,
Indian Service funds 2gain became available and the operation of
stations on the diversions was resumed. The Federal Court issued ;
a consent decree as of January 1, 1936, and placed the administration
of the decree under a Federal Water Commaissioner. That official
supplied the needed cooperative funds and the Indian Service funds
were discontinued.

With the increase of settlement and the resulting need for
additional irrigation, water therefor was obtained principally by
pumping from wells, beginning about 1930. Because of extensive
pumping; the Indian Service desired information which would enable
that agency to determine the effect of upstream pumping from ground-
water on the water flowing into the San Carlos Reservoir. To obtain
the necessary information on the ground-water supply and its effect
on the flow of the Gila, the Indian Service made allotments to the .
Survey, beginning with the fiscal year 1940.

At the same time, the Army Engineers were making a study
of flood-control on the Gila and other streams, and wished to know
the possible effect of flood water storage on the replenishment of
the ground-water; also the amount of water wasted in the Safford
Valley, and how much could be salvaged and by what means. Allot-
ments were made to the Survey for a ground-water study. Those
funds, together with the Indian Service funds, enabled the Ground
Water Division of the Survey to make an extensive investigation
beginning in October 1939,
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The (iila River has dense growths of salt cedar (tamarisk) and
other water-loving vegetation along its banks; th(_e salt cedar requires
large quantities of water which it obtains from the ground water close
to the river or in part from the river itself. Salt »«cedars were just
planted as shade irees at Clifton, Arizona, about 1908. This non-
productive use of water was the greatest source of waste, and a de-
termination of the losses due to it was an important phase of the
investigation, which also included seepage measurements, we.ll
records, and analyses of the water. That investigation was discon-
tinued in June 1942; the resulis failed to substantiate the large con-
tribution of river waler to the ground-wafer reservoir as believed
by the Indian Service, but were sufficient for the needs of t{te' Army
Engineers. In a small way that investigation was also pyart1c1pated
in, by the Quality of Water Division, as well as the Surface Water
Division, which was maintaining the regular gaging stations.

The next investigation which in many respects was a continua-
tion, was started in June 1943 as a war-time measure. The Phelps
Dodge Corporation, one of the largest producers oi copper, 2
mineral vital to the war effort, was in need of an additional water
supply for its Morenci raine, The results of the 1939-42 investi-
gation had shown considerable losses from the Gila River which .
might be stopped. In order to extend that study with a view to
stopping losses and making available a larger supply of water for
the Morenci plant, the Phelps Dodge Corporation requested the
Defense Plant Corpora’ion, a war-time agency of the Reconstruc-
tion Finance Corporation to arrange for an intensive study by the
Survey of the Gila River Basin between Thatcher and the Calva gage,
at the head of San Carlos Reservoir, a distance of 46 miles, and
offered to reimburse the Defense Plant Corporation for the cost.
The latter agency made the necessary arrangements and the investi-
gation was started in June, 1943. It was on 2 more intensive scale
than the previous one, reguiring a larger share of participation by
both the surface water and quality of water divisions and to coordinate
the activities of the three divisions, the Chief Hydraulic Engineer set
up an advisory committee consisting of C.S. Howard (Q), Chairman,
J.H. Gardiner (S), and S. F. Turner (G), who appointed J.S, Gate-
wood as project engineer to coordinate the techmical field work of
the divisions. While the investigation was in progress,.the Phelps
Dodge Corporation waz continuing its search sisewhere for an
additional water supply and in 1944, entered into an agreement with
the Sait River Valley Water Users, whereby the Corporation was to
construct Horseshoe Dam forming a reservoir of 67,000 acre-feet
capacity on Salt River, the reservoir to become a part of the Salt
River project. In return, the Corporation was permitted to divert
to the Gila Basin not to exceed 14,000 acre-feet annually up to a
total of 250, 000 acre-feet from Black River, a tributary of the
Salt River. </

21/ Moody's Manual of Investments (947, p. 1835,

The details of the investigations by each division are described
under the activities of that division.
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SOUTHEASTERN FLORIDA 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 supplies in use, was first sponsored by
the National Resources Planning Board, 29/ but that agency was unable

22 P EY; '

to proceed with its proposed joint investigation. The investigation was
made possible by cooperation with the city of Miami, Miami Beach, and
Coral Gables, and later by Dade County. As all sources of possible
supply were to be studied, basic hydrologic, geologic, and chemical

data were required and the investigation was conducted by the Surface,
Ground, and Quality of Water Divisions, working toward a common goal
but each having its own personnel. There was but one agreement with the
cooperative agencies. Indicative of the joint nature of the investigation,
progress reports were prepared jointly by the three divisions.

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

BASIN, HEPORTS FOR 3UREAU OF RECLAMATION

Before new construction work could be started by the Bureau of
Reclamation, a report dealing with the engineering and economic feasibil-
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 nineteen-thirties had caused much hardship and heavy losses
in parts of the Missouri River Basin, and to stabilize the economy of
that region by conserving its water resources, the Bureau of Reclama-
tion speeded up its study of multiple-purpose projects, including both
irrigation and power, covering that portion of the Missouri Basin in
the so-called irrigation states. In order that adequate data on the
water resources would be available when required by the Bureau, the
Survey contributed a statement covering the needs of all the divisions
of the Branch. Owing to the short time available, that statement was
prepared by the Washington Office. The Bureau's report to Congress
was printed as Senate Document 191, 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 reports for each of 15 major
basins were scheduled. Although sponsored by the Bureau, the reports
like that for the Missouri Basin were to be Departmental reports, and
the Survey was expected to prepare for each report a statement cover-
ing the needs of the Branch to meet the obligations to furnish adequate
water-resources data. In addition to existing programs, specific lists
of additional gaging stations and costs of installation and annual main-
tenances were included, together with corresponding statements by the
other divisions.

Under date of July 21, 1944, the preparation of the Survey's reports
of the various basins was assigned to the field men of the different divisions,
the chairman of each basin group, designated by the Washington Office,
being responsible for assembling the report. During the preparation of
the reports, the Survey representatives were expected to consult freely
with the representative of the Bureau and other agencies concerned, and
to furnish information in order that the Departmental report would be
truly comprehensive. The reports were prepared and transmitted to
the Bureau as requested. No other Basin report was presented to
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Congress by the Department during the period, but a proposgd program
for the Colorado River Basin was issued by the Department in order that
the proposed projects might be studied by the various State and Federal
officials concerned.

The Missouri Basin report apparently resulted in the Missouri
River Basin-Departmental Program, for which Congress made impress-
ive appropriations in succeeding years

The Colorado River report aroused the smouldering resentment
of the lower basin states against the use of so much water by the upper
basin states, although that amount was within the amount allotted by
the Colorado River Compact. Comprising the difference of the two
groups by modifications in the proposed program accounted for the
delay in submitting the report to Congress.

MISSOURI RIVER BASIN-DEPARTMENTAL PROGRAM

Several years prior to the formulation of the Missouri River Basin-
Departmental Program the Secretary's Office had felt that as most of
the Interior Department agencies were concerned with water in one way
or another, there should be some coordination of effort, and water re-
sources committee, of which C.G. Paulsen was chairman and in which
membership consisted of representatives from each agency, was in-
formally organized on September 21, 1938. Although occasional meet-
ings were held, very little was actually accomplished due largely to the
urgency of matters pertaining directly to the war effort.

Beginning in the depression years of the thirties, the Bureau of
Reclamation had started a general investigation in the western states
to determine feasible irrigation projects. Reporis on each basin
were to Begransmitted to Congress for approval of the recommended
projects. The recurring floods of 1943, 1944, and 1945 in the Missouri
Basin emphasized the need for a report on that basin and the Missouri
Basin report was completed first. During its preparation, the other
Interior agemncies were called on to give their ideas regarding the pro-
gram for the Missouri Basin. As a further step toward coordinating
the views of the agencies, the Secretary on May 2, 1944, created a
second Water Resources Committee with a representative from each
agency and with LLee Muck of the Secretary’s Office as chairman and
W. G. Hoyt as executive secretary, a full time job, thus insuring
action.

When the Missouri Basin report was published, it was apparent
that the proposed plan was that of the Bureau and did not reflect the
ideas of the other agencies. To remedy that defect, each agency was
requested to submit estimates of cost of the investigations thought to
be essential and to be made by it, and to fit into the general Bureau
plan. The Bureau of Reclamation submitted these estimates for the
fiscal year 1946 to the Bureau of the Budget, which recommended
specific amounts for each Bureau, and after running the gauntlet of
Congress, the resulting funds were allotted to the various bureaus
by the Secretary’s office. One of the first steps taken by the Survey
to formulate its definite program was a meeting in Omaha, August
16, 1945, attended by representatives of all Survey Branches and by
Bureau of Reclamation officials. August i6 was celebrated as "V-J
Day'" in Omaha. In passing, it may be stated that the resulting
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celebration closed nearly all restaurants and it was difficult to satisfy
the inner man. Allocations to the Branch were made within a few weeks.
The same procedure was followed for the 1947 fiscal year.

Division 1946 1947
Surface Water $206,200 $177,650
Ground Water 125,000 120,300
Quality of Water 98, 000 iS4 50
Water Utilization 25,000 16,900
Totals $454, 200 $430,300

Branch Field Office

As a result of this program, field offices of all four divisions
were located at one point for the first time, making it possible to
establish a branch field office. ILincoln, Nebraska, was selected as the
field headquarters for ground water, quality of water, and water utili-
zation; district offices for surface water and for ground water had
previously been established there. With four separate offices in
Lincoln, two located in the State Capital and two in a private office
building, there was much confusion on the part of the public wishing
Survey data, and as frequently happens, many inquiries were address-
ed to the wrong office, with resulting loss of time and annoyance on
the part of the seekers for information before the right office was
contacted. To remedy that situation, the division heads met on April
8, 1946, to consider ways and means. It was decided to hold what
were to be termed Lincoln Staff Committee meetings at least month-
ly, the chairmanship to rotate between the division heads; a secre-
tary to be appointed for a 6-month term from the combined personnel
to record the minutes of the meetings and handle all branch-level
correspondence. It was expected that the procurement of all supplies
and equipment would be handied on the branch basis. Naturally the
Washington Office favored the movement and to complete the uni-
fication, consolidated office space for all four divisions was obtained
during August 1946, in the Rudge-Guenzel Building. It was then
feasible to combine all routine administrative fiscal and procure-
ment operations under one office; the clerical personnel consisting
of a chief clerk and three assistants. The cost of operating the
Branch Office is shared by the divisions on the basis that each
division shall contribute in the proportion that its funds bear to the
total funds of all divisions located in Lincoln. The Lincoln Staff
Committee convenes as often as necessary to consider matters
affecting all divisions. Correspondence regarding branch matters
is handled by the staff secretary.

The activities of each division under the Missouri Basin Pro-
gram are described under the various division headings.

RESEARCH

For a number of years, the Survey had submitted to the Bureau
of the Budget, items for needed research by the Branch, the need being
for research and development in relationto scientific techniques, in-
struments, and equipment. Until the fiscal year 1947, those items had
failed either in that Bureau or in Congress. However, at last, in that
year, Congress appropriated $37, 000 for that purpose. To the Water
Utilization Division was assigned formulation of the research program
by the various divisions. The field offices were requested to suggest
topics, and the suggestions received were turned over to the appropriate
thief of division for consideration. As a result of the suggestions, the
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following allocation of research funds was made:

Surface Water Division $12,500
Ground Water Division 18,000
Quality of Water Division 7,000

$37,500

The program of each division is described under that division's
activities.

Referring to the new opportunity for research, the Director
stated at the Branch Conference in Montgomery, Alabama, 23/ that he
23] Proceedings, Southern Branch Gonference, December 5-7,1946.
conceived of research in the Branch as falling in three categories:
(1) interpretation or determining the true significance of stream data;
(2) devising better and more economical equipment--combining the
entire technologic field for useful techniques; and (3} investigations
into any phase of the hydrologic cycle, properly within the field of
the Branch.

At the Carson City conference., the Chief Hydraulic Engineer
stated 2lyj that a Branch Research Committee had been established
o,/ Proceedings of the Western Conference, Sept. 16-20, 1940.
which would guide the programs to be started and carried on both
in Washington, and in the field. It was expected that much help in
the field of electronics and supersonics would be derived from close
collaboration with other Branches of the Survey and with the Navy.

BRANCH CONFERENCES

During the previous periods, conferences of district engineers,
from all the surface water districts were held in Washington with the
exception of one in San Francisco in 1915, and one in Denver in 1917,
Although the other divisions of the Branch were represented on the
programs, the conferences were primarily for the purpose of gather-
ing the district engineers in Washington to discuss technical and
fiscal matters and related problems. The conferences lasted a full
week, and the engineers were requested to arrive either before or
remain after the conferences for persconal discussion with the Dir-
ector, the Chief Hydraulic Engineer, and others. The Ground Water
and Quality of Water Divisions held their own conferences in Wash-
ington, whenever the problems of those divisions warranted. Thus,
conferences during the previous periods were not true branch
conferences.

War-time activities resulting in personnel shortages and
travel and hotel restrictions, were not conducive to conferences;
and it was not until 1945, that future conferences were considered.
At that time, the members of the Ground Water Division in the far
Western States requested the Chief Hydraulic Engineer to authorize
a division conference sometime during 1946. That brought up the -
subject of future conferences; whether those should be confined to
divisions or include the entire branch, and whether they should be
regional or cover the entire country. The growth of the Branch
made it impracticable to hold a general conference of the entire
Branch in Washington, due both to the expense involved and the
difficulty of obtaining accommeodations for so large a number.
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Before that point was fully decided, several members of the Ground
Water Division in ch~gc of field offices in the Northeast requested author-
ity to hold a regional field conference. When the request was granted, the
original plan was enlarged to include Ground Water and Surface Water
personnel in New England, New York, New Jersey, Pennslyvania, Mary-
land, Delaware, Virginia, and West Virginia, the Quality of Water per-
sonnel in the Pennsylvania laboratory, and Washington Office representa-
tives, including the Chief of the Branch, and Chiefs of Divisions or their
representatives, Thus, the pattern for regional conferences participated
in by all four divisions was set. August 6-8, 1946, was the time selected
and H,C., Barksdale, in charge of ground-water investigation in New
Jersey, was given charge of the arrangements., His chief concern was
a suitable meeting place and the Y, M. C, A, camp at Downington, Pa.,
near Philadelphia, was found to be available and was selected. The
conference was largely informal in character and was a farewell
meeting for O. E. Meinzer, who was to retire in November. The
success d the conference was not diminished by the almost continuous
rain during the three-day period.

Remembering the reguest received the year before from the far
West, and recognizing the vaiue of and need for conferences in other
sections of the country., four more regional conferences were decided
upon to be held within the next year and-to be attended by representa-
tives of all divisions in each area. The Downington conference had
emphasized one desirable advantage of regional conferences; the
relatively short distances to be traveled made possible attendance of
many more of the younger men than could have attended a gcncral
conference at cny one point.

The Western states conference was held September 18-20,
1946, and covered Washington, Ozegon, California, Idaho, Nevada,
Utah, Arizona, and New Mexico. At the invitation of A. M. Smith,
State Engineer of Nevada, the conference was held at Carson City,
Nevada, T.W. Robinson, in charge of ground-water investigations
in Nevada, was given charge of the local arrangements and was also
chairman of the program committee, the other members being C. H.
Canfield, C.S. Howard, and R. R. Woolley. Emphasizing the more
formal character of that conference was a welcome by the Mayor, and
as Carson City is the capitol, by the Acting Governor also. 'The Wash-
ington Office was represented by T. B. Nolan, Assistant Director,
C. G. Paulsen, O.E. Meinzer, S. K. Love, and A. N. Sayre, the two
latter soon to be appointed chiefs of their divisions. Each division was
represented on the program, and in addition to the description of its
general activities, by the chief of the division, the lacal men in charge
of each project gave brief description of their activities. The time
allotted to each description was 10 minutes with discussion limited to
5 minutes. The lighter side of the conference was represented by an
open-air barbecue at Carson Hot Springs, a field trip to Steamboat
Springs, Virginia City., and the famous Comstock Lode. and 2 dinner
at the Indiar School at Stewart. The total attendance was 82 which -
included cooperating officials of State and Federal agencies. The
proceedings were compiled by T, W. Robinson and published in mimeo-
graph form under the titie "Proceedings of the Western Conference
Water Resources Branch, Geological Survey, Carson City. Nevada,
September 18-20, 1946. "
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The East Central Branch Conference was originally scheduled
to be held in Columbus, but it was difficult to obtain the necessary
hotel reservations, so Indianapolis was selected for the conference
held November 7-9, 1946, It was a conference for those branch mem-
bers in Indiana, Ohio, Ilinois, Kentucky, Michigan, Wisconsin,
Minnesota, Iowa, Missouri, and West Virginia, Possibly, becaus.e of
the comparative nearness of Indianapolis to Washington, the W'ashmg-
ton Office had 15 representatives, including the Director,‘Asmstant
Director, the present Chief of the Branch, the former Chief, Mr.
Grover, and the chiefs of the divisions and representatives of other
branches. The committee on arrangements and program consisted
of D. M. Corbett and E. J. Schaefer, co-chairmen, F.F. Schrader,
F.H. Klaer, Jr., O.H, Jeffers, J.1 Perrey, and W.R.Cross. The
general arrangement was that of the Carson City conference, the chief
difference being that more time was given to cooperating State officials,
some of whom described the particular problems and needs of their
states. The lighter side of the conference consisted of two dinner
meetings for the cooperating State officials, The total attendance was
96. The proceedings were compiled by D. M. Corbett and published
through the courtesy of C. H. Bechert, Director of the Indiana De-
partment of Conservation, in mimeograph form wnder the title
"Proceedings East Central Branch Conference of the Water Resources
Branch, U.S. Geological Survey, Department of the Interior, Novem-
ber 7-9, 1946, Indianapolis, Indiana."

The Southern Branch conference for Branch personnel in North
Carolina, South Carolina, Georgia, Florida, Tennessee, Alabama,
Mississippi, Arkansas, Louisiana, Oklahoma, and Texas was schedul-
ed to be held in Atiznta, December 5-7,-1946. Difficulty in obtaining
hotel accomodations made it necessary to change to Montgomery,
Alabama, D.H. Barber, Chairman, P.E. LaMoreaux and W. W.
‘Hastings were appointed the committee on program and arrangements.

The Washington Office had 12 representatives, including the
Director, Chief Hydraulic Engineer, chiefs of four divisions, and
representatives of other branches. The program differed consider-
ably from those of the previous conferences. There were brief
remarks by cooperating officials of which 10 were present, but no
papers by any, perhaps in keeping with the general plan which was
few descriptions of regular routine activities, but instead, papers
on particular technical problems and their solutions, Most of the
papers called forth considerable discussion which was recorded in
the proceedings. The entertainment fezatured an old-fashioned south-
ern barbecue the first evening. followed by a talk by F. M. Bell on
"Experiences in Japan'", and z dinner the second evening. Although
O.E. Meinzer had been retired., he attended the conferences and
the dinner was virtually in his honor, after which he spoke on
"Forty Years of Progress on Ground-Water Investigations.' The
total attendance was 131 and the program committee compiled the
"Proceedings Southern Branch Conference of Water Resources
Branch, U.S. Geological Survey, Department of the Interior,
December 5-7, 1946, Montgomery, Alabama, "

The final regional conference was held in Lincoln, Ne-
braska, April 9-12,1947. for branch personnel in Montana, North
Dakota, South Dakotz, Wyoming, Colorado, Nebrazska, and Kansas., As
those states are situated largely in the Missouri Basin and as the Missouri
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Basin Departmental Plan would have & prominent part in the conference,
personnel from Iowa, Missour:i, and Minnesota, situated partly in that
basin, were also in attendance, The program committee consisted of
G.H. Taylor, Chairman; H. C. Beckman. A . H. Tuttle, D.D. Lewis,
P.C. Benedict, B. R. Colby, H. A, Waite, and P.E. Dennis; the arrange-
ment committee consisted of B. R. Colby, Chairman, P.C. Benedict,
C.V. Burns, D.D. Lewis, T.J. Schaefer, and H, A, Waite. Lincoln
was chosen chiefly because it had a branch-level office with all four
divisions represented. There were 19 representatives from other
Survey branches. To complete his attendance at all the regional con-
ferences, O.E, Meinzer, although he had retired, atiended as a private
citizen and gave a paper on "Forty Years of Progress in Ground-Water
Investigations.'" Cooperating State and Federal sgencies had 32 repre-
sentatives, The program cover designed by the Lincoin Office con-
tained a humorous sketch of the activities of each division. A some-
what crowded program had been arranged and to warn each speaker
when his time was up. & large gong was sounded if he had failed heed
the 5 second warning red light under his desk. Omne prominent member
from Washington failed to heed the gong. but kept on until the continuous
ringing of the gong drowned cut his voice. The fourth day of the con-
ference was reserved chiefly for discussions of administrative problems,
and in that zrespect was reminiscent of the conferences in the previous
periods when such discussions were an important feature of each con-
ference. At the time the conference was being held, the Survey item for
the next fiscal year had been heavily cut by the House, and the Senate
had those items under consideration. To give the conference the
latest information. Don McBride, Secretary-Manager of the National
Reclamation Association. who was in close touch with the Congressional
proceedings, came tc Lincoln and reported to the conference. Many of
the papers presented dealt with the Missouri Basin development under
the Departmental Plan. That in turn was integrated with the so-called
"Pick-Sloan'" plan, the term applied to the general development program.
W.S. Sloan of the Bureau of Reclamation described the Bureau's pro-
gram under the plan and Gen. Pick was represented by Lt. Col. D. B.
Freeman, who described the Army Engineers program. Representa-
tives of the other Survey branches described their operations under
the Missouri Basin-Departmental program. In addition fo the morn-
ing and afternoon sessions, twc dinner meetings were held. At one
of the latter, Mr., and Mrs. Meinzer were presented with a sterling
silver cream and sugar set by the ground-water personnel in the West
Central states, and Mr. Meinzer, to enabie him to locate ground water
even more successfully in the future, was given a "watey witch"
(divining rod). For the benafit of the ladies, a tour of Lincoln was
arranged one day, and a visit to Boys Town, a short distance out of
Omaha, followed by a iuncheon in Omaha. The total attendance was
222. Through the courtesy of Dr. Geo. E. Condra. Director Con-
servation and Survey Division, University of Nebraska, the proceed-
ings were mimeographed under the title "Proceedings of the West-
Central Branch Conference, Water Rescurces Branch, April 9-12,
1947, Lincoln, Nebraska. "

SURFACE WATER DIVISION
Washington Office
Following Mr. Grover's retirement on January 31. 19239,

C. G. Paulsen, in addition to acting as chief of the Branch until
October 17, 1939, and assistant chief hydraulic engineer subse-
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uently, continued the duties of chief of the Surface Watgr Di_vision. until
pril 29, 1940. At that time, R. G Ka sel was appointed acting chief and
a year later chief, and served until his death, June i4, 1945. Again Mr,
Paulsen took over the direction of the division, eand with the help of other
members of the Washington Office and some members from field offices
called in for that purpose, continued the division's direction until Sep-
tember 17, 1946, when J. V.B. Wells was appointed chief. At the same
time, in recognition of the great expansion of the division, A.H. Williams
who had returned from his war service a short time previously, was
assigned to the Washington Office and designated acting chief whenever
the occasion arcse. J,C., Hoyt continued as consultant until his retire-
ment June 30, 1944, after 42 years of effective service in the Branch.
With his retirement, one of the few remaining links with the old Hydro -
graphic Branch under F.H. Newell was severed. In his early years
of service, he did much by his writings and wide personal contacts with
prominent engineers and others to make known the comparatively new
science of stream-gaging as practiced by the Survey, and gave it
recognition in engineering and governmental circles. His book, "River
Discharge,'" written in collaboration with Mr. Grover, was the first
text book on the subject and was widely used in engineering schools.
Later, Mr. Hoyt devoted himself to the improvement of existing and
development of new egquipment, thereby increasing very greatly the
accuracy of stream-gaging. The Branch certainly owes much to
Mr. Hoyt for his energy and success in promoting the improvement
of instruments, equipment, and methods during his long time of
service, The improvement which he brought about is a fitting monu-
ment to his devotion to duty.

C. H. Pierce continued to receive most of the technical problems
and prepared or revised technical reports. In 1940 and 1941, he super-
vised the tests on small-scale models 25 . Beginning in August 1941,

25/ p-*9h, = :
he had charge of the Water Resources Bulletin, which had previously
been the duty of H. ¥, Hill, Jr. During the latter part of the period,
he revised the pamphlet "Equipment for rive: measurements--structures
for cableways' which had last been issued in 1933. Tkhe revised pam-
phlet was not issued until September 1947.

