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FORETiJORD 

By Carl G. Paulsen 

--· 

This volume of the History of the l~Jater Resources Branch of the 

United States Geological Survey by Robert Follansbee covers the period 

from July 1, 1919, to June 30, 1928. In conformity with the practice 

followed in the first volume of the .,History, u :Hr. Follansbee has 

named -this volume "Years of Increasing Cooperation. -n 

The manuscript for this volume has been reviewed editorially by 

N. C~ Grover and Ivi . c. Boyer • . The sections pertaining to the Colorado 

River Compact and gaging stations on the lower Colorado River have been 

revised by G. C. Stevens.. The sections describing the 11two-tablen and 

ntag-line" methods of sounding were also revised by Stevens and reviewed 

by .B. J. Peterson. The previous vollli11e dealt with the activities of the 

Geological Survey in water resources investigations from the beginning 

~o June 30, 1919, and was privately printed in 1939. Hr. Follansbee 

completed the manuscript of the present vo1uiae at about that time and 

continued the preparation of the manuscript for succeeding volumes 

during the remaining years of his service and after his. retirement in 

June 1949. The completed manuscripts covering the History to June 30, 

1947, were sent to the 1tll'ashington office late in 1949. During his later 

years in the service the "History" was Hr. Follansbee's major interest. 

Those of us who knew him and were also acquainted with the progress of 

water resources investigations will appreciate the enormous amount of 

vmrk by :Hr. Follansbee in research, correspondence, interviews, and 

note-keeping which made possible the preparation of the man1,1scripts. 

IVIarch 1953., 
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A HISTORY OF THE WATER RESOURCES BRANCH 

O F THE 

UNITED STATES GEOLOGICAL SURVEY 

VOLUME 2. - YEARS OF INCREASING COOPERATION 

JULY 1, 1919 TO JUNE. 30 » 1928 
. :· ··· 

By Robert Follansbee 

INTRODUCTION 

This period of the Branch history covers the activities in the 9-
year period July 1, 1919, to June 30 ~ 1928 when Congress adopted the 
policy of 50-50 cooperation with the States $ after which both Federal 
and State appropr'iations were substantially increased . The reaction 
from the heavy expenditures during the World War resulted in a gene­
ral reduction in Federal expenditures for civil work during the period, 
and caused a decrease in the annual Federal appropriations for the 
Branch from a high of $180,000 for the years 1921 to 1923, to a low 
of $147 ~ 000 for 1928. The decreases in Federal appropriati?ns were, 
however p coincident with increases in State cooperative funds from 
$126 , 000 in 1919 to $340,000 in 1928 . Within the period , 'the total of 
Federal (Survey) and State funds available for water inv'estigational 
work was increased 77 per cent from $274, 000 ($148 ~ 000 Federal and 
$126 , 000 State) in. 1919 to $487 , 000 ($147 9 000 Federal and $340 , 000 ' 
State) in 1928 . 

The increase in cooperative State funds ~as brought about largely 
as a result of .the growing demand for power , caused by the rapid in­
crease in industrial activities during and following the war. Obviously , 
stream-flow records were essential to the development of water power 

. which was encouraged by the passage of the Federal Water Po"wer Ac~ . 
·in 1920. ~/ ~he intimate relation between stream ~low ·and the d~vel-· 
opment of powe __ :r by steam -in those sections of the country where such 
development depended upon the amount of water available for conden­
sers was a less obviou~ but important reason for stream-flow records . 
The needs for additio~al supplies of water for municipalities were 

~/ p . 95.· , 
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increasing in the more densely populated regions and the demand for 
water _for process uses in industries was becoming more pressing in 
the industrial sections. These situations c reated a growing demand 
for stream-flow records': The need for information relative to depend­
able yields from ground water reservoirs for municipal, industrial , 
and agricultural uses wa:s also increasing. The proposal to construct 
the Boulder Canyon reservoir ac .::entuated the need for definite know­
ledge relative to t h e sediment content ~f the Colorado River. The op­
posing trends in Federal and State approp.riations progressively in­
creased the ratio of State to Survey funds, and caused the States to 
press Congres s for recognition of the policy of 50-50 cooperation. 

Pa·ssage of the Federal Water Power Act not only caused an in­
creasing demand for stream-flow records as a result of the require­
ments of the permits and licenses issued thereunder 9 but also made 
available to the Survey considerable funds for additional work. ~/ 
The growing demand for power increased the interest in:. stream flow 
among companies that were not subject to the Act, and such companies 
contributed services or material for stream gaging , or in some in­
stances furnished essentially complete records which were checked 
by the Survey for publication. The greater utilization of water brought 
about more contributions by Federal agencies ~ particularly by the 
State Department for gaging international streams on the Canadian 
and Mexican borders. The result of these activities was an increase 
of 96 per .cent in total available funds from about $294,000 in 1919, 
to $577 ~ 000 in 1928 . . In addition, considerable sums not included in 
these figures were expended by coop_erative ' interests under Branch 
superv1s1on. The number of gaging stations was increased from 1, 251 
to 1 , 830, and the technical personnel from 86 to . 131. The expansion 
of the stream-gaging program included the measurement of more of 
the large: rivers of the country, particularly the lower Colorado River ~ 

thereby disproportionately increasing the funds utilized. New equip­
ment and methods were divised to meet the needs of the new types of 
stations that were constructed on large rivers. In the ground-water 
investigations it was possible to inc r ease very materially t~e use of 
the quantitative methods developed previously, and to develop a new 
method by us'ing types of desert plants as indicative of ground water 
and as measures of recharge. 

The great l.ncrease in the cost of living and the many opportunities 
for employment outside the government service -caused many -engineers 
to resign from the Survey ~ particularly during the early year.s of the 
period. Referring to this situation as it affected the Survey, Director 
Smith reported t o the Secretary of the Interior : ~/ 

In too much of the current discussion of the small sal­
aries paid by the Government and the emphasis put on the 

2j P o 52 o • 
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injustice and hardship suffered by the employees has 
tended to conceal a larger issue -- the great harm 
wrough~, to the public service -- for during this period 
that has been marked by a failure to adJust salaries to 
living expenses the Government work may have suffered 
as much as the Government workers. *** The net result 
is a loss in efficiency out of all proportion to the false 
economy represented by the Government .pay scale. 

3 

The following excerpt from the News Letter illustrates the impossibil­
ity of acquiring riches in the Government service: ~/ 

We have just learned of an engineer who started poor 
20 years ago and retired with a comfortable fortune of 
$50,000. This money was ·acquired through industry, 
economy, conscientious efforts to give full value, indom­
itable perseverance, and the death of an uncle who left 
the engineer $49,999. 50. 

The reclassification of salaries 1n 1923,]\vhich resulted in consid­
erable increases in them and the enactment of the retirt'irt:ient act in 
1921, !}_/ served as partial offsets to the attractiveness ~f - ~rivate em­
ployment. There were, therefore, relatively few resignations during 
the later years of the period . 

GENERAL ORGANIZATION 

Na than C. Grover continued as chief ~f the Branch throughout the 
period. The organization in effect July 1, 1919, consisted of the Di­
vision of Surface Waters under J. C. Hoyta the Division of Ground 
Water under 0. E. Meinzer, the Division of Quality of Water under 
A. A. Chambers, the Division of Enlarged and Stock-raising Home­
steads under Grover, and the Division of Power Resources under A. H. 
Horton . The Divisions of Surface Water, Ground Water, and Power 
Resources continued unchanged during the period, as did that of Quality 
of Water~ except that Chambers was succeeded by C. H. Kidwell in 
1919, who was in turn succeeded by W. D. Collins in 1920. The Di­
vision of Enlarged and Stock-raising Homesteads, the work of which 
was closely affiliated with that of the Land Classification Branch, be­
came the Division of Land Classification Investigations in 1924 when 
most of the field work of classifying the public lands was taken over 
by the Land Classification Branch. Thereafter, t,~e Division contit?-ued 
general water-power and irrigation studies with a greatly reduced per­
sonnel. A special investigation under the general supervision of the 
Branch was the Superpower Survey carried on for two years or less 
under a special appropriation by Congress . 

4j Apr~ 24, 1920. 
~/ ·.p . 10. 
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In contrast with the preceding period duting which relatively few 
changes in personnel were made, the pres en\ period had many .changes . 
By reason of the increase in living costs imn1,e diately followin-g ·t.h.e war , 
delay by Congress in providing for reclassifi ~{;ltion~ · and the increases 
in salaries in non-governmental employment 1. ~~·r ought about by the in­
crease in engineering construction and other a;~,tivi ties , the future in 
Survey employment looked relatively uninviting~~~ a nd many res~gnations 9 
especially among the younger men, occurred dct\,ll.ng. the early years of 

the period. These conditions were felt also in ~'}1 ying degre~s among 
the older men. 1

\: 

The successive increases in funds~ that resu lted largely from in ­
creased cooperation» in part with additional States» and the discontinu­
ance of cooperation by a few States caused many changes in field assign­
ments. Prior to· the prese:flt period~ Survey funds had not been availabLe 
for transporting household goods and personal effects ; and the engineers 
and geologists who were transferr~d had to pay ·the expenses of such trans­
portation from their personal funds. In 1919 .the Su~v:ey regulations pro­
vidied for transporting not-to-exceed 5~ 000 pounds ofhousehold godds and 
personal effects and 300 pounds of scientific and p7;ofessional books· at 
Survey expense v if the engin~er or geologist was- m:aki~g a permanent 
change in headquarters ·"for the good of the service". The authority 
for these regulations evidently did ·not rest orig·i~ally on a specific· 
authorizing Congressional Act, as the "·First Deficiency Act , fiscal 
year 1928, '' had as Sec, 6 the following: 

Sec . . 6 . . Appropriations for the fiscal years 192bv 
1927~ 1928 and 1929 availabie for expense~ o'ftravel of 
civilian officers and employees of the ex~cut(v~ ·<;i'ep·art-' 
~ents and establishm~nts shall be ~vaila'lMe also for ex-

. penses of travel perforll'led by them on transfer from one 
official station to another when authorized by~ the head of 
the· department or establishment cot?-cerned in the order 
directing such transfer : Provided»tth.at such expenses 
shall not be allowed for_ any transfer ·effected for t~e 
convenience of any ·officer or employee, 

It is apparent that some controlling statute niade this provisionv 
by Congress~ necessary~ and that it was further ·necessary to extend 
the ·pr·ovision' back to cover the fiscal years 1926 a_nd 192 7 arid to clear 
the appropriation for the 1928 fiscal year and those which may have 
already been 'passed .for the fiscal year 1929. '}_/ . 

The field offices of the Branch becam.e gradually ·and naturally 
the recognized local sources of information. concerning Survey acti­
vities and reports. ·There were many such offices» about 20 in 1919· 
increased to about 50 in 1939 and more than 100 in 1944~ in compari­
son with the field offices of other Branches of the Surveyr which com­
bined probably did not exceed a dozen; they were relatively stable in 
location and in the service of senior personneL The clerks were en­
couraged ~nd trained to serve the inquiring public by making it their . 

7/ Letter from WashinQton Office to autho r" 
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business t o know what all Branches of the Survey were ·doing in the 
region, the names and -addresses of Survey employees who were -work­
ing in the State or a near-by State, what Survey maps had been issued, 
how and where they could be obtained, and what Survey reports related 
to the region had been issued and how they could be obtained. Four 
offices of the Branch in the West were developed into offices of distri­
bution where certain Survey publications were available just as they 
were in Washington., thus removing in part the handicap of the West 
in obtaining Survey reports. These offices which were in Denver, ~/ 
Salt Lake City, San Francisco and Los Angeles, maintained not only 
small stocks of Water Supply -Papers for distribution, but also fairly 
complete reference libraries of Survey publications which ~ere open 
to and were largely utilized by that part of the local public which was 
interested in any phase of the Survey's activities. Other field offices 
of the Branch, although not offices of distribution, endeavored to main­
tain for public reference sets of Survey publications that were as nearly 
complete as practicable. Thus the field offices of the Branch, by serv­
ice to the public ~ had gradually come to have far broader Survey values 
than ordinarily pertain to local headquarters, and that certainly were 
not clearly forese·e.n:~when the first local Branch offices were established. 

APPROPRIATIONS 

The reaction to war -time expenditures-, which had resulted in a 
cut in the 1919 appropriation, 9j had no efiect during the early years 
of this period. The Wilson administration appears to have relaxed some­
what in its efforts for economy during its last. year and the gaging streams 
appropriations for . 1920 and 1921 were increased to $175,000 and $180~ 000, 
respectively. The appropriations for 1922 and 1923 were continued in the 
amount of $180,000 for each year. However, Federal expenditures again 
became a matter o( serious concern by 1923 and the appropriation for 
1924 wfis:~reduced to $170~ 000. The creation of the Bureau of the Budget 
on June 10, 1921, lOj gave the President greater opportunity to influ­
ence Congressional-appropriations iri their making than he had formerly 
had, -and in accordance with his desire to cut down public expenditures, 
Congress reduced the annual appropriations for the Branch from $170,000 
for 1925 to $165 , 000 for 1926, $151,000 for 1927, and $147,000 for 1928. 
Many organizations, notably, American Engineering Council, the Ameri­
can Society of Civil Engineers, the Southern Appalachian Power Confer­
ence, and the Association of State Geologists, -recognized the increasing 
need for greater appropriations for the Branch and repeatedly passed 
resolutions endorsing such increases. One of the most serious attempts 
to attain this end was a bill providing for an inventory by the Survey of 
the water resources of the country at an e~timated c~st of $400,000 for 

~/ follansbee, Robert, History of the Water Resources Branch 
'b f the U. S. Geol. Survey to 1919, p. 275. 

!__/ Follansbee, Robert~ History of the Water Resourc·es Branch 
~ ofthe U .•. S. Geol. Survey to June 30, 1919, p. 320. 
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the first y ear and $500, 00 0 for each of 19 succeeding years. Such a 
bill was introduced in Congress by Congressman Newton during the 
years 1926 and 192 7, but was never reported out of committee. This 
non-action may have been due to the fact that during those years Con­
gress had instructed the Army Engineers and Fed~ral Power Commis­
sion to prepare estimates for conducting a similar but more compre­
hensive inventory. ~ 

Another attempt was made near the end of the period after the 
Mississippi River flood of 1927. Congressman Temple, on Feb. 17, 
1928 introduced a bill providing for topographic mapping and stream 
gaging in the lower Mississippi River Valley, 11 and in such other areas 
as have an immediate bearing on the solution of flood problems of the 
Mississippi River Basin. 11 The bill carried an appropriation of $2, 800,000 
of which $500, 000 was for stream gaging. This bill was not acted upon. 

• 

Three changes affecting the net amounts available under annual ap­
propriation~ appeared during these years, two decreasing such amounts 
and one increasing them. ( 1) The reclassification of salaries l2j in­
creased the salary roll of the Branch by some $20, 000 annually-:- The 
first year that this was in effect Congress made a supplemental appro­
priation to cover the increase, but thereafter failed to do so. (2) Another 
new though relatively small charge against the appropriation resulted 
from an order by the Director of the Bureau of the Budget that as an 
economy measure not less than 2 per cent of the amount expended for • 
salaries of permanent employees be reserved for return to the Treasury, 
beginning with the fiscal year 1927. This required the withholding of 
about $2, 700 for ea.ch of the years 192 7 and 1928. ( 3) For many years 
a portion of .the general administrative expenses of the Survey had been 
charged to the appropriation for each .Branch, as Congress did not pro-
vide adequately for such expenses. Beginning with the fiscal year 1927, 
however, the Bureau of the Budget set up a specific item for these ad-
ministrative expenditures, relieving the Branch funds of an annual charge 
ranging from $16 11 000 to $18,000. Thus these changes were largely com-
pensating. 

Until 1922 the Survey items were carried in the annua~ Sundry ~ivil 
bill. Beginning with the year 1923 the Sundry Civil bill was abolished, 
all items for each department were segregated into that department 1 s 
bill, and thereafter the Survey items were carried in an Interior Depart­
ment bill. . The language of the Branch item continued unchanged (except 
as to amount) · until the bill f?r the fisc a~ year 1926 was written, when a 
limit was placed upon the amount that could be e xpended for services in 
the District of Columbia.. There had been a rather wide-spread feeling 
in Congress that ma·ny government bureaus. were too gre.9-tly centralized 
in Washington, and the limit was set in an effort to pr.event that condition .. 

~/ p. 
~/ p. 10 .. • 
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During the remainder of the period, this limitation was as follows: 

1926 
1927 
1928 

$71, 730 
61!1000 
73,000 

As the Branch was highly decefitralized, it was not at first seriously 
affected by the limitations on District of Columbia. 

Beginning with the fiscal year 1927 the Geological Survey was 
specifically authorized to perform scientific and tec;hnical work for 
other Federal agencies by a transfer of funds from such agencies 
to the Su-rvey for that purpose. This was accomplished by the follow­
ing language in various Acts: 

Provided, That any sums transferred by any department 
or independent establishment of the Government to the Geologi­
cal Survey for cooperative work in connection with the appro­
priation may be expended in the same manner as sums appro­
priated herein may be expended. 

7 

The successive reductions in the annual appropriations were very 
disheartening to the personnel of the Branch and were the subject of 
earnest discussions at each conference. The various States were in­
creasing their cooperative funds and the Survey was falling farther 
and farther short of meeting such cooperative funds on a 50-50 basis. 
This situation was keenly realized not only by Director Smith and the 
Chief of the Branch9 but especially so by the district engineers who 
were at all times in close- contact with the cooperating State officials. 
Finally the district engineers decided upon a "last ditch" meq.sure at 
the conference held Oct. 17-22, 1927, which took the form of a direct 
appeal to the Director that he recommend in the 1929 item (shortly to 
be considered by Congress) an increase sufficient to meet State coopera~ 
tion on a 50-50 basis. Following long-established precedent, a committee 
was appointed to present the appeal, consisting of Lamb, Glenn L. Par­
ker, and the author. Director Smith was not only -~y:r:npathetic to the ap­
peal, but was already prepared to :recommend suf:~: increase. He read 
to them the follow~;n,g extract from the recommendatiqns which he had 
written for his annual report: ~/ 

The financ"ing of cooperative effd~t/.<hpwever, should 
be more equitably divided between the Staye;·and Federal 
Governments in the gaging of streams~ where the reasons 
for a dollar -for -dollar arrangement are s~ _milar to those 
now recognized and generally adopted in the topographic 
mapping . 

This was the first time his annual report had contained such a recom­
mendation, and it is fair to assume that his action at that time was duell 

~/ U. S. Geol. Survey$ Forty-eighth ..f\P:n· Rept., P.l. 



in part at least, to the vigo r ous protests by cooperating State officials 
and engineering organi.zations against the small ratio of Survey to State 
funds in the cooperative programs. The success of the. Director's 
recommendation and the efforts of the co()perating State officials will 
appear in the history of the next period. ~/ 

COOPERATION 

Cooperation by State and Federal organizations and by permittees 
and licensees of the Federal Power Commission and the contributions 
of materials and services by private interests increased so much dur-
ing the years 1919 to 1928 that the period has been entitled by the writer 
the 11 Years of Increasing Cooperation." Although there were much greater 
increases in cooperative funds of all kinds in the next period, the increases 
during this period came at a time when Su'i~.:.yey appropriations were being 
decreased, and so served to maintain and increase the work of the Branch~ 
and to support its trained personnel and . .:ustain its spirit to overcome all 
difficulties through a period that otherwise was very depressing. Increas­
ing cooperation hecame, therefore, the outstanding characteristic of the 
period and properly gave it its name . 

From 1913 to 1919, the average cooperation from all sources had 
been about $160~ 000 annually. The growing interest in water power and 
other aspects of the water resources caused an increase in State and 
Federal (non-Survey) cooperative funds to a combined total which was 
more than double that of the previous periodll as shown by the following 
tabulation: 

1920 
1921 
1922 

$191,665 
214,035 
248~754 

1923 
1924 
1 ~.25 

$253~ 175 
324,610 
343,282 

1926 
1927 
1928 

$340, .275 
335, 556 
427,907 

These totals do not include some relatively small amounts paid by Federal 
agencies for minor cooperative investigations by the Ground Water Division. 
To these State and Federal cooperative funds should be added an average 
annual figure of about $135,000 contributed by permittees and licensees 
of the Federal Power Commission during the years 1922 to 1928 and an 
unknown, though very substantial amount represented by the records fur­
nished in whole or in part by other private interests, in order to obtain a 
full measure of the cost of work done by or under the supervision of the 
Branch. 

By the end of the period the total of the annual (non-Survey) coopera­
tive funds was more than three times that of the Survey's appropriation" 

A concise explanation of cooperative financing may serve to clarify 

•• 

• 

the statements on the following pages with resp~ct to the funds of various • 
kinds utilized by the Branch or by other organizations in connection with "' . . . 
the study of water resources. Congress recognized cooperation J:>etween 

~~ P. 
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the Survey and St~tes or municipalities in the financing of water studies 
to which both part~es contribute. There were, therefore, in this period· 
Survey cooperative funds as well as State and municipal cooperative funds, 
and in the history of the next period it will appear that Congress set ~p a 
part of the gaging-streams item to be available only for <;:OOperation with 
States and municipalities and also set a limit on the ratio of Survey to 
State or municipa-l participation in cooperative financing~ thereby recog- · 
nizing in the law that a part of each annual appropriation is a Survey co­
operative fund. There appear statements~· therefore~ of Survey (Federal) 
and of State and municipal cooperative funds and expenditures that relate 
to such cooperative financing on a ratio basis. 

Many Federal bureaus call upon the Survey to make specific investi­
gations of the quantity, chemical quality or availability of surface or ground 
water in connection with specific problems or projects. In~ eneral~ . Sur­
vey funds have not been available in sufficient amounts for such additional 
work and the bureau requesting the investigation has paid all or a maJor 
part of the costs by transfer of funds or by reirnbur sernent. .9'':lch funds a 

which may be referred to herein as Federal cooperative funds, should 
not be confused with the Survey cooperative funds that relate to coopera­
tion with States and municipalities and that are also Federal funds. In 
connection with work performed for o6h_er Federal bureaus there is no 
principle of matching involved and the financing is arranged in each in­
stance on the basis of availability of the funds in the Survey or in the 
bureau concerned . 

Because water-power companies, irrigation companies or organiza­
tions, and other non-governmental agencies are interested in the collec­
tion of information with respect to water, such agencies have contributed 
to the accomplishment of the work, either by paying directly some of the 
costs such as gage readers' salaries, construction of gaging stations 
or certain features of them, or by contributing funds for expenditure by 
a non-Federal governmental unit such as a State or city. Such contribu­
tions may be loosely and incorrectly referred··to as priv.ate cooperation~ 
There is, however, no matching of funds or ·cooperation in that sense 
except in those instances where a State or municipality may add such 
contributed funds to its regularly appropriated funds. Assistance from 
such private sources is more properly referred to as "contributed'' 
rather than as "cooperative". 

Finally, the Federal Power Commission requires its permittees 
and licensees to perform such stream gaging as may be needed for a 
proper evaluation of the projects or for the assessment of charges. -
In order to be assured as to the reliability of the records)) the Corn­
mission requires that this work shall be done by or under the super­
vision of the Survey. As a resultp the permittees or licensees of the 
Commission may do the stream gaging under Survey supervision, pay­
ing all costs directly, or they may pay the Survey to do the ·work by 
advance of funds. 
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RECLA SSIFI CATION OF SALARIES 

The inequalities in salaries paid for work. in different units of the 
Federal service became so great during and immediately after the 
World War that Cor.i5ress finally took cognizance of the situation. The 
inequalities had been increasing during the previous quarter of a cen­
tury, with the gradual growth of lump ·~ sum appropriations made for 
governmental actiyities organized during that period. Many of the 
older organizations had their salary rates set by _ statute, and while 
the rate:s ·were perhaps adequate when they were set many years prev­
iously, the incc:r et:tf ed cost of tiving had made them relatively too low 
in the succeeding yearsa Such salaries could only be changed by 
statute and generally such action had not been taken. On the other 
hand, activities that were begun later were generally supported by 
lump- sum appropriations under vhich the salaries were set by the 
administrative offices of the activity itself at higher rates than the 
long-standing statutory salaries, and they could be and were in­
creased from time to time by ~~e same administrative authorities. 
The Survey was fortu nately in the latter class. War requirements 
had brought new organizations into existence and had practic,:ally 
doubled the number of civilian employees 11 which organizations 
with their relatively large lump- sum appropriations, were able 
to, and did, pay salaries that were still higher than those paid to 
the older organizations that were supported by lump = sum appropria-
tions. Not only did these war ~time activities pay the higher salaries ~ 

of the period, but in an· endeavor to keep down all expenses that· were 
not directly connected with war activities Congress refused during the 
war to increase the salaries paid in the older organizations. There was 
a rather wide- spread attitude in Congress that the failure to receive in­
creases should be looked upon as a sacrifice which the civilian employees 
should be glad to make as a contribution to the financing of the war. l~j 
So high was the cost of living after the war that Congress was forced to 
continue the temporary -expedient of voting salary bonuses which was 
started in 1917. l6j In recognition of the higher rates paid by the \:var­
time activities, the bonus did not apply in organizations created after 
July 1, 1916. For the fiscal year 1920 the bonus rate was increased 
from $120 to $240" T}:lis make-shift procedure shows clearly that the 
Government had adopted no definite policy with respect to employment 
and compensation. The rapid increase in the cost of living during and 
after the war and the great opportunity for outside employment immedi­
ately following the war caused many resignationsll an9. finally focused 
the attention of Congress on the situation. A~ a result Congress passed 
an act, approved Mar. 1s 1919~ creating a Joint Commission on Reclassi­
fication of Salariesv composed of members of both the Senate and the 
Housel) charged with the duty of reporting what readjustment of compensa­
tion .should be made to provide uniform and adequate pay for the different 

~/ A personnel program for the federal Civil Service. H . D . . 773, 
71st. Cong. 3d Sess. 

1~/ Follansbee, Robt. Hist. of Water Res. Br., to J u ne 30 3 1919~ 
p. 319. 

• 
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classes of employment within the District of Columbia. The need for 
readjustment was greater in Washington than in the field , and , besides, 
by attacking the worst situation first Congress began its studies where 
the necessary fa c ts on which to base legislation could be obtained more 
quickly and with less effort than in the scattered and varied field ser ~ 

vices. As an illustration of the increase in living c osts in Washington 
the News Letter for J une 23, 1919 ~ presented diagrams showing that 
the cost of living had !~creased 78 percent between 1910 and 1918. 

. . 
The Joint Commission sent questionnaires to the 100 ~ 000 employees 

in Washington, asking each employee to write his own description of his 
duties o The multiplicity of duties performed by various employees and 
the task of combining these duties into classes and grades is sl:lown by 
the following statement in the Joint Commission ~ s report to C.ongress : 

I}_ I 
The members of your Commission never Jully 

appreciated the limitations of the human intellect until 
they undertook to agree on uniform and equitable pay 
for more than 1, 700 different kinds of jobs. 

The Commis s ion did ~ however ~ suc c eed in reducing the 1, 700 j obs to a 
rational classification and made an 884-page report to Congress in 
March 1920 ~ recommending that the proposed classification be enacted 
into law effective July 1, 1920 . 

Evidently the 11 limitation of the human intelle c t 11 was . recognized in 
Congress as the latter found it impracticabie to review the 884 - page re­
port submitted ~/ and a number of attempts were made in Congress to 
simplify the original clas~ifications , A number of bills. classifying the 
civilian service were introduced during the next three years and out of 
th~se grew the classification act of 1923}9ft;hich was approved Mar. 4, 
1923, in the closing hours of the 67th Congress ~ just as the Geological 
Survey itself had been created in the closing hours of another Congress.:::/ 
The classification and rates of pay applied only to positions. in Washing­
ton , but provision was made for a survey of the field services and are ­
port thereon to Congress at its next regular session. 

This report was made, and on Dec. 6~ 1924, Congress passed an 
~ct making an additional appropriation for the fiscal yea r 1925 to enable 

.t h e Departments and independent establishments to adjust the rates of 
pay in the field services as ne~rly as practicable in accordance with the 
ci3:~s i fication act of 1923. As this adjustment had previously been made 

' Oti:',July 1 , 1924, it is evident that Congress had authorized the extension 
. o.f reclassification to the field services and provided the funds needed for 
its accomplishment five months after the date set by the enabling act. 

17j H . D . 686 , 66th Cong. ~ 2nd Sess. 
~/ Rept. Senate Comm. on Reclassification of Civil Service 

Employees, Feb. 3» 1922. 
19/ 40 Stat. pt . 1, 1487. 
2!}_/ Follansbee ~ Robt . , History of Water Resour ce s B r . to J une 30 , 1919 , 

p . 24 . 
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T h e Bureau of the Budget i n preparing estimates for the previous fiscal 
year, 1924, had proceeded on the basis that the reclassification would 
be extended to the field services. 

The classification act was designed to equalize salaries rather than 
to raise them generally. As the equalization was generally upward~ the 
net result was that the average salary was raised about 10 per cent~ the 
newer organizations benefitting less than the older. 

After the classification act had been in effect a few years,_ inequalities 
inevitably appeared, resulting in dissatisfaction on the part of a consider ­
able number of government employees. To iron out these inequalities, 
Congress passed the Welch Act , approved May 28, 1928. 2~/ Tha~ the · 
reclassific ation of salaries had not formally been extended to the field 
service is shown by the fact that the Welch Act again contained the pro­
viso that a survey of the field services should be made and a report sub­
mitted to Congress. This mandate was obeyed, but to this day (1939) 
Congress has not actually approved it. One reason for this deiay is the 
matter of differential in cost of living in various parts of the country ~ 

which Congress has been reluctant to recognize by varying salaries 
for the same grades of work to offset this differentiaL 

)-;" 

Before the ' r'eclassification acts became effective the only engineer­
ing grades were junior engineer, assistant engineer ~ and engineer. In 

• 

1916 the salary ranges for these grades were : $1,000- $lp300, $1,380 - • 
$2, 000, and $2, 400 - $3, 000~ respectively. Due to the increased cost 
of living caused by the war and its aftermath, the salaries for these 
grades were gradually increased until in 1923 they were : $l v 600 - $1 , 800 , 
$1 , 800 - $3, 000, -and·:$3; 0.00 - u pward. i'. 

Under the cia·ssification act of 1923 the rates for pro~essional service s 
were : junior engineer, $1,860 - $2, 400; assistant engineer, $2,400 - $3 9 00 0 ; 
associate engineer, $3 , 000 - $3, 600; engineer v $3,800 - $5, 000; senior e n­
gineer, $5, 200 - $6 ~ 000; and chief engineer $6, 000 - $7 , 500. Inequalities 
_still existed, and to correc t these so far as possible, the WelchAct of 
1928 was enacted which gave the following rates : junior engineer , $2 , 000 -
$2, 500; assistant engineer 9 $2,600 - $3 9 100; -associate engineer ~ $3,200 -
$3, 700; engineer, $3 ~ 800 ~ $4, 400; senior engineer, $4,600 - $5, 200; 
principal engineer, $5, 600 - $6, 400; and a higher grade ~ designated in the 
act as Grade 7 , $6 ~ 500 - $7,500. 

After the passage of the Welch Act inequalities still existed in cer ­
t ain grades and to remove these the Brookhart Act was enacted in 19 30. 
By its · terms the r a t es for professional services were : junior engineer , 
$2 ~ 000 - $2 , 600; assistant engineer ~ $2,600 - $3, 200; asso'ciate enginee r 1 

$3,200 - $3, 800; e ng ineer » $3,800 - $4ll 600; senior engineer, $4,600 -
$ 5 ~ 400. 

I 

~J.j 4 5 Stat. 7 76.: 

"' 

• 
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RETIREMENT ACT 

A solution of the problem of the aged employees was equally as im­
portant to an efficient civil service, as was an equ~lization of ~~)aries 
for substantially similar duties and responsibilities. The studies of the 
Joint Commission on Reclassification of Salaries showed the great need 
for a system of retirement. There was in effect a most expensive civil 
pension system whereby employees were retained in office after they had 
passed their usefulness. To quote the Commission: 2~/ 

Thousands of superannuates encumber the payrolls and 
reduce the morale of the departments. Some are brought to 
their desks in wheeled chairs, and in one case an employee 
frankly told your commissioner that he had no duties because 
he was blind. Of course) no administrative officer has been 
found heartless enough to dismiss these faithful servants 
from the positions they occupy. 

The Commission went on to state that the salaries of these superannuates 
amounted to much more t~<;tn a generous retirement system would cost, 
to say nothing of the decreas~d efficiency resulting from their presence. 
It recommended the irnrnediat e enactment of an actuarially sound retire­
ment law. 