Section of reports, - The section of reports which in earlier
days had been known as the section of review, continued unchanged
with B, J. Peterson as chief. In addition to the engineers detailed to
it from the district oifices, the following engineers constituted the
regular staff:

M. C. Boyer July 1, 1939 to Aug. 16, 1942

J. W, Gambreil Dec. 17, 1941 to Apr. 18, 1943

D. L. Miiliken Jun. 18, 1943 to May 24, 1944

F.J. Flynn Apr. 27, 1944 to June 30, 1947

Section of investigation. - (. C. Stevens continued in charge

of the section of investigation, to which was referred inquiries of all
types from various scurces. During the ¢arly years of the period,
the full time of the section was devoted to the special reports and
inquiries regarding available water supplies for war industries and
other war establishments, Many inquiries were “hush-hush' and

did not mention the problem invoived nor the use o be made of the
water -supply. Answers to many inguiries, including informal advice,
were made by telephoue.
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Some inquiries were what may be termed '"screw-ball', the outstanding
one of that type being from a writer in California, That individual pro-
posed 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
proposed area and asked the Survey for help in 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 his request.
Another '"screw-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
pool, 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 2 number of States, the highway departments had come
to appreciate the value of stream-flow records in designing bridge
openings and had cooperated with the Survey. It was believed that
similar departments in other States might do likewise if the value of
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 chief of the Survey’'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 previous period, so were there more changes in the field organization.
Three new districts with headquarters were created at Lincoln, Nebraska,
in August 1941, at Baton Rouge, Louisiana, in September 1942, and at
Bismarch, North Dakota, in October 1944, St. Louis, Missouri, in February
1946, each being previously a sub-division of a larger district; and at the end
of the period, there were 41 districts, with sub-districts at Houghton and
Lansing Michigan; Oklahoma City, Okla., Los Angeles, Calif., Pierre, S.
Dak., Jackson, Miss., Carson City, Nev., and Logan, Utah. The number
of gaging stations increased from 4. 164 with 3, 000 recorders to 5,812 with
about 4,750 recorders.

The district engineers in 27 districts continued throughout the period,
but in the remaining 14 districts, the following changes occurred:
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District Office Date District Engineer Succeeded by
Sept. 1, 1941 F. M. Bell M. T. Thomson
ég::lteas,tg:cwo"la, Segt” 23,1941 Wm, .K._esslezj : H. M. Erskine '
Charlottesville, Va. Aug. 20, 1940 Jo Jo Dlr-zu].a.xtvlsll D.S. Wallace
Chattanooga, Tenn. Sept. 1. 1941 C.E. McCashinZ/ F.M. Bell
College Park, Md. Mar. 4, 1945 A.H. Horton 3/ V.R. Bennion
Columbus, Ohio Sept. 11, 1945 C.V. Youngquist 4/ Tate Dalrymple|
Indianapolis, Ind. Sept. 14, 1945 H.E. Grosbach 67 D.M. Corbett
Iowa City, Ia. Apr. 20, 1940 R.G. Kasel L,C. Crawford
Louisville, Ky. Feb. 29, 1940 F.M. Veatch J,V.B., Wells
Ocala, Fla. June 4, 1941 D.S. Wallace L 0 Fc'erguson
Raleigh, N.C. Apr. 30, 1947 E.D. Burchard 6/ E.B. Rice
Rolla, Mo Jan. 31, 1946 H.C. Beckman H.C, Bolon
Salt'Lake City, Utah  Sept. 16, 1942 A.B. Purton 2/ M. T. Wilson
Tacoma, Wash. Oct, 16, 1939 G. L. Parker F.M. Veatch

T Separated from service. / o
Relieved of administrative duties due to physical disability.

3/ Deceased.

4, Temporarily transferred to Ohic Water Resources Board.

5/ Succeeded by O.H. Jeffers, Sept. 1, 1946.
6/ Retired, :
7/ Succeeded by F.F. Schrader, Sept. 16, 1946.

With the increase in the number of gaging stations and the resulting
denser coverage. the number of sub-districts, sub-offices, and local
residencies increased in greater proportion. At the end of the period, en-
gineering personnel were stationed at 61 points, in addition to the 41 dis-
trict offices.

Prior to World War II, with relatively few exceptions, the engineer-
ing positions had been held by graduates of engineering colleges. However,
a considerable numbezr of war-time appointees were to the grade of en-
gineering aid, some of whom obtained later probational appointments. The
military services had greatly reduced the ranks of the engineering students,
with few graduating during the war years. Furthermore, under the G. L
Bill of Rights, returning engineers flocked tc the engineering colleges
for refresher courses or 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 conditions, the addi-
tional personnel required by the expanding program were of necessity
obtained to some extent from the Civil Service Register of Engineering
Aid (sub-professional grade), the reguirements for which replaced a
full engineering education by 2 certain amount of engineering experience.
Referring to that gituation, Mr. Wells made the following statement at
the regional conference held in Lincoln: 26/

267 Proceedings of the West-Central Conlerence, p. 26. :

At the present time, the ratioc of engineers to sub-
professionals is approximately two to one. Ade (A.H.
Williams}) and I have discussed this with many of our
field offices, and I think that the general feeling, almost
without exception, is that the sub-professionals are here
to stay-- and rightly so. They have greatly assisted in
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balancing our organization, relieving our older and
more experienced professional people of routine field
and office duties so that they can devote their energies
to work that requires professional training.

Regional engineer. - Near the beginning of the period, the title
of regional engineer came into use.

When cooperation with the Army Engineers was started in 1928,
four Survey districts in the Missouri River Basin were involved and each
district was submitting its own estimates of cost each year. About 1935,
it appeared advisable to have one Survey engineer submit the combined
estimates as it was believed that the Army Engineers preferred that
procedure. As H.C, Beckman, in charge of the Rolla office, was most
conveniently located to the Army Engineer offices concerned, and was
actively engaged in cooperation, he was selected as the contact man for
the Missouri River Basin. In 1939, in recognition of Mr. Beckman's
widespread duties, his title was changed from District Engineer to
Regional Engineer.

With the beginning of the Missouri 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 period, the States of Rhode Island, Delaware, and
South Dakota, in that order, entered into cooperation and as all the
other States were already cooperating, that completed the list of the
forty-eight States, plus the Territory of Hawaii.

State cooperation, which includes that of political sub-divisions,
increased 82 percent as shown by the following annual amounts of such
cooperation:

1940 $692,738 1944 $ 832,508
1941 702,375 1945 890,128
1942 762,120 1946 1,066,203
1943 768,051 1947 1,196,357

As would be expected, there were a number of reasons for such
increases. Perhaps, the chief reason was that during the war years,
many States 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 industries in several states
had caused at times water shortages and additional records were needed
on which to plan for future expansion; either by such industries converted
to peace-time uses or by attracting new industries to fill the void left by
the closing of war-time industries. Expanding uses of water caused
additional State agencies to cooperate for the purpose of obtaining records
to meet their individual needs. Increasing attention to floods from areas
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of only a few square miles caused State Highway Departments to. contribute
funds. Creation of new districts with headquarters at State Cap1tqls and
closer contact with State officials, resulted in increased cooperation.

In several states, cooperation was increased to enable the
Survey to maintain additional gaging stations needed by the Bureau of
Reclamation in its intensive investigation in the so-called "arid states."
Normal increase in 2xisting programs with higker cost of operation also
caused considerable increase.

The rate of increase depended somewhat upon the thoroughness
with which the existing stream-gaging program in each state covered
the state’s streams. As an example, at the beginning of the period, the
programs in the New England states and New Jersey were so thorough
that the percentage of increase, about 23 percent, was smaller than for
any other group of states.

With the end of hostilities, the total Siate cooperation was
markedly increased. The reasons for the increase in each state are
presented in the following pages which contain the details of cooperation.
As cooperation was on a full 50-50 basis except during the 1947 fiscal
year when 3 percent of Survey cooperative funds were held in abeyance,
only the State cooperative amounts are shown., The amounts of cooper-
ative State funds are taken from the official Survey records, and in a
few instances may not inciude supplemental funds not covered by
cooperative agreements.

Maine. - Cooperation with the State Public Utilities Commission
continued on practically the same scale except for the last year when it
was increased by $1i,000.

Annual cooperative State funds availables

1940 $7,000 1944 $7,500
1941 7,000 " 1945 7,500
1942 7,500 1946 7,500
1943 7,500 1947 8,500

The increased cooperation was to meet the increased cost of
operation.

New Hampshire. - Cooperation with the State Water Resources
Board continued. For the fiscal year 1942 and 1943, the cooperation
was increased to provide for the instzllation and operation of two
additionzl stations.

Annual cooperative State funds available:

1940 $ 8,436 1944 $ 9,096
194i 8,124 1945 9,208
1942 11,250 1946 10,114
1943 10,575 1947 10,239

Vermont. - State cocperation continued during the period, but
the official designation of the State agency was changed. The State
Planning Board was organized to do certain work including a study of
the State's water resources, and that board, instead of the Governor's
office, became the cooperating agency in the fiscal year 1944, Later,



3%

the Planning Board was reorganized as the State Development Commission,
with the same personnel and became the cooperative agency in the fiscal
year 1946.

Annual cooperative State funds available:

Governor's Planning Development
¥ear Office Board Commaission Total
1940 $4,784 $4,784
1941 4,784 4,784
1942 4,760 4,760
1943 4,760 4,760
1944 $4.760 4,760
1945 6,260 6,260
1946 $6,260 6,260
1947 6,260 6,260
Massachusetts. - Cooperation with the Department of Public

Works, Metropolitan District, Department of Public Health, and Metro-
politan District Water Supply Commission, as described in the previous
period, continued on substantially the same scale, with one exception.
During the 1947 fiscal year, cooperation 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 annually, on small streams having drainage
- areas of 2 to 5 square miles. This program had 2 objectives: (1) a
study of the runoff for the design of culverts and bridge openings on
small streams, and (2) the preparation of a special report on hydrology
covering 2 or 3 years.

The only new cooperation was 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 operation of a gaging station nearby was
arranged. At the end of the year, the Department decided that the
record was not essential and discontinued the cooperation.

Annual cooperative funds available:
Dept. Met. Dept. Met. Dist. Dept.
Year Pub. Wks. Dist. Pub. Health Water Sup. Comm. Corr. Total

1940$ 7,000 $4,617 $ 3,625 $ 1,592 $ 250 $17,084
1941 8,000 4,675 2,457 1,242 16,374
1942 6,000 4,675 1,229 1,200 13,104
1943 6,000 4,677 1,375 1,200 13,252
1944 6,000 4,675 1,375 1,200 13,250
1945 7,000 4,735 1,512 1,500 14,747
1946 7,000 4,775 1,512 1,500 14,787
1947 15,000 5,400 1,750 1,650 23,800

Rhode Island. - The chief interest in Rhode Island's few streams
relates to pollution from municipal and industrial wastes. As there was
no information on either surface- or ground-water supplies, the Survey
had discussed 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 obtained. When the need for a water resources study
was brought to the attention of the new Administration, an item for that
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purpose was placed successfully in the Department’s budget. Coopera-
tion began in the fiscal year 1941 in the amount of $5, 800, for the -
purpose of installing and operating 7 stations. Subsequently, the amounts
were reduced essentially to the amounts needed for operation, except
that three additional stations were installed later.

Annual cooperative State funds available:

1941 $5.500 1945 $1,750
1942 1,750 1946 2,200
1943 1,750 1947 2,200

1944 1,750

Connecticut. - Cooperation with the State Water Commission
continued in practically the same amounts, except during the last three
years when those amounts were increased on account of the higher cost
of operation.

The cities of Hartford and New Britain continued their cooper-
ation unchanged.

Annual cooperative State and municipal funds available:

Year Water Comm. Hartford New Britain Total

1940 $ 8.000 $ 450 $ 100 $ 8,550
1941 8,480 450 100 9,030
1942 7,800 450 100 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 10,000 450 100 16,550

Referring to the cooperation, the State Water Commission in
its Tenth Biennial Report for the years 1942-1944, stated 27/
AT p. 11, Tenth Biennial Report,

The State Water Commaission is most appreciative
of the aid given by the director and staff members
of the Stream Gaging Division of the Survey#®%# Their
services have been of the highest order and the cheerful
cooperation which has been extended to the State and
its citizens in furnishing information is acknowledged
with genuine pleasure.

New York. - Cooperation with the State Department of Con-
servation continued on a gradually decreasing scale as cooperation with
other State agencies took on more of the stream gaging program. The
State Water Power and Control Commission is a relatively small agency
and the cooperative funds were such a large part of its total budget that
the commission felt that the major cooperative program should go back
to the Department of Public Works, where it properly belonged. The
lattex agency had been cooperating in a minor way and in the fiscal year
1942, became the chief cooperating State agency.
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For many years, the Staie had been involved in litigation over
the water levels of Lake George. The International Paper Company de-
velops power between Lake George and Lake Champlain and at times, the
owners of cottages on the shore of Lake George complained that the power
company lowered the lake level too much. The problem was to determine
the natural water line if the power dam were not in existence. Records
of stage on Lake George had been maintained for many years, but there
were no records of discharges at the outlet. To obtain that record, the
Department of Law, beginning with the fiscal year 1943, cooperated with
the Survey in establishing a gaging station which was located in the village
of Ticonderoga. After the necessary records became available, the court
specified that the lake level should be maintained between a certain range,
based on the Survey records.

The special investigation on Leng Island, which was started in
the previous period, was extended te Suffolk County, the most eastern
county on Long Island and to obtain the needed stream flow data, the
Board of Supervisors of that county in the fiscal year 1942, entered into
cooperation for the establishment and operation of two additignal stations
at first and other stations in each succeeding year. In addition to the
formal cooperation, the County furnished some labor and materials for
the construction of the stations.

Westchester County, an area of high class development, has
a flood problem caused by small streams having steep gradients, and
some years ago created the Westchester County Storm Water Control
Survey to consider ways and means, The Army Engineers were re-
quested to study a fiocod control program, but being unable to formulate
plans witheut flood records, suggested that the Survey be contacted
for such records. Accordingly, cooperation was effected in the fiscal
year 1944 for the establishment and operation of six gaging stations,
five being recorder installations. It may be noted that the first year's
operation furnished valuable fiood records, an exception to the general
experience that floods are reluctant to occur after the installation of
flood record stations.

Cooperation with the Buffalo Sewer Authority started in 1939
was for the purpose of maintaining 2 gaging stations'on small streams
entering L.ake Erie close to the purposed extension of the sewer outlet,
This was a short-lived program as the city personnel originally con-
cerned entered the military forces and their successors, not being
interested, discontinued the cooperation

Cooperation with the city of Jamestown and the village of
Lancaster was that of services in furnishing gage observers. The
Washington Office objected to that type of cooperation and it was dis-
.continued in the fiscal year 1946. In 1947, however, the Lancaster
cooperation was resumed on a cash basis. Cooperation with the

* Oswegatchie River Improvement Commission was discontinued in
.1944.

Cooperation started in the previous period with the City of
New York, Board of Water Supply, Nassau County. Black River Regu-
lating District, Hudson River Regulating District, Cities of Albany,
Auburn, New York City Department of Water, Sewers, Gas and :
Electricity, continued during the period.
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Annual cooperative State, County, and municipal funds available:

Water Black Hudson Oswega-N. Y. I
Dept. Dept. Power Dept. River River tchie Board
of Public Cont. of Reg Reg. Improv. Water
Year Cons. Works Comm. Law Dist. Dist. Comm. Sup.
1940 $2,620 $ 2,906 $19,500 $1,863 $3,115 $ 50 $13,102
1941 2,620 2,596 23,800" 1,618 2,755 50 14,893
1942 2,103 26,376 1613 2,755 50 17; 716
1943 560 34.814 $1,500 1,413 2,755 50 15,306
1944 655 35,663 763 1,443 2,755 50 15,240
1945 500 38,196 750 1,393 2,755 12,510
1946 750 40,424 750 1,468 2,505 13,060
1947 1,500 45,585 750 1,308 2,438 9,856
Cont'd.
Buifalo

Nassau Suffolk Lancas- Sewer N. Y. Dept.
Year Co. Co. ter. Auth. Auburn Albany W.S. G&E
1940 $1,500 $ 120 $ 500% 256 §$ 2712 % 202
1941 1,500 120 400 100 272 580
1942 1,500 $2.500 120 400 i00 272 300
1943 1,500 600 120 100 272 300
1944 1,500 3,500 120 100 272 300
1945 1,500 4,000 120 100 272 300 |
1946 1,950 5,100 100 272 300
1947 2,250 6,750 225 100 272 300
Cont'd.

West-

James- Chester
Year. town. Co. Total
1940 §$ 132 $46,132
1941 132 51,431
1942 132 55,937
1943 132 59,422
1944 i32 $8.583 71,076
1945 132 2,100 64,628
1946 2,100 68,779
1947 2,100 73.404

New Jersey. ~ Cooperation with the State Water Policy Commaission

continued during the period. In a reorgsnization, the Water Policy Commissio
was taken into the Department of Conservation and during the last two fiscal
years, the Department of Conservation became the cooperating agency, but
this was just a change in name as the personnel directly concerned remained
the same, The increased cooperation during the 1947 fiscal year was _due

chiefly to higher costs of operation To compiete the needed network of
stations in the Delaware River Basin, 28/ the Water Policy Cormnmission made l
287 p. 93. "

a separate agreement during the fiscal year 1940 for the installation of
three stations, the operation of which during succeeding years was a part
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of the regular stream-gaging program.

Cooperation with the North Jersey Water Supply Commission
continued. That with the Delaware River Joint Toll Bridge Commis-
sion which had represented services for gage-height stations on the
Delaware River was discontinued with the fiscal year 1942, as the
Washington Office at the time was opposed to cooperation of that type.

Cooperation with the Passaic Valley Water Commission was
started in 1947. That commission is the agency for the large cities in
the joint operation of municipal water supplies 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 the stream below
the point of diversion. There was no record of flow just below the
diversion, the nearest record being that at a power plant some miles
downstream. To determine more accurately the flow below the
diversion, cooperation was arranged for the installation of a gaging
station at that point.

Annual cooperative State funds available:

Water Dept. N. Jersey Delaware R.

Policy of Water Supply Bridge Passaic
Year Comm. Cons. Commission Commission Valley Total
1940 $17,700Y/ $ 2,000 $ 1,091 $20, 791
1941 11,400 2,000 1,100 14,500
1942 12,500 2,000 600 15,100
1943 11,100 2,000 13,100
1944 11,600 2,000 13,600
1945 12,500 2,000 : 14,500
1946 $13,500 2,000 s 15,500
1947 18,000 2,700 $1,330 22,030

1/ Including a special allotment of $5, 700 to complete network in Delaware
River Basin.

Pennsylvania. - Cooperation with the State Department of Forests
and Waters which was started in 1931 continued during the period, the annual
amounts fluctuating between narrow limits except during the last three years,
when they were increased on account of the rising costs of operation. The
cities of Harrisburg and Bethlehem cooperated toward the maintenance of
several gaging stations in connection with their water supplies:

Annual cooperative State funds available:

Dept. Forests

Year and Waters. Harrisburg Bethlehem Total
1940 $ 30,000 $ 600 $ 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 27,800 350 450 28,600
1945 30,000 350 450 30,800
1946 35,000 225 524 35,749

1947 35,000 225 , 500 35,725
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Delaware. - When cooperation with Delaware was effected
in 1943, the Toster of the 48 states was complete. The need for water
facts having become pressing in that state, V.R. Bennion, of the Mary-
land district, discussed the situation with the various Delaware State
agencies and wag referred to the Highway Department as being the
agency most interested, and what was of greater importance, the agency
having funds that might be made available for cooperation, ‘i'l‘hat Depart-
ment, in the absence of actual flood records, was using empirical fiood
formulae to determine the flood flows to be used in designing water-way
openings. Mr. Bennion arranged therefore for a sx;aa.ll amount o.f
cooperation which was continued during the remsinder of the per1od:
During the fiscal year 1946, the cooperation was increased to permit the
installation of an additiona! station. In passing, it may be noted that
a short time affer the establishment of several gaging stations, a flood
occurred which had a unit runoff double that used previously in the
formulae.?29
29] Statement of M. R, Bennion to author.

in the fiscal year 1947, cooperation was arranged with
the Newcastle County Soil Conservation District, the District's objective
being the conservation of natural resources of the Brandywine Creek
Basin which lies in both Pennsylvania and Delaware. The purpose of the
cooperation was the installation and operation of a gaging station on
Brandywine Creek and 8 rain gages, the records from which are to
correlate the razinfall and runoff in the Brandywine Creek Basin.

Annual cooperative State and district funds available:

State Newcastle County
Year Highway Dept. Soil Cons. Dist, Total
1943 $ 300 $ 300
1944 1,200 1,200
1945 1,800 1,800
1946 3,000 3,000
1947 i,850 $4.500 6,350

: Maryiand. - Cooperation with the Maryland Geological
Survey was continued. The State funds were augmented by contributions
from the muembers of the Upper Potomac River Board for the mainten-
ance of 5 stations near Cumberland. During the fiscal year 1944, the
State Geologist having funds which he could not otherwise use due to

war restrictions, increased his cooperation for the purpose of es-
tablishing 7 additional stations. The State and Survey furnished the
funds for construction; and the cities and counties, the funds for opera-
tion during the remainder of the period. In 1946, the State Geologist
obtained additionzl funds for the installation of i station and for the
installation of recorders at the existing stations not so equipped.

The cities of Baltimore and Salisbury, and the
Washington Suburban Sanitary District continued cooperation. The
city of Annapeclis and Anne Arundel County in which Annapolis is
situated, both entered into cooperztion for the purpose of determining
the best additional water supplies available.

Annual cooperative State and municipal funds available:
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Agency 1940 1941 1942 1943 1944 1945 1946 1947
State Geologist $6,000 $6,000 $5,950 $5,950 $10,960 $8,300 $13,675 $9,150
Baltimore 900 900 900 900 900 ' 1,525 . 1,650 1,800
Salisbury 200 . 200 200 200 200 225 250 275
Washington

Suburban San. Dist. 600 650 875 875 875 5 1,450 « 25250 1,800
Annapolis 800 200 200 250 275
Anne Arundel County 38 275 275 275

Totals. $7,700 $7,750 $7,925 §8,725 $13,173 FII,975F18,350%13,575

Virginia. - Cooperation with the State Conservation Commission continued.

D. CE Wallace became district engineer August 20, 1940, and soon afterward
became interested in the water supplies of the small towns of the State. He
visited every incorporated town, interviewed the town or city officials re-
lative to the existing wafer supplies and their adequacy. Where additional
supplies were needed., temporary gaging stations were installed where surface
supplies could be obtained. In his capacity as Chief Engineer of the State
Commission's Division of Water Resources and Power, he would offer advice
to the small towns having no means of solving their water-supply problems.
These contacts created additional interest in the State's water resources and
the value of the Survey's investigations, and resulted in a gradual increase
of the State cooperation.

The year 1941 was one of low flow and Wallace installed some
gaging stationfin the Coastal Plain and made what he termed '"drought"
measurements, believing that cities 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 necessary
for both Newport News and Norfolk to seek larger additional supplies and to
investigate both surface- and ground-water sources. In the meantime,
cooperation was arranged with Newport News for the continuance of the
temporary stations on the Chickahominy River and with Norfolk for the
continuation of stations on the Blackwater and Nottaway Rivers. As a
result of the records from those stations, the Federal Works Agency
furnished some ten miilion dollars to obtain additional water supplies
for the two cities.3Y
30/ Letter from D. G. Wallace to author.

Just at the end of the period, cooperation was arranged with
the city of Staunten for the operation of a gaging station on the North
River above the city’s dam. as a larger dam was to be constructed
farther upstream.

Annual cooperative State and municipal funds available:



38

Conservation Newport

Year Commission News Norfolk Staunton Total

1940 $19,000 $19,000
1941 19,700 - 19,700
1942 19,485 $200 $400 : 20,085
1943 25,816 400 400 26,616
1944 21,500 400 400 22,300
1945 25,400 400 400 26,200
1946 28,560 800 400 29,700
1947 33,500 400 © 400 $100 34,400

North Carolina. - Cooperation with the State Department of
Conservation and Development continued during the period. The severe
flood of August 1940 damaged oxr destroyed about 40 gaging stations and
to rehabilitate those stations, the State made a special allotment of
$7.800 for the fiscal year 1941.

The Army Engineer cooperation was becoming increasingly
important, and as Asheville was too far from the Army Engineer stations
and headquarters, and also from the cooperating State officials in
Raleigh, the Survey office was moved from Asheville to Raleigh in
October 1943. With quarters adjacent to those of the State officials,
the closer contact led to increased cooperation.

Annual cocperative State funds available:

1940 $12,505 1944 $17,000
1941 20,705 1945 17,500
1942 15,970 1946 17,500
1943 18,060 1947 22,500

South Carolina. - In addition to the State Highway Department,
which continued its cooperation started in 1930, two other agencies, the
Public Service Authority and the State Research, Planning, and Develop-
ment Board,; entered into cooperation during the present period.