The problem of the aged ·employees was one of long standing, par­
ticularly in the older bureaus 9 and about 1912 an organization of em­
ployees urged Congress to pass a retirement act. Congress was so 
unsyrnpathetiic to the idea that in retaliation a member introduced a 
bill which would limit all civil service employment to a seven-year 
tenure, unless qualified by reexamination. A threat of the passage of 
that bill coaled the ardor of the employee advocates of retirement and 
nothing carne of their efforts. However 9 one ·or more bills were intro­
duced afterwards but these likewise failed of passage. 

When the Joint Commission on Reclassification of Salaries made 
its report in 1920 the problem had becorn~ so acute and was so closely 
related to efficiency in the civil service that Congress, on May 22, 1920, 
within two months of the Commission's report, passed a retirement ,act 
whereby employees paid into a retirement fund zi percent of their sala­
ries 2~/ and were retired at 70 years of alge. The government agreed 
to pay the additional amount necessary to retire all civil employees on 
a sliding pension scale having a top limit of $720 annually. 

The retirement act was amended on July 3, 1926, to increase the 
employee contribution to 3~ percent and tbJe maximum pension to $1, 000. 
It was later found that in many instances employees within a short time 
of their retirement9 resigned and withdrew their contribution to the 

22j H. D. 686, 66th Cong. 2nd Sess. 
2}_/ 41 Stat. 614 
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retirement fund with the interest at 4 percent which it had drawn. The 
purpose of this action was to purchase an annui~y larger than the Govern­
ment pension. If this procedure were followed generally the pension fund 
would be depleted so seriously that greatly increased Federal appropria­
tions would be required. To remedy this situation the retirement act was 
again amended on May 29» 1930. By this amended act 24j the pension 
consisted of two parts - one» a maximum of $900 per a~um which the 
Government paid at the ·rate of $30 per year for each year of service ~p 
t; " 30 years, and the other·, ""1the amount o£ the annuity purchasable by the 
amount standing to each employee ' s account under the provision outlined. 
If the combined pension was less than $1, 200 annually, the Government 
increased it to that amourit , which was considered the min~Jmum pension 

:¢.'' •;. 

for those who ,were retired at 70 years of age after 30 years of service. 

The first member of the Branch to be retired was E. C. Murphy 
whose retirement was effective Oct. 16 , 1926. 

DIVISION OF SURF ACE WATER 

Washington Office 

At the beginning of the period, G. C. Stevens was in charge of the 
Computing Section and was- ex-officio district engineer of the Middle 
Atlantic States. Requests for special data that required much of Steven's 
time for preparing an~wers gradually became so' numerous that on July 
1, 1921:> ·A. H. Horton» in charge of t_he Division of Power Resources, 
took over also the district~engineership ~f the Middle Atlantic States 
district. 

The many requests for special data left Stevens little or no tLme for 
preparing records for publication in the annual reports;~ and on Jan. 1, 
1924, the Computing s ·ection was divided into the Section of Investigations 
under Stevens, the Section of Reports under B. J. Peter son who had been 
Stevens' principal assistant, and the Section q~ Instrument Design under 
C. H. Au. Mr. Au had been employed on a full =time basis since Oct. 
1, 1920 in the Survey! s Division of Scientific and Technical Equipment, 
which later became the ·S.ection of Field Equipment. He was transferred 
to the Branch o~ Mar. 1 9 • 1921. 

The Section of Reports continued the review and preparation of re-
. cords for. _pubiication in the annual reports, ?-nd engineers from several 
districts were detailed to Washington during each winter to assist. In 
addition, B. L. Bigwood was ,assigned to the section from Decembe r 1919 
to February 1924; 0. D. Mu,ssey, October 1923 to March 1926; D. S. Wal­
lace, February 1923 to June 192'3 and June 1926 to June 192 7; J. W. Man­
gan8 March 1926 to May 1927; and W. C. Wiggins, December 1923 to 
March 1925. Marion Walters, who had been in the section since the early 
days of the Water Resources Branch, r esigned July 1, 1920. 

24j 46 Pt. I~ Stat. 468. 

• 
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Au's work in the Section of Instrument Design, which was guided 
largely by the needs of the field engineers · as expressed by the district 
engineers at the various periodic conferences and by continuing con;- :es­

pondence, was supervised directly by J. C. Hoyt who was always striv­
ing to raise the standards of facilities for field work. 

Willis E. Hall continued as chief clerk until his death, Mar. 13 8 1925. 
He was succeeded by Miss Marian J. Dickman who was ''acting" until 
she was appointed Branch chief clerk on Apr. 1, 1926. 

Field 

During this period there were many changes both in district engi­
neer personnel and in district boundaries. G. K. Larrison resigned 
in June 1919 at the close of the previous period, C. C. Covert in 1922, 
Warren E. Hall, R. C. Rice 8 and E. L. Williams in 1923, and C. H. 
Pierce in 1925. F. F. Hensha;·; was transferred to the Federal Power 
Commission in 1928~ Covert, Hall, and Henshaw were ''old timers~ 11 

having been connected with the Survey since the days of the Hydrographic 
Branch. 

The successive increases in funds, due largely to cooperative 
appropriations for stream gaging by additional States and the discon­
tinuance of cooperation by a few States that had previously made such 
appropriations, caused ma~y changes in dist,-icts and district bound­
aries. Just at the close of the previous period, the Pennsylvania dis­
trict was created, but was discontinued in 1921. The South Atlantic 
States district was divided into the North Carolina (1921) and Tenn~ 
essee (1920) districts. Illinois became a separate district in 1919, 
Iowa in 1920 8 and Arizona in 1921. . The New Jersey, Ohio, and Mis­
souri districts were created in 1921. Virginia became a _subdivision 
of the Middle Atlantic States district in 1925 and was made a district 
in 1926. The Iowa and Kansas districts were closed in 1927 because 
of discontinuance of cooperation. 

State Cooperation 

State cooperative funds were increased from $126,312 in 1919 to 
$320,558 in 1928. Apparently a principal cause of the increase was 
the interest in water -:-power development aroused by the expanding 
needs of industry for power following the war. An awakened interest 
by a number of States in the value of their water resources was another 
important cause. As a result, cooperation was started with ten addi­
tional Statesa most of which made substantial appropriations for 
stream-gaging. On the other hand, lack of interest resulted in the 
discontinuance of cooperation by seven States~ each of which had pre­
viously contributed only a few hundred dollars annually . 

The following table shows, by sections of the countryll the amount 
of State cooperation in the first and last years of the period,- the per­
centages of the total ip. the eastern and southern, central and western 
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sections (including Hawaii). Note that all sections of the country in­
creased their cooperative funds, the greatest increase in amount be­
ing in the we···t, though in the per·centage of the total there was a de­
crease in the western section. 

State cooperative funds in ·1920 and 1928 

.-
1920 Perc. 1928 !ncr. Perc. Perc. 

Sect. Amt. of Amt. in !ncr. of 
Total Amt. Total 

East. & 
Southe-r 1$25,080 1/ 17 $90,863 $65, 783 252 28 
Central 12, 860- 9 49,836 36~976 290 16 
Westerr 10 5, 940 74 179,859 73~919 70 56 -- -- --
Total $143,8802:/ 100 $320,558 176,678 100 

lj Exclusive of Pennsylvania cooperation which lasted only two years. 

1:-

These amounts represent cooperation with the Surface Water Division 
onlyo 

The increase in the Central section came largely from cooperation 
by Ohio, which started in 1921 and yielded $30,117 in 1928. Without 
this cooperation there would have been only a $light increase in State 
cooperative funds in that section, indicating that except for Ohio the 
central states had not then increased substantially in water­
consciousness. In general, it may be s-tated that water power was the 
dominant factor in cooperation in the eastern and southern states, and 
irrigation in the western states, although water power was important 
there also. In the central states the factors were water power, flood 
prevention, drainage, and navigationo 

At the· end of the period, 31 states were cooperating in surface­
water investigations. 

In 11 · of · the States, the cooperating agencies were changed.,~ in 
five as a result of general reorganizations of the State governments 
to reduce the number of departments, and in six by the creation of new 
agencies or by transfers to existing agencies for various reasons. 

The annual expenditures from State cooperative funds were:. 

1920 
1921 
1922 

$169,660 ' 
174,855 
214,568 

1923 
1924 
1925 

$207,562 
273.1tl69 

' 306,429 

1926 
1927 

' 1928 

$291,902. 
283,045 
320p558 

In addition to the cooperation indicated by these figures several 
States and municipalities contributed complete records, increasing 
from 40 .in 1920 to 75 ·in 1928. 

The details of cooperation with each State 'followo 

• 

; 

• 

• 
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Maine.- Cooperation was continued with the Water Power Commission 
of Maine until it was abolished in 1923 as the result of a "pocket 
veto•t by the Governor who disapproved the Conrnission' s opposition to 
State development of water power. The Governor realized, however, the 
necessity for continuing stream gaging and provided funds for that 
purpose from his contingent fund until the next session of the legis­
lature. At the 1925 session the legislature empowered the Public 
Utilities Commission ~o cooperate with the Survey in the water­
resourc~s investigations and thereafter provided funds for that 
purpose. 

The annual expenditures of State cooperative funds were: 

1920 
1921 
1922 

$4,290 
4,435 
4, 330 

192.3 
1924 
1925 

$4,233 
5,107 
5,278 

1926 
1927 
1928 

$5,107 
5,215 
6,114 

The flood of May 1923, the severest of record 6n the Penobscot 
River, increased the interest in the State's. streams, and possibly the 
apprehension with respect tq the practicability of their control, and 
resulted in somewhat greater appropriations beginning with the fiscal 
year 1924. Similarly, the widespread 1927 floods were followed by a 
larger appropriation for the next year. 

The Survey allotments were: 

1920 
1921 
1922 

$ 850 
1,000 
1,000 

1923 
1924 
1925 

$1,000 
1,000 

600 

The allotments for the New England districtwere not segregated by 
States after 1925. 

New Hampshire.- The Commission on Water Conservation and Water 
Power of New Hampshire, with which cooperation had been started in 

1917, was a temporary body created to study the possibilities of 
developing water power and water storage. It·s work was completed in 
1920, andwhen the 1921 legislature ma?e an appropriation of $3,0oo23/ 

22 Chap e 189 

for continuing cooperation with the Survey during the b·iennium, the 
Public Service Commission was designated as the cooperating agency of 
the State. In its report for 1922~ the Commission stated:2~ 

2i( Vol. 12, p. 17 
----------------------------------------------------------------

Beyond question this work is of great public benefit 
and in order that it may be continued we recommend that a 
similar appropriation (for the next biennium) be madeo 

That report contained a summary of all stream-flow records to date • 
State cooperation continued during the period, and the following 
expenditures were made from the amounts allotted by the State: 
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1920 
1921 
1922 

hl, 560 
1, 400 
1~450 

1923 
1924 
.1925 

$1 ~· 306 
1~808 
1,161 

1926 
., 1927 

1928 

$1,682 
1,~~395 

2,410 

. Water power was the chief interest in the State's streams until 
the New England flood o~ November 1927 aroused the people to the flood . 
menace and the problems related to flood control. An increase in the 
State appropriation followed in 1928. 

The Survey allotments were: 

1920 
1921 

$1,000 
1,500 

1922 
1923 

$1,500 
1,500 

1924 
1925 

$1,500 
1,500 

The allotments for the New England district were not segregated 
by States after 1925$ 

Vermont.- Vermont's interest in water power, w~ich had been 
aroused in 1913 when cooperation was begun, continued during the early 
years of the period. Never very strong, this interest gradually sub­
sided and beginning with the fiscal year 1924 the State ceased its 
appropriation for cooperative stream gaging. The s.evere floods during 
the fall of 1927, however, showed the menace of the uncontrolled 
streams and the Governor called a special session of the legislatu~e 
which appropriated a considerable amount for rehapilitation work. Of 
this appropriation $16,000, together with anothe~ $16,000 contributed 
by the utilities of the State, was allotted to the State flood-control 
committee for the preparation of a report on f.lood controlG That 
committee made an allotment for cooperation wii:th the Survey. The 
chairman of the flood-control committee was also the chairman of the 
Public Service Commission, and this Commissionbecame the cooperating 
State agency. During the remainder of the fiscal year 1928 the 
Survey's work was limited essentially to the collection of field data 
for the computation of the 1927 flood discharges, and the preparation 
of a report on that flood, published as Water-Supply Paper 636c. 

The State cooperative expenditures and Survey ~llotments during 
the period of cooperation were~ 

Year State Survel 

1920 $1~060 $ , 900 
1921 1,270 1~qoo 
1922 1,130 . 1,000 
1923 1,200 1,000 
1924 1,000 
1925 500 
1928 2,596 

The allotments for the New England district were not segregated by 
States after 1925. 

Massachusetts.- Cooperation with Massachusetts was continued 
through the Department of Public Works and in the fiscal year 1928 
cooperation was also effected through another State agency, the 

•• 
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• 
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Metropolitan District Water Supply Commission, which, about 1926, began 
the construction of works to divert water from the Connecticut River to 
the metropolitan area. As opposition to the proposed diversion developed 
in the State of Connecticut, the Commission decided that records of 
flow should be obtained at four points where there were no gaging stations. 
The Commission asked for Survey cooperation and made an allotment for 
that purpose. 

The annual expenditures from State cooperative funds were: 

Dept. 
Year Public Works Year 

1920 $2,450 1925 
1921 2,970 1926 
1922 3,200 1927 
1923 2,877 1928 
1924 3,060 

Dept. 
Public Works 

$3,197 
3,899 
3,801 
4,323 

Met. Dist. 

$1,000 

Total 

$3,197 
3_,899 
3,801 
5,323 

The increase beginning in 1926 was due chiefly to need for rebuilding 
recorder stations. 

The Survey allotments were: 

1920 
1921 
1922 

$2,125 
2,500 
2,500 

1923 
1924 
1925 

$2,500 
2,500 
2,500 

The allotments for the New England district were not segregated by 
States after 1925. 

Connecticut.- In 1919 the State Board of Health of Connecticut 
was engaged in a special study of pollution and had established several 
gaging stations equipped with pressure-type gages. The records ob­
tained were riot satisfactory and the sanitary engineer in charge of 
that work asked C. H. Pierce for advice. This led to cooperation with 
the Survey that lasted from the fall of 1919 to June 30, 1921, when 
the special study was completed. Four of ,the stations established by 
the Board of Health were maintained under the cooperative agreement, 
and tv;o others were established, making a total of six State 
cooperative stations in operation during those years. The expendi­
tures from State funds were $1,005 in 1920, and $365 in 1921. 