In 1921, the Columbia Railway and Navigation Company obtained

a permit and later a license from the recently-created Federal Power
Commission to develop water power on the Cooper and Santee Rivers,
but was unable to finance the project. To assure the development of the
project which was needed for the industrial expansion of the state, the
Legislature in 1934 created the Public Service Authority, the duties of
which were defined as follows:31/

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

The Public Service Authority shall have power
to develop the Cooper River, the Santee River, and
the Congaree River in this state, as instrumentali-
ties of intrastate, interstate, and foreign commerce
and navigation; to produce, distribute. and sell
electric power; to reclaim and drain swampy and
flooded lands; and to reforest the water sheds of
rivers in this state; *%#
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The privately-owned power companies fought this legislation
through the courts until {938 when the act was declared constitutional.
At its next session, the Legislature ratified the acquisition by the
Public Service Authority of the license issued by the Federal Power
Commission, and empowered the Authority to construct the project
under the terms of the license -9 Thereupon, the Public Service
39 Act 179, Acts of 1939. 'y
Authority started planning the project and later constructed it by
means of a PWA loan and grant. Through the need for additional
gaging stations and the service which the Survey could render, 33/

33 P. 119,
A LE. Johnson arranged with the Authority for cooperation which
began during the fiscal year 1944,

Realizing the need for post-war planning, the Legislature
in 1944 created a commission to study, among other subjects, the
peace-time economy and that body recommended to the Legislature
the following year the consolidztion of severzi existing State Boards.
Following these recommendations, the Legisizture in 1945 created
the State Resezrch, Planning, and Development Board. In connection
with the industrizl development of the state. the low-water flow of
the rivers was of especial importance and tc obtain such information
at many points where complete records were not needed, the Board
entered into cooperation in the fiscal year 1946, Another project
under that cooperative agreement was the publication by the State
of ail South Carolina stream-flow records to be prepared by the
Survey.

The gities of Spartansburg and Duncan each contributed to
the maintenance of & gaging station.

Annual cooperative State and municipal funds available:

Highway Public Service Research, Plan.

Year Dept. Authority & Develop:. Bd. Spartansburg
1940 $5.000 $ $ ~ $ 300

1941 5,000 300

1942 5.000 300

1943 5,000 300

1944 5,000 4,250 ~ 300

1945 5,000 3.600 300

1946 5.000 3,600 2,200 ' 300

1947 5,000 3,600 2,625 325
Cont'd

Duncan Total

$5.550
250 5,550
200 5,500
150 5,450
150 9,700
150 9,050

11,100

11,550
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Georgia, -Soon after cooperation was sta.rted in 1937, the name of
the cooperating State agency was changed to the State Department of
Natural Resources, and that in turn was changed to the Department of
Mines, Minerals, and Geology in the fiscal year 1944. Thes_e cha.nges
caused by political changeg in State‘a.dministr"atlon, were chu:afly in
name and in the chief personnel, as the functions remained virtually

the same.

In 1945, the Emory Field Station, a philanthropic agency operated
by Emory University, began contributions to the State agency to e‘nable
the Survey to confinue the maintenance of a number of gaging sFatmns
needed by the Field Station's investigations. $2,000 was contributed
in 1945 and 1946 each, and $2,400 in 1947.

In the fiscal year 1946, M. T, Thomson showed the State officials
that the amount per station allotted by the Army Engineers for the
operation of their stations was so much higher than the average amount
allotted for cooperative State stations, that the cooperation was increas-
ed by $3,000. In the fiscal year 1946, the Governor created the
Agricultural and Industrial Development Board and that agency, faced
with specific problems involving surface water, contributed $5,000
through the State agency. However, that contribution was later dis-
allowed by the State Auditor,

In the fiscal year 1947, the State Highway Department contributed
to the State cooperative agency $5, 000 for the purpose of enabling the
Survey to analyze flood conditions at selected bridge sites, and furnish
data on the frequency and magnitude of floods. and the probable dis-
tribution of flow through the proposed bridge openings; the Survey's
matching $5, 000 to be used to study Georgia floods and prepare
reports needed by the Department.

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 anticipated, wished to
develop surface supplies. These supplies were usgually from small
streams, where gaging stations would be required, and as the
Development Board was interested in these problems, it was willing
to contribute to the expansion of the stream-gaging program.

Annual cooperative State funds available:

1940 $8,000 1944 $ 9,700
1941 8,350 1945 ii1,700
1942 9,480 1946 14,700
1943 9,000 1947 20,100

Florida. - Cooperation with the State Road Department started
in 1937, continued with a slight increase in funds during the last
half of the period. The State Geological Survey, which had discon-
tinued surface-water cooperation in 1931 in favor of the ground-
water investigations, resumed full cooperation during the 1942 fiscal
year, when its funds were increased, and continued during the
remainder of the period.

The rapid increase in population, particularly in the larger
cities, the discovery that irrigation is profitable to citrus growers,
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and the dry years of the present poriod which caused serious shortages
in existing water supplies, create: wide-spread interest in the state’s
water resources, and a willingness to increase State and County funds
available for water resources investigations. In 1939, the city of
Miami found that many of the wells furnishing the metropolitan area's
supply were threatened by salt water encroachment, and requested the
Survey to cooperate in a study of both surface and ground-water supplies.
The survey entered into a 3-year program, inciuding in the ared studied,
the Everglades and Lake Okeechobee, and at the conclusion of that
program, the city realized the need for continuing observations on a
reduced scale, and continued cooperation accordingly.

The data collected for the Miami program proved so valuable
to the Everglades Drainage District that in 1943, that State agency
entered into cooperation for the special object of determining in
more detail the characteristics 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 sufficient data to design
the comprehensive flood-control project which will bring needed
relief to the district.

In connection with water supplies and poliution surveys, it was
necessary to determine the quantities of water pzssing up and down
the channels and along the coastal waterways during flood and ebb
tides. Such.special studies were made largely in cooperation with
the State Board of Health and also with the city of Jacksonville.
Various cities 2nd counties cooperated in the operation of local
stations, g

One of the state’s needs was for datz in the small basins
containing lakes used for citrus irrigation. To meet that need,
the Governor and Cabinet in 1945 agreed to match with State
Internal Improvement Board funds, money contributed by the
counties and drainage districts, with the understanding that the
combined fund would be matched by the Survey. By the end of
the second year, about $16,000 was available.

Annual cooperative State and municipal funds awvailable:

Agency 1940 1941 1942 1943 1944
State Road Dept. $ 4,692 $4,500 $4.500 $4,500 $5,000
State Geological Sur. ' 500 1,000 1,000
State Board of Hezlth 100 200
Miami 9.500 12,500 10,828 10,000 2,500
Everglades Drain. Dist, 875 3,750
Internal Imp. Fund
Jacksonville 300 300 300 300 300
Tampa 200 200 200 200 400
St. Augustine 150 200 200 200, 200
Daytona Beach : 500 200 200
Fort Meyers 100 1,000
Lake Worth 450
Fort Pierce 200

Pinellas County

Dade County

Orlando Util. Comm. 200
State Hospital 200 :
Perrey

Total $14, 842 $17,700 $17,228 $18,475 $15,400
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Cont'd

Agency 1945 1946 1947
State Road Dept. $5,500 $5.750 $6,000
State Geolecgical Sur. 500 3,000 3,000
State Bd. of Health 360 500 500
Miami 2,500 2,500 2,500
Everglades Drain. Dist. 5,000 5,000 6,000
Internal Imp, Fund 5,000 8,000
Jacksonville 550 550 300
Tampa 200 s 00 300
St, Augustine 200 200 200
Daytona Beach 200 200

Fort Meyers 500 400 400
Lake Worth 275 150

Fort. Pierce 700 325

Pinellas County 825 875 1,600
Dade County 1,000 2,750
Orlando Util. Comm. 200

State Hospital

Perrey 400

Totals $17,560 $25.650 $31,950

Alabama. -Cooperation with the State Geologist continued at the same
leve during the period, except for two years when that official was in
military service. His salary during that time was not used by the acting
State Geologist and became available for an increase in the cooperative
funds.

Annual cooperative State funds available:

1940 $7.500 1944 $ 7.500
1941 7,500 1945 10,000
1942 7,500 1946 8,125
1943 7,500 1947 7,500

Referring to the cooperative program, the State Geologist stated
in his annual report for the year ending September 30, 1944:

The cooperative water resources investigation has
enabled the U, S. Geological Survey to better meet the many
water problems in Alabama resulting from the war programs;
and in so doing, has contributed much to the war effort. Pre-
sent stream-flow data and continuous long-time records are
useful to the Army, Navy, and war industry and are vital to
any post-war planning. Information on the quantity and quality
of available water is required by new industries which contem-
plate locating in Alabama.

Mississippi. - Cooperation with the State Geological Survey con-
tinued at $10, 000 annually throughout the period. 1

Louisiana. - The Bureau of Statistics in the State Department of
Conservation was the cooperating State Agency in theearly years of
the peried. The funds of that bureau were cut in the fiscal year 1942, and
the cooperative funds correspondingly reduced. To make up for the re-
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duction, the State Department of Highways contributed for that year. At
that time, a new governor, Sam Jones, took office and he reorganized

the State government by sponsoring 2 Department of Public Works in
which would be centered 21l the engineering activities of the State. There-
after, that Department became the cooperating agency. In 1944, the
cooperation was increased to allow for some expansion of the program,
and later increases were made on account of increased costs. These
increases were arranged due chiefly to the efforts of the new district
engineer,E, B. Rice.

Cooperation with the State University for the maintenance of 1
station on the campus for a special investigation was discontinued in
1942, when new construction work drowned out the station. At that
time, the purpose for which the station was maintained had been accomplished.

Annual cooperative State funds available:

State Dept.
Year Dept. Cons. Highway Dept. Public Wks. University Total

1940 $ 10,000 ‘ $ 415 $10,415
1941 10,000 415 10,415
1942 7,500 $2,500 415 10,415
1943 $13,000 13,000
1944 : 16,500 . 16,500
1945 i8,000 18,000 .
1946 ¥ ' 20,000 20,000
1947 20,000 20,000

West Virginia. - After several unsuccessful attempts, the State
Geologist succeeded in having an item for stream gaging included in
his budget and beginning with the fiscal year 1940, he was able to
cooperate to the extent of $3,200 annually. In the previous period
without a specific item, he could only cooperate to the extent of
$500. The state Public Service Commission, having no specific
authority to cooperate, contributed $1,800 annually to pay the
salary of a clerk for the Survey. The State Conservation Commission
was interested in the flow of springs, chiefly in connection with the
State fish hatcheries and during a2 dry summer, the Survey measured
several times a number of springs, and the following year measured
all of the many springs in the state. The Commission also wanted
information on certain streams in connection with warm water hatch-
eries. Having located several streams that might be suitable, it
was necessary to know the discharge, and realizing the help that the -
Survey could render, entered into cooperation during 1946 and 1947.

Mounting costs of operation and need for additional gaging stations
for the study of pollution brought additional State agencies into the
cooperative picture:; the State He2lth Department was concerned with
sewage pollution and the State Water Commission, with industrial
wastes. '

During the fiscal year 1943, the latter had & small amount
available for cooperation; the next year, 1944, the State Health De-
partment continued the cooperation as the Water Commission's funds
were low and during 1945, the Water Commission was again able to
provide the needed funds, For the last two years of the period,
both agencies were financially zble to continue cooperation. The



State Engineering Experiment Station and the city of Morgantown were in-
terested in the flow of Deckers Creek in Morgantown, and beginning with
the fiscal year 1946, cooperated for the purpose of installing and operating
a station on that creek.

With the rejection of the Army Engineers' flood control plan for the
Potomac River Basin, that agency curtailed its cooperative expenditures
for stream-gaging, and to insure the operation of those stations until the
State Legislation could provide funds for that purpose, the State Depart-
ment of Agriculture cooperated to the extent of $1,000 during each of the
fiscal years 1946 and 1947. :

The Army Engineers had constructed a flood wall to protect the
city of Huntington and upon its completion, turned it over to the city. The
flow of Fourmile Creek has to be pumped through the wall and the city felt
that in view of possible future litigation on backwater which might be caused
by the creek, the gaging station which had been established in cooperation
with the Army Engineers should be continued, and cooperation was effective
during the last 3 years of the period.

Annual cooperative State funds available:
Agency 1940 1941 1942 1943 1944 1945 1946 1947
State Geol.Sur. $3.200 $3,200 $3,200 $3.200 $3,200 $3,200 $3,200 §3,200
Pub., Serv. Comm. 1,800 1,800 1,800 1,800 1,800 1,800 1,800 1,800

Water Comm, 1,090 1,500 1,000 1,000
Health Dept. 1,500 ' 2,500 1,500
Conserv. Comm. 1,500 3,200
Eng. Exp. Sta. , 750 200
Dept. of Agric. 1,000 1,000
Huntington 300 300 300

Kentucky

The State Depariment of Highways continued its cooperation,
and found that one of the greatest needs was for records on small
streams draining abcut 50 square miles, to serve as a guide for
culvert design. Accordingly. the cooperation was increased to
$10,000 in 1942 to cover a 6-station program. To provide for
actual and anticipated increased cost of the stream-gaging program,
that cooperation was increased in the 1947 fiscal year. In 1943,
the State Department of Mines and Minerals desired the operation
of 2 stations on the Dix River, the only Kentucky stream having
power development;, and began cooperation for that purpose. In
1945, Louisville and Jefferson County began cooperation for the
purpose of obtaining records of 4 small streams in the county,
These records gave the Planning and Zoning Commission needed
data for studies of drainage and development for recreational
purposes.

Annuzl cooperafive State funds available;
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Louisville &
Year Dept. Hghways. Dept. M. & M. Jefferson Co. Total

1940 $ 8,000 $ 8.000
1941 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 $ 1,200 12,900
1946 10,000 550 900 11,450
1947 13,125 650 1,000 14,775

In 1945, a group of prominent educators and State officials con -
ceived the idea of preparing fcr the use of the schools and also for
the general public, a series of reports on Kentugky's resources, and
to F. F. Schrader was assigned the preparation of a report on water.
That report was published by the Bureau of School Service, College
of Education, University of Kentucky, and reprinted by the Depart-
ment of Mines and Minerals.3l/ It contained z description of the
3ly/ Series VIII, Reprint 10, 1946.
hydrologic cycle. description of the streams and their uses, length
and fall per mile of principal streams, 2 summary of stream flow
records, and descriptions of outstanding floods. The ground-water
areas were described in considerable detail.

Tennessee. - Cooperation with the Department of Conservation's
Division of Geology continued on practically the same scale through-
out the period. As a large part of Tennessee is involved in the
activities 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 smaller
streams in the Tennessee and Cumberland River Basins with which
the cooperating Federal agencies, TVA, and Army Engineers, were
not concerned. In those basins, the State is interested primarily
in the small streams which are sources for municipal water supplies
and outlets for municipal sewage and industrial wastes.

Beginning in the fiscal year 1940, cooperation was arranged
with the State Department of Public Health for the purpose of
operating a gaging station on a highly-polluted small stream at
Nashville. Although the records were discontinued when sufficient
information was obtained, the cooperation was continued as a token
contribution to the general stream-gaging program, which contributes
much helpful information to the Department of Public Health.

Cooperation with the city of Knoxville was started during the
fiscal year 1945 for the purpose of operating two gaging stations
on First Creek, a small stream subject to periodic damaging
floods in Knoxvilie. Until the completion of flood-control works, the
stream-flow records are used in forecasting floods, in connection

with the rainfall records from several city-operated rain gages.
The records are furnished to the TVA forecasting sections which
predict crest stages on the stream in Knoxville. These forecasts
have saved the city large amounts of money previocusly spent in
unnecessary moving of families from areas subject to inundation,
and the city officials are well-pleased with the cooperation. 35/

35/ Letter from F. M. Bell to author.
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Annual cooperative State and municipal funds available:

Dept. of Dept. of .

Year Conservation Public Health Knoxville Total

1940 $ 9,000 $ 400 $ $ 9,400
1941 10,600 ; 400 11,000
1942 9,350 400 9,750
1943 8,200 400 8,600
1944 9,000 400 9,400
1945 9,000 400 200 9,600
1946 9,500 2 400 400 10,300
1947 9,500 400 400 10,300

Ohio. - During the war years, Ohio‘s very large industrial enter-
prises, among the largest in the United States, were expanded to meet
the war demands. The chief industries were the manufacture and
fabrication of steel and rubber, and the development of electric power
by steam; each required large quantities of water. A measure of the
quantities used is given by C. V. Youngquist,37 who states that during

36/ Ohio's Water Resources: 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, 95,303,710, 000 gallons of water, equal to a
continuous flow of 400 second-feet; the annual generation of electric
power by steam requiring 80 gallons per kw is 15 billion kwh, equal
to a continuous flow of 5,100 second-feet. These water requirements
caused water shortages at certain times, and to provide for future
expansion, the industrial interests desired additional investi-

gations of the state's water resources, and as shown by the increased
State funds made available, the State Legislature realized the need
for additional State support.

Cooperation with the State Cooperative Topographic Survey
continued during the period, except during 1941 when the State Division
of Conservation and Natural Resources contributed funds for the in- .
stallation of artificial controls at four existing stations; the controls
forming pools for recreation and fish 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, and subsequent cooperation was with the latter
agency. Cooperation with Miami Conservancy District also continued.

During the fiscal years 1942 and 1943, the Mahoning Valley
Sanitary District again cooperated. Those were critical years for
the water supply fotr 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 each day what the release should be, and the
District cooperated in the maintenance of the resident engineer.
District cooperation was not necessary subsequent to 1943 as the
Army Engineers operated the reservoirs and paid a part of the
cost of the Survey's activities.

In 1941, the State Chamber of Commerce, industrial leaders,
and Federal officials interested in water, held a meeting to discuss
the growing water problems. A committee of 65 members was



L7

appointed to study the problem, and that committee recommended the
creation of a water supply agency to emphasize the investigation of
ground-water as well as surface-water supplies. The State Water
Supply Board was created in 1941, and began cooperation on a small
program of 5 stations in the Grand River Basin, for the purpose of
investigating the possible storage of water for industrial use in North-
eastern Ohio by means of a canal from the Ohio River. In the fiscal
year 1946, the cooperation was increased to provide for the construction
of 3 additional stations in the Akron area, for the benefit of the rubber
industry.

Realizing that greater pcwers than those vested in the Water
Supply Board should be given to a State agency, the Legislature created
the Water Resources Board, succeeding the Water Supply Board,
effective October 2, 1945. Its duties were ''to study and report the
facts of water uses and resources'.37/ C.V. Youngquist had been on
37 Idem p. 3. 2
the original committee and was requested by the newly-created Board
to become Chief Engineer for at least two years, and outline a program
of action. He was given a w. a. e. gppointment in the Survey and became
Chief Engineer of the Water Resources Board. In outlining the program
to the author, Mr. Youngquist stated that he endeavored to cover all
phases of hydrology in one program. The Surface Water cooperation
which began in the fiscal year 1946, included analyses of flood fre-
quencies and special flood studies showing relation between rainfall
and runoff.

In 1945, 2 new bridge engineer in the State Department of
Highways was concerned with the size of bridge openings on small
streams and came to the Survey for information. Tate Dalrymple
prepared a report on stream and bridge openings and as a result,
cooperation was started in the fiscal year 1946. The chief purpose
was the establishment of stations on very small streams for the
proper design of culvert openings. By the end of the period, 14
stations had been instzlled on drainage areas ranging from 0.3 to
10 square miles, 38/

38/ Tate Dalrymple: Application of Hydrologic Data to Bridge
and Culvert Design. ' (Unpublished. )

Cooperation with the State University for two years was for
the purpose of analyzing water samples which were obtained in
connection with the stream-gaging program. Cooperation with the
cities of Columbus, Van Wert, Canton, and Springfield was for the
purpose of maintaining gaging stations needed in investigation of
surface-water supplies; cooperation with the Lucas County Sanitary
District was for the maintenance of 2 gaging stations for the study
of waste disposal.

Annual amount of cooperative State and municipal funds
available: :
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Agency 1940 1941 1942 1943 1944
1/
Topographic Survey $ 5,000 $ 5,7007% 8,400 $ 8,400 $13,867
Miami Cons. Dist. 5,000 5,000 5,000 3,500 3,500
Muskingum Dist. 2,966
Water Supply Board 2,650 1,650 1,250

Water Resources Board
Highway Dept.

State University 600 300
Mahoning Valley District . 1,400 1,330
Cities 550 550 950 1,550 1,350
Lucas Count
7 $T3 5T6 $TT, 850 $ 18,700 $16,430 319,767

Cont'd

Agency 1945 1946 1947
Topographic Survey $13,183 $12,500 $12,500
Miami Cons. Dist, 3,500 3,500 3,500
Muskingum Dist.
Water Supply Board 1,250 5.700 625
Water Resources Board 7,000 7,600
Highway Dept. ' 7,500 7,500

State University

Mahoning Valley District

Cities 900 1,550 1,500
Lucas County : 518 518 518

$19,351 $38,268 $33,743

1/ State Division of Conservation and Natural Resources.

Indiana. - Cooperation with the Department of Public Works
continued through the fiscal year 1941. In January 1941, the State
Assembly abolished the Department of Public Works which consisted
of the State Highway Commission and the Department of Conservation,
and set up those agencies independently, effective Juiy 1, 1941. There-
after, separate cooperative agreements were signed which continued
until June 30, 1943. The first legislative act authorizing the Depart-
ment of Conservation to cooperate with the Survey was enacted in
1943. By its terms, $15,000 per year was to be available for a 10-
year period; in addition, an emergency fund of $2,000 for use before
June 30, 1943, was made available, In that act, no distinction was
made between surface- and ground-water investigations as both were
contemplated. Before the agreement was signed, the Director of the
Department of Conservation insisted that those investigations which
had previously been carried on independently by the Surface and
Ground Water Divisions, under agreements with separate State agencies,
be consolidated under oné Survey representative, who was D. M. Cor-
bett in charge of the Surface Water investigation. By so doing, some
duplication of work and administrative expense would be avoided.
Since July 1. 1943; only one cooperative agreement has been in effect,
even though the Department of Public Health, Highway Commission,
several cities and utilities contribute to the Conservation Department,
in aid of the investigations. Pollution is 2 serious problem and the
Department of Hez2lth must know the concentration of pollution in the
streams. It takes its own samples and must know the stream flow
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to determine the concentration. The State decides upon the division of
funds between the surface- and ground-water investigations.39/
39] Letter from D, M. Corbett to author. 3

Referring to the consolidation of surface- and ground-water investi-
gations, C.H. Bechert. Director, Water Resources Division, Con-
servation Department. stated at the Branch conference in Indianapolis,
Nov. 7-9, 1947; L0/

,0/ Proceedings p. 34«

Almost three and one half years have elapsed since
our expanded water resources program has been put
into effect., We feel that while our set-up with the Survey
may be unigue in some respects, it has paid dividends in
increased efficiency, a well balanced program, and a high
quality of work,

During 1940 and 1941. Indianapolis contributed to the maintenance
of one gaging staticn in connection with its municipal water supply.

Like many otker states, Indiana came to realize during the war
years, the importance of its water resources to heavy industry and
during the last two years. the funds were greatly increased.

Annual cooperative State and municipal funds available:

Dept. Dept.

Year Public Wks. Conservation Hwy. Comm. Indianapolis Total

1940 $ 5,700 $ 300 $ 6,000
1941 8,250 ~ 250 8,500
1942 $ 3,464 $ 4,950 8,414
1943 7.910 5,400 13,310
1944 18,678 18,678
1945 17,900 17,900
1946 26,275 26,275
1947 34,175 34,175

linois. - Cooperation with the State Water Survey, a division
of the Department of Registration and Education, continued on the same
level during the period. At the end of the previous period, cooperation
with the Division of Waterways in the Department of Public Works and
Buildings had been resumed and was continued at a fairly uniform rate
until the last two years of the period. The Division of Waterways
wished to have on file complete information on each small basin in
the State, including unit hydrographs and duration curves, and increas-
ed the cooperation during the 1946 fiscal year for that purpose. The
same agency under the leadership of Col. Hill, a retired Army En-
gineer, was preparing a post-war stream-gaging program which included
the development of a network of small basin stations. The Survey was
interested in that program and for the fiscal year 1947, the cooperative
funds were increased to $26,100 for the purpose of installing stations
on smalil streams,

Coqperation with the East Side Levee and Sanitary District was
started in 1940 fiscal year and continued during the period. It was the
purpose of this cooperation to maintain a station on a drainage basin
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of five square miles in the Mississippi River bottom lands. The soil is
such that in dry seasons, it cracks open and no runoff 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 ccoperative State funds available:

State Water Div. of East Side

Year Survey 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 9,130 150 19,250
1947 10,000 26,100 200 36,300

Michigan. - Cooperation with the Stream Control Commission
started in 1932, on the basis that the Commission would perform the
field work and the Survey would supervise the field work and compute
the records, continued during the period. In October 1941, the
Commission proposed to reduce its activities from 32 to 16 gaging
stations and to reduce the State contribution from $4,000 to $2, 000
annually. As a result of this deplorable situation, as D. M. Corbett
phrases it, 41/ a2 committee of faculty members of the University of
L1/ Letter to author,

Michigan's engineering school, headed by Dean Ivan Crawford, called
on the Governor for a cash contribution of $4,500 annually, to main-
tain the existing stations. Of this amount, the Conservation Depart-
ment and the Highway Department each contributed half, and the
Stream Control Commission decided to continue its cooperation in

the amount of $3, 000 annually. As a result, no stations were dis-
continued,

Early in 1942, the Fish Division of the Department of Con-
servation, through the State Geological Survey contributed another
$7,500 to expand the water resources investigation on other streams
and some of the major lakes.

With the end of the war and the lifting of travel restrictions,
Michigan, nearly surrounded by the Great L.akes and containing some
11,000 inland lakes, became such a favorite tourist center that the
tourist industry has become second only tc the automobile industry.
The lakes naturally were the chief attraction, and the presence of
so many visitors resulted in a very material increase in property
values along the lake shores. That brought into prominence the
controversy over the conflicting interests of the lake resort and
property owners, and those of the neighboring muck-land farmers.
The former group wishes to have the lakes maintained at high level
to keep the marshy shores covered, and maintain a constant depth
not only for fish spawning beds, but to afford access to the boat
wells; the latter group., conversely, wishes to see the spring floods
and high water removed from its lands as soon as possible in order
that a start might be made in growing crops. This conflict became
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so serious that a solution is sought by thorough geologic and engineering
studies.

Also, Michigan is a poorly-drained state due to the nature of the
glacial deposits, resulting in many small drainage basins, in a majority
of which, problems of drainage. flood confrol, and pollution of surface
water supplies occur. To furnish the answer to these problems, com-
plete stream flow data are necessary. L2/
Lo/ Eddy, G.E., State Geologist; Water Resources Investigational Program;
Proc. East-Central Branch Conference, Nov. 7-9, 1946, Indianapolis.

In the Northern Peninsula, there is a need for increased employ-
ment and that in turn depends upon additional power, much of which can
be hydropower, and as existing stream flow records are very few,
many additional stations are neededl3/

1,3/ Noecker, M., Development of Water Resources in the Northern
T Peninsula of Michigan; Proc. East-Central Branch Conference,
pp. 45-46.

To meet the various needs for additional stream flow records, the
Department of Conservation began cooperation in 1942, increasing the
funds the following year. The urgency of the needs was reflected in the
very substantial increase during the last three years. Funds provided
by the Legislature were augmented by power company contributions to
the Conservation Department.

Cooperation with the Department of Conservation was for "water-
resources investigation', and one agreement covering both surface-
and ground-water cooperation was signed. D.M. Corbett was the
Survey's representative and the funds were allotted to the two divisions
in consultation with the cooperating State officials.

Annual cooperative State funds available:

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

1940 $ 4,000 ‘ $ 4,000
1941 4,000 ' 4,000
1942 3,500 $ 2,250 $ 8,000 13,750
1943 3,000 2,250 12,500 17,750
1944 3,000 . ° 2,250 12,250 17.500
1945 3,000 2,250 21,625 26,875
1946 3,500 2,250 20,559 26,309
1947 2,000 2,500 : 28,425 32,925

Wisconsin. - Cooperation with the Public Service Commission
continued at substantially the same level until the last year of the
period when it was increased slightly on account of the increased cost
of operation. The State Statutory Committee on Water Pollution be-
came during the last few years simply the Committee on Water Pol-
lution, by dropping the ''State Statutory'', as being unnecessary and
really meaningless. It is a committee consisting of personnel from
the Public Service Commission, the Department of Health, and the
State Engineer, concerned chiefly with State buildings, all interested
in pollution. The Committee has no budget but hag authority to accept
contributions from water users for the purpose of cooperstion with
the Survey. '
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Annual cooperative State funds available:
Committee on

Year Public Service Comm, Water Pollution Total
1940 $7.400 $ 1,000 $ 8,400
1941 6,800 1,450 8,250
1942 6,800 13375 8,175
1943 6,800 1,363 8,163
1944 6,800 1,463 8,263
1945 T..580 : 1,388 8,888
1946 7,500 1,390 8,890
1947 8,500 1,740 10,240

Minnesota, -Past experience with drainage in Minnesota had
been such that it became unpopular in the state and when early in the
period, a reorganization was effected to bring into one agency the
design and construction pertaining to water resources development,
the Division of Drainage and Water became the Division of Water
Resources and Engineering. Therefore, beginning with the fiscal
year 1942, cooperation was with that agency. Prior to that time,
efforts to increase the cooperative funds met with little result, de-
spite the fact that, as P, R. Speer, the district engineer who had
come from the Albany district in 1939, told the author, the district
was trying to do a $15,000 job with only $6,000. By the time of the
reorganization, the State had become more water conscious as a
result of the recent drought years, and the reorganized agency was
able to obtain substantially larger State funds. and these were
gradually increased.

To develop new industries on the iron ranges in Northeastern
Minnesota and thus stabilize its economy, which had been hard hit
during the depression years, the State had created the Iron Range
Rehabilitation Commission which was supported by a State tax on
iron ore. The development of new industries created new water
problems. and the commission became interested in the develop-
ment of storage on the small streams of that region which is on
the divide separating the Mississippi, Hudson Bay, and Great Lakes
Drainages. For the purpose of installing and operating 5 stations,
the Rehabilitation Commission proposed to transfer funds to the
Division of Water Resources and Drainage, 2nd the stations equipped
with staff-gages were installed in the 1943 fiscal year. Later, it
was decided the transfer of funds could not be made and the Division
of Water Resources and Engineering increased its cooperation that
year to cover the new stations. In the next fiscal year, 1944, a
cooperative agreement was made with the Rehabilitation Commission
itself for $3,230 to equip the 5 stations with recorders. Subsequent
cooperation covered the operation of these stations.

The State Highway Department and the city of Winona had a
flood problem, including several bridges, over Gilmore Creek. The
Highway Department was working on a flood control plan which re-
quired records of peak discharges. and began cooperation in the
fiscal year 1944 for the maintenance of the Gilmore Creek station.

During the war years, canning and packing house wastes in
Austin caused a serious poilution problem on Cedar River. That is
an interstate stream and communities farther downstream in JIowa
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were concerned with the stream pollution. The State Board of Health
was working on the problem and in order to have the necessary stream-
flow data, the city of Austin, beginning in the fiscal year 1945, cooper-
ated for the purpose of having the Survey install and operate a station
on Cedar River.

Annual cooperative State funds available:
Div. Drain. Div. Water Res. Iron Range

Year & Water & Engr. Rehab. Comm. Hwy. Dept. Austin Total
1940 $ 6,250 ' $6.,250
1941 6,975 6,975
1942 $i2,073 12,073
1943 12,550 ; 12,550
1944 12,645 - $3,230 $200 * 16,075
1945 13,550 1,250 250 $740 15,790
1946 15,370 1,250 250 220 17,090
1947 15,245 1,250 . 250 220 ~ 16,965

jowa. ~ Cooperation with the Stazte Geologiczl Survey was increased
during the period. This was due at first to the fact that the Legislature at
the beginning of the period made a direct appropriation to that agency for
stream-gaging, and that action increased the State Geological Survey's
interest in the work with the regult that.more of its own funds were contrib-
uted. At the same time, the other State agencies, which in the previous
period had contributed funds. requested the State Geological Survey to use
every means to increase the funds. As an aid, state-wide interest was
increased by the issuance of twe State reports., one a summary of yearly
and flood flows from 1873 to 1940, and the other the complete records for
the years 1941 and i94Z.  Largely, as a result of the Soil Conservation
Service's work in Jowa, there was a rather wide-spread interest in sediment
in the streams, particularly in connection with iake silting, and for the ’
fiscal year 1944, the cooperative amount was increased to provide for the
collection of sediment samples at 4 gaging stations, and at some miscellan-
eous points,

As the increase in cooperative funds to include sediment records
was the first cooperative money for sediment studies in the United States iy
Lly Statement of P, C. Benedict {c author. 2
the immediate rezson for such action should be noted. An application to
the Federal Power Commission for the development of power on Cedar
River involved the building of a dam on that stream. Inacourt hearing on
the application, those opposed claimed that the pcol formed by the dam
would become filled with silt. This hearing created considerable interest
and the Governor was receptive to an increage in the State funds for the
sediment studieas.

The State Institute of Hydraulic Research continued its cooperation,
the funds coming not only from its own resources, but also from contri-
butions received from a dozen cities as part payment for the maintenance
of stations in which they were especially interested; under State Law,
certain restrictions were placed on sewage treatment plants with
respect to river discharge,

The State Conservation Commission, through its biclogical division
of fish and game was interested chiefly in lake levels and, wishing also to
be identified with the general stream-gaging program, gradually increased
its cooperation. S
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Annual cooperative State funds available:

State Geological Institute Hydraulic State Conserva-

Year Survey Research tion Commission Total

1940 $ 4,500 $4.000 $ 300 $ 8,800
1941 4,467 4,100 300 8,867
1942 5,670 5,877 300 11,847
1943 5,670 4,305 750 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 11,150 5,000 1,500 17,650

Missouri. - 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 appropriation on account of the increased cost of
operation.

During the previous period, the State Highway Commission had
cooperated in services in the collection of flood records on small streams
but during this period, the Commission contributed cash to enable the
Survey to obtain such records. - ¥

The Conservation Commission was interested in flood records from
typically small streams in the Meramec River Basin and cooperated in
that work during 1944 and 1945.

Annual cooperative State funds available:

State State Conservation
Year Geologist Highway Commission Commission  Total
1940 $ 10,600 $ 650 $11,250
1941 16,500 750 11,250
1942 11,450 510 11,960
1943 11,570 550 12;12.6
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

Arkansas. - Several changes in the cooperating State agenc1es

occurred during the period. The State 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
cooperating agency, that its contributions stopped in 1943. A new
State Geologist was much more interested in the State's water resources
and obtained sufficient funds not only to continue the annual contribution
J;ormerly made by the Highway Commission. but to increase 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 cohtact agency with the Army Engineers in
flood control plans, began cooperation and continued through 1945. A
new governor, in an economy program consolidated several existing
departments, including the State Geological Survey and the Flood Con-
trol Commission, into the Resources and Development Commission.
That Commission was the cooperating agency during the remainder of
the period. The' city of Fort Smith contributed to the maintenance of
a gaging station during the first year, but thereafter That station was
made a part of the regular State cooperative program.

Annual cooperative State funds available:

Agency 1940 1941 1942 1943 1944
State Geologist $ 800 $ 850 $ 2508% 250 $8,500
State Highway Comm., 7,500 7,500 7.500 7,500
State Flood Cont. Comm. 750 1,500 750
Resources & Develop. Bd.

Fort Smith 250
Cont'd

Agency 1945 1946 1947
State Geologist $ 8,500
State Highway Comm.

State Flood Cont. Comm. 750
Resources & Develop. Bd. $10.000 $10,000
Fort Smith

Total $9.,250 § 10,000 $10,000

North Dakota. - Bluring the period, the cooperating State agency
changed from the State Engineer to the State Water Conservation Commis-
sion, but that was a change of name only. The State Engineer was also
the Chief Engineer of the Conservation Commaission which had been created
about 1937, as a result of the drought years. As State Engineer, he had
no funds as all funds were appropriated to the Commission, but contin-
ued to sign as-State Engineer as formerly. Finally, in the fiscal year
1946, the State Engineer signed the cooperative agreement as Chief
Engineer of the Conservation Commission, and thereafter that agency
was the official cooperator. :

Annual cooperative State funds available:

1940 $1,540 -1944 $4,000
1941 1,300 1945 5,800
1942 1,750 1946 7,500
1943 2,500 1947 7,500

The increase in cooperative funds in 1946 was due to the fact
that with the establishment of a district office in Bismarc#. additional
interest was created, resulting in the increase indicated.
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With the increase in cooperative funds in 1945 and the beginning
of cooperation in South Dakota at the same time, a distri.ct comprising
those two states was created. R.E., Marsh, district engineer, opened
the district office at Bismarck, October 16, 1944.

South Dakota. - Attempts had been made by State officials at
various times fo obtain State funds for cooperation in stream-gaging
but without success as the Legislature, reflecting the attitude of the
citizens, was not water-minded. However, in the fiscal year 1944,
a new Governor became convinced that in the proposed development of
the Missouri Basin, then coming actively into the picture, the State
should help in the study of its water resources. Having no specific
appropriation for that purpose, he decided that a number of State
agencies should contribute from their general funds, and as the work
would be done in cooperation with the U,S. Geological Survey, it
seemed logical to him that the State Geological Survey should be
designated as the cooperating State agency. Accordingly, that agency,
the Highway Department. and the Department of Game, Fish, and
Parks, each contributed equal amounts for the fiscal years 1944 and
1945, For 1946 and 1947, the Legislature made an appropriation to
the State Geological Survey for stream-gaging. Beginning with the
fiscal year 1946, the Department of Game, Fish, and Parks wished
to make a study of stream-bed losses in six streams originating
in the Black Hills and cooperation for that purpose was effected.
Those streams flow out of the granite across limestone outcrops for
distances ranging from 1 to 6 miles, then through granite before
reaching the flood plain, i

With cooperation assured in South Dakota and increased
cooperation in North Dakota, a district comprising both states was
created in October 1944, with the district office in Bismarck, North
Dakota, and a2 sub-office for South Dakota in Pierre, South Dakota.
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, continued in charge of the South Dakota stations, and
moved to Pierre.

Annual cooperative State funds avaiiable:

State Dept. Game,
Year Geological Survey Fish and Parks Total
1944 $ 2,490 $ $2,490
1945 2,400 2,400
1946 4,000 4,480 8,480
1947 4,000 : 3,600 7,600
Nebraska. - During the first two year‘s, cooperation with

the State Engineer gradually decreased. In July 1941, when a new
State Engineer had been appointed, C.G. Paulsen arranged for a
material increase in State cooperatiion and for the establishment of

a district office in Lincoln. Thus, Nebraska became a separate
district. Cooperative funds were increased from $12, 500 to $20, 000
and a district office was established in Lincoln in August 1941, with
H.C. Bolon as district engineer, succeeded by D.D. Lewis, May 8,
1942, when Mr. Bolon entered military service. During 1946”:
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and 1947, the cooperative funds were increased to provide for some
expansion, the relatively small amount of the State’s cost of the North
Platte River investigationL5/ and to meet the increased cost of operation.

Annual cooperative State funds available:

1940 $1i4,000 1944 $20,000
1941 12,500 1945 20,000
1942 20,000 1946 25,775
1943 19,000 : 1947 25,715

Kansas. - Cooperation with the State Board of Agriculture
continued. In the fiscal years 1942 and 1943, the funds were increased
to permit the establishment of 3 additional stations in 1942 and 2 in
1943; in 1947, the addition was due to the increase in costs,

Annual cooperative State Funds available:

1940 $6,600 1944 $8,750
1941 7,000 1945 8,250
1942 8,800 1946 8,250
1943 9,250 1947 10,300

Oklahoma. - Cooperation with the Oklahoma Planning and
Resources Board continued unchanged in amount during the first
four years of the period. It was then felt that something .should be
done to make the people of Oklahoma more water conscious, and
both the State and the Survey increased the cooperation during the
next two years. During 1944, supplementary funds were made available
for the purpose of preparing 2 report summarizing all data then avail-
able on the water resources of the State and making interpretations of
them. This report was prepared by the Branch and published by the
State under the title ""Oklahoma Water" and was given wide distribution.
The cooperative funds for the last two years of the period were sub-
stantially increased.

The Grand River Dam Authority, a State agency, and also
a Federal Power Commission licensee, cooperated with the Survey
in the installation and maintenance of four stations required by the
Federal Power Commission license. November 21, 1941, under
Presidential Order 8944, the Grand River Dam Authority was taken
over by the Federal Works Agency, which supplied funds for the
continued operation of those stations until the creation of the South-
western Power Authority by Secretarial Order in the fiscal year
1946, made that agency the successor of the Federal Works Agency.
The power plant was returned to the Grand River Dam Authority,
September 1, 1946. That agency paid the entire cost of maintenance
during the remainder of the period.

Cooperation with Oklahoma City continued during the period
and when a second station was added, the cooperative amount was
increased. Cooperation with the city of Mountain Park for the purpose
of maintaining one gaging station was in effect during the last two years.
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Annual cooperative State and municipal funds available:

Agency 1940 1941

1942 1943

1944

Planning and
Resources Bd.
Grand River Dam

$12,780 $12,780 $12,780 $12,780 $15,280

Authority 2,500 1,750 782

Oklahoma City 250 250 250 250 250

City of Mountain :

Park

Cont'd

Agency 1945 1946 1947

Planning and :

Resources Bd. $14,780 $17,500 $17,500

Grand River Dam

Authority 2,910

Oklahoma City 500 500 500

City of Mountain

Park 500 400
$15,280  $I8,500 $21,3T0

Texas. - The many army establishments'and war industries which
P - . .
came 1nto existence during the war years, with accompanying great
increase in the use of water, made Texans more water conscious than

ever.

During the latter years of the period, there was a wide-spread

desire for new industries to fill the void left at the'end of hostilities,
and animportantaid to the accomplishment of that desire was a more

complete knowledge of the available water resources.

As a result,

the funds made available to the State Board of Water Engineers were

very considerably increased during the last two years.

The available

state funds consisted of moneys appropriated by the Legislature and
contributions from counties, cities, districts, and other agencies

interested in particular problems.

The Red Bluff District was wvitally interested in the Pecos River
Joint Investigation and contributed to its support during the investigation,
and continued afterward to support the maintenance of Pecos River

gaging stations.

The upper Guadalupe Authority created under state

law for the investigation and development of the upper Guadalupe River

contributed money for the establishment of two gaging stations.

Those

stations were subsequently maintained as a part of the general stream-

gaging program.

The Bureau of Reclamation obtained from the Nueces River
Conservation and Reclamation District, funds for the establishment of

2 gaging stations.

The Survey expected that additional funds would be

provided for the maintenance of those stations, but that expectation was
not realized, and the stations were maintained as a part of the regular

program.

The Pecos River Compact Commission, a Texas agency,

created to negotiate with New Mexico, an inter-state compact for the
equitable division of Pecos River waters, made a contribution one
year to continue certain stations which would otherwise have been
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dropped. The city of Dallas contributed funds for the installation of
a recorder on Lake Dzllas, the source of the city water supply.

Annual cooperative funds available:

Agency 1940 1941 1942 1943 1944
Bd. Water Engrs. $25,000 $31,000 $34,000 $30,000 $28,000
Red Bluff Dist. 7,600 2,700 900 900 900
Upper Guadalupe
Authority 1,416
Neuces River Dist. 1,800
Pecos River
Compact Comm. 2,000
Dallas 500

Total $32,600 $35,116 $34,900 $33,200 $30;900—
Cont'd

Agency 1945 1946 1947
Bd. Water Engrs. $31,000 $45,000 $56,000 \

Red Bluff Dist. 900 900 900
Upper Guadalupe
Authority )
Nueces River Dist. R

Pecos River
Compact Comm.
Dallas
Total $31,900 $45,900 $56,900

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

‘Until the fiscal year 1942, the Survey had been operating a con-
siderable number of so-called state stations which had been established
in 1909 by the State Hydrographer, 16/ and for which no specific allot-

6/ Edllansbe&, Robert, History of the Water Resources Branch to

~ June 30, 1919, p. 206.

ment was made, the costs being charged to available funds. However,

by 1942, the precedent of charging other agencies for the operation of
specific gaging stations had become established, and a charge was made
for the '"State stations.' During 1944 and 1945, State funds were insuffi-
cient to pay that cost, and the Survey continued their operation from other
funds. During 1946 and 1947, toc compensate for that cost, and to pay

the cooperative cost of two additional stations, the State Engineer in-
creased the cooperative funds.

The Water Conservation Board cooperation continued in varying
amounts, depending upon the funds available.

In 1939, the city of Bozeman was discharging its sewage into
East Gallatin River and became interested in the flow of the river, as
water users downstream threatened court action. Accordingtly; the
city cooperated for the purpose of establishing and maintaining a
station at Bozeman to determine the actual flow. In passing, it may
be stated that when it became known that the Survey was measuring the
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East Gallatin River, the threatenea iaw suit failed to materialize --
so much for Survey prestige.

Annual cooperative State and municipal funds available:

ear State Engineer Water Cons. Bd. Bozeman Total
1940 $ 9,000 $ 5,800 $ 350  $15,150
1941 9,000 186 160 6,660
1942 14,675 5,500 160 20,335
1943 13,300 5,500 o 18,960
1944 9,000 3,500 - 160 12,660
1945 9,000 4,650 160 13,810
1946 18,000 7,000 160 | 25,160
1947 18,000 8,000 240 . 26,240

Wyoming. - Cooperation with the State Engineer which had been
resumed in 1915 after a lapse of several years continued during the
period. The special North Platte River investigation,);7/ which was li??p.]_zg
started in May 1946, accounted for the slight increase during 1947.

The Legisiature in 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 Conservation Board which had made its own investigations,
decided that it could better achieve its goal by cooperating with existing
Federal agencies in their studies of irrigation possibilities, The Bureau
of Reclamation was making a statewide investigation and was maintaining
a number of gaging stations in the Green River Basin. At the beginning
of the period, the Bureau desired to turn these stations over to the
Geological Survey, and in order to finance the transfer, the State
Planning and Water Conservation Board contributed $600 to the State
Engineer's cooperative fund for that purpose.

In the fall 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 balance for which it had no apparent use.
Realizing the need for-additional gaging stations to aid the Bureau of Re-
clamation's investigations, the auther made up a list of stations and
proposed cooperation to the extent of the unexpended balance. This
suggestion was received favorably but had to be acted upon formally
by the Board. at its next meeting which was held in Great Falls, Montana, at
the time of the National Reclamation Association meeting. The author was
requested to be present to explain the proposed cooperation and it thus
came about that it was necessary to journey to another state from that
with which the proposed cooperation was effected. The Board acted
formally upon the propcsal and allotted $4,200, most of which was ex-
pended that fall in the construction of the new stations.

During the next 4 years, the funds of the Board were drastically
curtailed, but a small amount of cooperation was effected each year
except 1944, particularly for the purpose of maintaining existing stations,
and in 1943, to enable the Survey fto take over several additional stations
in the Green River Basin which the Bureau of Reclamation had recently
installed, and was operating.
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In the fall of 1944, the Wyoming Reclamation Association;
keenly interested in additional irrigation, sponsored a movement
to obtain a large appropriation to be devoted to planning for post-
war development. As one item, the author suggested to the
association an extensive program of additional gaging stations need-
ed by the Bureau of Reclamation. The 1945 session of the Legis-
lature, at the Governor's request, made to the State Planning and
Water Conservation Bozard, a special appropriation of $40, 000 to
be used in cooperation with the Bureau of Reclamation and the
Geological Survey. In Aprii 1945, the Board, with the approval
of the Bureau of Reclamation, allotted to the Survey for the bi-
ennium, $29, 000 to be used to establish additional stations needed
by the Bureau and to supplement the State Engineer’s funds in the
maintenance of existing stations, including those Wyoming stations

being maintained by the Bear River investigationsl8/
87 p. 89. :

Annual cooperative State funds available:
State Planning &

Year State Engineer Water Conservation Bd. Total

1940 $ 10,600 $ $ 10,600
1941 10,500 4,200 14,700
1942 10,500 1,650 12,150
1943 10,000 1,650 11,650
1944 10,533 : 10,533
1945 10,200 . 4,500 14,700
1946 10,275 11.000 21,275
1947 i2,500 8,000 20,500

In addition, the following allotments, which include contribu-
tions by Lincoln and Uinta Counties, were rmade for the Bear River
investigation:

1944, $4,066 1946 $5,590
1945 5,825 1947 4,886

Colorado. - The regular stream-gaging program was continued
in cooperation with the State Engineer. Beginning in the 1942 fiscal
year, a supplemental program was started in cooperation with the
Colorado Water Conservation Board.

The highest part of the Rocky Mountains being located in
Colorado, the headwaters of four major western interstate streams
rise within its borders and with irrigation needs in all the states call-
ing for more water than was available within the basins of the inter-
state streams, serious conflicts had arisen. Before 1937, the
engineering features of such conflicts had been under the jurisdiction
of the State Engineer, together with the administrative duties of
administering the water decrees within the state.

To separate the interstate features from the administrative
duties, the Legislature in 1937 created the Colorado Water Con-
servation Board.LY The duties of the Board are to cooperate with

L9/ Chap. 265, Session Lazws of Golorado. 1937,
the Attorney General in ail matters relating to interstate suits
concerning the surface waters and compile ail necessary data for
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that purpose, also to promote the conservation of the water resources
in order to secure the greatest utilization of such waters, and t.he ut -
most prevention of floods. In these and other duties, the Board is
authorized to cooperate with Federal agencies

Early in the pegriod, the Bureau of Reclz ma.‘tio.n neevded a very
considerable number of additional stations in connection with their :
project investigations, and desired the Survey to operate those stations
after the Bureau made the installations. However, as no funds were
to be provided for operztion, the Survey could not agree to tha:t pro-
posal, and the Bureau of Reclamation maintained the new stations,
rather under protest. The number of such stations gradually increased,
and in the fiscal year 1942, the Bureau, anxious fo get out of the busi-
ness of stream-gaging, suggested to the Water Conservation Board that
cooperation be effected with the Survey in order that the Bureau stations
be taken over by the Survey. By that time, the Water Conservation
Board was deeply interested in the Bureau's projects and wished to
assist the investigations. The Board was also checking the plans,
and needed the records from the new stations. The Board felt that
as the Bureau of Reclamation stations were not being maintained
according to Survey standards, the records were not directly com-
parable and not being published in the Water Supply Papers, were not
readily available. Also, the Bureau of Reclamation stations were to
be maintained for a few years only, in connection with specific in-
vestigations, and were considered merely to supplement the regular
stream-gaging program maintained in cooperation with the State
Engineer. 50/ The Bureau's proposal was made at an opportune time

50/ Statement of A. C, Stiefel to author.
and cooperation became effective. The number of new stations grad-
ually increased and the cooperative funds were increased accordingly.