Questions related to water s,~Pj>lies available for municipal use 
led the General Assembly in 192521/ to authorize the State Geological 

~ Special Act of 1925, Chap. 240. 
---------------------------------------------

and Natural History Survey to report to the next session of the 
Assembly on the water resources of the State. R. H. Suttie» a member 
of the engineering faculty of Yale University, who had been a member 
of the New England district's personnel in 1918-19, was selected to 
prepare the report . . which contained, among other matter 1 a compilation 
of all precipitati-on and run-off records for Connecticut. It was 
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presented to the Governor for transmission to the 1927 session of the 
General Assembly with the recommendation that a cooperative arrange~ 
ment be made with the United States Geological Survey for the purpose 
of collecting systematic stream=flow records over a ··period of years o 2_§1 

2~ State Geolo & Nato Risto Survey Bullo 44g po 14o 

At this time the Massachusetts Metropolitan District was pre~ 
paring to divert water out of the Connecticut River Basin; the State 
of Connecticut feared the effects of such diversions and realized the 
necessitY- for complete information regarding the discharges of State 
streamso ~ Accordingly$ the General Assembly made an appropriation 

./}-' 2j/ Letter from Prof o fio Ho Suttieo 

for cooperation with the Survey, and as there was no State department 
specifically charged with supervision of the State 9 s waters~ the 
Governor became the cooperating officialo State expenditures during 
1928 were $1~359o The Survey allotment for the New England district 
was not segregated by Stateso 

New -Yorko- In New York~ cooperation with both the State engineer 
and the Conservation Commission continued through 192lo In 1921 the 
Governor recommended that 9 . in the interest of efficiency and economy 9 

all engineering work of the State be performed by the State engineer ¥ s 
office1 and the legislature enacted laws transferring to that office 
various organizations that had engineering functions, including the 
Division of Waters in the Conservation Commission, effective July 1$ 
192lo ~ Thereafter ·the State engineer became the only cooperating 

3l? Repto State engineer for year ending Jun~ 30, 1921, po 27o 

State officialo In the last year before the change the total State 
cooperative expenditures were $16~340, and during the next three 
years the annual expenditures were reduced to a low point of $10~755, 
indicating, perhaps, that economy then outweighed the State 9 s interest 
in its water resourcese During the following years, however~ interest 
in water power became relatively stronger and the cooperative ex­
penditures were gradually increased to $15,680 in 1927o During that 
year the State government was reorganized along the lines of the 
Federal government and some 70 or more bureaus were merged into 18 
departmentso The office of State engineer was abolished~ and the 
duties of that office were transferred to the Department of Public 

· Workso 

The annual State cooperative expenditures during the period 
were: 

• 

• 

• 
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Year State engineer 

1920 $ 2$1500 
1921 3$995 
1922 13$330 y 
1923 10,755 y 
1924 ' 11,085 Y. 
1925 15!)492 y 
1926 15,576 Y. 
1927 17,680}!' 
1928 

Conservation 
Commission 

$ 9$995 
12,345 

IlL ' ~ 
' ,, ·,· · 

Department of 
Public Works 

!:/ I ncluding small amounts of municipal cooperative funds o· 

The Survey allotments were~ 

1920 
1921 
1922 

$4$975 
6,000 
5,500 

1923 
1924 
1925 

$5,500 
5,500 
4»500 

1926 
1927 
1928 

$49500 
4J)225 
3$~00 

Total 

: $12$495 
18,340 
13,330 
10 J) 755 
ll.P085 
15;492 
15,576 
17$680 
17.!)566 
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New Jerseyo- The studyof the water s~pply of New Jersey made in 
1894 by Co Co Vermuele, the: State geologist$ although 'based. largely on 
precipitation records 11 had furnished what was long regarded as adequate 
information 11 and the people of the State, believing that there was 
sufficient water for municipal and industrial uses, were not waterao 
minded. However,· by 1906, the growth in· population and industry had 
brought about conditions that led to a realization of the necessity 
for protecting the surface waters from contamination and the 1906 
legislature created a corrunission to investigate the practicability and 
probable cost to the State of acquiring title to its potable waterso 
As a result of that Conunission' s reportJ) ~ th.e State Water-Supply 

~Report of Commission to General Assembly11 1907o 

Commission wa s created in 1907$ and was char ged with general super­
vision of all the sources of potable and pu,blic ·water supply in order 
that they might be economica)~l,Y and pr~dently developed for the use 
of the people of the Stateo 3_31 After the creation of the Conunission, 

a small fee for additional diversions was charged to provide funds for 
the administration of the lawo 

In 1915 the State Water-Supply Commission was consolidated 
with other State organizations in the Department of Conservation and 
Development. 3JI 

Jl/ Chapo 241, PoLo 1915.11 P• 426o 

In 1917 11 H. To Critchlow was appointed engineer in charge of 
the Division of ·waters in the Department. He had had experience in 
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stream gaging, both in Panama and in the Survey,~ and realized the 

.3lV p. 

necessity for measuring the streams. In 1919, he reopened two of the 
stations discontinued by the Survey in 1906 and established two new 
ones, together with about 20 stations at which gage heights only were 
obtained. In order to obtain funds for any expansion of this work it 
was necessary for Critchlow to educate his superiors, and the simplest 
way was to show them just what was involved in 'the maintenance of 
gaging stations. He therefore took his "bossesn to the stations and 
not only explained the process of stream gaging, but made current-meter 
measurements in their presence.33/ His efforts we;e apparently 

· · 32/ Statement to author. 

successful as the next session of the legisiature appropriated funds 
for stream gaging. The legislature was willing to make this appro­
priation since the money did not come from the general funds, but from 
the fees collected by the Commission and segregated for its use. 
Critchlow then asked the Survey's permission to reopen the old Survey 
stations. Instead, however, cooperation was arranged and a district 
was established in New Jersey. 

Cooperation continued during the remainder of the period and the 
State cooperative expenditures and Survey allotments were: 

·Year State Surve:z:: 

1922 ~~11, 550 .Y $1,500 
1923 11,100 3,000 
1924 9,354 3,000 
1925 11,089 2,900 
1926 11,797 3,000 
1927 119249 29325 
1928 11,\1674 I 29500 

y Includes $365 municipal cooperation. 

Pennsylvania.- Cooperation was in effect in Pennsylvania during 
only about two years of :this period. The State Water SupglJ. Commission 
had carried on its own stream-gaging program since 1906. 3_§1 . Doubts 

3!3/ Follansbee, Robt. 9 I£ist. of Water Resources Br. to June 30, 1919, 
p 0 266. 

as . to the accuracy of certain of the records had arisen in the Com­
mission and during the winter of 1918-19 it requested Covert who was 
maintaining a number of gaging stations in New York on streams 
flowing into Pennsylvania$ to review the Pennsylvania records. He 
referred the request to the Yvashington office and Eo J. Peterson 
went to Harrisburg in April 1919 to inspect records and methods. As 
a result, cooperation was arranged whereby Peterson was detailed to 

. , 
•:.'• 

• 

• 
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the Commission to apply Survey standards in the computation of the 
records. He did not, however.~> .supervise the field worko This detail 
lasted until the latter part of Novembero ~ that time the Commission 
wished to apply Survey methods and standards to the field also» and 
arranged for the Survey to detail an engineer to the Commission who 
would be paid by the State~ would supervise both field and office 
work, and, in effect, be the district engineero Oo Wo Hartwell was 
so detailed in November 1919. About 16 months later, in March 1921 9 

the Chief Hydraulic Engineer advised the Cormnission that the Survey 
could increase its allotment for the next fiscal year from the $200 
then being allotted to not less than $1»000 provided the Commission 
would cooperate in the usual manner whereby the Survey would appoint 
the employees in the Uo S. Civil Service so far as practicable, and 
have direct supervision over themo The Commission was unwilling to 
make such an arrangement, particularly as its own contribution to the 
stream-gaging program was about $20,000 annually9 and Hartwellis 
detail was terminated' in June 192lo During the two=year period of 
cooperation the expenditures from State cooperative funds were 
$25,780 during 1920, and $19,420 during 192lo 

Maryland.- In 1924 the State Board of Health of Maryland began 
a study of pollution in the upper part of the Potomac River Basin and 
as this required the establishment and operation of several addition= 
al gaging stations, the State geologist arranged cooperation with 
the Survey and financed the State's obligations, in part 9 by contri= 
butions from several private organizations interested in the study, 
which supplied him with the following amounts.~~ used chiefly for paying 
gage observers: 

1925 
1926 

;$ 84 
169 

1927 
1928 

$433 
130 

A small amount of cooperation with cities was also in effecto 

Virginia.- The depression in agriculture following the World War 
was severely felt in Virginia which is chiefly an agr.icul tural State» 
and the need for additional sources of revenue from industry was acute. 
The success of the efforts of neighboring States in attracting new 
industries by means of their water-power resources suggested a 
similar effort in Virginiao Accordingly» in March 1924 the legis.., 
lature, under the leadership of J. Ro Horsley, Speaker of _the House, 
created the Water Power and Development Commission for investigating 
the water power, indua~rial» and agricultural interests and resources 
of the State.~ To the Virginia Geological Survey was assigned the 

3J/ Chap. 359 (H.B. 290) 

duty of making a s~rvey of the water-power resources. In this survey_, 
which was the .only ·part of the investigation with which this History 
is concerned, the State Geological Survey was authorized to cooperate 
with the Federal government whenever satj..sfactory arrangements could 
be made • 

About $4,000 was available to the State Survey for the purpose 
and Albert w. Giles 9 acting State geologist.~~ came to Washington in the 
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fall of 1924 to discuss with Aa Ho Horton the possibilities of coopera­
tion. A conference was held later in Norfolk with J. R. Horsley, then 
director of the Vfater Power and Development Commission, at which 
cooperation was arrapg~d o · . . As the headquarters of the State Geological 
Survey~ the State cooperating agency» were at the University of 
Virginia in Charlottesville, and as this was a reasonably central point 
from which to conduct State-wide field work, A. H. Horton established 
a sub-office in the Brooks Museum Building on the campus on February 
21~ 1925, with J. J. Dirzulaitis, his principal assistant, in local 
charge() 

During the next year the State geologist, Dro Wilbur A. Nelson, 
set out to educate the people of the State as to the value of their 

. water resources, and one means employed was a question and answer 
' column which he conducted in the Sunday issue of the Richmond Times­

Dispatcho From one to three questions and answers on th~ State's water 
resources were furnished by Dirzulaitis and published each week. 

The following year Governor Byrd proposed a general reorgani­
zation of the State government, and accordingly the legislature, in 
March 1926, consolidated several organizations, including the lNater 
Power and Development Commission and the State Geological Survey into 
the State Commission on Conservation and Development. Jimong the 
duties of the new Commission was that defined in Section 528: 

It shall be t~ duty of said commission to make or cause 
to be made a careful investigation of the streams and 
navigabie rivers within and bordering upon the State, of the 
methods!) means and':'.cost of improving the ' same; of preventing 
their pollution; of conserving the water supply thereof; of 
using the same for the production of power, and how and in 
what ways the said streams and rivers may be made of most 
value to the State and to . the people thereof. 

So successful was Nelson's campaign of education that the legislature 
appropriated $30!.1000 for the next biennium for carrying out the 
duties described in this section. With the large increase in State 
funds Virginia was made a separate district on March 1, 1926, with 
Dirzulaitis as district engineer. The State cooperative funds spent 
during this period were~ 

1925 
1926 

$ 4,138 
10,340 

1927 - i $14,099 
1928 /~/ 16,824 

During 1925 and 1926 the Survey allotment was ·included in that for the 
Middle Atlantic States$ but for 1927 it was $2~325 and for 1928, 
$2 .11 500 o , >' ' . --' 

North Carolina.~ At about the b.eginning of th1s period, 
Thorndyke Saville became hydraulic engineer of the North Carolina 
Geological and Economic Suryey, whose director was Col. Joseph Hyde 
Pratt . At this time water power was an important factor in the 
State 1 s development and Saville~ who was an enthusiastic believer 
in North Carolina's water~power possibilities~ called upon Warren Eo 
Hall, then district engineer in the South Atlantic States district, 

• 
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for all available records of North Carolina streams. Yfuen Saville 
di scovered that these records were all old, as little or no work had 
been done in the State since the Survey discontinued activities there 
in 1909, he wished to resume the work and, on behalf of the State, 
offe red cooperation provided the Survey would establish a district 
office in North Carolina. As no other State in the district was 
cooperating in any considerable amount, it was decided to move the 
di strict office to North Carolina from Atlanta where it had been since 
work was first started in 1894. The change was made in January 1921 
when the new district office was .opened at Asheville, in the heart 
of t he power region of the State, which the local Chamber of Commerce 
and other promoters called "The Land of the Sky. 11 

Not only was interest in water power increasing, but with the 
rap id industrial development, many industrial plants and small cities 
were seriously polluting the streams of the States. The streams are 
sub j ect to wide extremes in flow, having high floods and very low 
mi nimum discharges, and many cities were, therefore, seeking addition­
al sources of supply either from larger streams or by constructing 
s t orage reservoirs on the streams from which they were already taking 
th eir supplies. Thus, as North Carolina became progressively more 
water-minded, the legislature gradually increased the funds of the 
St ate survey. In 1925 the State government was reorganized and the 
duties of the Geological and Economic Survey were taken over by the 
n ewly-created Department of Conservation and Development. Saville 
continued as chief hydraulic engineer of the new organization, and as 
t he State's cooperating official • 

Expenditures of State and municipal cooperative funds were: 

1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 

State 

$ 415 
2,315 
4,140 
4,492 
5,920 
9,694 
6,296 
6,793 

11,168 

Municipal 

$1,742 
723 

. .. Total 

$ 415 
2,315 
4,140 
4,492 
5,920 
9,694 
8,038 
7,516 

11,168 

The decrease in State funds for the years 1926 and 1927 was 
due to a State program of economy. The increase during 1928 was due 
to a muni cipal cooperative program for which the funds were combined 
·with those of the State. As a result of the }' .lorida "boom" the 
population of that State increased rapidly during the "twenties" and 
the relatively cooluLand of the Sky" in North Carolina a~tracted 
i ncreasing numbers of summer residents. The increase in population 
f or even a few months in the year, demonstrated the need for additional 
supplies of water for some cities, involving either development of 
new sources or the construction of reservoirs on developed sources 
of supply. Since, in either situation, additional gaging stat~pns 
1'rere needed, t he municipal -cooperat ive program was arranged. .. 
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Prior to 1924 the Survey allotments for the South Atlantic States 
district were not segregated by States,!) but thereafter Survey funds 
were specified for North 'Carolina and the following allotments were 
made: 

1924 
1925 . 
1926 

$4~000 
3~600 
3,600 

1927 
1928 

$3,375 
2,800 

Georgia and Alabama.,... The State geologiRt of Georgia continued 
to pay a few gage observers 9 salaries until 1923JI when he lost interest 
as there was no Survey office in Atlantao 

The annual amounts ·were: 

1920 
1921 

$ 535 
ls300 

1922 
1923 

$270 
240 

The State geologist of Alabama, likewise, continued to pay gage 
observers• salaries until 1923.~~ as follows: 

1920 
1921 
1922 
1923 

$175 
110 
110 

72 . 

1924 
1925 
1926 

$60 
60 
60 

West VirginiaG~ Cooperation with the State geologist of West 
Virginias which had ceased in 1915 because of lack of State funds~ was 
resumed in 1919 when Dro Io Co Vfuite,!l State geologist, notified the 
Survey that the legislature had appropriated $500 for cooperation with 
the Survey in 1920» and the same amount in 1921., Cooperation thus 
renewed was continued during the periodo A small amount of city 
cooperation was also in effect., The actual expenditures from these 

t cooperative sources (chiefly State) were: 

1920 
1921 
1922 

$35 5 
. 590 
425 

1923 
1924 
1925 

$486 
525 
550 

1926 
1927 . 
1928 

$499 
400 
229 

Kentuckyo= Cooperation with the State geologist of Ken~ucky was 
continued through 1924b and he paid the following amounts to gage 
observersg 

1920 
1921 
1922 

$250 
270 
650 

1923 
1924 

$425 
330 

Tennesseeo- The cooperation with the State geologist of 
Terinessee5) Dro Wi lq._uf Ao Nelson.~~ which was started in 1918,~ was · 

3]/ Follansbee 9 Robert.o History of Water Resources Branch to 
June 30 2 1919• Po 326 

continued during the periodo Nel~on~s great interest in the stream­
gaging program.!) and his success in· obtaining contributions of private 
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funds to start the work, together with his statement that he would do 
everything possible to obtain a substantial appropriation by the next 
legislature, or from other sources if necessary, induced the Survey to 
establish a district in Tennessee in January 1920. The office was 
opened at Nashville with w. R. King who had been reinstated in the 

·Survey on November 29, 1919, as the district engineer. -

The comprehensive surve_y of the Tennessee River that was being 
made · by the Anny Engineers ~ increased the State's interest ·in water 

power and Nelson took advantage of the situation to urge State appro­
priations. The Southern Appalachian Power Conference, of which he was 
one of the organizers in 1922, promoted still further interest in 
water power. As a result, the State increased very materially the 
appropriations for stream gaging during the latter part of the period. 

The following State coopera-tive expenditures and Survey allot-
ments were made: 

, . 