Annuzl cooperative State funds available:
State Water

Year State Engr. Conservation Board Total
1940 $29,000 $29,000
1941 27.600 27,600
1942 29,000 $ 5,000 34,000
1943 26,800 6,500 33,300
1944 27.000 6,500 33,500
1945 26,250 6,300 32,550
1946 25,000 7,500 32,500
1947 25,000 8,500 33,500
New Mexico. - Cooperation continued with the State Engineer,

under two separate agreements, one with the State Engineer and the
other one with the State Engineer as Secretary of the Interstate Stream
Commission. The first agreement which continued practically un-
changed in amount, was for the purpose of carrying on the regular
stream-gaging program. The second agreement was to finance
special investigations on interstate streams, zs the need arose.

For the first two years, that agreement was increased to cover the
State’s share of the Pecos River Joint Investigation, the field work
of which was completed in 1941, and beginning in 1940, it paid for
the stream-gaging required by the Rio Grande Compact, and beginn-
ing in the 1945 fiscal year, the added stream-gaging required by

the Costillo Creek Compact; the increase in 1948 was to take care
of increased costs.
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Cooperation with the State Highway Engineer was started in
the fiscal year 1941, as an indirect 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 at 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 high 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
engineer became interested in cooperation. Atsome of the 12 sites
in which the Highway Department was interested, gaging stations
were in operation. A cooperative program covering 5 new stations
was arranged, and continued during the period.

In the fiscal 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 information for
the entire county existed. As surface and ground water, and the
qualify of water were involved, Berkeley Johnson, C.V. Theis, 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 were made. Six gaging
stations were installed and 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 Engineer Streams Comm. Way Engineer County Total

1940 $16,000 $ 4,175 $20,175
1941 16,000 9,100 25,100
1942 16,000 8,150 $ 2,556 26,700
1943 ° = 15,000 9,150 2,000 26,150
1944 15,000 9,150 2,200 26,350
1945 16,200 10,950 2,200 29,350
1946 15,000 10,950 2,200 $2.100 30,250
1947 15,000 15,950 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 with the Department of Reclamation as in
former years was divided between the Boise and Idaho Falls district
offices, chiefly on the basis of the number of cooperative gaging
stations operated by each.

Annual cooperative State funds avzailable:
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Year Boise Idaho Falls Total

1940 $18,000 $ 7.000 $25,000
1941 15,683 7:220 22,903
1942 16,850 7,450 24,300
1943 18,020 _ 7,450 25,470
1944 13,5004/ 7.450 20,950
1945 16,500 7,450 23,958
1946 17,200 T 150 24,950
1947 18,500 1,150 26,250

1/ Includes $1,000 allotted prior to July I, 1943, for the Bear River
investigations.

With the start of the Bear River investigations July 1, 1943, the
following additional cooperztive funds became available to meet Idaho's
share of that expense:

1944  $3,467 1946  $4,000
1945 3,800 1947 4,000

During the fiscal year 1944, cooperaztion in the amount of $700 was
effective with the Emmet Irrigation District for the purpose of installing
a water-stage recorder on Payette Lake, as the result of a controversy
between the water users and owners of summer cottages at the lake over
the allowable amount of storage in the lake. The operation of that station
was included in the regular cooperative program.

Utah. - Cooperation with the State Engineer started in 1904 with
the payment of a few observers' salaries, continued. Prior to the
fiscal year 1942, the cooperative program included only the larger
streams of the state. The State Engineer was operating independently
some gaging stations on small streams and the Bureau of Reclamation
in cooperation with the State Engineer, was maintaining some stations
as part of an investigation of small reservoir projects. Early in the
fiscal year 1942, the cooperative program was enlarged to cover all
the stream gaging in the state, and the cooperative funds were almost
doubled for the purpose of installing and operating additional Colorado
River Basin stations needed by the Bureau of Reclamation in connection
with studies of the Central Utah project and for stations to show Utah's
contribution to the Colorado River. The Upper Basin States were
attempting to divide the waters allocated by the Colorado River Com-
pactS5l/to the Upper Basin as a unit, and the State of Utah needed
53 P §9 KI;I;‘l;zgl‘o
additional information to determine its contributions of the water
supply to the Colorado River. In the fiscal year 1947, the cooperative
funds were again substantially increased for that purpose.

Annual cooperative State funds available for regular program:

1940 $1i0,000 1944 $14,312
1941 10,000 1945 15,435
1942 16,000 1946 27,290
1943 17,750 1947 42,218

With the start of the Bear River investigations July 1, 1943,
the following additional cooperative funds became available to meet
Utah's share of their costs:
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1944 $3,355
1945 3,771
1946 4,000
1947 3,701

Nevada. - Cooperation with the State Engineer continued in the
amount of $1, 500 annually until the fiscal year 1944. The Nevada Agri-
cultura)l College was maintaining for the Humboldt River Water Users,

and for the State Engineer’s office, a number of stations needed for

snow surveys and stream-flow forecasting, the expense being borne
chiefly by the latter two agencies. It was thought desirable by all
concerned that the stream gaging in the State should be coordinated

and advantage taken of the Survey's experience and technical personnel
and thus eliminate duplication of effort and reduce expenses. Accord-
ingly, in July 1943, all the work was placed under the Survey's super-
vision and $1,650 annual contribution of the Humboldt Water Users
transferred to the State Engineer to increase the State's cooperative funds,
.together with additional funds made available by the State Engineer.
During the last two years of the period, the funds were increased chief-
ly to meet the higher operation costs.

Annual cooperative State fumds available:

1940 $1,500 1944 $3,850
1941 1,500 1945 4,350
1942 1:,:5008 1946 5,625
1943 1 500 1947 5,625
a8
" Arizona. - In 1942, the Governor wished to consolidate in the

office of the State L.and Commissioner the duties of the State Water
Commissioner and cperate the land and water departments as a unit.
This would result in economy of operation under a man who was very
familiar with the State's problems. Accordingly, the State Legislature
effected that consolidation, 52 and the State Land Commissioner became
52/ Chapter 28, Laws of 1942,

the cooperating official in the fiscal year 1944.

The Salt River Valley Water Users Association continued coopera-
tion in the maintenance of the stations in that region.

Maricopa County Municipal District No. 1 is an irrigation district
operating L.ake Pleasant Dam on the Agua Fria River. In that connection,
it keeps records of the reservoir and of the river below the dam. The
district desired a station above the dam and cooperation was arranged
in the fiscal year 1941, whereby the Survey established and operated the
station above the reservoir and cooperated in the maintenance of two
existing stations.

Cooperation with the San Carlos District which started in the
fiscal year 1942, was an outgrowth of cooperation with the Gila River
Water Commissioner of the Federal Court. That official desired re-
ports at 10-day intervals for a number of stations that increased to
15, and contributed $1,500 annually. Other water users also wanted
those reports until the number of copies reached 20, and it was felt
that cooperative funds should be increased to $2,400, and the San
Carlos District became the cooperating agency.
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Cooperation with Gila Valley Irrigation District was started in the
fiscal year 1946. When the Phelps Dodge Corporation decided to obtain
an additional supply o water outside the Gila River Basin,s_{/ it diverted
o3/ p- 18, :
water from Black River, a tributary of Salt River and by means of a
pump and pipe line, transported it to Willow Creek, a headwater stream
of the Gila River. At the same time, an arrangement was made with the
Gila Valley Irrigation District whereby the latter would use the Black
River water, in lieu of an equal amount of Gila River water to be used
by the copper company at its Morenci plant. In that agreement, the
stipulation was made that the Survey or any other Federal agency was to
measure the water. :

Annual cooperative State funds available:

Agency 1940 1941 1942 1943 1944

State Water Comm. $15,000 $15,000 $10,000 $10,000
State Land Comm. :
Salt River Valley .

Water Users Assoc. 5,500 5,500 6,000 3,000 4,000

$10, 000

San Carlos Dist. 2,400 2,400 2,400
Maricopa County Dist. 300 500 - 800 500
Gila Valley Irr. Dist.
Total $20,500 $20,800 $18,900 $T5,900 $I6,900
Cont'd
Agency 1945 1946 1947

State Water Comm.
State Land Comm $10,000 $15,000 $15,000
Salt River Valley

Water Users Assoc. 4,000 5,000 5,000

San Carlos Dist. 2,400 2,400 2,400

Maricopa County Dist. 500 500 580

Gila Valley Irr. Dist. 2,500 4,250
Total $16,900 $25,400 $27,150

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 Fisheries and Game in the fiscal year 1943 should
be added to the Department's cooperative program and increased
the cooperation accordingly; also in 1947, some of the Department's
unallocated funds were added to the cooperative agreement, account-
ing for the large increase that year.

For some years, the salmon industry had been declining and
in the fiscal yaar 1943, the Department of Fisheries, which was
concerned with commercial fish only, became critical of the water
rights in western Washington, and needed stream flow records to
determine whether appropriators were leaving sufficient water in
the streams for the fish; the streams were being dried up and were
being dammed which prevented the fish from reaching their spawn-
ing grounds. The Department of Game which was concerned 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, one above and the other
below the reservoir. The gradual increase during the later yeares 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 along 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 resulted and to obtain official records of lake
levels and creek discharge for future 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 cover additional gaging stations.

Cooperation with Columbia County and the Walla Walla County
Planning Board was started in the fiscal year 1941. 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 flood-control studies. During 1944 and 1945, the
Board of Commaissioners 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 establishment 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-

] Eosing to convert into a fresh water lake a stream entering the tidal

asin adjacent to the capitol grounds, and needed records on that
stream. That same year cooperation 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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ber of private interests was effective through

the Department of Conservation and Development, the custodian of sth
cooperative funds. Prior to 1945, that procedulje had no legal auth‘?rlty,
but in 1945, the Legislature authorized such actionby creating the "stream.

gaging trust fund" for that purpose.

Cooperation with a num

Annual cooperative State and municipal funds available:

Dept. Cons. : Innter-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 1,470 250 225 225
1942 12,378 25525 9,100 250 225 225
1943 12,396 25001 2,660 175 225 225
1944 14,184 7,100 4,730 200 225 1,225
1945 17,614 6,750 . 4,110 475 1,485 vas
1946 33,724 10,660 5,840 300 375 225
1947 65,650 5 A ) 8,820 300 450 250
Whatcom Columbia Walla Walla
Year Co. Aberdeen Everett Co. Co.
1940 $ 185 $ 230 "$° 175 $ $
1941 200 230 250 4C 150
1942 230 250 200 700
1943 100 230 225 200 ; 700
1944 200 450 225 225 750
1945 225 230 225 225 750
1946 %229 230 225 225 750
1947 250 750 300 300 850
State Dept. "State Dept. Pierce Skagit Co. State Dept. State Capito
Year Fisheries. Game Co. PUD Highways Comm.
1940
1941
1942 $ 300
1943 500 $ 300
1944 3,700 1, 000 $ 200 $ 1,000 :
1945 6,200 6, 000 200 500 $ 500 ° $ 950
1946 2,150 700 225
1947 950 1,500 1,600
- Snohomish
Year Bremerton -Waterville Cosmopolis Co. Total
1940 $ 18,375
1941 $ 400 19,137
1942 26,383
1943 - 20,707
1944 : ” 35,414
1945 $ 4,200 $ 160 48,464
1946 3,000 150 $ 580 59,584

1947 1,500 450 Fain
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Oregon. - Cooperation with the State Engineer continued practi-
cally unchanged, as did that with the cities of Portland and McMinnville.
In the fiscal year 1942, the Bureau of Reclamation was studying the
irrigation possibilities on Walla Walla River, an interstate stream,
and a station was needed near the State line to show the quantities of
water passing from Oregon and available for use in Washington. To
aid that work, the Umatilla County Court started cooperation to help
in the maintenance of that station 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 operated 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 information on the flow in
case storage would become necessary. Cooperation was started
during the fiscal year 1946,

Annual cooperative State and municipal funds available:

State Umatilla
Year Engr. Portland McMinnville Co. Court Eugene
1940 $24,850 $ 400 $ 300
1941 25,750 400 225
1942 24,250 400 225 $ 128
1943 24,750 400 225 125
1944 24,750 275 165 125
1945 23,750 300 175 125 $ 115
1946 26,000 300 200 150 175
1947 26,000 350 200 150 175
Cont'd
Year Corvallis Total
1940 $25,550
1941 26,375
1942 25,000
1943 25,500
1944 25,315
1945 24,525
1946 $ 250 27,075
1947 200 27,075

California. - Cooperation with the California Department of
Public Works continued, being gradually increased during the latter
half of the period to cover the increasing cost of operation. Coopera-
tion with the San Francisco Public Utilities Commission, East Bay
Municipal Utilities District, Santa Clara Valley Water Conservation
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District, Los Angeles County (flood controi ), Orange County, Ventura
County, Metropolitan Water District {for Tucson Office), and the Cities
of Lodi and Santa Cruz continued during the period, the reasons for such
cooperation having been described in a previous period. With the City
of San Diego, the cooperation was practically the same except during
1947 when it was increased for the purpose of establishing two additional
stations and installing & recorder at a third station., Cooperation with
the City of San Luis Obispo was discontinued with the fiscal year 1941,
when a new city administration was opposed to it. Stanford University
discontinued cooperation with the fiscal year 1941 when Hetch Hetchy
water became available, making it unnecessary to continue plans for

a reservoir and for the gaging station maintained in that connection,

Cooperation with the City of Santa Barbara for the purpose of
maintaining stations on Santa Ynez River in connection with the Gi-
bralta Reservoir was chiefly one of evaluated services and that type
of cooperation was reduced during the period. Santa Barbara County
desired an investigation of its water resources and in the 1941 fiscal
year cooperated with the Ground Water Division. After that investi-
gation was started, A, M. Piper informed the County that to make a
complete water resources inventory, it would be necessary to have
a number of additional gaging stations and suggested cooperation with
the Surface Water Division. That suggestion was acted upon and
cooperation was started in the fiscal year 1942.

The severe floods of March 1938 resulted in increased coopera-
tion in Southern California. Cooperation with San Bernardino
County was increased very materially 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 possibility 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. Riverside County
created the Riverside Control and Water Conservation District in
1947; the chief engineer inspected the Survey’s San Bernardino re-
port and desired a similar one for Riverside County. Cooperation
was increased during 1947 for that purpose.:.. .

. The Orange County Water District created to take care of
water rights, wished to know the evapo-transpiration losses by
heavy native vegetation in the canyon section of the Santa Ana
River below the Prado flood control reservoir, constructed in
1940 by the Army Engineers. This was of considerable importance
to two large canals diverting water below 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 with the diversion to the all American
. Canal, and to enable the Survey to make check measurements and
compute the records, cooperation became effective with the Tucson
Office during the last two years of the period.

Annual cooperative State, County, and municipal 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 1,000 700 800
San Francisco Public

Utilities Comm. 1/ 4,000 4,000 4,000 4,900 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 2,600 2,600 2,600 2,600
City of Santa Barbara 3,000 3,000 1,500 1,150 1,500
Santa Barbara County 4,700 2,600 5,250
Ventura County 1,000 1,000 1,000 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 3,000 3,000 29333
Orange County Water Dist. 750
Riverside County 1,000 1,000 1,000 1,000 1,000
San Bernardino County 1,000 1,000 4,700 5,820 6,000
City of San Diego 1,800 1,800 2,000 1,600 1,800
Stanford University 300 500
City of San Luis Obispo 100
Imperial Irrigation Dist. -

Totals $ 57,750 $54,650 $61,250957,293 $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/ 35 550 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
Ventura County 1,200 1,200 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. 1,250 1,500 1,750
Riverside County 1,300 1,300 4,300
San Bernardino County 6,500 6,000 1,000
City of San Diego 2,000 2,000 3,100

Stanford University

City of San Luis Obispo

Imperial Irrigation Dist, 150 150
Totals $70,230 $76,050 $88,450
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1/ These funds for the maintenance or Hetch Hetchy stations were not
matched, as the Raker Act granting San Francisco the right to the
use of those streams specified that the entire cost of operating the
necessary gaging stations should be borne by San Francisco.

Hawaii. - Cooperation with the Commissioner of Public Lands
continued in somewhat larger amounts than during the previous period,
and due chiefly to higher costs of operation, the amounts were further
increased during the last two years.

Annual cooperative funds availables

1940 $32,000 1944  $31,950
1941 32,000 1945 32,000
1942 30,150 1946 36,307
1943 27,150 1947 36,868

Although there was no financial cooperation with municipalities,
Hilo maintained the trails and provided an assistant when the Survey
engineer visited the stations, and sometimes provided transportation.
The Board of Water Supply Engmeers of Honolulu made some in-
spections and measurements at gaging stations which, in the previous
period, had been built by means of funds furnished by that agency.
Also, the use of the city shops was made available and assistance
rendered by shop employees.

The integration of the Survey with that of the Territorial
Division of Hydrography, which had been in effect since the beginning
of cooperation, continued, the Survey district engineer being also
the chief hydrographer of the Division of Hydrography. An outline
of the duties of the combined organization is given in the Annual
Report of the Governor of Hawaii for the fiscal year 1947, as follows:

The Division of Hydrography, in cooperation
with the Geological Survey, U,S., Dept. of the Interior,
collected data on the filow of owned water, planned
future developments for irrigation, investigated sources
of domestic and public water supply. analyzed flood con-
trol conditions, and made studies to discover 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 Administration and
the National Resources Planning Board passed out of existence
- during the present period, and the Department of Agriculture,
~ through the Soil Conservation Service, discontinued cooperation.
New agencies entering the picture were the Bonneville Power
Administration, Southwestern Power administration, Federal Works
Agency, War Production Board, Office of Land Utilization, and
Defense Plant Corporation. The Public Health Service cooperated
during 1947. Cooperation continued with the Army Engineers,
State Department, TVA, Bureau of Reclamation, Indian Service,
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 gaging stations and made available much larger
amounts than previously. The Bureau of Reclamation, during the latter
part of the period, expanded its investigations greatly and called upon
the Survey for many additicnal stations.

The total Federa! (non-Survey) cooperative funds expended annually
by the Survey for surface-water investigations were;

1940 $992, 084 1944 $ 824,462
1941 876,829 1945 1,085,008
1942 867,018 1946 991,%39
1943 790,078 1947 1,431,936

Army Engineers. - The effect of the long range flood control act
approved June 28, 1938, 5/ on the Survey work required by the Army
5L/ p. 6, (1928-1939). &=
Engineers was felt to a certain extent during the fiscal year 1939, but
its full effect was not apparent until the present 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 $ 84,204 1943 $632,393
1939 255,392 1944 688,836
1940 737,480 1945 | 872,680
1941 671,941 1946 599,598
1942 636,349 1947 736,968

The increases during 1944 and 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 stations 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-
quested. Before applying those funds to the amount previously request-
ed 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 in the District of Columbia, and
the Washington Office could not be reimbursed for the considerable
additional work resulting from the cooperative 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 measuring large 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 operated by the Survey was increased from 501 in 1939
to 1,492 in 1947. The policy of contributing Survey funds to the cost
of installing and operating the stations, thus making it a truly coopera-
tive program, was continued. The percentage of such cooperation de-
pended upon the financial ability of each district.
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The following list shows the number of Army Engineer stations
operated by each district June 30, 1947:

Albany 55 Denver 12 Raleigh 34
Atlanta 50 Fort Smith 29 Rolla 58
Augusta 3 Harrisburg 91 St. Paul 51
Austin 65 Hartford 1 St. Louis 4
Baton Rouge 24 Helena 20 Salt Lake City 9
Bismarck 36 Indianapolis 39 San Francisco 44
Boise 22 Iowa City 56 Santa Fe 12
Boston 43 Jackson 39 Tacoma 28
Charleston 75 Lincoln 6 Topeka 33
Charlottesville 83 Louisville 71 Trenton 2
Chattanooga i8 Madison 32 Tucson 4
College Park 27 Montgomery 33 Urbana 63
Columbia 23 Ocala 39 B
Columbus 122 Portland 38 Total 1492

In addition, records for about 85 stations maintained by the
Army Engineers were reviewed by the Survey and published. In addition,
there were 35 stage stations having no discharge records.

The additional stations were selected primarily for their value
in flood studies and later, flood-prevention projects, and the number
in each district was determined not only by the streams requiring flood
protection but also by the degree of state-wide coverage of streams by
means of the State-cooperative programs. In those districts having
comprehensive State cooperative programs, the need for additional
stations was very much less than it was in the districts where such
programs were inadequate. A comparatively few stations temporary
in character were established for the purpose of revising the studies
made for the '""308" reports. A majority of the stations in the Boise
District were for that purpose.

The increase from 35 to 122 stations in the Columbus District
occurred chiefly in the Muskingum River Basin and was due to the fact
that the Army Engineers took over from the Muskingum Watershed
" Conservancy District, the District's flood-control program, including
38 gaging stations which had been primarily maintained by the Survey
in cooperation with the Conservancy District. Additional stations
were established in connection with that flood-control program.

The disastrous floods in the Ohio River Basin climaxed by
that of January 1937, had caused the Army Engineers to plan an ex-
tensive system of flood-control and for that purpose, the Army En-
gineer stations in Pennsylvania were increased from 24 to 91,
practically all the increase being in the Ohio River Basin. Emphasis
was naturally placed on flood measurements and in order to reach the
stations quickly, the Survey established a large sub-office in Pitts-
burgh having about 8 engineering personnel. In addition to the
stations listed, 23 stations were maintained for short periods in
connection with special reports that were being made by the Army
Engineers.

A notable contribution by direct expenditure of funds, was
contracting for the 3,200-foot I-beam on the underside of the rail-
road bridge across the Mississippi River at Thebes, 1. ,5_5/ from

-
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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 included in the transfer of funds to the
Washington Office was that by the Seatlle Army Engineer Office to the
Tacoma District., In 1946, the Army Engineers were revising their
n308' report on the Columbia River and desired the installation of 50
special staff gages, their stages were tied to two regular gaging stations,
and by that means, rating curves were prepared for the staff gages. A
total of $1,700 was transferred for that purpose.

In general, all work was performed by the Survey. The most
notable exception was in the Ohio River Basin, where under the coopera-
tive agreement, the Army Engineers performed the field work on the
main stem stations, except above Lock 13 near Belaire, 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 subject-to serious floods and as the Army Engineers
desire numerous discharge méasurements during every major flood,
that agency wished to have available, when needed, engineers trained
in flood measurements. During the 1947 fiscal year, curtailment of
the Army Engineer flood-control funds made it necessary to suspend
field work at a number of the stations and the Survey performed the
field work, though on a more modest scale.

Another exception was in the southern 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 computed. In the spring of 1944, 17 of
the stations in operation had the base data for several years and Gail
A. Hathway, special assistant to the Chief of Engineers, wished to
have the Survey compute, if possible, those records together with
the records for 42 discontinued stations. For that purpose, a special
allotment of $75 per station year was made and as 185 station years
were finally computed, the amount transferred was $13,932.55/ There
S8/ Statement of D. H. Barber to author. 3
must have been some slight miscalculation as 185 station years at
$75 amounts to $13,875. In Oklahoma, 35 stations and a relatively
few stations in other districts were maintained by the Army Engineers,
the records for which were reviewed by the Survey. In Arkansaas,

12 stations and in Kansas, 11 stations were operated by the Army -
Engineers in order that experienced personnel 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 Engineers, who had been developing equipment for flood
measurements on the Ohio River somewhat similar to that of the Sur-
vey, it was thought advisable that each agency should become familiar
with the special equipment of the other. Accordingly, a cooperative
arrangement between the Chief of Engineers and the Director of the
Survey was made whereby the Army Engineers’ Cincinnati District
Office° a.x.xd the Survey's Columbus.Office were designated to prepare
descriptions of the field equipment of both agencies, with especial
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reference to new or modified devices of both agencies. Such descriptiong
adequately illustrated were published in 1940 by the Cincinnati District
under the title "Descriptive Pamphlet on Stream Gaging Equipment. "
Experiments with various types of equipment were continued, and the
results were published as ""Supplement to Descriptive Pamphlet on
Stream Gaging Equipment in August 1942."

Mississippi River Commission: The Mississippi River Commissj,
is an autonomous agency under the Chief of Engineers, charged with the
planning for navigation and flood control of the Mississippi River below
the Ohio. The actual engineering work required is performed by the
Army Engineers who have a division office and three district offices in
that area. The division engineer is ex-officio the president of the
Commission. During the major flood of January 1937, the Commission
became interested in the records of the Survey'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.

During the early part of the present period, the Commission
continued that cooperation which had included the maintenance of stage
records at the New Orleans station. In 1944, the cooperation was dis-
continued as the Commaission decided that its own stations at Vicksburg
and near Krotz Springs gave sufficient information. The support of the
New Orleans station was also discontinued.

Annual cooperative funds available:

1940 $4,000

1941 4,000
1942 4,670
1943 4,975
1944 2,717

It may be stated in passing that the Army Engineers during the
1947 fiscal year, with 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
operation 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 completion 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 gt Grand Coulee Dam. A
station on Skagit River near Hope was made an international station
as the city of Seattle proposed to back water from its Ross Reservoir
across the international boundary. The bulk of the increase was in
Saskatchewan where increased development in the Battle Creek and
Frenchman Creek Basins made it necessary to add in that Province
the additional stations.