Year State Survey 

1920 $ 490 $1,890 
1921 1,305 :2,500 
1922 3,090 3,000 
1923 3,152 3,000 
1924 4,684 3,000 
1925 3,881 2,900 
1926 10,189 3,000 
1927 ~3,724 2,800 
1928 12,747 2', 500 

The la:fge' ·increase for 1926 and subsequent ·years wa-s due to Nelson's 
success in convincing the legislature of the value of the work and 
of the -,need for its expans_ion. " 

: :; .~~~ ~~ .-

Ohio.- The real beginning of cooperative stream gaging in Ohio 
-came about ch~efly through the: efforts of Prof. G. E. Sherman; of the 
civil engineering departme.nt· c;>f the State.. University. He had been 
connected with a barge canal survey made by the Army Engineers in 
1894, and from that experience realized the need for topographic maps 
in Ohio. In 1901 he obtained an appropriation for the Ohio Coopera­
tive Topographic Survey, of which he was appointed director. This 
appropriation for topographic mapping was used in cooperation with the 
Topographic Branch of the United States Geological Survey. Successive 
appropriations of $25,000 annually were obtained ·unt11 the map of the 
State was completed in 1916. When the mapping program was nearing -. 
completion in 1~13, Prof. Sherman turned his attention to a study of 
the State's water resources and increased the estimate for the State 
appropriation from $25,000 to $27,500, of which $2,500 was to be used 
for hydrographic surveys. This was the year of the. great Miami flood • 
The legislative committee to which the estimate was referred did not 
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appear to know the meaning of the word hydrographicll and fearing that 
it was a new kind of joker» struck out the $2,500 increaseo4o/ The next 

l£91 Statement of Profo Shennan to the authoro 

year Sherman made a report to the Department of Public Works in another 
unsuccessful attempt to get an appropriation for stream gaging. He · 
continued his effortsll however" and in 1921 finally obtained an appro­
priation of $12,\)000 for the next biennium., The legislature was 
accustomed to the item in the appropriation bill for the Ohio 
Cooperative Topographic Survey to continue cooperation with the 
Geological Survey~ and rather than educate the legislature to accept 
a new item 11 the stream-gaging estimate was carried under the old 
heading with the familiar wording so that the appropriation appeared 
as follows; · 

Ohio Cooperative Topographic Survey 

For cooperation with the United States in survey, examina-
.tion,l) reportjl and publication upon the waters of Ohio for all 
purposesv $12DOOOo To be paid upon vouchers approved by the 
Governor who is hereby authorized to enter into agreement with 
the United States authorities for cooperation in the work; and 
if the Governor finds it necessary he may delegate the work to 
a competent person and pay him a reasonable compensation from 
this appropriationo 

As under previous appropriations for cooperative topographic mapping, 
to Sherman was delegated the duty of representing the State under 
·this act., 

It is of interest to note that legislators who had apparently 
not knovm what "hydrographic surveys" vmrejl understood, appreciated 
and were willing to spend State money for "survey, examination, 
report, and publication upon the waters of Ohio.,u The importance of 
using common words is strikingly demonstrated by this incident. 

Before the session of the next legislaturell Sherman, with 
characteristic energy11 started a campaign to make the .citizens of Ohio 
water=mindedo In this he was greatly aided by General Edward Orton, 
dean of the college of engineering» ands at the timeg president of the 
Columbus Chamber of Cormnerce. The Chamber of Commerce appointed a 
permanent water resources committee of 16 members, consisting chiefly 
of engineers of the several State and Federal departments in Columbus • . 
A pamphlet treating of the need in Ohio for stream-flow records, pre­
pared by Professor Sherman9 was published by the Chamber of Commerce 
in the public interest and 5000 copies circulated throughout the 
State, especially through similar business organizations. · The plea 
for an enlarged pro gram was based on the greatly increased u~iliza­
tion of the streams in connection with the nt:~eds and activities of the 
growing population~ Manufacturing plants were using greater quanti­
ties of water than formerly and the feasibility of many steam-po-we.~ 
plants 'depended on the availability of sufficient supplies for the . 
condensers during low-water seasons. Many cities that were using 
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ground-water sources for the municipal supplies were growing so fast 
that they were looking to new and more productive sources in the 
streams. The need for controlling floods was also apparent. In closing 
the argument for, an enlarged stream-gaging program, the pamphlet 
stated: 

It seems strange that while we have made careful studies 
of our coalb gas, oil, and other mineral resources, we have 
done next to nothingwith our surface waters which promise in 
future to become one of the most important resources we have. 

A program of 120 gaging stations, ' of:· which 80 should be equipped 
with recorders at the rate of 10 yearly for 8 ye·ars, was advocated and 
an appropriation of $66,000 for the next biennium was recommended. 
Citizens were advised not only to urge this program upon the members of 
the General As,sembly, but also to urge their Congressmen to make larger 
Federal ·appropriations. So succes~ful was the campaign of education 
that the State appropriated $50,000 for the fiscal years 1924 and 1925 
and continued to provide that amount during the remainder of the period. 

The . annual expenditures from State coope·rati ve funds and Survey 
allotments were: 

Year. State Survey Year :·· 'S.tate Surve~ 

1922 $6,000 $3,000 i~i~·',J~:. $24,684 .$.3,500 
1923 6,000 3,000 25,316 ..... 3,275 
1924 24~866 3,000 1928 30,117 2,800 
1925 25,134 2,900 

Illinois.- Cooperation with the Division of Waterways of Illinois 
was continued throughout the period. That division was a. part of the 
Department of Public Works and Buildings until June 30, 1925. By an 
amendment _of the Administrative Code which became effective on July 1, 
1925, the Division of Watervfays was transferred to the newly-created 
Department of Purchases and Construction, and the powers broadened to 
include the control and management of the Illinois and Mi~higan Canal, 
previously operated under a separate commission.4¥ A small amount of 

ljJI· Letter from J. H. Morgan to the author. 

municipal cooperation was also in effect. 

Regarding the purpose of the stream- ga.ging pro ~~am and the value 
of the records, the Division of Waterways reported: 4?/ 

-!'&~. 

1.@ Third Ann. Rept., p~"'i'l9, 1920. 

Streams in the southern part of the state frequently over­
flow their banks, ·inundating large ·tracts of ferti_le land and 
inflicting heavy damage <on the crops. Surveys and tentative 
plans for improving several of these streams have already been 
made. '* * * In planning these improvements it is essential to 
know the frequency, duration and magnitude of the floods, as 



30 

vvell as the ordinary and low -flows o, These da.ta are oqtained 
by the gaging stations on the most important streams in that 
section. The same is true of streams in t 'he northern part of 
th.e state. · 

;.·. 

The records of flow of streams are of .'-g'reat .value o The 
division has many calls for them and its ~ngineers are 
frequently called upon to produce them in ',s _et~lern.ent of dis­
putes o They also preclude c·onstruction t}\at will prevent 
disposal of flood . waters resulting in ov-e~f-iow and damage. 

-.: p:,· ·' ..... 
Annual expendi tu.res from State cooperativ_~ >,funds and Survey 

allotments were: 

Year State 

1920 $3,620 
1921 4,-000 
1922 3;820 
1923 3,862 
1924 3,815 
1925 4~299 
1926 4~ ·223 
1927 4~852 
1928 . 4.51658 

· ~ ' 

. Survey 

- ~1, 500 . 
_1;709· 
1 500 .• 

~ -

1,500 
1,500 
1,500 ' ' 

··1,500 ',:, 
:1,40Q 
1,260 

\ . . 
' " 

Wisconsin.- Cooperation with the State Railroad Commission of 
Wisconsin was continued, and the following State c 'oOperative expendi-
tures and Survey allotments were made: .. · · "': · 

Year State Sl.l~:Ve;t Year state Surve~ 

1920 $6~21:5 $3,375 1925 $'6 161 ·. $3,250 , ... 
1921 4,725 3,500 1926 6,154 3,500 y 
1922 ' 6,045 3,500 1927 ·6,845 3,275 fj 
1923 6,.146 3,500 1928 6,440 2,800 y 
1924 ' 6,252 3,500 

y Includes a .. small unspecified amount for Minnesota. 

The cooperating age~cy felt that most of the stations needed had 
already been established arid that the combined State and Federal 
allotments were sufficient .to maintain and operate ·them. The slight 
increase in ·state expenditures during 1927 and · 1928 was doubtless 
brought about by the reductions in Survey allotments, in_an endeavor 
to provide sufficient funds to avoid a serious · curta.iltnent in the 
stream-gaging program. 

.. . 
Minnesota..- · The 1919 session of · the legislature of Minnesota 

reorganized -the State government. In i;;he reorganization, the State 
Drainage Commission with wh'ich the Survey .had ,cooperated prior to 
1917 was abol:fshed and its duties transferred to the new-ly-crea~ed 
Department of Drainage and Waters. · Unus.ual ·floods on the Minnesota, 
Red Lake, and -Roseau Rivers . in 1.919 called · attention to the need for 

• 

• 
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flood control, and the Department of Drainage and Waters made an emer­
gency allotment for a study of' control possibilities, which included 
the establishment and maintenance of a number of ga ging stations.W 

4)V Letter from C. Lo Batchelder to the author. 

Cooperation which was thus resumed was continued throughout the period. 
Expenditures from State cooperative funds and Survey allotments were: 

Year State Survey 

1920 $610 $300 
1921 465 300 
1922 810 300 
1923 420 300 
1924 483 300 
1925 555 250 
1926 293 
1927 379 
1928 296 

After 1925 the allotments for the Wisconsin-Minnesota dis.trict 
were not segregated by States. 

Iowa.- When Wo G. Hayt arranged cooperation with the State High­
way Commission of Iov.ra in 1918, !&" there was apparently little interest 

LW Follansbee, Robert, History of Water Resources Branch to June 30, 
1919 I P• 329 

in the State's water resources, except on the part of the State 
geologist, who was cooperating with the Survey in the maintenance of 
gaging stations on a few principal streams for general statistical 
purposes. Iowa is chiefly an agricultural State with sufficient water 
for farm, domestic, and municipal needs, and with small water-power 
possibilities. Its floods are generally of the cloudburst type, 
which cause relatively little damage except to highways, and it was 
only the records of these flash floods that interested the Highway 
Cormnissiono 

A sub-office under the Madison district office was established 
at Ames in March 1919 in charge of E. D. Burchard who was transferred 
from the New York district. In July 1920 Iowa was made a separate 
district. Cooperation with the Commission continue~ through the 
fiscal year 1925. Iowa was not accustomed to the large expenditures 
needed for carrying out a State-wide highway · program and at that time 
t here was an insistent demand that the Highway Commission economize 
in its expenditures. As one means toward that end the Commission 
decided that other State agencies should support the stream-gaging 
program and ceased to contribute to it. 1m attempt was made to obtain 
a State appropriation but the Budget Director was not convinced of t h e 
need for such actlon and failed to include an item for that purpose 
in the budget. Dean Anson Marston, however, was interested in con­
tinuing the work and during 1926 and 1927 obtained small amounts from 
t he State Colle ge Experiment Station. 
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Expenditures from State cooperative funds were: 

Highway State 
Year Commission Engo EXEo . Stao Geolo~ist 

1920 ~~2' 340 $655 
1921 2,415 705 
1922 2, 300 725 
1923 (segregation not available) 
1924 2,459 750 
1925 . 2, 386 500 
1926 1,558 504 
1927 (segregation not available} 

The Survey allotments were: 

1920 
1921 
1922 

$1,700 
2,000 
2,0~0 

1923 
1924 
1925 

$2$000 
2,000 . 
2,000 

1926 
1927 

Total 

$2,995 
3,120 
3,025 
3,229 
3,209 
2,886 
2,063 
1,493 

$2,000 
1,375 

1Eissouri .- Drainage and flood-control work had been carried on 
in 1~ issouri for several years and encineers had felt the lack of stream­
gaging records. In addition» the interest in water power brought about 
by the war impressed on the attention of engineers the great need for 
stream-flow records. In 1920, the engineers of the State advised 
Dr. H. Ao Buehler, the State geologist, that they would support him 
in an effort to start a State-wide stream-gaging program. Buehler's 
attitude is shovm in the introduction to the report on the Water 
Ites ources of Missouri!£! published in 1927: 

Beckman, H. c., Vrater Hes-ources · of Missouri, 1857-1926, Missouri 
Bureau of Geology and Mines, Vol. XX Second Series, p. · 9, 1927 

With the ever increasing demand for electric power 
there is no more important problem pertaining to the de­
velopment of the natural resources of our State than the 
possible utilizationof the waters of the major streams of 
the Ozark region * * *• In order to postulate hydro­
electric installation the amount of water available must 
be knovm, therefore stream-flow data must be had. 

Hecurring destructive floods especially in North 
M.issouri have destroyed crops to the value of millions of 
dollars. In large part this is useless waste that can be 
eliminated by proper channel and levee improvements. 
With (stream-flow) figures at hand, flood-control becomes 
a matter 'or mathernatical computation and not essenti,al1y 
guess . work(f 

·Through Buehler's efforts the 1921 session of the legislature 
enacted Senate :f3ill 372 ·which provided that~ 

• 

• 
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The Board of Managers of the Bureau of Geology and Mines 
is hereby directed to make a. survey of the water resources 
of the State~ including the determination of water power~ 
flood prevention~ area. of watersheds~ underground water 
supply, chemical composition of waters, and to show locations 
where water power can be generated. and the amount and 
character of lands that would be inundated by the erection 
of dams to secure water powero To do this gaging stations 
shall be established and such surveying and other field 
work shall be done as may be deemed necessary * * *o The 
work, as far as possible, shall be done in cooperation with 
the United States Geological Survey and other Government 
and State Bureauso 

This authorization was accompanied by a substantial appropriationo 
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Soon after the enactment of the law, Buehler completed cooperative 
arrangements with the Survey which resulted in June 1921 in the 
establishment of a district office a.t the Missouri School of Mines 
and Metallurgy at Rolla, where the State geologist had his head­
quarters. Eo Lo Williams was district engineero 

The annual State cooperative expenditures and Survey allotments 
during the remainder of the period were~ 

1922 
1923 
1924 
1925 
1926 
1927 
1928 

State 

$9,810 
8,879 
811775 
9,472 
9"927 
9,882 
8, 325 

Survey 

$4,000 
4,000 
4.,000 
3~600 
311600 
3.,375 
2,800 

Arkansaso- The 1923 session of the Arkansas Legislature re­
quired of the State Geological Survey, among other duties,4.§/ 

~ Paro 3» Seco 2, Act 573 of 1923o 

An investigation of the available water powers of 
the streams of the State~ and of the problems of flood 
control and land drainage, so that information will be 
available to citizens of the State that will enable them 
to develop the hydro-electric possibilities and reclaim 
the rich agricultural lands along these waterwayso 

Sufficient funds for starting a stream-gaging program were not pro­
vided and little was doneo However, the construction of a number 
of water-power plants increased the interest in the Statevs streams., 
and that interest was further quickened by the floods in them 
during the winter of 1927 which aided materially in making the flood 
in the Mississippi River the greatest of recordo The legislature 
then in session made an appropriation to the State Geological 
Survey to enable it to carry out the act of 1923 as a result of 
this interesto 
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Dr~ George Co Branner. State geologist~ ent.ered into cooperation 
with the Survey in September 1927 and the resulting stream gaging was 
placed in charge of Wo So Frame under Ho Co Beckmang district engineer 
at Rolla, Mo-o The State contributed . $2.~~713 during 1928, and the 
Survey .. $500 o 

North Dakotao- Cooperation with the State engineer of North 
Dakota was continued through the fiscal year 1925 and then discontin­
ued. The expenditures fromState cooperative funds were: 

1920 
1921 
1922 

$575 
270 
565 

1923 
1924 
1925 

$650 
1,9617 

500 

The Survey allotted $300 annually during those years. 

South Dakotao- The lone station maintained in cooperation with 
the State engineer of South Dakota~ was disco·ntinued in the late 

·@ Follansbee"' Robert.~~ History of Water Resources Branch to June 30» 
1919. 0 330 

fall of 1920. The State eng1neer expended · $180 during the fiscal year -
_ 1920, and $45 during l92lo 

Kansas o- Cooperation with the Kansas Water Commission was con­
tinued through 1927 o Although the_ suit to enjoin the collection of 
the sand-taxLij was decided in favor of the State, the State auditor 

!fo/ Follansbee.~~ Hobert.~~ History of Water Resources Branch to June 30, 
1919 2 P• -331 

ruled that the resulting revenues should go into the general funds 
of tqe State.~~ - and that the Water Commission sh?uld app~y to the 
legislature for appropriatiqns the same as other State departmentso 
This procedure was followed o~ 

42/ Letter from Ro Co luce to the authoro 

During the 1925 session of the legislaturej) a fight over the 
appropriation bill developed» and the chairman of the Ways and Means 
Conunittee of the Senate eliminated the item for stream gaging. Some 
years previously he had knovm of the questionable quality of the 
records collected by another organization» due to inadequate super­
visionj) and assumed that the Surveyws work was similar in character. 
As there was then no widespread demand for stream gaging in the State.~~ 
he was able to eliminate the item, stating that the rivers would run 
down their channels •Nithout being measured as they had continued to 
d.,o through the ages o ~ There was insufficient interest, however"' 

52/ Statement of J. Bo Spiegel to the. author~ 

for the State cooperating agency to obtain limited private contri­
butions of funds~ chiefly from the companies that dredged the sand 

• 
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from the rivers" A knowleO.ge of the flow was imp{:}rtant to . th~m, not 
only in connection with the movement of the water in their sand-pits, 
but also with regard to approaching floods th.at imperiled . their equip­
ment unless it was removed from the flood ·channel.. These contri­
butions were handled by the Water Commission, and the district was 
continued during the next two years. 