In addition to the international stations, the State Department
funds, known as '""Waterways Treaty funds' were used to support 37
stations at which gage heights only were obtained. Those were chiefly
for the purpose of measuring the change in slope at the stations affected
by backwater,
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The field allotments to the districts for the operation of the gaging
stations described were as follows:

1940 $36,600 1944  $41,800
1941 38,150 1945 48, 085
1942 39,800 1946 53,200
1943 39,700 1947 51,900

For the auxilliary gage installation on the Cclumbia at the interam -
tional boundary, it was necessary to instali a 6x6-foot shelter on rock
badly seamed. Additional funds were provided as follows:

1942 $9.996
1943 1,354

Under the international treaty with Mexico, 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. 1946, and the State Department provided $4,300
for the fiscal year 1947, as it was necessary to keep a resident engineer
there for the frequent measurements required.

Bureau of Reclamation. - During the first two years of the
period, the Bureau of Reclamation contributed to the Pecos River
Joint Investigation $38, 000, of which $27,200 was allotted to the Surface
Water Division. During the entire period, the Bureau was making com-
prehensive investigations of irrigation possibilities and as the cost of such
possibilities was prohibitive for irrigation alone, it was necessary to
consider other uses also, making the investigations those of multiple -
purpose projects. For some years, the Bureau in some states where
State and Survey funds were insufficient for the purpose, carried on
its own stream gaging program of new stations. It did, however,
transfer to the Survey funds for the maintenance of a few stations of
particular importance. The maintenance of its own stations proved
to be unsatisfactory, and during the last three fiscal years, the Bureau
transferred funds to the Survey for the maintenance of practically all
additional stations in which it was interested. and as many of the
stations had been installed on a temporary basis, funds were also
transferred to enable the Survey to rehabilitate them and bring them
up to Survey standards. During the last two years, the funds trans-
ferred included those for the maintenance of the 125 gaging stations
in the Missouri River Basin-Departmental Plan.

At the end of the period, 393 stations which included the
125 stations, were being wholly or partially supported by Bureau of
Reclamation funds.

The annual funds available:

1940 $14,200 1944 $ 6,933
1941 15,643 1945 76,465
1942 3,485 1946 262,766
1943 9,317 1947 538,959

In addition to the Bureau funds available during 1947, Congress
increased the Survey's appropriation by $50,000 to apply to the ex-
pense of maintaining stations for the Bureau.
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Tennessece Valley Authority. - Cooperation which had been effectiy
since the creation of the Tennessee Valley Authority in 1933, continued,
During the period, there was no definite basis on which{unds were re-
quested, further than the general understanding that sufficient funds
would be available to cover not only TVA's share of the maintenance of
the regular gaging stations, but also of special work requested from
time to time. In 1933, 100 gaging stations were supported wholly or
in part by TVA, but that number was gradually increased until on
June 30, 1947, there were 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 cooperative 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 large increase during 1940 was due to a large WPA con-
struction program for which TVA provided about $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 the Flood Control Coordinating Committee contributed
funds for the continuation of the sediment projects started during

the previous period. 58/ Most of the projects were discontinued in
S P g 7 =

T940 but the Boise River Watershed project was continued until
November 1941, and the Little Tallahatchie project, until September
1942. The combined funds of the two agencies available were:

1940 $69,700

1941 72,100
1942 45,977
1943 22,075
1944 115

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 limited to checking
the Bureau's river gages in a few districts; in addition, the Weather
Bureau furnished gage-height records to several districts. During
the last year, however, under a cooperative agreement with the -
Survey and Army Engineers, the Weather Bureau contributed $4,500
toward the cost of installing recorders on the Ohio River at Cin-
cinnati and Portsmouth. At both points, the Weather Bureau was
particularly interested in the records for flood forecasts.

The Cincinnati installation replaced a gage in a power plant
which required a long intake that not only became inoperative at
frequent intervals, but on account of drawdown, the well readings
were not a true index of the river stages. At several conferences



between the Survey, Army Engineers, and Weather Bureau in 1945,

it was agréed that a new station should be installed adjacent to the
suspension bridge between Cincinnati and Covington. The estimate
cost was $7,500 and each agency agreed to furnish = third. It was a
year or more later when the installation was completed and costs had
increased so greatly that each agency contributed an additional $1, 000.
A description of the concrete installation having an over-all height of
99 feet is given on Pages 132-133.

The Portsmouth installation was that of 2 key Weather Bureau
station, but one in which the Survey had no direct interest, as under
the present main Qhio river station program, it does not benefit the
Survey, except from the standpoint of public and cooperative relations.5_9_/
59 Letter from F.F. Schrader to author,
¥ollowing the flood of March 1945, the local American Legion Post
started an agitation to have an adequate recording gage at Portsmouth,
as several gages had been used in the previous years and the corre-
lation of their records was somewhat uncertain. Following several
conferences between interested agencies, it was agreed that the
Weather Bureau, Army Engineers, and the city of Portemouth would
each contribute up to $1, 000, and the'Survey would make the in-
stallation; any additional funds needed would be supplied by the City._
As the installation was made in the fall of 1947, it is beyond the
scope of this history, but it may be stated in passing that a galvan-
ized pipe well 72 feet high was installed near a pier of the suspension
toll bridge.

Annual ccoperative funds:

1942 $ 448

1943 20
1944 133
1945 176
1947 4,500

Fish and Wildlife Service. - Under the President's second re-
organization plan, the Biological Survey was transferred to the De-
partment of the Interior from the Department of Agriculture, and
the Bureau of Fisheries from the Department of Commerce July 1,
1939, One year later under the third reorganization plan, the two
were consolidated into the Fish and Wildlife Service.

During the previous period, the Biological Survey had trans-
ferred funds to the Survey for the purpose of maintaining gaging
stations on the Souris River Basin, N.Dak., the Malheur Refuge in
Oregon, the Seney Migratory Bird Refuge in northern Michigan;,
and on the headwaters of the South Fork White Rivér in South Dakota,
Of the four projects, three were continued, but the White River
Project was discontinued September 30, 1940. By that time, the

6difficulties with the power company6Q) had been settled out of court-
0/ P 89 (1928-19397, g '
and there was no further need for the records. -

) Two"hew projects were started during the latter part of the
p.enod. The Fish and Wildlife Service desired to establish a wild-
life refuge in a swampy area bordering Parker River in Massachu-
setts. As that project would interfere with duck hunting and was
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opposed by local and State interests. a representative of the Secretary
made an investigation, At that time, H.B. Kinnison pointed out the
uncertainty as to whether the proposed siorage of more water in the
refuge would be a help or a hindrance to the water power at a snuff
mill located farther downstream. To settle that point, funds were
provided in October 1945 for the installation and maintenance of a
gaging station on Parker River.

The Fish and Wildlife Service was purchasing water from the
Bureau of Reclamaztion for the fish in the Yakima River Basin, and
in 1946 requested the Survey to operate two temporary stations dur-
ing the irrigation season for the purpose of checking the amount of
water delivered. ~

Annual allotments for the projects:

1940 $6,000 1944 $2,165
1941 3,800 1945 2,194
1942 3,838 . 1946 5,123
1943 2,200 1947 3,225
National Park Service.- Cooperation with the National

Park Service for the mainfenance of a gaging station on Rock
Creek in the District of Columbia continued. -

Annual allotments for the purpose:

1940 $250 1944 $338
1941 350 1945 400
1942 350 1946 498
1943 350 1947 00

In addition, there was cooperation in services, consisting in
furnishing gage observers at 6 stations in Yellowstone National Park.

Indian Service, - At the beginning of the period, the chief
work for the Indian Service was the continued operation of some
80 stations on ditches serving Indian lands in the Rio Grande Basin
in New Mexico. In the fiscal year 1943, the annual funds were
reduced from $:5,000 to $3,000, and the number of stations re-
duced to 25. Subseguently, the amount was increased slightly each
year. The 5 stations being maintzined on the Crow Reservation,
Montana. became a part of the Missouri River Basin-Department-
-al Program during the 1947 fiscal year.

The Indian Service purchased water from the Bureau of
Reclamation for use on the Yakima Reservation, and to check the
amount of water delivered, 6 gaging stations were maintained
during the period. Beginning in May 1944, the Survey operated
during the irrigation season a gaging station on the Palo Reser-
vation. Four stations were maintained on the Shoshone Reser-
vation, Newvada.

Annuzl expenditure of funds were:
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1940 $20,050 1944 $ 6,200
1941 17,750 1945 6,200
1942 17,750 1946 6,500
1943 5.850 1947 9,400
Federal Power Commission, - The Survey's functions in

connection with the Federal Power Commission®/ continued unchanged
61/ . 97__(1919-1928)

except that near the end of the 1947 fiscal year. most of the supervision
of project operation was transferred from the Water Resources Branch
to the Conservation Branch. In general. such supervision was limited
to power projects situated on public lands outside the forests, and as
the Conservation Branch was charged with the classification of public
lands, that Branch was the logical agency to exercise such super-
vision. When the Federal Power Commission began to issue permits
and licenses about 1920, the Conservation Branch had no field offices
and for convenience and economy of operation, the supervision of
projects was delegated to the district offices of the Surface Water
Division. However, with the establishment of field offices by the
Conservation Branch, it was logical to transfer the supervision of
projects to those offices. The supervision of stream gaging remained
with the Surface Water Division,

Annual expenditures of Federal Power Commission funds for
field expenses chargeable to supervizion of projects:

1940 $350 1944 $153
1941 431 1945 259
1942 264 1946 68
1943 195

The law creating the Federal Power Commission prohibited other
agencies from charging it for services rendered.

The amounts expznded by permittees and licensees in the
maintenance of more than 300 stations under Survey supervision
were:

1940 $25,000 1/ 1944 $27,366
1941 23,6317 1945 35, 865
1942 19,556 1946 31,007
1943 25,059 1947 36,566

I7 Estimated

National Resources Planning Board. - The National Re-
sources Committee was an agency created by Executive Order in
the early days of the Franklin D. Rooseveit Administration and
was financed by grants from PWA. It did not rest on congress-
ional authority and when PWA funds were approaching exhaustion
near the end of the previous period, an atiempt was made to obtain
a direct appropriation from Congress. As there was considerable
opposition in Congress to the overail ﬁlanning which touched many
phases of American life, the Committee wasz merged with the
Federal Employment Stabilization Office whick had been created
by Congress, and the merger became the National Resources
Planning Board on June 7, i939. Opposition continued, and
finally Congress declined to continue the appropriation for that
agency and it was discontinued June 30, 1942. except for a small
sum to wind up its affairs during the next fiscal year.
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In March 1939, a joint investigation of the Pecos River modelleq
on the Ric Grande Joint Investigation of (936, was started by the Nation.
al Resources Commitiee and was completed 1n ‘942,._/

62/ P15,

Tn the fall of 1939, a generzl plan for the Joint Investigation of
Southeastern Florida water resources, to be sponscred by the Nation-
al Resources Planning Board was discussed with various Federal
agencies,

The need for the investigation was shown by Alex Orr, mayor
of Miami, who was much concerned with the encroachment of salt
water resulting from the heavy pumping to meet the rapidly increas-
ing demand for water in the southeastern part of Florida, He con-
tacted the National Resources Planning Bozrd in Washington, and
that agency referred him fo the Survey for the purpose of discussing
the situation; it was decided that an investigation was needed. Unlike
the previous joint investigations to which the National Resources
Committee had contributed substantizily from PWA funds, the Planning
Board, not having access to such funds, was unable to make a con-
tribution but offered to furnish a coordinator for the efforts of the
various agencies to be engaged in the joint effort. The Survey offer-
ed to matck State or local funds in the investigation of the surface
and ground waters and their quality., As State agencies were unable
to raise all the funds needed, Mr. Orr stated that he would raise the
money locally. The city of Miami was the chief contributor and
cooperzative work was startzd in the fiscal yezr 1940, The Planning
Board furnished the services of a coordinator at first, which indi-
cated that other Federal agencies were beginning other phases of
the joint investigation. But the Planning Doard’s funds were exhausted
after a few months and thereafter the Natural Resources Planning
Board dropped out of the picture, and the water resources investi-
gation was continued on a cooperative basis between the Survey and
the local communities. The details as described under the activities
of the various divisiong in Florida.

During the period, the funds contributed by the Planning
Board were for the Pecos River Joint Investigation only and the
amounts allocated to the Surface Water Division were as follows:

1940 $ 6,054
1941 21,5081/
1/ Estimated. 1942 923

Public Works Administration. - In the 1942 fizcal year, the
Public Works Administration made a final 2llotment to the Survey,
of which $3,950 was used by the Santa fe District.

Bonneville Power Administration. - The Bonneville Power
Administration was created by Act of Congress approved August
20, 1937,63/ as a provisional agency set up for the transmission and
63/ 50 pt. I, Stat, L. ¥32.
scale of Columbia River hydro-electric power from the Bonneville
Dam, then nearing completion. During parts of the fiscal years
1942 and 1943, that agency desired. particularly during low water,
daily records of the stage and flow of the Columbia and Snake Rivers
in connection with the operation of the Bonnevilie Power and arranged

o
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with the Tacoma District to furnish current records twice monthly.
The Power Administration also installed telemark recorders at the
Dalles and Trinidad stations. In 1945, funds were provided for the
establishment of stations on the Columbia River near Umatilla and
on the Snake River near Pasco. The station at Umatilla was attach-
ed to piling at the Standard Oil Company‘s dock and when the tele-
phone company was requested to connect the telemark with its lines,
the request was refused on the grounds that an explosion might
possibly occur if wastage of oil at the unloading dock coincided with
a telephone call to the telemark. Therefore, the Umatilla telemark
was not used. The Power Administration itself installed telemark
recorders at these stations. In accordance with the agreement, the
Survey, for the Pasco station, maintained the low-water rating
curve up to 30,000 second-feet, and furnished a list of mean daily
gage heights, but not the daily discharges.

With the installation of telemark recorders. the power load
dispatcher at Vancouver could call up the telemark stations several
times a day and obtain the stage automatically; then by means of the
rating curves, he could determine the discharge for the next few
days and operate the Bonneville plant much more efficiently.

Annual amount of available .funds:

1942 $ 224 1945 $5,600
1943 500 1946 606
1944 50 1947 750

The Umatilla station was operated by the Portland District
and the Pasco station by the Tacoma District,

Southwestern Power Administration. - As a war measure
to insure power for the vital aluminum works in Arkansas, the
Secretary of the Interior created on August 31, 1943, the South-
western Power Administration for the purpose of unifying the
control of the power plants at the Grand River Dam, the Norfolk
Dam, and the Denison Dam, and marketing the power. Of these,
only the Grand River Dam in Oklahoma concerns this history.

On November 21, 1941, a special representative of the
Federal Works administration, had taken over the operation of
the Grand River Dam on November 21, 1941, as a war measure
and when the Southwestern Power Administration was created,
the same representatxve was continued. Fr®m November 21, 1941,
until September 1, 1946, when the Grand River Dam was returned
to the Grand River Dam authority, a State agency, the cost of
operating the four gaging stations required by the FPC license
was paid either by the Federal Works Agemncy or the Southwestern
Power Administration, from the dam's power revenues. The
records show that from July 1, 1945, to September 1, 1946, the
funds were provided in the name of the Southwestern Power
Administration as followsg

1946 $2,820
1947 463
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Federal Works Agency. - The Federal Works Agency was
created by the reorganization plan No. 1 made effective July 1, 1939,
In it were grouped the Public Roads Administration, Public Buildings
Administration, Public Works Administration, and a number of
smaller agencies.

The Grand River Dam Authority, a State agency and also a
Federal Power Commission licensee, was taken over by the Federal
Works Agency on November 21, 1941, and operated the Authority until
the fiscal year 1946, when the Southwestern Power Authority was
created for that purpose. Four gaging stations were being maintained,
and the Federal Works Agency furnished funds for the operation of
those stations as follows:

1942 $1,224 1944 $2,5%79
1943 2,413 1945 2,949

Defense Plant Corporation. - The Defense Plant Corporation,
a war-time agency of the Reconstruction Finance Corporation, acted
as agent for the Phelps-Dodge Corporation in financing the geeond
Gila River investigation.bi/

6L/ p. 18,

The funds allotted to the Surface Water Division for that
investigation were:

1944 $27,922
1945 22,171

War Production Board. - To pay the cost of the pig-iron
survey requested by the War Production Board on March 2, 1942 ,6_5/

EE‘ p' 10.
the Tollowing funds were transferred to the Survey:

1942 $47,440 1943 $12,951

Public Health Service. - In the spring of 1947, the Public
Health Service selected the Emory University Field Station as an
outpost to describe as soon as possible any entrance into the
United States of typical malaria or similar diseases, and during
the remainder of the period paid a part of the salary and expense
of the engineer who had been maintaining the general hydrologic
program at the Field Station since September 1942 .66/
667 p. 121, i

The amount contributed was $871.
Federal Stations

During the previous period, the Federal stations supported
wholly by funds appropriated to the Survey for that purpose had been
known as "Federal-type stations,''67/ but during the war years, and
67/ p. 10 (1928-1939), e .
in keeping with the rush of events, ''type' was dropped and they be-
came known as Federal stations.
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Congress continued sympathetic and during each of the first
two years of the present period increased the amounts for that purpose, -
but thereafter granted no furher increases until 1947. As the war drew
toward its close, more and more thought was given to post-war planning,
in which the Survey records were essential to both the Army Engineers
and the Bureau of Reclamation, the two Federal agencies chiefly con-
cerned with water. At the same time, the cost of operating existing
stations was increasing to such an extent that it was feared State
cooperation might not increase sufficiently to make it possible to
continue the operation of some cooperative stations needed, parti-
cularly as the needs of the States were concerned with many streams in
which the Federal interest was not paramount.

Therefore, the Survey formulated a long-range plan having a
goal of 1,000 Federal stations forming a net work to be known as
base stations, permanently equipped and to be continued indefinitely.
For 1947, the increase of $68,200 was included in the Budget estimate,
and Congress was so strongly committed to post-war planning that
not $68,200 but $79,800 increase was appropriated.

The following table shows the a.'nnual amounts appropriated
for Federal stations and the number of such stations:

Year Appropriation Number of stations
1940 $ 106,000 188
1941 112,500 189
1942 112,500 191
1943 112,500 191
1944 112,500 193
1945 112,500 191
1946 112,500 191
1947 211,000 218

Interstate Compact Requirements

In a previous period, the Colorado River Compacti@ had
687 P. 99 ZI%I‘;—IQZBL

directed the Survey ''to cooperate to promote the systematic deter-
mination and coordination of the facts as to flow. To secure the as-
certainment and publication of the annual flow for the Colorado River
at Lee Ferry. "69/ Under that authority, Congress had appropriated
697 Art, V. 3

Tunds for the establishment and operation of stations required. Such
appropriations continued in the amount of $50 annually until the fiscal
year 1947 when more intensive studies showed the need for additional
gaging stations and the amount was increased to $105,000. As a
matter of passing interest, it may be stated that Arizona which had
refused to sign the Colorado River Compact originally, finally did

so during the present period while the treaty with Mexico 0/ was
70/_p. 87, ¥

being negotiated.

At.the end of the previous period and during the present one,
four additional interstate compacts having stream-gaging requirements

became effective; the Rio Grande, Republican River, Belle Fourche River,
and Costillo Creek.
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The Rio Grande Compact, which had been the ultimate goal of
the Rio Grande Joint Investigation, 71/ was negotiated by the states of
7l p. 78 (1928-1939).
CTolorado, New Mexico, and Texas, and was consented to by Congress
and signed by the Fresident May 31, 1929. To administer the compact,
the governor of each state appointed a Commissioner for that state, the
three officials forming the Rio Grande Compact Commission; the
Federal government appointed Berkeley Johnson, the Survey's district
engineer in Santa Fe, as the Federal representative who was chairman
of the Commission, but in accordance with the Federal policy of
neutrality, had no vote, The Commission was required to have main-
tained and operated 12 gaging stations at specified points, in order
that the terms of the compact in allocating the water supply between
the three states should be fulfilled. Some of those stations had been
maintained for some years by the Survey and its State-cooperating
agencies, and those stations were named in the compact as USGS
stations. There was no requirement that the compact stations should
be maintained by the Survey, nor were special funds provided for that
purpose, and the stations continued to be operated by the Colorado and
New Mexico Survey Districts in which the required stations were sit-
uated.

The dry years of the nineteen thirties had shown the need for
more extensive irrigation in the Republican River Basin, lying in
Colorado, Kansas, and Nebraska, and the disastrous flood of May
and June 1935 had shown the even greater need for flood control.

As a result, the Bureau of Reclamation began making an investigation
of the water resources looking toward their development, and the
Army Engineers began studies of flood prevention. The normal flow
of the upper river was as usual over-appropriated and to settle the
conflicting claims of the three states, a division of the water supply
was needed, before plans for additional irrigation, including storage
could be decided upon. The Governors of the three states met
December 22, 1939, to discuss the need for a compact and as a re-
sult, each Governor appointed a state commissioner, the three form-
ing the Republican River Compact Commission. As the Survey was
actively engaged in maintaining in the Republican River Basin in the
three states, gaging stations, the records of which would play an
important 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
allocations were to come. Perhaps, following the precedent set

by the Colorado River Compact, and also by the important role

that stream-gaging records would play in the operation of the
compact, the Survey was directed to '"collaborate with the officials
of the States charged with the administration of this compact in the
execution of the duty of such officials in the collection, correlation,
and publication of water facts necessary for the proper adminis-
tration of this Compact.' 72/ To enable the Survey to perform its
727 Axg. IX. £

duty of collecting and publishing the records from 18 gaging stations
required, the Survey inserted in its estimates for the fiscal year
1945 and succeeding years, an item for the operation of those
stations. The feollowing annual amounts were made available:
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1945 $25,000
1946 25,000
1947 27,500

The Belle Fourche River rises in eastern Wyoming and flows
into South Dakota where it joins the Cheyenne River. Water rights
had been acquired in both states and the citizens of South Dakota
wished to have a compact aliocating the available water supply be-
tween the two states, in order that an assured supply might be used
to the best advantage in future planning; Wyoming also wished to have
a definite amount reserved for its uee in future development. Accord-
ingly, each State appointed commissioners and negotiated a compact
which was approved by Congress February 26, 194407_3/ The Compact

'73] Public 236, 78th Cong. 2nd Sess.
contained the same requirement ol the Survey as that contained in
the Republican River Compact, and directly taken from that compact.
A gaging station at the State line was required and an item for the
establishment and maintenance of that station was inserted in the
Survey's estimate for the fiscal year 1947. The amount of $2,700
was made available.

Costillo Creek, a small tributary of the Rio Grande, arises
in Colorado and crosses the Colorado-New Mexico State lines three
times before entering the Rio Grande in New Mexico. A compact
approved by Congress June i1, 1946, provided for the maintenance
of twelve gaging stations to furnish the data necessary for admin-
istration. In that connection, the Compact contained the by now
usual direction to the Survey to collaborate in the collection and
publication of the stream-flow records. When the Compact was
approved, it was too late to obtain Federal funds for the operation
of the gaging stations during the remainder of the present period.

International Treaty with Mexico

Irrigation from the Colorado River in Mexico, just south
of the California-Mexico International line, had been active for
many years and the amount of water utilized has been steadily
increasing. To assure both countries an equitabie division of
Colorado River water, the United States proposed a treaty cover-
ing that river. The Mexican Government was more concerned
about a division of the water of the Rio Grande in view of the
rapid expansion of irrigation on the American side of the lower
Rio Grande Valley, and desired that the proposed treaty cover
both the Colorado River and the Rio Grande. A treaty, which
also included the Tiajuana River, the third international stream,
was negotiated and ratified by both countries. The protocol of
exchange of ratifications was signed in Washington, February
Ii)é 1‘1?4;4,5 and the Senate ratified the treaty and protocol April

, 1945,

In addition to dividing the waters of the international
streams, the treaty stipulated that the jurisdiction of the Inter-
national Boundary Commission should be confined to works on
or along the boundary and to those devoted exclusively to the
performance of treaty functions. Heretofore, the American
section of the International Boundary Commission had main-
tained since 1931 the San Marcial gaging station on the Rio
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Grande, which measures the inflow into the Elephant Butte Reservoir
that was built partly to insure delivery of 60,000 acre-feet annually

to Mexico. In view of the treaty's limitation on the Commission's fielq
of operation, an agreement between the State and Interior Departments
was reached whereby the Survey was to operate the San Marcial station
and the State Department was to join with the Interior Department in
explaining to the Bureau of the Budget and to Congress the reason for
the transfer of that station, and the need for funds for the relatively
expensive operations which required several discharge measurements
weekly. The Survey item for the fiscal year 1947 included $4,300

for the San Marcial station and it was transferred to the Survey on
July 1, 1946.

During the period, no additional work on the Colorado River
came to the Survey. The agreement mentioned previously provided
that the Survey was to continue the operation of the Yuma station,
but that additional stations below that point were to be installed and
operated by the International Boundary Commission. Neither did the
Survey have any additional work in Tiajuana Basin as it was already
maintaining a number of gaging stationsin cooperation with the city
of San Diego.

Missouri River Basin-Departmental Program

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

Montana - 36 South Dakota 13
Wyoming 18 Nebraska 22
Colorado 10 Kansas - 13
North Dakota 13 Total 125

Most of the stations were in operation on June 30, 1947,
Pecos River Joint Investigationnl/
. p. 15,

Although the agreement for the investigation was signed in
February 1939, funds did not become available until July of the new
fiscal year and field work was started in August. As this was an
inter state project, the Santa Fe district established headquarters
at Roswell with three engineers, and the Austin district had head-
quarters at Pecos, Texas, with two engineers.

To obtain records of stream flow and storage of the Pecos
River, its tributaries, diversions, wastes, drains, and reservoirs,
from the headwaters in New Mexico to a point below the irrigated
lands in Texas, a valley distance of about 400 miles, 104 stations
were established which with 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 meter.
In addition, a series of seepage measurements in the Toyah Creek
and Comache Creek Basins were made. The field work was ter-
minated December 1940, 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 were furnished to the Planning'Board_
engineer in charge of the investigation. In addition to its cash contributmnfl
8l p. 17. i .
fEepBureau of Reclamation furnished 2 number of records connected with
the Carlsbad project, and the Army Engineers paid for the installation of
a station on the Pecos River needed for flood studies. :

Funds available for the surface-water phase of the investigation

were about: State Survey
New Mexico ~ §5,000 :
Texas 10,000 10, 000

Of the total contributions by the Natural Resources Planning Board
and the Bureau of Reclamation, the exact amounts devoted to this phase of
the investigation are not available but it probably was about one-third.

Bear River Investigation

Bear River is an extremely inter-state stream. It rises in
Utah, flows into Wyoming, again into 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 in administration and
the Idaho water users threatened to file suit against the Wyoming and
Utah users. To avoid such a suit, which would be expensive and long-
drawn out, as all interstate water suits are, the State Engineers of the
three States decided to appoint a committee of water-users to work
with the State Water Commissioners until such time as 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 determine the best method of administration.

That same year, the Bureau of Reclamation was making a
basin-wide investigation of all irrigation possibilities which was started
in 1938, and at a meeting of water-users held in Evanston, Wyoming,
July 17, that agency explained the various possible projects, and
stated that from 750,000 to 1,000,000 acre-feet of water was wasted
into Great Salt L.ake annually, or enough to irrigate 250,000 acres
additonal.7/ Before definite plans for new projects could be made,
76/ Letter from L.C. Bishop, State Engineer of Wyoming, to author.
the Bureau felt that the conflicting rights of the water-users in the
three states should be settled by the States., That required complete
information regarding the actual diversions in each state as well as
the water supply available at various points.

In 1941, 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 diversions 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 river was measured at vatious points
as well as all diversions and inflows, it was possible to determine
g'ains and losses in various sections of the river. Thus for the first
time, information regarding actual diversions and river gains and

}osses for the river above Bear Lake outlet, a few miles below the
inlet, was available.
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During thes¢ measurements, it became apparent to the enginecers
making the measurements that additional gaging stations were required
to obtain more complete data and in the fall of 1941, the Denver Dis-
trict of the Survey installed for Wyoming two additional stations on
Bear River, and in the spring of 1942, the Boise District installed
for Idaho a station on Thomas Fork, and the Salt Lake District for
the State of Utah established the station on Bear River near Wood-
riff. Thosc stations became a part of the regular stream-gaging
program.

To consider the work for 1942, a meeting was held in the
office of the Utah State Engineer in January 1942, at which the three
State Engineers, representatives of the Bureau of Reclamation,
and the Survey's district engineers of the three districts concerned
were in attendance. At that time, the Bureau of Reclamation
announced that it had employed Thomas Curtis, an experienced
hydrographer, to make measurements of the principal diversions
and some additional measurements at the Survey's river stations;
also establish additional so-called development stations in order
that a clearer picture of the diversions and the gains and losses
might be obtained. It was proposed that the States and Survey share
with the Bureau the cost of that season's work, the Bureau itself offer-
ing to pay a quarter of the entire cost. The States were unable to
pay a share of the cost and as the Survey could make funds available
only by cooperating with the States, it also could put up no funds.
However, the Survey and States, under existing agreements, could
carry on their regular programs in the Bear River Basin. The
Dureau agreed to carry the burden until the next sessions of the
State Legislatures could appropriate funds for that purpose. To
coordinate the work, Reid Jerman, for the Bureau of Reclamation,
and A.B. Purton, for the Survey, were appointed co-directors of
the investigation. :

To negotiate a compact, when sufficient information was
available, cach State appointed compact commissioners, and those
commissioners held a meeting in Rock Springs, Wyoming, June 7,
1943, to organize the work for that year. By that time, the legis-
latures had provided additional funds and the States and Survey were
in a position to share in the over-all costs. That meeting was
attended by C. G. Paulsen and the three district engineers concerned.
The Bureau of Reclamation announced that a successor to that
agency's hydrographer would have to be chosen, and that definite

rrangements should be made to fix responsibility for the work and
to finance by all agencies interested, an adequate investigation of
the entire basin. At Mr. Paulsen's suggestion, it was decided that
all hydrometric data be handled under one agency, and that one-
half the necessary funds be contributed by the States and Survey
together (on a 50-50 basis), one-quarter by the water users,
and one-quarter by the Bureau of Reclamation. It was further
decided that a project engineer was to be selected by the Survey
and that all personnel-- Survey, State, Water users, and Bureau
of Reclamation--engaged on that investigation were to report
directly to the project engineer; in other words, a separate or-
ganization was to be created. W.V. Iorns, of the Salt Lake
Cifice, was appointed project engineer July 1, 1943, and head-
quarters were established at Logan, Utah, with an engineering
personnel of five, together with seasonal employees and the nec-
essary clerical staff. The three district engineers and the Bureau
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of Reclamation engineer in charge of the Utah investigations, with
T.R. Newell, chairman, acted as an adwisory committee to the
project engineer. During the period, at least one meeting d the
committee was held each year to consider the project engineer’s
progress reports and future plans, and settle any points of policy or

rocedure which might arise. Ifs functions were purely advisory,
as full responsibility rested with the project engineer,

In the divisions of costs, much of that supplied by the water
users for the work was evaluated services of water commissioners
and others engaged directly in compiling records, and also de-
preciation on equipment furnished by the various agencies. As these
items were elastic and caused considerable argument, and as the
actual cash by the States, Survey. and Bureau was' about equal, a
new agreement was entered into September 21, 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. Thereafter
the evaluated services were not matched. ~

The first year, 79 base and development stations were
maintained, together with 443 additional stream and canal stations
in the basin, and substantially the same stations were maintained
during 1944 and 1945.

For the 1946 irrigation season, it was decided that diversion
records on tributary streams, except Smith's Fork, be discontinued
and with some other changes that reduced the number of base and
development stations to 70, and miscelianeous gaging stations on
canals and tributaries to about 150, and i0 stations on tributaries
below diversions. -

When the investigation was started there was no definite
time limit for it, and tec clarify that situation, the three State
engineers on November 13, 1944, decided that the existing program
should be continued until such time as the Statc Engineers decided
that sufficient data for compact purposes had been collected.

For the use of State and Federal officials and the water
users concerned, the following reports were published:

Bear River Hydrometric Data Report 1943
Bear River Hydrometric Data Report 1944
Bear River Hydrometric Data Report 1945
Bear River Hydrometric Data Report 1946

In 1945, the Comp=zact Commissioners began to consider
‘the kind of compact to be negotiated, Before that could be decided
ujpon, it was necessary to have an analysis of the data being collected,
and the State Engineers requested the Director to enlarge Mr. Iorns'
authority for that purpose as the latter was best qualified to make
that study. That would require additional funds, and November 26,
1946, the Director advised the Commissioner of Reclamation that
$3,000 additional would be necded for studies for the compact, and
the latter authorized the expendftturc of that amount from the funds
appropriated to the Survey for Bureau of Reclamation work. Authori-
zation for Mr. Jorns to make the technical studies needed for the
compact was given February 6, 1947.
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The following engineering assistants were employed on the Bear
S . ° \
River investigations :

B.S. Robison July 1, 1943 to June 30, 1947
I. V. Goslin Sept. 17, 1943 to Mar. 15, 1946
C.TF. Wilcomb May. 16, 1945 to Feb. 15, 1946
M.S. Peterson Feb. 25, 1946 to June 30, 1947
A.B. Harris June 1, 1946 to June 30, 1947
W.N. Jibson July 15, 1946 to June 5T, 1947

There were several Burcau of Reclamation employees assigned
to the Logan Office. In addition, there were a number of employees
engaged during irrigation seasons only.

Availeble funds

Combined Bureau of Eval. Dept.,
Year States Survey Reclamation etc: Total
1944 $10,788 $10,288 $ 10.168 $ 10,893 $42,137
1945 13,396 10,657 11,683 10,893 46,629
1946 13,590 13,200 12,030 10,900 49,720
1947 - 12,587 11,781 15,0001/ 11,600 50,968

1/ Of this amount, $13,500 was charged to the Survey's account of
~ funds appropriated to the Survey for work performed for the
Bureau.

Mr. Jorns' extra work with students is described under the
activities of the Salt Lake City District.

Incodel

Incodel, the official abbreviation of '"The Interstate Com-
mission on the Delaware River Basin,' was an outgrowth of the
Interstate suit brought by the State of New Jersey against the State
of New York and the city of New York, with the Commonwealth of
Pennsylvania Intervenor. 7/

77/ Supreme Court of the United States, October, 1930, No. 16,
~ Original May 4, 1941.

The city of New York wished to increase its water supply
by diverting water from the Delaware River, an interstate stream,
and tried to negotiate a compact with New Jersecy and Pennsylvania
for that purpose. Being unsuccessful, the city started construction
on the proposed diversion, and was sued by New Jersey, with
Pennsylvania as inter v2nor. The decision of the Supreme Court
permitted the city to divert water, subject to two restrictions:

The first was related to the flow at Port Jervis, New York, where
the river leaves New York and flows between New Jersey and
Pennsylvania, and where the Survey had a gaging station; the
second was applied 2* Trenton, New Jersey, and was related to
the salt-water barricr in the river at “hiladelphia an‘! farther
downstream, and involved the Survey's gaging station at Trenton,
the lowest station on the river and just above tide-water influence.
When the flow at Port Jervis is less than 1,535 second-feet, and
at Trenton less than 3,400 second-feet, the city shall release
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from the storage reservoirs sufficient water to increase the flow to
those volumes, except uncer certain conditions,

A diversion of the proposed magnitude from the Delaware River
requires years to complete and in the meantime, the Delaware River
Basin States of New York. New Jersey, Pennsylvaniz, and Delaware
agreed to act harmoniousiy toward the goal of pianning the develop-
ment of the basin more zdvantageously and thus forestall another
TVA. Each State created 2 commission on Inter-state cooperation,
consisting of a State senafor, a2 member of the House of Representa-
tives, a member of the Governor's cabinet. an official of the State
Planning Board, and a ‘delegate at large, The four commissions
about 1939 jointly organized Incodel, the primary objective of which7_8/

787 Incodel, a report on its activities and accompliishments. July I,
1944, to June 20, 1945, Philadelphia. Pa,

Has been, 1s ; and wili continue {0 be, tc promote governmental

cooperation and fo cocrdinate all projects for the development,

improvement and protection of the Delawaz® River Valley, Head-

quarters were established in Philadelphia with an executive secretary.

One of Incodel’s first activities was a study of the stream-
flow records in the basin, during which that agency consulted with the
Survey’'s district engineers in New York, New Jersey, and Pennsyl-
vania. To complete a satisfactory network of stations in the basin,
Incodel decided that three additional stations, all in New Jersey,
were needed and recommended that the State provide funds for
their in=staliaticn and maintenance.’/ Tha records for all stations
797 p. 3k,
on the Delaware River Basin were furnished.to Incodel for use in
studying conditions in the drainzge basin before .the diversion was
completed. ‘

Improvement in equipment

The effects of shortages both in personnel and materials
during the war years were not conducive to improvement in existing
equipment or development of new equipment. However, the need
for power equipment for flood measurements of large rivers led
to the development of a battery-operated reel and the construction
of a limited number.

In 1938, the Columbus Office devised an electrically-
driven reel and crane to obtain better discharge measurements
under difficult measuring conditions, with 2 minimum expendi-
ture of physical energy. Uniike other power-driven equipment,
the electrically driven reel was small. compact, and light. The
reel and crane were mounted at the right of a four-wheel truck
30"x48'", equipped with G-inch rubber wheels. The reel was the
standard type E reel with an electric motor mounted on the right
end in place of the conventional crank. The 110-volt AC or DC
motor developed one horsepower under continuous operation or two
horsepower under a fifteen-minute rating. From tests with the
reel, a 100-pound weight was raised 4.2 feet per second; a 200-pound
weight, 3.8 feet per second. the heaviest weight for which the reel
was designed. 80/ .

80/ Water Resources Bull., May 1939, p. 386 ot seq.,
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During 1942 and 1943, further work was devoted to an electrical.
ly driven reel, now called a "baitery-operated reel," which could be useg
with all standard cranes and gaging cars, and with either type B or type
E reels, by placing a sprocket on the reel shaft. An incentive to the wory
at that time was doubtless the receipt of pictures taken by the Army En-
gineers' Vicksburg Office while experimenting with battery-operated
reels.

As would be expected, many changes were made in the first
Survey model, resulting in a unit that appeared to be satisfactory, and
in 1942, 6 units were assembled for field tests, both by the Survey and
by the Army Engineers, The starting motor was mounted on a frame,
clamped to the crane underneath the reel. The power was furnished by
a 170-ampere-hour 6-volt lead-acid storage battery.gl-/
81/ Water Resources Bull, , Aug. 1942, pp. 123-127.

The battery-operated reel proved to be satisfactory, and there
were more calls for it than the Columbus Office could supply, owing to
the shortage of materials. As a result, the Baton Rouge and Jowa City
Districts each developed a somewhat similar battery-operated reel.
For the description of a power-operated unit of somewhat different
type devised by the Austin District?_a' :

82/ p. 16l.

Flood reports

Unlike the previous period, which was marked by a large
number of major floods affecting several states, there were few
major floods during the present period. Although there were many
moderate floods, most of them covered relatively small areas and
as those areas were usually within a single state, the ensuing in-
vestigations were made by the district affected and the resulting re-
ports published either as water-supply papers or State publications.
Wide -spread storms in August 1940 caused floods on many streams
in the southeastern states and the Water Utilization Division planned
and supervised the investigation which was made by the six districts
affected. 83/

83/ P. 390,

Studies in National Hydraulic Laboratory

When full-scale models of artificial controls were tested in
1934-5 in the flume of the National Hydraulic Laboratory, the avail-
able water supply limited the head on the models to about 0. 8 foot.
It was expected that tests would be made on small-scale models,
permitting higher heads, but it was not until 1940 and 1941 in the
present period that those tests were made. )

Several smali-scale modeis on various scales were made
and tested under maximum heads which corresponded to 3.5 feet
for the Trenton prototype, and 3.0 feet for the Columbus prototype.
This extension of head was very helpful in studg@ng the behavior of
those types of control under higher discharges.Ol/

8L,/ Water Resources Bull. Feb. 1947, pp. 56-57.
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In addition, calibration tes:s were made on small-scale models
of several small dams used as gaging stations in the Trenton District.
Assisting the Laboratory staff in the tests were C. H. Pierce, A.D. Ash,
and E.J., Kennedy. The results were analyzed by Mr. Pierce.

The Los Angeles Office had developed z control differing
materially from those of the Trenton and Columbus types, and had
equipped a considerable number of gaging stations with it. In the fall
of 1939, a small-scale model was constructed and tested by Messrs.
Pierce and Ash, the tests being made between October and December.
The results were furnished the Los Angeles Office.

Purchase of Gaging Station Sites

Taking a long-range view, the Washington office visualized
a situation whereby a change of land ownership might make it
necessary to move a gaging stafion, even if the site occuped were
the best available. To avoid such a possaibility, which would be of rare
occurence, the Survey desired authority to purchase gaging station
sites, and also permanent easements; the latter would eliminate the
necessity for annual renewals in those cases where it was necessary
to lease land for gaging stations. Accordingly, a bill was introduced
into the Senate in 1942, and the Senate committee on Public Lands,

" while holding hearings in Glenwecod Springs, Colorado, in September
 of that year, on various bills affecting Public Lands, included the

Survey's bill. - The author was requested to represent the Survey at
that hearing and explain the purpose of the fiill. The hearing on the
bill was held under most favorable circumstances; Senator Pat
McCarran of Nevada, Chairman of the Committee, in calliag atten-
tion to the bill, stated that he had a very friendly feeling for the
Survey, remembezring when a schoolboy, having the job of reading

a staff-gage in Nevada and thereby earning a most welcome $10 per
month. Practically no opposition to the bill was shown ai the hearing,
and December 24, 1942, a law was enacted 85 authorizing the Survey
85/ 56 Stat. I, 1080, 43 U.S.C. Sup. III, Sec. 36b.

to acquire not to exceed 10 acres tor a singie site, when funds were
later appropriated for that purpose. The budget estimate for the
fiscal year 1944 had already been approved by the Bureau of the Bud-
get, and it was too late to include an item for purchasing sites that
year. It was not until the fiscal year 1946 that favorable action was
obtained. Because of the difficulty of obtaining an additional item
for that purpose, it was proposed to change the language of the stream-
gaging so as to allow payment to be made for such sites as a part of
the regular expenses of the Branch up to a total of $35,000. That
ceiling limii was reduced by the Bureau of the Budget to $10, 000

for the purchase of sites and rights-of-way, and with that change,
Congress gave the necessary authority.

During the remainder of the period, it was not necessary to
purchase gaging station sites, but a hundred or more easements
were purchased for small sums, at sites previously having annual
right-of-way agreements.

Snow Surveys

During the present period., more aitention was given to
snow surveys. The first snow surveys by the Survey were started
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y district in.Gl

in 1922 by tneakelenasdistrict in Glacier National Fark, in connection
with the International agreement on the waters.of the St. Mary and

Millk Riverg' Six snow courses were visited early'in May. each year.n-
‘One couree was discontinued in 1927 as being unsatisfactory out the
remaining 5 courses continued to be measured early in May Ly engineers
of the Survey and of the Dominion Water and Power Bureau of Calgary,
Alberta. In 1934, the Army Engineers became interested in the snow
survey work and requested the Survey to establish courses on the head-
water basins ol the Missouri River. Twenty courses were established whig}
were measured nmonthly from January to May, inclusive. That number
had been reduced to i4 in 1949. Antedating the Montana surveys by two
years, the cooperating State agency in Maine had started snow surveys and
those surveys became a part of the cooperative program. In the winter of
1937-38, largely as a result of the 1937 floods where melting snow was

an important factor, snow surveys were started in New England and New
York, 50 courses in the former and 200 courses in the latter district.

The Hartford district started snow surveys in 1941, measuring at 21
points.

With snow surveys being made in the myrtheastern states, there
was a community of interest in that subject and following the precedent
set by the Western Snow Conference, E.S. Cullings, chief engineer of
the Black River Regulating District of Watertown, N, Y. called a meet-
ing of interested individuals and agencies, Federal, State, and private
corporations, on September 16, 1940. To form a medium for the ex-
change of information and ideas related to snow measurements, and
other snow problems, the Eastern Snow Conference was organized.
That conference, through occasional meetings, did much to increase
the interest in snow surveys. Results of snow surveys made by the
various members of the Eastern Snow Conference were furnished the
Albany Office of the Weather Bureau and were published at the end of
each season.

In the Pacific Northwest, the Portland district for the Soil
Conservation Service had started in 1937 readings at 8 snow courses
near gaging stations. The Tacoma Office started readings at 16 snow
courses in 1943-44. In general, the snow courses were visited about
3 times during the winter.

Research Projects

Early in the fiscal year 1947, when research funds became
available, a committee consisting of F. M. Bell, C.H. Pierce, and
J.V.B. Wells was appointed to recommend projects. It was decided
that for the 1947 funds, the projects should be divided between pure
hydraulic research and development of equipment, and that the ob-
jectives of the program were (1) improvement of accuracy of stream-
flow records, and (2) reduction in the cost of obtaining them.

Five major projects were seclected, three in hydraulic
research, and two on equipment.

Upper Columbia Snow Laboratory. - In the summer of 1945,
the Army Engineers and Weather Bureau began the installation of
the necessary equipment in the Middle Fork of the Flathead River
Basin, along the continental divide in Montana for the purpose of




2

determining the hydro-meteorological relations. The Army Engineers
at that time requested the advice of Helena District in the selection of
sites for two-gaging stations and the proper equipment. The stations
were established, 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 work, and compile the stream-flow records.
S.E. Rantz was detailed to the Processing and Analysis Section main-
tained at Sacramento. The stream-flow records were computed in
‘considerable detail; during periods of snow melt and open-water
periods of marked fluctuations, the records were computed on the
hourly basis. That investigation came within the scope of the
research program and $800 of research funds were allotted to it.
Previously, the Survey's work had been on a repay basis.

Electronic method applicable to stream gaging. - A graduate
student at the Utah State Agricultural College.at Logan, Utah, V.E.
Hansen, in connection with his thesis, was studying methods of
measuring electronically the hydrostatic pressure head, and as
that showed possibilities for use.in stream gaging, Mr. Hansen's
project was adopted and $500 allotted to him. To eliminate intakes
and the troubles inherent 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 means of a transmission line follow-
ing the contour of the bank. The immediate objective of the investi-
gation, as outlined by Mr. Hansen, was to develop an electronic
pickup unit that would mezsure hydrostatic pressures. By so doing,
friction and inertia inherent in present float and mechanical devices
in use would be reduced to @ minimum. By having the pressure
affect an electronic circuit, it could easily be superimposed on a
carrier wave for long-distance transmission to a2 central receiving
station. Upon the completion of the project in the spring of 1947,

a report of the results was transmitted to Washington by Mr. Iorns,
who was in close touch with the project. He commented as follows:

Mr. Hansen is to be comimended on his
accomplishments in the short period of research on
this problem. From the results obtained, *#¥ it is
indicated that a suitable electronic measuring device
can be constructed and it.is recommended that addi- °
tional research and development work be carried for-
ward on this project.

It was apparent that much more intensive investigation would
be required before it became a practical device for the determination
of gage height.

An investigation of the backwater profile for steady flow
in prismatic channels. - A contract was entered into with the
University of TIlinois for the continuation and broadening of a
research project started in 1944 in the fluid mechanics and
hydraulics laboratory by two Survey engineers, E. G. Barron
and W.D. Mitchell, as a thesis for a graduate degree. The project
involved the determination of certain factors pertaining to the opera-
tion of slope gaging stations in order that the computed profile could
be compared with the actual profile. An artificial channel, rectang-
ular in cross section, had been constructed, having cross sections
varying in roughness and also in area due to overflow. Originally,
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two of the cross sections had been investigated. The present agreement
provided for the investigation of 5 additional cross sections. In addition
to the research funds, the University and the Urbana District both con-
tributed funds. The latter loaned needed equipment and Survey engineers
made more than 100 current meter measurements to check the flow in the
channel. The Water Utilization Division gzve helpful advice and criticism,
The laboratory work was completed, but from the preliminary analysis, |
it appeared that further analytical work was needed before the full benefits
of the project could be realized. The results of the investigation were
published by the University of Illinois as Bulletin Vol. 46, No. 51,

March 1949,

Development of snowmobile. - The increase in the number of
gaging stations at high altitudes and in isolated locations, and the greater
emphasis being placed on winter and early spring.records, made it
highly desirable that a small snowmobile suitable for Survey work be
developed. G.D. Clyde, Chief, Division of Irrigation and Water Con-
servation, Soil Conservation Service, with headquarters at L.ogan, Utah,
was much interested in snowmobiles for snow survey work and during
‘the war, helped the Army develop a light test model and operated one
of them on test runs under mountain conditions. During the spring and
fall of 1946, V. W. Iorns, whose headquarters were also at Logan,
discussed -snowmobiles with Mr. Clyde and was shown some ntovie
film of the Army machine, in operation. Mr. Paulsen at a later date
also saw the film and was so favorably impressed that he suggested as
a research project the development of a similar machine, working in
cooperation with the Soil Conservation Service. An informal agree-
ment was made with the Scil Conservation Service whereby Willis
Barrett, engineer of that agency, was in charge of the project and
Emmett Divine. a machinist, was employed by the Survey to work
with Mr, Barrett. Two snowmobiles were being built, one for each
agency, and the fabrication and assembly were made with the help,
at times, of student machinists and welders. The basic designs
were the result of suggestions of Messrs, Clyde, lorns, Barrett,
and Divine. Shortly after the end of the period, the Survey snow-
mobile was compleied and ready for testing.

Branch equipment shop in Columbus. - Toward the end of
the fiscal year, the remainder of the research funds available to
the Division were used to purchase shop tools to assist in equipping
the Branch equipment shop at Columbus.

Summary of district operations

A summary of the operations of each district in sufficient
detail to present a fairly complete picture is given. Attention is
called to the fact that the terminal dates of personnel in one district
may not, in some instances, coincide with the initial date of duty
of the same personnel transferred to another district; the accrued
leave may be included in the terminal date, while initial date is
always that of entrance on duty. Only personnel holding Survey
appointments are listed. :

Attention is also called to the section on State Cooperation
which contains the details of such cooperation, inciuding the reasons
for it.
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Augusta, Me. - The number of stations was increased from 38
with 37 recorders in 1939, to 49 with 48 recorders im i947. The chief
increase was made during 1941 and 1942 as a result of Army Engineers
and other Federal cooperation. During 1938, the Agusta Office estab-
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 Augusta District since the records were of interest to both
Maine and New Hampshire. In addition to the gaging stations, evap-
oration records were maintained on Moosehead L.ake and Cobbossee -
contee Stream at Gardiner, the latter being discontinued in 1942. Al-
though powerhouse records computed by power companies continued to
be 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 records from very small drainage areas,
a need felt by many of the districts, a station was established in 1945
on Gales Brook near Parkman having a drainage area of 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
establish other stations in comparable arecas in different parts of the
district.