George So Knapp" Commissioner of Irrigation} realized the value 
of stream gaging as the successful operation of his office depended 
largely upon such records. He believed that the Water Commission 
had no future and induced the legislature at its 1927 session to con­
solidate that Conunission with the office of the Irrigation Commissioner . 
in the State Board of Agriculture.. When this was done an appro­
priation of $5,000 annually was made for the next biennium. However, 
the Survey fu..uds for 1928 were so limited that with the . slight interest 
displayed by the Kansans in their water resources, cooperation was dis..;. 
continued June .30, 1927. Thereafter, Js B. Spiegel continued in 
charge of the stream gaging as a State employee until cooperation was 
resumed in July 1928. 

The annual State cooperative expenditures and Survey allotments 
were: 

State Survey State Survey 

1920 $4.,010 $3,500 1924 ~' $4, 913 $3,500 
1921 5,910 4,000 1925 4,9561/ 3,300 
1922 3,885 3,500 1926 2,2081/ 3y000 
1923 4,004· 3,500 1927 1,727.1/ 2,325 

11 Including municipal cooperation and private contributions. 

Texas .. - Cooperation was continued' with the State Board of Water 
Engineers of Texas to which the State frmds for stream gaging were 
appropriated without specifying cooperation. The 1921 floods made 
Texas more water-conscious than it had been previously, · and Governor 
Neff called upon engineers and others interested to meet in Austin on 
August 7, 1922, to discuss the controlof floods and the conservation 
of water resourceso After· that meeting, which was attended by 150, 
the Governor appointed an advisory council of 13 engineers to .assist 
the Board of Water Engineers in preparing plans for an adequa·te budget 
for presentation to the next session of the legislatU.-re. A short time 
later another :meeting was _held in Waco, and a State-wide organization 
known as the "Texas Conservation Associationn was formede The Texas 
Conservation Association was ·supported enthusiastically by the press 
and carried on a campaign of education in all parts of the State, . 
particularly in the eastern and central sections, where the citizens 
were not notably wa~er-conscious. So successful was the campaign that 
the Democratic platform of that year called on the next legislatUre 
to enact laws in harmony with the conservation movement. Accordingly, 
the legislature enacted the so-called "Texas Conserva:tion Bill" which 
provided among other things for an appropriation of $100,000 annually 
during the next bienn:lum for stream gaging. As frequently occurs in 
States not especially water-minded, public interest su·bsided after 
the conservation bill was passed, and although the Board of Water 
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Engineers continued to request $100,000 annually, the amounts appro­
priated in subsequent years ·were greatly reduc~cl, although considerably 
higher than formerlyo 

The expenditures from State cooperative £Ut\ci,s and Survey allot­
ments were as follows: 

Year State Survey 

1920 $10/1280 ' ~4,87:5 ' 
' '5; 500 1921 12,895 

1922 14,635 5,000 
1923 14,385 ll 5,0()0 
1924 62,992 y 5,6'oo 
1925 72,238 4,300 
1926 36' 325 y _4·~ :300 
1927 25,03~ . 4''' 625 

' , • > 

1928 32,107 ;t·:. ~;4oo 
' ... ·/. 

1J Includes $315 from county . and municipal f'lin~s -~ 
Y Includes $291 from municipal funds. . . ···: 
]/ I~cludes $686 from State Reclamation : ~~aartme~t f~ndso 

' . ~-. '·; ·-· : . 
; ;.. ~ .. :·}.; 

Montanao- G~oper~tion was conti_nued ·'~i~P,;;~· ~h~ State engineer of 
Montana along the lines started in 1909, ~~a- -:t~e . annual expenditures 
from St?-te cooperative · funds and Survey, at:t:~·i;;ro~nts w~re: 

• • • • • 
1'-· .,..;i}i· _:.· ..... __ ;'/ .. ; ' 

· . . , .. , . •. 

Year_, State ': - ~ ~·· survey 
. ····"--.. ;· 
.. ;___ ,.,.·:~ 

1920 $3,425 ;-.,c·; $4 625 
- . , - . 

1921 5,530 . ·. 5.: 500 
1922 8,150 ,,5,000 ., 
1923 9,986 ~,ooo 
1924 ~. 6,'442 5,000 
1925 6,003 

- ·~ .-J_, 
:4,300 

1926 4,953 4,300 
1927 .. 4,943 -· 4,025 
1928 6,097 3,400 

The annual increase in the State allotm~r1ts from -1921 to 1923 
was due chiefly to a revival of interest in , ·J~tigation following t~1e . 
dry ·years at the beginning of this peri9d· • .. · $y;,)~924, ·,however, efforts 
to balance the State budget resulted .in' th~·: .d~9:f.eaees showno 5Y · 

. · ·. ··, ..... - -~- . 

. . ' . . ; ;<!<:<:;~~; . 

. ··. ,/t.~/:: f,;;,',:· .. ' 

Wyomingo- Cooperation wit~ the Stat;~<i~,$~¥i~~ ·of Wyoming which 
had been resumed in 1915, was continued wi~~~;::;::l:9~~al >~xpenditures from 
State coopera.tive funds~ as follows: , ;;\~,::: .,,,. 

1920 
1921 -
1922 

$4,520 
5, 505 
6JJ580 

1923 
1924 
1925 

1926 
.1927 

· l~t28 

$4.?570 
4,p826 
4~501 

• 
...,. 

_,... 

• 
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Heferring to the cooperative work, the State engineer wrote: 55f 

~ Sixteenth Bien. Rept. 1921-22, p. 11 

The cooperative method has worked out with success 
and allows the State to take advantage of the resources, 
personnel and equipment of this highly organized branch 
of the F'ederal Government. 

The Survey allotments to the district were not segregated by 
States, but the bulk of the operations were in Wyoming, and Survey 
expenditures were about ·equal to the State expenditures. 

Colorado.- In 1919 cooperation with the State engineer of 
Colorado was limited to the maintenance by the Survey of a few 
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stations chiefly in the Colorado River Basin. In 1922 the State eng­
ineer requested the Survey to establish a group of stations in the 
North Platte River Basin at State expense. These stations were main­
tained until 1925, when a new State engineer took o.ver the operation · 
of all cooperative stations. A number of Federal Power Commission per­
mits were issued during the later years of the period and, as the 
district personnel was too limited to operate the gaging stations that 
were needed, the State engineer offered to perform the work at State 
expense under Survey supervision. This offer was accepted. A small 
amount of municipal cooperation was also in effect. 

were: 
The expenditures from State and municipal cooperative funds 

Year 

1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 

State 

$ 500 
500 
800 

1,300 
1,500 
1,500 

175 
806 
618 

Municipal 

$200 
200 
370 

Total 

$ 500 
500 
800 

1,500 
1,700 
1, 870 

175 
806 
618 

Idaho.- Cooperation with the Department of Reclamation of Idaho 
was continued during the period. The importance of the work to the 
State is shovm by the following statement by the Corrnnissioner of 
Reclamation made in 1922: ~ 

Second Bien. Report 1921-22, Po 29. 

Idaho's water supply constitutes her greatest asset 
and if the greatest beneficial use is to be had from this 
resource it is highly important that a continuous and 
dependable inventory of the supply be taken. The State 
has already suffered great injury and almost unbearable 
burdens have been heaped upon some of its citizens by the 
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construction of irrigation works based upon little or no 
definite knowledge regarding available water supply. · * * * 

The State is exceedingly fortunate in having the 
service afforded -by .the United States Geological Survey 
in this work (stream gaging) o · 

With the creation of the Idaho Falls ·" office in May 1919 State 
cooperation was divided between the Boise and ' Idaho .Falis offices. 
The basis of the division was the numbe.r of gaging stations of State­
wide interest maintained by each.S.!:/ The State allotments were a.s 
follows~ 

5.l:!/ Le:tter from c., Go Paulsen to the authoro 

. Year Boise Idaho Falls Total 

1920 $ 9,685 $1,470 .. $11,155 
1921 . 10 ~340 2.,·165 12,505 
1922 "17,2~5 1.9'933 19,190 
1923 14,\1232 2,677 16,909 
1924 12.9195 2 ,,~ 75 14,370 
1925 13,\1971 .2·' 825 

. ' : .. : .. • 
16,795 

1926 13~016 2,201 15,217 
1927 11J!072 \ 2r; 7J39 _ 13,861 
1928 . 14,1)440 ,. 2~ 540 16,980 

' 'c · .,: \ ,'• 

The increase in the . appropriations beginn~ng in 1921 was due 
largely to the efforts of the Idaho Reclamatioii Association, which 
held annual meetings that viere attended by .Pa,uisen and Baldwin. Both 
were active in the Association and Baldwin -served as president one 
year. .. i ·';~ 

. . , ~ 
The Survey allotments were divided as follows: 

Year Boise Idaho Falls Total 

1920 $3J!875 $1,000 $4,875 
1921 4.9300 1'.9200 5J!500 
1922 (3,900) (lJ! 100) 5,000 
1923 (3,900) ( 1,100} 5,000 
1924 3,900 1,100 5,000 . 
1925• 3,200 1,100 4J!300 
1926 3,200 1,100 4,300 
1927 3,000 lJJ025 4,025 
1928 2,\1700 800 3, 500 

.. 

Utah.- Gooperation with the State engineer of Utah wa,s con­
tinued throughout the period<. Each biennium the State legislature 
made a cooperative appropriation contingent upon a Federal appro­
priation of like amount., In addition,~~ the Water Storage Commission 
which had been ,organized in 1921 to cooperate with the Reclamation 
Service in it? _Work of i:n,vestigati.ng proposed reclamation developmer1ts 

• 

• 
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in Utah. allotted $1,500 for the last biennium of the period. In 
describing this latter action. the State engineer stated:51f · 

53/ 16th Bien. Rept. State Engineer, 1927-28, p. 30 

were: 

With the increasing expense of maintenance and oper­
ation, some of these stations have had to be abandoned and 
others have not received the full ·attention had in the pa.st. 
A special con~ittee of the Water Storage Commission studied 
this situation as presented by Mr. A. B. Purton, with the · 
result that a set of stations was selected for either re­
vival or more extensive study. To defray the additional 
expense, $1,500 was appropriated. 

The total State cooperative expenditures and Survey expenditures 

Year State Surveil 

1920 $4,735 $4,875 
1921 6,7eo 5.ooo 
1922 4,425 5~000 
1923 4,596 5,000 
1924 3,103 5,000 
1925 5,815 4,300 
1926 6,953 4,300 
1927 6,495 4,225 
1928 7,470 3,400 

The State's requirement of 50-50 cooperation vro.s more than met 
until 1925. but thereafter the successive reductions in theFederal 
Survey appropriations made it impossible to match the State funds. 

Nevada.- Cooperation with the State engineer of Nevada was 
continued, and in reference to it the State enginee·:r stated:~ 

~ Bien. Rept. 1921-1922, p. 6. 

The United States Geological Survey has for years 
cooperated with the State engineer in the stream-gaging 
work in the State. The work done is extremely important 
and should above all means be continued. - The measurements 
obtained form the basis _ for water-right determinations. 
show the feasibility of projects for the storage of water 
both for power and irrigation, and materially assist the 
office in taking action on new applications to appropriate 
water. The cooperation in the past has been on the basis 
of $5,000 per biennium from both Federal and State funds. 
For the past three years the Federal Government has been 
expending $3,000 annually on the work and will continue to 

·do so • . It is therefore. urged that a like appropriation 
of ~6,000 for the biennial period be made by the State of 
Nevada. 

39 
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Unfortunately, this plea, like those made by other State officials 
before and since, was ignored by the legislature as Nevada~ being pri­
marily a stock-raising and mining State, was not particularly ·water­
minded,. and the regular $5s 000 appropriation was made. iivben the 
appropriation for 1927 and 1928 was madeJ) interest had declined to 
such an extent that the amount was cut in ha lf.. The total State 
cooperative expenditures and Survey allotments vrere: 

Year State Surve;z · 

1920 $29510 ~2, 500 
1921 29395 39000 
1922 3$115 t) .9 000 
1923 2,010 3,000 

.. 

1924 1;449 2»500 
1925 29596 2 9 500 
1926 3,664 2,500 
1927 1..,687 2,150 
1928 1!)148 1,900 

Arizonao- The· increasing need for a modern method of determining 
existing water rights and establishing new ones led Arizona to adopt 
its State Water Code Act on Maro 26, 1919o.SV This act created the 

51/ Laws of Arizona 1919.9 Chap .. 164., 

office of State Water Commissioner to administer it. Although that 
office was the logical cooperating agency, the appropriation of . 
$-3; 000 annually for qooperati ve stream gaging -during 1920 a~d , 1921 
was. ·maa!3 to the Director of the State Experiment Station as had b.e~n 
done p:r:evi6usl.y. Like the previous appropriations, it was .contingeut 
upon an equal allotment ·by the Federal government. The next legis­
lature, transferred t4e respon·sibility for this cooperative work to 
the 1'"Tater G<;>mmissione·r beginning July 1, 1921, and appropriated the" 
same amount annually under the same conditions for the next biennium., 
Realizing · the .iricreasing importance of the records.!> the Corrunissioner . 
allotted additional amounts from other funds during those yearso 

The negotiation of the Colorado River compact~ increased 

S]TP:-99-.---. - _- -· ------

interest ip the possibilities of utilizing the vvaters of the Colorado 
River anq, in 1922 9 led to the creation of the Arizona Engineering 
Commisgi_pp for exploring those possibilities o E., C.., LaHue~ the fore~ 
most aufhority on the Colorado River at that time, was made ;chairmano 
The report of the Commi'ssion~ made in the following year., further 
increased public interesta By that time the contention for the 
exclusi.on <)(the . Giia 'Hiver from the terms of the Colorado ·River 
compact before. 'its ratification by the State became .one of major 
importanc~ .i"'n ·the .Statel) .and as a result it was realized that more 
extensive stream gaging was required in the Gila Hi ver Basino . There 
were also other basins to which the work should be extendedo 

.. 'l 
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The effect of these influences was a sixfold increase in the 
stream-.gaging appropriations bAginning with the fiscal year 1924, 
divided by law into $7~000 annually for the Colorado River and its 
minor tributaries~ and $10~000 or more for the Gila and other streams 
in the Stateo Because of the probable inability of the Survey to 
match the larger State appropriation~ the requirement to allot equal 
amounts was qualified by the phrase nas far as may be possibleo" 

Year 

1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 

Colorado 
River 

$7,o000 
7,000 
7,000 
7,000 
7,000 

Exclusive of 
Colo., River 

$11,800 
10~000 

10~000 . 
lOJ)OOO 
11 9 682 

Water Como 
(additional) 

1, 700 y' 

Total 

$2$985 
3,015 
4,160 
4~434 

18'.1) 800 
17,000 
17.1)000 
17,000 
20,382 

1/ Not segregated in act 
]/ Contributed by Colorado River Commission for operation of Lees 

Ferry station., 

The Survey allotments were: 

1920 
1921 
1922 

$3!)000 
39 000 
3,500 

1923 
1924 
1925 

$3,o500 
3,o500 
3,300 

1926 
1927 
1928 

$3,300 
3,100 
2/)800 

The allocation of additional (non~cooperative) Survey funds and 
of funds of other Federal agencies to the operation of the Colorado 
River stations~ increased materially the total allotments by the 

52J Po 110 

Federal governmento 

Washington~»- A general reorganizfition of the State government 
of Washington, effective on April ls :1,.921, transferred the duties of 
the Board of Geological Survey to the newly-created Departme;3nt of 
Conservation and Development.~~ and the cooperating State official was 
thereafter the Supervisor of Hydraulicso At that time the provision 
that the Survey allot an amount equal to the State appropriation was 
eliminated from the State agreemento During 1920 and 1921 the State 
Reclamation Board cooperated in the establishment and maintenance of 
gaging stations needed for determining the feasibility of a State 
reclamation project~» After obtaining the records necessary for that · 
purpose this cooperation ceased but the stations were conti~ued for 
some time as a part of the regular stream=gaging programo 

Cooperation with Seattle and Tacoma and to a lesser extent 
with other citiesD in connection with municipal water=power develop­
ment, began in .l922 and continued during the periodo 

41 
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The expenditures from St~te and municipal cooperative allotments 
were: 

State Board of' Dept o State Recla~ Municipal 
Year Geol c Surve:z::: Conso& Develo mation Board & Count::t: Total 

1920 $5.~~975 $ 96 $6,071 
1921 7.~~621 315 453 8,389 
1922 6.~~336 735 7,071 
1923 6.9217 1!)664 7,881 
1924 4.9158 695 4,853 
1925 5.!1762 1.~~730 7,492 
1926 5.~~686 2.9088 7, 774 
1927 6 .f) 752 1,372 8.9124 
1928 7 .~~ 761 1»393 911154 

The State allotments during 1927 and 1928 incl:uded $2»0.82 and $1,716, 
respectively0 to reimburse the Surveyws district office for special 
studies made in connection with negotiations by Washington with Montan~ 
and I dah? :t~r the allocatio~ amon~ the thr~e. States of the waters of 
the Clark Fork and Pend Ore~lle R~ver o 6o/~:Q:: 

f:ijJ Letter from Go Lo Parker to the aut~BP;~ · 

The Survey allotments were: 

1920 
1921 
1922 

$4.o875 
59500 
5,000 

1923 
1924 
1925 

$59000 
5g000 
4,300 

1926 
1927 
1928 

$4D300 
4,025 
3,400 

Oregon o= Cooperation with the State engineer of Oregon was con­
tinued although in lesser amounts during the later yearso A new 
State engineer in 1~24 decided that in those areas where the admini­
stration .of the water· lavis required water .masters, these latte!" should 
operate the stream...,gaging stations formerlymaintained by the Survey, 
and that cooperation with the Survey should be confined chiefly to the 
western part of the State where water masters were not employedo 
This action reduced the number of stations by 49 9 or about halfo 
However;~) the Survey continued to make occasional measurements and to 
supervise the computation of the records for stations maintained by 
the Stateo 

The growing interest in the Statejs water resources during the 
years following the war resulted in larger appropriations which were 
reflected in the allotments to the cooperative work until the change 
in policy in l924c Thereafter the cooperative funds were materially 
reducedo 

The annual expenditures from State and municipal cooperative 
funds, and the Survey allotments we_re: 

,· 

• 

• 

• 



• 

• 

• 
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Yea r State 1:lunic ipaJ. Total Survey --
1920 $5,700 0 · $~~ 700 $~.1875 
1921 7,225 0 .7~225 i 5 '' 500 ·.' . . ',/ 

·1922 11,530 0 11,530 5,000 
192 ~3 12,019 0 12,019. . ·5,000 
1924 6,428 1,751 . 8,179 5,000 
1925 66452 1,482 7~934 4,_300 
1926 0,642 y 8,642 4,300-
1927 4,991 1$414 6~405 . 4,025 
1928 7,085 :Y 7 085 ' 3,400 ·' . 