Snow surveys, which were first started by the State Water

Power Commaission in 1920, were continued as a part of the coopera-
tive program, about 40 points being measured in February, March,
and April; each year a map showing the water equivalent as of March
1 was prepared and sent to those interested. The measurements of
observation wells for the Ground Water Division 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 Commission was interested in water
power and early in the period, the district office spent considerabie
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 performed, that at one station taking an unusual turn:
The station on Sebec River at Sebec was rebuilt 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 where no rental was
involved.

The winter of 1941-42 was one of unusually low flow and at
the station on the Aroostock River at Washburn, the intake was frozen
for a distance of 270 feet, making the well gage heights worthless.
It was a period of serious power shortage and a knowledge of the
actual discharge was of great importance, and a portable steam-
thawing outfit was rented 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 thaw the intake until Spring, but as records of dis-
charge were required, to obtain that information, gage heights were
taken twice daily with outside gage and weekly measurements were
taken with current meter for 10 weeks, beginning in January. As
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the use of automobiles was restricted, it was necessary for the engineer
to make the trip to the station by train. That meant leaving about 1:00
a. m., if the train was on time, and arriving at Presque Isle about noon
where a power company employee furniched transportation to the station.
The returning train arrived at Augusta about midnight, also if on time.
That 23-hour work day repeated weekly constitutes a Branch record.

M. R. Stackpole continued as district engineer and had the follow-
ing Civil Service engineering assistants:

Name Period |,

P.J. Sheehy July 1, 1939 to Feb. 9, 1941
W. J. Sanders Feb. 1940 to Nov. 20, 1940
K.B. Young Feb. 7, 1941 to June 30, 1947
C.H. Minehan Apr. 1, 1941 to July 11, 1941
G.S. Hayes July 21,- 1941 to Oct. 1946
J.H. Hartwell, Jr. Sep. 11, 1941 to Dec. .1, 194%F
R. A. Morill, Jr. Dec. 31, 1946 to June 30, 1947

Lura G. McLain was district clerk.

Boston, Mass. ~ In addition to the states of Massachusetts,
New Hampshire, and Vermont, which comprised the Boston District
during the previous period, cooperation with the State of Rhode Island
started in the fiscal year 1941, added that state to the district. The
number of stations increased from 97 in 1939 to 149 in 1947, 145 being
equipped with recorders. The 149 stations were located as follows:
Massachusetts, 54; New Hampshire, 45; Vermont, 39; Rhode Island,
10; Connecticut, 1. The increase was due to larger State and Federal
funds. The Army Engineers’ flood studies were just getting under way
in New England at the beginning of the period, and to aid these studies,
the number of Army Engineer stations were increased from 2 to 43,
some of which were stations previously maintained on the State-coopera-
tive programs. Cooperation with Rhode Island added 10 stations. All
but 5 New Hampshire stations operated by the Augusta District for the
Boston District, were maintained directly by the Boston Office. Long-
distance recorders were established at three Army Engincér stations,
two being immediately below flood-control dams, and the third on an
index stream entering the river just below one of the dams. During
the first 18 months, 34 stations were established, zll in concrete
structures. A number of artificial controls were built at these stations.

Early in the period, the Boston District developed the design
and construction of the steel "h" columns for the support of cableways.
The columns have entirely surplanted the "a' frames for cable supports
on new structures in the district and are now being used in other dis-
tricts. They were z part of the development of structures for gaging
stations in which the use of wood was entirely eliminated with the
exception of the instrument shelf.

For work in the field, the district was divided into 7 areas,
and an engineer was assigned to each who was responsible for the
operation and maintenance, development of rating curves, and for
the elimination of lost record. Records of lost record by areas were
posted monthly. This produced competition which helped to lower
the amount of lost record in the district, About half the records
were computed by means of the integrator as power regulation made
that action necessary.
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In 1940, at the request of the Department of Public Works, the
Survey made an investigation and study of backwater conditions on
Millers River during floods and suggested channel changes to improve
those conditions. The plan was put into effect by the State, and proved
to be successiul. Also at this time, at the request of the Common-
wealth of Massachusetts, a study recognized as the first of its kind
was undertaken to develop 2 means of determining the magnitude of
floods of various frequencies on both gaged and ungaged areas in
Massachusetts. The Kinnison-Colby flood flow formulasBél for
g6/ Proceedings A.S,C,.E., March 1944, p. 267. o
Massachusetts resulted from this work and have since been widely
used in the hydraulic design of bridges, culverts, and dams in the
région for which this work is applicable.

Severe floods on the headwaters of the Connecticut River
occuring June 14-15, 1942 and June 15-16, 1943, did considerable
damage, much of which was believed by the residents to be due to
the Pittsburgh reservoir. As the State desired reports, investigations
of both floods were made. The first fiood was caused by a rainfall
of more than 9 inches in 12 hours; the second was caused by a cloud-
burst-type storm which was probably the most severe within the
memory of the oldest inhabitants. The resulting ficods in New Hamp-
shire and Quebec were the greatest on record. Investigations and
reports 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.

Beginning in October 1942, the district began the publication
of a monthly Water Bulletin, as a result of several factors; the
previous year had been extremely dry and water power was deficient;
industry was increasing rapidly in preparation for war, and in 1942
the power ‘deficiency became acute. Requests for information re-
garding the water supply were so numerous that the monthly publi-
cation was startec. KEach issue contained the average precipitation
for the district, stream flow for selected stations showing runoff
as depth in inches and also percent of normal, storage in major
reservoirs, and a statement by the Ground Water Division on ground-
water levels. The January, February, and March issues contained
the results of snow surveys collected not only by the Survey but by
other agencies. The 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 period, there was a mailing list of 107.

Like other northern districts, the Boston District had
trouble with frozen intakes during periods of low flow accompanying
extreme cold weather, and during the winter of 1943-44, a portable
steamer used by pzper hangers for removing wall paper was pur-
chased. By its use, a 2 1/2 - inch intake was thawed at the rate
of one foot in three minutes. The success of the steamer led to
its use by some other districts, at least by the Denver District
to the author's knowledge.

In the spring of 1944, the station on Lake Winnipesaukee
Outlet at Lakeport, New Hampshire was reestablished. As the re-
lease of water is controlied by gates, there is no constant stage-
discharge relation. To replace the one-point continuous method
obtained for a short time during the previous period, a Keeler
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deflector meter and a Stevens duplex recorder were 1nsta.11ed to avoid
the constant attention required by the current metfer, 87/ Its operation
87/ Water Resources Bulletin August 10, 1945, p. 1s6.

during the remainder of the period was entirely satisiactory.

Readings at least three times a winter on the 50 snow courses
started during the previous period were continued. The results, to-
gether with those for the Albany District, formed a report by the
Eastern Snow Conference and weze pubue}ied by the Weather Bureau
in Albany.

During the last year of the peried, as a result of increased
cooperative funds for that purpose, 2 beginning was made on a pro-
gram to establish in Massachusetis each year one or two stations on
small streams draining area from 2 to 5 sguare miles. Two stations
equipped with recorders and concrete controls were established, and
to make the station records of greater value, & rainfall station and
an observation well gage ware also established in each basin. Also,
as a resuit of the increased funds, the preparation of a special re-
port on the hydrology of Massachusetts was started. It was planned
to publish thege data in two volumes, one the compilation of records
and the other their analyses.

To rid himself of the ubiguitous small boy while making a
bridge measurement of Millers River at Erving in 1942, George
Anthony thought he had solved the problem of gubgiding the boy with
ten cents to stay away. Thereafter, the precedent having been set,
he had to continue the subsmy during succeeding measurements.
Moreover, when another engineer appeared later, the price was
forced up to fifteen cents. The ultimate cutcome iz unknown to the
author.

H. B, Kinnison continued as district engineer and had the
following Civil Service engineering assistants:

Name ' Period Military Furlough
G. K. Wood ' July 1, 1939 to June 30, i947
C. L. Muntz . July 1, 1939 to Apr. 1, 1940
C.E. Knox July 1, 1939 to Oct, 1941
May 14, 1946 to June 30, 1947

W.L. Isherwood, Jr. July 1, 1939 to Apr. 17, 1942
M. A, Patch . July 1, 1939 to Mar.22, 1941/
J. W, Gurry ' July I, 1939 to Jan. 1941 1/
M.T. Thomson July 1, 1939 to Aug. 31, 1941
M. A. Benson : July 1, 1939 to June, 1943
F.J. Flynn July i, 1939 to Apr.26, 1944
A. M. Moore July 1, 1939 toc June 30, 1947

- D. L. Milliken July I, 1939 to Feb. 1943
A.F. McVarish Juiy 1, 1939 to Feb. 2, 1940
R. J. Greer July 1, 1939 to Feb. 15, 1943
L.J. Keefe Oct, 19,i938to June 19, 194Q
W, P. Somers Aug, 16, 1939 to June 30, 1947
W.R., Williams July i, 1939 te Oct. 1941
B.R. Colby May 22, 1940 to Mar. 18,1943
W.S. Daniels June 18, 0940 to June 30, 1947
L.W. Lenfest Sep. 23, 1940 to Sep. 8, 1943

C.C. McDonald Nov. 1, 194] to Mar.21, 1946



Name

(Cont'd)

K.M, Kelley
George Anthony
D.J. Fogarty

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, Jr.
A.C. Capaldi

M. H. Coolidge

J. V. Bagley

G. A. Miller

D. P. Preece

R. W. Tucker
N.C.G. Patev
H.E. Linden

R. C. Cutter

O. W. Hartwell, Jr.
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Period Military Furlough

Oct. 1941 to June 30, 1947
Mar. 1, 1941 to Apr. 9, 1943

Aug. 25, 1941 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. 1, 1943

June 18, 1942 te Jan. 3, 1946

Dec. 21, 1942 to June 30, 1947
May i, 1941 to June 30, 1947

Jan. 2, 1947 to June 30, 1947
July 8, 1946 to June 30, 1947

July 16, 1945 to June 30, 1947
Feb. 25, 1946 to June 30, 1947
May 6, 1946 to Oct. 22, 1946

Febn 25: 1946 t@,A’PfrZLg 1946
Apr. 17, 1946 to June 30, 1947
Sep. 20, 1945 to June 30, 1947
Feb. 12, 1945 te June 30, 1947
July 12, 1943 to June 30, 1947
June 14, 1943 to June 30, 1947
Oct, 21, 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

}/ Military furlough; did not return to district.

May 1945 to Mar.1946

Deceased.

Miss Eleanor P. Harrington {Mrs. Lowell) was district clerk until
November 1, 1943, when she was succeeded by Miss Evelyn M. Crowley.

Hartford, Conn. -

in 1935, furnished records of Shepaug River at Woodville.

During the period, the number of stations
increased from 33 to 38, and in addition, the city of Waterbury, beginning

As many

Connecticut streams are artifically regulated, recorders are essential,
and 36 stations were so equipped in 1947.

A station worthy of special mention is that on the Connecticut
River at Bodkin Rock, at the head of the '"Narrows' just above tide
water, established January 1, 1947, for the Army Engineers. Bodkin
Rock marked the supposed control for a stretch of river known as the
Hartford Pool, extending 30 miles upstream. That stretch was an
important factor in the Connecticut Rivgr flood-control system, designed
to protect a thickly settled and heavily industrialized area, and a record

of the discharge from the pool was essential.

887 Letter to author.

As Mr. Bigwood writes,?_gl

"Determination of the stage-discharge relation anywhere in the pool

is complicated by the storage factor, inherent in deeply pooled stretches of
stream channels. Therefore, accurate computations of the flood

discharge in the pool required 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 Army Engineers. "
That was an uncertain round-about way of obtaining results, and it was
decided to establish a gaging station at the Narrows, where the storage
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factor would be presumably small. Until it was determined by the rec-
ords at the new station as well as records of inflow, change in valley
storage, and other factors, that Bodkin Rock was the actual control,
that station was installed with slope-gage equipment. Discharge
measurements were made from a highway bridge 100 feet above the
river at high stages with 35-foot depths, and the tag settings on the
meter cable were made by means of field glasses. During rises
above the tidal influence, the discharge measurements were referred

: to the Hartford gage 30 miles upstream and the daily discharge com-
puted by that means. No attempt was made to compute records during
periods of tidal influence.

Beginning in 1941, temporary gages were maintained on 2 streams
near Bristol foxr intermittent flood-flow observations in connection with
a study of flood characteristics by the Commission.

A number of special flood investigations were made at the request
of the Water Commission. One was a short field investigation and office
‘analyses of 2 storm of June 24-25, 1944, in the Bolton Lakes area; a
second investigation was that of floods in the upper Housatanic River
Basin June 18, 1945 A hurricane storm of September 1944, during
which the precipitation was 6 to 8 inches. resuited in less than 1 inch
of runoff, due to its occurrence after a long dry period.

Beginning June 1, 1943, to supplement in greater detail the

Water Resources Review, a typewritten report entitled "Monthly
Water Resources Review and Outlook for Connecticut' was sent to
twenty agencies and individuals interested. Regarding its use, Mr.
Bigwood writes:09/ "The newspapers and radio give the relesse
89 efter to author.

varying cover, depending on its ‘newsiness’; I expect " It contained
for the entire state, a statement regarding the monthly runoff in terms
of the 30-year record on Quinibaug River at Jewett City as the index,
and the trend of ground-water levels in several key observation wells.
A forecase called "outlook” for runoff during the following month,
based on both current stream flow and ground-water levels, was made
for normal precipitation, and also for negligible precipitation. For
the Connecticut River Basin as a whole, the statement prepared by
the Boston District for its Watex Bullet1n9Cf was mcluded. as being
90/ p. 101,

of much interest fo residents of Connecticut.

Beginning with the winter of 194], snow measurements were
made at 21 points, three times each winter.

B. L. Bigwood continued zs district engineer and had the follow-
ing Civil Service technical assistants;

Name Period
L.W. Furness July i, 1939 to May i, 1944
M.P. Thomas July 1, 1939 to June 30, 1947
J. H. Ehrich July 1, 1939 to Dec. 30, 1939
L.W. Lenfest Sep. 15, 1939 to Sep. 23, 1940
T. 9 Irza Feb. 8, 1940 to June 30, 1947

W. L. Isherwood, Jr. May 6, 1944, to June 30, 1947
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Mrs. E. K. Flood was the dizsirict clerk,

Albany, N. Y. - During the period, the number of stations increas-
ed from i54 to 197, practically all being equipped with recorders. The
increase was due chiefly to the flood investigations of the Army En-
gineers, as New York State streams were subject to severe floods.
During the present period, such floods occurred in the Susquehanna
Basin in March and April 1940; the Delaware Basin in May 1942, being
the second-highest known; in the Allegheny Basin July 3, 1942, being
the highest in about 40 years; in the Mohawk Basin in October 1945, the
highe st known; and the Chemung Basin May 1946, the highest since
1903. The Survey investigated those floods and prepared typewritten
or m1meographed reports for lecal distribution.

For more efficient operation, as well as ability to reach stations
quickly, two additional sub-offices were established. During the
previous period, the Bmghamton office had been established where the
Army Engineers had an office. In 1942, the latter office was moved
to Syracuse, and the Survey office was moved to Ithaca, a more cen-
tral location. The Ellenville office remained unchanged; in January
1944, an office was established at Jamaica to give close attention to
the exacting work connected with the Long Island investigation; 91/

9‘ .Lu_, g

and in SeptemFer 7924, a sub-office was established in the Albany
office, but with its own personnel. The reason for the latter actiohn
was to separate the operations of gaging stationg from the adminis-
trative functions of the district office; A. H. Harrington, the district
engineer, spent most of his time visiting the various sub-offices,
and it'was necessary to have a district office personnel to give its
entire time to the heavy administrative work. That personnel, in
addition to the district engineer, consisted of H, W, Fear, principal
assistant and Miss A.D. Buchanan, district clerk. n addition to
the administrative work, Mr. Harrington personally reviewed all
stream flow records before transmitting them to Washington. Each
sub-office was in charge of an engineer P-4, with an office engineer
P-3 grade, several other engineers, and 1 or 2 clerks; each office
was responsible for the field and office work in its arvea and kept

its own accounts. An allotment for each office was set up at the
beginning of each fiscal year; the entire available funds were dis-
tributed and assessments were then made to pay the cost of operat-
ing the district office.

To maintain the high standards of accuracy for which the
district was noted, each engineer carried two meters, and each
shelter contained a copy of the rating curve for that station; the
engineer was required to compute the measurement as soon as
made and compare it with the curve. If it differed by more than
a few percent, a second measurement was made at a different
section, using the second meter. Neediess to add., the stations
in New York state have fairly permanent controls.

To keep the feeling of district unity essential to morale; a
monthly publication entitled "Gage House Gossip" started in Jan-
uary 1942, was published monthly, each sub-office taking turns in
preparing the material which was furnished by all the offices; a
striking feature of each number was the cover designed by those
artistically inclined. The district office mimeographed and cir-
culated each issue, and furnished a cover if the sub-office ran out
of ideas.
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The special study showing the effect of reforestation on stream
flow started in 1932 and was continued unchanged, the report covering
the results to be written at a later date. The intensive study of Long
Island water resources started in 1936 was continued and enlarged in
1942 by the establishment of two additional stations each year in
cooperation with Suffolk county. That study was an integral part of
and concurrent with the study of the ground-water resources.

The "New York State Cooperative Survey'' started in the winter
of 1937-38 was continued, records being received from about 200 snow
courses. In addition, tothe immediate uses by the cooperators in
connection with storage and releases, the snow-survey reports were
used extensively by various railroads, particularly the New York
Central in connection with plans for maintaining continuous operations
during periods of flood from melting snows. Also, some large dis-
tributors of fuel oil and gaszoline used the records in planning winter
storage facilities.

In 1943, as a result of cooperation with Westchester County,
5 water-stage recorders were to be established in a high-class
residential district, and the county authorities had their architect
design the structures which would have 2 more esthetic appeal than
the standard Survey structures. Those were the days when author-
ization for materials was to be obtained from the WPB. The Survey's
application was referred to Washington where it was only one of
many applications. and the war ended before action was taken. In
the meantime., by means unknown to the author, the materials
were obtained znd with the help of the County which furnished some
labor,; the stations were installed. A sixth station eguipped with
a staff gage was also establizhed.

The Army Engineers had set up a flood-warning system for
an emergency program whereby its engineers in various parts of
the state telegraphed to headquarters river stages and weather data.
During the spring months, and &t other specified times, Survey
observers at certain stations, reported daily the river stage and
weather data, to the Army Engineer employee in the area affected.

After the organization of Incodel, 9‘2{ records from all stations
9?; p' 920
in the Delaware River Basin were forwarded regularly to that agency’s
office in Philadelphia,

During the pinefteen-twenties, contacts hazd been established
with engineering students at Rensselaer and Cornell by means of
nearby gaging stationg, the operation of which was explained to the
students. Such contacts were gradually increased during the en-
suing years until 2t the end of the period, it had become an annual
event at the engineering colleges for Survey engineers to describe
the Survey's work to hydraulic classes in the morning., and give a
field demonstration at a nearby gaging station in the afternoon, the
students performing mmuch of the field work. That program was
carried out at Rensselaer, Cornell, Union, Manhattan, New York
University, and Clarkson. The latter contact was made late in
the period when Mr. Harringten as a vice president of the American
Society of Civii Engineers went to Clarkson to address the student
chapter of the society. Following that visit, he was requested to
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inc lude Clarkson in the list of colieges to be visited annually.

A unique method of rating a gaging station was devised by F. F.
LeFever on the Lake George 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-
corder mounted on a shelf was attached to the generator-turbine hook-
up, to record the movement of the quadrant on the gate-opening mechanism.
Later, 13 discharge measurements, covering a gate-opening range from



108

Name Period Military Furlough
T.R. MacKay Jan. 15, 1941 to Oct. 10, 1944
W. J. Hickey Mar. 18, 1941 to Aug. 24,1946
¥.¥. Le¥ever Mar. 21, 1941, to June 30, 1947
R.J. Martin,Jr. Apr. 1., 1941 to June 30, 1947
I.S. Levine Apr. 7, 1941 to June 30, 1947
H.D. Brice July 1, 1941 to June 30, 1947
G.R. Ayer Aug. 6, 1941 to June 30, 1947
C.L. Whitaker Sep. 19, 1941 to June 30,1947
G, W. Reck Oct. i, 1941 to.June 30, 1947
R. M. Sawyer Oct. 26, 1941 to June 30, 1947
C.E. Knox Oct. 30, 1941 to May 13, 1946
M. H. Schoerpner July 6, 1942 to Aug. 31, 1943 Sep. 1,1943 to Sep. 12,19
L. W. Lenfest Sep. 8, 1942 to June 30, 1947 /Deceased. /
J. H. O'Keefe - Sep. 16,1942 to June 30. 1947
B. A. Plusnin Oct, 1, 1942 to Jan. 8, 1944
J.E. Wagar Oct, 16, 1942 to June 30, 1947
I.R. Leonard * Apr. 8, 1943 to June 30, 1947
F.R. Heartz Feb. 8, 1944 to Dec. 19, 1944
J.F. Molloy,Jr. Feb.28, 1944 to Apr. 19,1944
‘W.A. Carrier July 17, 1944 fo Mar. 27, 1945
E.A. Tefft Oct. 9, 1944 to June 30, 1947
A.E. Voloshin Nov. .. 1944 to Mar. 15, 1945
G.E. Johnson Dec. 19, 1944 to Aug. 14,1945
M, W. Groves Jan. 15, 1946 to June 30, 1947
W.L. Carr Jan. 27, 1946 to Feb. 27, 1946
B. Dunn Feb. 18, 1946 to June 30, 1947
R.F. Johnson Feb.25, 1946 to Mar. 8, 1947
C.G. Johnson,Jr. Apr. 4, 1946 to June 30, 1947
C.H. Hardison June 3, 1946 to June 30, 1947
A.S. Toth Oct. 15, 1946 to Jane 30,1947
O.P. Hunt Feb. 18, 1946 to June 30, 1947
1/ On ass1§nment to Japan and Korea, December 1945 to June 1946,

to Alaska August to November 1946,

Miss A.D. Buchanan was district clerk,

Trenton, N.J. - During the period. the number of gaging stations
decreased from 80 with 54 recorders to 76, zll equipped with recorders.
The decrease in numbers was more apparent than real as early in the
period, 12 stage stations on the Delaware River in cooperation with the
Delaware River Joint Toll Bridge Commission, were discontinued.

Five stations were established during fthe first year or so, including
three to complete the network in the Delaware River Basin. A few
additional changes zccounted for the net decrease of 4 stations.

Some time after the station on the Delaware River at Montague
was established in 1940, a comparison of its records with those of the
Delaware at Port Jervis, N. Y., 9 miles upstream, indicated an
unusually large inflow between the two. To determine whether the
apparent discrepancy was due to errors in the records or to an
actual large increase in flow, an investigation was made during
unusually low flow in 1943, All smald tributary inflows were measur-
ed and those showed zbout the same surface runoff per square mile
as other streams in the general vicinity, thus shedding no light on
the problem. This suggested that the unaccounted-for gain was from
ground water, and measurements of the Delaware and Neversink
Rivers were made at several intermediate points; the gain appeared
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to be in two sections, one in the main river some distance below Port
Jervis, and the other in the Neversink River which enters at Port
Jervis. In September 1944, a year later, a series of surface and
bottom temperature measurements at 500-foot intervals in the Never-
sink River between the lowest gaging station and the mouth, a dis-
tance of 9 miles was made; the temperatures were the same except

in one mile-long stretch where the bottom temperatures, being colder,
indicated inflow from ground water. Cold weather interrupted a
similar test on the mainstream and no further investigation was made
during the period.

One of the two Army Engineer stations in the district had three
recording gages. It was the station on the Pompion River at Pompton
Plains where the river ie divided by an island 2nd has, in each
channel, a concrete dam without gztes or flash boards with a recorder
just above each dam. A major flood showed that the dams were sub-
merged, and in order to obtain extreme high-water records, a third
recorder was installed 4 miles downstream; that site was used only
during extreme high water as at lower stages, the control for low
discharge was poor,

One of the most important stations in the district was the Dela-
ware River at Trenton, located a short distance zbove tidal influence.
The records were used in connection with the so-called "salt-water
barrier™ in the vicinity of‘Philadeiphia. A study made by the State
of Pennsylvania had shown that the position of the barrier was
definitely related to the flow at Trenton, about 35 miles upstream;
the lower the flow, the farther upstream was the barrier’s position.
Many industiies from Philadelphia downstream use large quantities
of river water, and during low water when the salt-water barrier
moves up-stream, it is necessary to treat the river water for its
salinity. That is an expensive operation #nd advance notice of the
flow at Trenton is of great value in determining when it will be
necessary to start treating the river water. In 1944, the Trenton
Office began the practice during the low-water season, of sending
daily reports to 2 small number of industries. Since 1931, a
record of the daily fiow has been sent to a number of companies
at the end of each month. The number has increased to about one
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