_y Municipal cooperation not segregated •. 

· In additionR an average of $2"'000 annually was contributed by Jack­
son County during the years 1923 to 1928~~ 

6j/ P• 157 
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California o- At the beginning of the period the State ent).nee r 
of -C,alifo . .rnia as chief of the Department . of Engineering- anq Irrigation 
and the; ~tate ~later Commission were the cooperating State agencies. 
The 1~21 legislature reorganized the State government and~ merged those 
tv16 . agencies into the newly-created Department of Public 1Norks of 
which the State engineer was the chief.c The Department of Engineering 
became the Divis~on of Engine.ering and Irrigatioi1 and the Water 
Commission became the Division of Water Rights • 

. ~-·or several years prior to 1921 there had l;>een state-wide · 
agitation for a comprehensive study of the State's . VJ'a~er resources, 
with special reference to irrigation in .the Great Ce:g,.tral> Valley 
comprising both the · Sacramento ·and San Joaquin valleys. ·This agi- · 
tation culminated in an act by the 1921 legislat:ure6.Y appropriating 

$20Q, 000 for the State engineer, 

to determine the maximum amount of water which can be 
delivered to the maximum area of land, the maximum 
control of flood waters, and the maximtlJ!l .stora,ge of 
waters, as well a s a 11 possible and pract:i(j~1+ uses 
of water .. 

The State engineer was further instructed to prepare a comprehensive 
p l a n for the accomplishment of these objectives §I and the Governor 

6j/ Repto Div~ Engo & lrrigo pte III, Nov. 1, l922o 

was directed to appoint a consulting board to supe:rv'ise the State­
wide plano A board of ten members was appointed, one of whom -vvas 
H. D. McGlashan~ He was also called upon frequently for advice . 
pertaining to the studies of water supplyo 
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Additional gaging stations vrere required for this huge program 
which was continued .by later appropriations: .. and larger allotments to . 
coope:r;-ative stream gaging were made by both the Division of Engineering 
and . Irrigation and t;;},l~_ ·Di v:isiqn ·of Water Rights o. Pa:rt of the State 
allotments was the :·~lp!f~i~uin,g,, appropriation of $9,000· for cooperation ,' 
with the Survey9 wh~g.~{,)ia.d · ·bqen .made since 1909o This continuing 
·appropriation was ab'&~';tsh~d ·in 1928 when . the :State adopted ~he budget 
_ system~· 63f · · 

Letter from H;, ·Do '· .McGiashan to the authoro 

annual State c·oop~rati ve e~p~Ild i tures: vier~: 

:' 

1920 
1921·· 
-1922 
1923 . 
1924 ' 
1925 
19.26 ·, 

1927 
.. ··.·l9'28 ' 

$8'gp55' jj 
. ' 7p 6·371/· 
,: 12, 18'5 

12;602 
12,§~3 .. 
lls$3~ 
·15···-167 JJ . ' . ,; 

99 72.7 
·. 26, '094 ' ' 

·· . 9 '• ,· 

·of Engineeri:b:g·~···. · ··· 
Connni s s ion~;· 

$41)975 
6 8 0QO · 
5.~~500 

Divo . W~ter lli,ghts 

$9,~94 y 
4JI777; . 
9, 730 

10 9 604 
9,999 

. 1o,ooo· 
: 7~ _8?0 
1~, :360 -

' $5,500 
·5,500 
4/500 

19;2:6 
. 1.927~., 

' 1~28 

$171949 
12,~14 

?1~415 
~ I 23~2()6 

22:,582 
'21,535 

'·.?y,0~7 
22;0~7 ' 

. ':: 26.~~094 

'$4 500 ' IJ .. 

''4,225 
3,400 ' 

The funds .were used almost enti~ely for stream gag.fug as the previous 
proc~dure of allotting to the Division of Ground Water a portion of 
the·: Survey funds -was · discontinued in 1922 when _.the · State, in view of 
the new. program, preferred .that ,the funds be devoted en~_irely to 
surface waters '(! ; 

Cooperatiop. ~riyh . the .··- -- -··-·-•c-·."'· 

and ' the Tri-county asso' 
Orange counties$ was :' 
with the .·East Bay 

·· stations on th.e I\lf 
additional .·. statio 
.cables. ~ provi<l'ed 
Division of· Ground 
were maintaihe~· ;(1~ 
also· 

Q'isco, Los Angeles County, 
ll.·..:.C •• ----···c .. "...:1inoJ R.brersi.de, and· 

s . arratiged in 1926 
~.~;~~;J~,:i;~~<~ti-'~)vheteby three e ;ri sting 
~q .~(~±;P;;p;ed'~,ivri..t. n· ·reqarders and 11 

, . . . . _. ped :· with recorders and 
.· .•. •· .. · .co'pperation between the 

· ·Bay __ Pi~trict ~ . Thes~ stations 
·of the period o Coop¢ration was 

The expenditur~s -fron.1 · ~he .municipal and county cooperative funds 
were: 

• 

• 

• 
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• 

.. 
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Year San Francisco 'Los An~eles · · Tri-Counties 

1920 $2,336 $2,600 y ' $1,069 
1921 2~431 . 2,259. 2,972 
1922 2~646 3,326 2,995 
1923 . 2,638 ' 2,962 2,954 ' 
1924 2,,501 .. 2, 1976 2~988 
19,25 2,508 . 3;·253 · 2,997 
1926 3,222 3,201 2,968 
1927 3,283 3,006 2,993 
1928 2,794 3,114 .· 2,996 

Year East Bal District · y Misce1l~eous y' · Total 

1920 0 0 $6,005 
1921 0 0 7, 662. 
1922 0 0 8,967 
1923 0 3~557 . 12,111 
1924 0 0 8,465 
1925 0 1,541 10,299 
1926 0 ' 631 10,022 
1927 4,329 .~ 5~034 18,645 
1928 3,681 ;t ,·305 13,890 

Y Allotment; expenditures not available. · · . . ·. ·· • .. 
y Does not include construction costs which were pa~d by district 

direct. · 
. :§./ Includes construction of two stations and oper.a!tion. of three 

stations for .City of Sacramento under terms of' . Federal Power 
Commission permit. 

' .. ~ .. 

Hawaii.- Cooperation with the Commissioner of P11blic Lands 
of Hawaii continued . during the period, and; .· in .addition, the cities 
of Honolulu and Hilcp cooperated in the m~intenance of st'ations in 
which they were particularly interested. The expe:qditures from 
these sources were as follows: 

Year Territorl Cities Total 

1920 (not segregated) $26,200 
1921 $19,580 $2,000 21.580 
1922 28,~~520 310 ?8,830 
1923 18,415 1,530 ' 19,945 

· 1924 18.~~440 0 -18,440 
1925 24,334 0 24,33~ 
1926 32,392 4,461 36,853 
1927 26,828 1,080 27,908 
1928 29,703 3,680 33,383 

The fluctuating amounts of city cooperation were due to the 
fact that such expenditures were limited to the construction or 
r~pair of stations, and did not include operation.62/ 

65/ Letter from M. H. Carson to the author. 
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The · Survey allotments were: 

,1920 
1921 
1922 . 

$4,000 
4,000 

. 4, 500 

1'923 
1924 • 
1925 . 

$4,500. 
4£)500 .· . . 
4.9"50.0 .... 

1FEDERAL COOPERATIOl'{ 
. . 

~ . . . . 

1926 
192.7 

\. 1928 
,., . 

$4SJ 500 . 
4,225 

. p, 400 

The increasing interest . j,n the country• s water resou·r.ces was re­
flected in the allotments received from various FeQ..eral bureaus during 

. the period o · Pre~ioti~ly SJ -: Federal financial partl,:6ipation in the study 
. of water had beeh limited ·chiefly to the Bureau of Reclamation, Indian, 
and National Park Servi~es.l) VTith cooperation in'. the form of ser~ices 
effective with the. Forest Serviceo · Direct monet~ry participation had 
averaged about $20;000 annually during 1913-19· ~ · · 

Thee Reclamation Service, which in· 192~ .. becam.e ·the Bureau ·of 
Reclamation, continued its allotments 9 · as cfid. ... the Indi~n Service and 
the National Park Servic~o Th~Forest Serv:ice. continued to furnish 
services though on a decreased scale 9 and the. Weathe'r Bureau ... furnisihed 
g~ge heights for about 50 stations., The :lnteh$ive study by th(3 Army , 
Engi!;.leers· of the water-power possibilities of 'the T~nnessee ~~ver 
Basin showed· the need for · addition~1 streiim""!flow te6qrds and coopera­
tion with · that organization,!) S1tar-t;;ed in 1920·,!) continued during the 
period, and the "308n investigations 6.!j were staft:ed iD: the . s 'pring of 
1928o . . ·. . 

6§/ po : 51. · 

The interest ~of_ the} riewly_;·created Federal . POvver . Commission in 
the w~ter~poVI{er p9ssibilitie_s of th~ Colorado Riv~r :resulted in 
a11otm.ent·s by, the ·Cormni~fsi"on to. the ~urvey ~uring the fi~cal years 
1922 to. 1926. International: treaties with, · Can~da . and Mexico made 
neces·sary the maintenance · of · gaging stations on ·international streams, 
and the State Department bega.n cooperation in 1923., 

- ' • . . . !.- \_. ~ - • 

Th;e total Federal . (non=Su~vey) . cooperative. funds expended 
annually by the Survey w~re;. 

1920 
1921 
1922 

$21,~~000 
30»690 

. 321!286 

1923 
1924 
1925 

$40$)812 
41,48-:i; '·. 
30j293 

1926 . 
1927 
1928 

$33,~~124 . 
36 .,"563 . 
88,334 y 

. Y Increase d~e to enl.arged . program on Rio Grande~ and beginning of 
Army · Engin.eers v "

1308" investigations., 

In addition to t ihe cqoperation represented by the above amounts .. 
. , I . ' . . .. . . 

Federal bureaus contl.nu.ed to furnish complete re·cords for public~-
tiono These dec.reased from 99 · in 1920 to 45 in 1928 o · 

Bureau of. Reclamationo""'·· The Reclamation Service became the 
Bureau of R~el~I,IJ.~tion qn <J:une 20; 1923» . .. by order of the Secretary 
of the Interior., This was more than a change in name» as Secretary 

• •• 

• 

• 
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• 

• 

Work shortly after assuming office decided that more attention should 
be paid to aiding the settlers along bttsiness and_ agricultural lines, 
if the projects were to be completely successful.Sf The functions of 

6J/22nd Ann. Heyto Bu. of Reclam.,, 1_922-23, p. 

the Bureau were broadened to include these objectives·. 

In the years of this period (1919-28), the accretions to the 
Reclamation fund were constantly becoming less. One cause for this 
was the great reduction in receipts from the sale of public lands due 
to the poor quality of those remaining. Another and perhaps equally 
important cause was the reduction in annual repayments of construction 
costs by the settlers. The depressed condition of agriculture after 
the war v<Jas felt on the reclamation projects~ and Congress enacted a 
number of relief acts extending the time for making repayments. The 
Board of Survey and Adjustment appointed in 1925~ recommended 

scaling dovvn the repay costs on such project lands as were not of the 
best quality, and this recomHendation was enacted into law. As a 
partial offset to these reductions, the oil leasing law brought 
additions to the B.eclamation f und beginning in 1920. 

In spite of the additions caused by the action of the oil leasing 
laTtY, the Reclamation fund from which Congress rr.ade appropriations to 
the Bureau of Reclamation~ became so small that the Bureau made little 
provision in its budget for the investigation of ne~frojects. The 
negotiation of the Colorado River compact i n 1922, 6_3; hovvever, brought 

6j} P o 99 

to the front the irrigation and power possibilities of the Colorado 
River, and the Bureau contributed to the maintenance of the gaging 
stations on the lower Colorado River an average of about $4,000 yearly 
except during 1923, when the contribution.was $11,255, , part of which 
v1as for the installation of the stations .?9f 

7'0 -' P• 110 

Cooperation by the Bureau of Reclamation in Montana, which had 
been more extensive than in any other State during previous years, was 
reduced from the support of 49 stations in 1920 to two in 1928 . This 
reduction was due to the completion of certain projects for the Indian 
Service in 1922, and to the assumption by the State Department in 
1927 of the cost of maintaining 16 international stations previously 
maintained at the expense of the Bureau of Reclamation. The largest 
number of stations for which the Bureau paid the costs was in Idaho, 
-.vhere the Idaho Falls office maintained stations in ' connection with 
~..:;h e administration of vvater released from Jackson Lake.W' A few 

7J/ P • 148 

4.'7 
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stations . were also maintained · ~;,·.:' BureaJ~ ~fl:!:A~S in Oregon, Utah; a 'nd · 
Wyomingo _The total number of , st·ations supported by the Bureau declined 
f'roml07 in 1920 to 55 in 1928 ~ of which about 35 were maintained by · 
the Idaho Falls office o Following the custom· o·f · previous years., 
stati~ns . needed for the operation of projects were maintained by the 
Buz:-eau alone"' · and yhe - re.cords furnished to the 'Survey for publicationo 
The number of records so furnishad declined from ·65 in 1920 . to 33. in · 
1928~ 

. I . 
·. 

The exact figti,res of. funds c'c>ntributed . anll,u,ally for the maint·enance 
by the Survey of st'a;t'ion~ . .for. ~l~e .. Bureau are not avail~ble; . but were 

. about as follows-: ~ · · .. · : · . ' 

1920 $11,700 
. . 

$23.1) 10:0 :y , . 1926 $10 600 h'' 1923 .. . 9 .. .. , .. 
1921 14.9 300' ·. ~ 19.24 15,soo · 1927 '9 !I 500 

. .-1922 ·149 3QO . ·:··, .• ) ··,.' ·1925 14,\)000 1928 · 7, J;OO 
• .\ .·•. .!'' • ~· ·~ 

y Increase due .· ·chi~eflY .to."·lnst.allation . or· Col_orad.o River stations o,. 
.... '·'(..: 

·. In addition to th:e ··,.~:oop~ratijre _stre~;,.gaging program, th.e 
Secretary of the Interror :i;p :l923 appointed . ~ special board consi~ting 

1or the,_ ·Commissioner of -t~h~ . 13-ur.eaU: .. of Reclamation , and ·the .t .wo. Assistant 
Sec~etaries of the lnterioi ; ~o "m~ke~ a . specia~ $tud~r ot' the ,Columbia · 
I3as'in project in Washingtono ,: :Ax! -_ engineering . staff of fo~r, of which 
G3 Lo;;)!~,rker was hydraulic ·engl.rt~er 9 c, cond"l,tcted .the · inv~s'tigation, . 
which.' :.a~ted fro

1
m At~~~ 1923 t _q , f.ebruarJ: ~924o Exp~nditures paid by · the 

Bur;ea:l-.1·· of Reclam~t~on · on, f)_qcount 9f Parker• s . deta~.l -were $2,588 o 

·'· -~ 

:/Forest Servi~e o . ..; , Go6·p~iat~:~~ '· in -e~rvices c'ontinu~d with the 
Forest Service . dj.lring' th~ . period~ . :Th'e . work in Los Angeles County, . 

. whi~~ _ h)ld been -~ta:rteq ·' _ ~ri :· ~·~ :16 yY.· ~h,rough i;he .. e~for.~s ·· of th.e Forest 
. . . . -.. <·- , .:,. 1 •,:: ' ,• • ; .. _.~-. ;; --~.: ) t' ., ' •. • . :> . ' . 

7]/ -FOl_l~nsbee·$ :· Robe:t.t; ·:··fi'~. ~tory:·:,of:' Wa~(;)r Reso.ur.ces Branch· to · June 30, 
19.J.9·.1) J>o 345~ . ' - ·- . •. ·- ·_ .:· ,· . . . . , 

Servic·e.o continued · and · "the Forest . Service de"tia.iled one of its 
_ engine.ers, Ho J o Tomp~}.ns 9 :i?o· perform the field work under the 

.Surveyv s supervisi.ono ::;i~Fores_t Service employees also furnished gage 
;readings· ar,1d s'ome . a.~sis~ance ~n the operation of stations in other 
western · S~ate~o ; . ~hesC? stations . gradually declined in number from 39 

-. to ,., l19_ ·:_exc).,.u~~:y~ :-_'~t. t~.e 20 _ stf:\tions in the Los ~geles County · projecto 

.· ...• ~,~··i~~~:~~~~!f~~fti;~!fr '}la~ki.:.'.~t~rte~ : . ±n •. 1915, was .dis continued 
. /:,7$+:~~a~n1i·, j>.:;J,!-~4g5 :o ;·(,.) .·\ }\. · :·· .. ·-.. -· · · ·· ·· · 

: ~ \, • ~ .~'yr. . . ; ,., 2 .! .... 

>·: ::,·. · i~ct~iari · Service;,- .C.ooperation with the Indian Service reached 
'a, '' pealt~:: during the· ·early years of -the period when a maximum number of 
62 stations were so maintained, _thereafter gradually declining to' 
14 in l928.o . The stat ions were situated chiefly in Idaho 9 Washington$ 
Oregons . :Montanas and Arizonao The decline wa·s doubtless a result of 

· the Coolidge~ e·?onomy which was fe1 t severely by the Indian Serviceo 

• 

• 

• 
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The approximate annual expenditures from Indian Service funds were: 

1920 $9,300 1923 $7,100 . 1926 $2,900 
1921 7,900 1924 6,100 1927 2,400 
1922 10,500 1925 4,200 1928 2,300 

As a partial aid in financing this program, the annual appropriations 
for the Indian Service contained items for cooperative stream gaging 
with the 'survey, as follows: 

1920 $4,000 1923 $2,000 1926 $1,000 
1921 4,000 1924 1,000 1927 850 . 
1922 2,000 1925 1,000 1928 850 

National Park Service.- The National Park Service furnished gage­
height records for the stations in Yellowstone, Yosemite, and Glacier 
Parks, established during 1913-19. 

In 1921 Horace M. Albright,· then Superintendent of Yellowstone 
Park, became concerned over the pressure being exerted by various 

.Montana interests to store water in Yellowstone Lake. Although the 
real purpose of such storage appeared to be for irrigation and possibly 
power in Montana, the grounds on which the plea for such storage was 
based was the reduction in flood stages in· the vicinity of Livi~xegston, 

and farther downstream. To determine the possible reduction · ~n,~~'f'.l.ood · 
discharge, during 1922 the Boise district installed stations oil" '-'··· · 
Yellowstone Lake, the Yellowstone River at the outlet of the lake, 
Tower Creek at Tower ·Falls, Lamar River near. mouth, and Gardiner River 
at Mammoth Hotel. The Park Service furnished · all materials, assist­
ance, and subsistence to .Survey engineers. Park rangers were detailed 
to furnish records of daily g~ge heights read from the staff gages 
with which the stations were equipped. Beginning in 1925 ithe Park 
Service made definite allotments for the improvement of the station 
equipment, as follows: · 

I 

1925 
1926 

! 

$ . 200 
1,000 

1927 
1928 

$1,000 
925 

A recorder and a cable were installed on Lamar River and a recorder 
on Gardiner River. As these stations were not situated on main 
routes of tourist travel, the Park Service did not insist on special 
structures to harmonize withthe surroundings and standard Survey 
designs were used. The resulting records indicated that storage in 
the lake would have little effect on flood conditions below the Park, 
as the damaging floods originated outside the. Ptirk boundary and below 
the Lake. If the stream-flow records had not been available, ! the 
Park Service believes that it would have been compelled to permit the 
develo~ment and operation of Yellowstone Lake as a storage reser­
voir. 7_!::/ 

7}V Letter from C. G. Patilsen to the author. 

The shelter on Swift Current Creek in Glacier National Park, 
which the Park Service had constructed in 1918; was replaced in 1926 



50 
I 

by a shelter composed. or· native .stone, roughly rectangular and harmon­
izing with the retaining wall ·that was being built along the cr·eek 
near Many Glaciers Hotel~~ ·The work was performed· by. the Park Service 
and Bureau of PUblic Ro~ds o_7S/ . . · . . 

·Tuttle· to the -a11thore . 

· Army Engiria:er~_ ~~ ... . The , princ:i,pal cooperation with the · Army · 
Eng:ineE:)r~ was ' iri . i;he · Te~nessee River Basin,~,- which wa,s under intensive 
studyo . _. The .fti.V~r~.;-an~ ~ Ha~bor!S Act of Jun~ 5, .1920" con-t;a.ihed . 
auth,ori~ation-· for~-~a~ survey of ,tP,e Tennes:see. Riv.er~~ The Wilson power 
dam at Muscle ~hoal's v.vas ' then bei~g const;ruct~p. at F~deral _expens.e» 
and th~re_ W8.$ oori,sid~r~ble . co-ntroversy over ' the disposition of .the 
powero IVlajor I i o:·-co Fis}.{e of. the Corps of Engineers, who had _ r.eGently 
been appointed -.clis.tr~.c.t engineer f6r the Teni;l&~s~e River Ba·s'i:n, · · I 
adv~nced _ the ~de~, :of . a comp:rehensi·le developrhent program, including 
studies , of pr~sent apd pot,ential - ·water-powet~. d~velopmento . ~h~s •-· . · 
strea:m~f'low· r.e9ords:)1ad grea.te~ importance tha:n. that per"taining to th~ · 
usual ri v·er ~tirv~ys for .~a.vigationo · · 

.. ·. Go Ho Matthes; _an early-day member of -tl].e Survey, who. was Major 
· Fiskev.s pri_ncipal' engineer.ing ~·ss. i.~tal?.t . in the Chattanooga dist:rict, 
. real~zed the ' ne'oe:s~,fty for. many m,ore ' -- ~trearii""·flow reco_r :ds, possibly an 
. in(}re.a.se : 9~ -~- ·lrunO.re~r or ·: more ' qv~r those o'btain~d :from :·the 27 gaging 
stations the~ 'ope,rat~9, by the Survey in the b~~·-~Po _ .As:· Matthes- stated 
furthe~::7.§/ . _ · . . . 

'., ... , ... ,·;:·: :· ·· 

Wh.i.i~ · f,~~iy:_; a.gre.ed- as .to th~ need . . f6r : a~ple ~tree.m-.flow 
reco~ds ·. ~s , b~~-~c ·. -{;o . the investigations ·to. be .made, .I 

· ·, , req:qgn~~~d . tl}~t· -~f i y1ere to: u~qertitke to ~stablish and .. 
>,m~intain .sucn a· large group of. statio_ns _ I wpuld have little . 
·time left t<i> ·id~vQte to suryeys, . studies, and ._. reports 0 :.I 
recommended that this part· of the work be entrusted to the 

.... U ~~ So Geological .Survey Water Resources B:ranclb. for execution 
Up.de'r sorne coope~ative agreement by which the cost of any 
workdone. for the Survey . of the. Tennessee River be reimbursed 

' . from Army engineer funds II Altho aware of ~he\ difficulties 
of bring~ng ab9~:t cooperation betw·een Federal bureaus I was 

·also aware o.f the fact that the llforld War had dt>ne much in 
the way of est~'blishing friendliness ·Qf r~lhtions . betw~en . 

:. bureaus o ·. ;~\ -~~e,l$med to me a good psycholo~fi :eal ti!Ile · to 
~f-fect coo,p~-ra~tio:n of some sort o.~ _ Major :b.,i$_ke·'·was qu:il.te 

'\: d~spo_~e.<i ·to . g~v~. ~he.- pi.~n fav~.f~~;Jie _ co~sideratio1;1c,· \ 
. . . . . . {!.- :·.·-;'\~>!~~·· 

It :W~s doubtle$~ -' fortunate for Matthes 9 . plan that his chief was the 
o~ficer yrh9, '1.vhen he v.ras · in charge of 'the Pittsburgh district in 
l915,77J had previously cooperated with the Survey~ 

. I .. 

7]/ .F<;)llansbee-9 Robert,History of Water Resources Branch to June 3QJ) 
•· . 1919-p Po 347 o 

,,· 

. .(·· 

• 

•• 

• .. 



• 

• 

• 

The Surv ey had rec ent ly established a district office in 
Nashville and Warren R. King, district engineer, was invited to confer 
with Major Fiske relative to possible cooperation. At this conference 
King indicated the willingness of the Survey to enter into coopera­
tion, and on August 23, 1920, a second conference was held at his 
office which was attended by N. C. Grover,. Wilbur A. Nelson, the 
cooperating State of-ficial, Major :B,iske, a.nd G. H. Matthes. At 
hearings ·in Washington, Dr. Nelson had been an ene~getic sponsor of 
:the Tennessee River Survey and he naturally favored an~.: .·~.?tl?ansion of 
stream gaging in Tennessee. Cooperation was arranged ~!~t{}in order 
to be in close touch with Army Engineers, the districtt~~ice was 
moved in September 1920 from Nashville to Chattanooga, where quarters 
were provided in the Army Engineer office. 

• I I 
Cooperat~on was started . on October 1, 1920, and 31 additional 

stations were established, including some of those previously dis­
continued for lack of funds. A considerable number of these were in 
North ·Carolina and were operated by that district. A_'f_.mJI Engineer 
funds spent on the cooperative work v1ere as follows:: 7~ 

7§/ H.D. 328, 7lst Conge.., 2nd Sess~ , p .. 727 " 

192 1 
1922 
1923 
1924 

$6,990 
3,486 
5.ol69 

12, 1'72 

1925 
1926 
1927 
1928 

$7,893 
12,523 
16,913 
15,691 

The survey of the Tenness ee Ri ver a uthorized in 1920 was preliminary 
in character, and upon its completion authorization for a detailed 
survey to determine the multiple :uses of ~e waters of 'the Tennessee 
River Basin was requested of Congress. This was not granted for 
several years, and during 1922 and 

1
1923 Anny cooperative funds were 

reduced as indicated above. In commenting on the cooperation during 
the ~ years that he was conneqt~.d with . the Chattanooga office, 
Matthes states that the ' cooper~ti6n work~d p~rfect1y, a condition 
which might be inferred f r om its continuation throughout the period. 

Two more projects in 'cooperatiO:n ·~vith the Army Eng~eers were 
carried on during the period !' .O~~e : was a study of the water supply 
of the Potomac River at Great Fails, Va., for which the Army Engineers 
allotted $1,500.72/ The other was a study of wave travel on the 

72/ P• 112 .. 
. i 

New River by the Virginia district at the request of the Army 
· Engineers, who paid the fie~d expen.ses.8Sf . 

BQ/ P• 126. 

Cooperatio~ witfu the Ar.my Engineers, covering nearly all parts 
of the country, began in the spring of 1928, and a description of it 
follows in the next period • 
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·. Federal Power Commissiono""' · The Federal Power Commission contri- · 
buted to ·the cost of installing · gaging stations on the Lower Colorado 
River ·where the power possibilities ! we

1
re very ·great ~d where the 

delay in ratifyj,."ng ·- the Colorado River compact . prevented the issuan.ce 
of. perrnit_s and lioensesJJ _,8]/ whi,ch v;ould hav~ " require~ the. holders 9£ 

, • • •· • ' . • . ' ; , ! ,. .• I 

such 'permits and ' Jiceil~~~ to- instail . and-' maint'a."~n the n~eded gaging 
stations~ To meet~ th~~~·.· .$i tJ.lati.on the .Col!lffii;ssj_.on cqptributed the 

. followin'g a.IlloWit~ ~ tow~:f~ : \l.i!~ ~ ~n:$tal+ation ·and -maintenance of needed 
· key stations· on ~h~·· riye~. :. ··· .· · · ·· .. 

t$22 .· · .. _ $~Dq6o _ 
19:23 ;, 6,'Q43 ,:" 
'1···,_.9_:z_' __ 4: :·.. r 5 33· 

' 1925 
.1926 . 

' r . • ·. . .: 9, . ~~: ~ ._ .· :r • \ 

.. ·,; . .f.\ _.: .~' :1 ~ .:._ . .· . :. . • 

The :i.nc~~a.se in ·192_6. :w'f~.s ·due · to·~ the···install~tlo:.n 
Litti~ Colorado .~iv:er~ .. 

$l f 500 
39 201 

o'f a station on the 

_ ··:· In i~27 thej · Co~i'ss~q~{ ~;a.s ·_npt a~k_ed :·. ~q ·.9ontri1Jute. _to the main­
ten~nce .of . the exis·tirig- s _tatipns but was · request~d. ·to . con tr:ioute 
$?, 500 toward the . 'cbnstru'(rtiQb: of . a st.ati6n .: ~1) the. S$-n ,. J:uan' _River I 
a:n ~important t~ibt.tt·ar.yo : . ~li -~ . CQtnm:i~sfon :c~.mp:i:t. .ea · ~:k~h thi~ request 
but' it had to b'e ,·:a:;eprqved ·:; by> the.'· : cqrn~troll~rc; ~eneral~ wh~ ruled on 
li'e bruary 2 3, 192·7 .. ,1)'. :that' ·'tlrEf .P.rop()s~d :gagin:g ·~ta~ion did riot involve 
directly _coop.~ratXV:e .. wor~ .by; the · Survey • f9r t .lie··.commis.sio;n» an~ went 

·on ·to ·· s.tiite: · · · ·{ · 
-::· .,·_. . 

. .. ·· ... If infortm~:tio~ . relati~~- to the : fl~w1 : of the Sah Juan 
· · RiV:er ia .. ne_ecu~q. by .'th~. Fed~ral Power ·commissio,n in _the· 

coris,~deration .' .of:: ~p;plicatfqns : .·for water-power · d_evelopm~t 
priyii~ge~ ·: involying ·:~he . ,Colo ·r~_9-o R.iV'e:r::. apd ·; its . tributaries, 
such' irifornia~io~ · s~o~ld .. be , futn:l'shed by. - ~;~e ~urvey vvitho'ut 

. ·cost to th,e··~commission · *' '* *o · You ·a.:re ·accordingly advi$ed 
that the transfer * * _:* is. not authorizedo . . . I , 

. I 

Theteafter ,1) --. t)ie .- :.Cor.mis.si~n - .yould · I,J.ot ·:·contribute funds to the mainten ... 
· ance of station;":·· ~n the Colqta~~- }ii v~li . Bas~ng which was the · only 
region in which · a~ch action:Jw;d .beeP: ta.k:eno· . · · 

. ·'· --• . ; 'I_ . . . .·. . -- . 
. .A;n: ind~·rect type cif'·. co.9peta.ti'on,~,- ' f.ar e_xceeding-the Co.nmiss~on 1 s 

· dire:ct experi.ditu:r.esD · wa~ ' the:. r~quir.ement that ;holders of permits 
and licen~es install an.d -¥~nta~n specifie~r" gaging S:tation~ under , 
the S:qrvE}y' ~ - supervis~pno ·.-. the . 1-e~~ltipg , su1lervision wa;s · generally 
witp , pr~·vate il}teres·ts '.;83/ .; · · · · · · · 

~ ' ' 

, .. -.... , ?X; 

-·. In addition to the : st:ream-gagi1:1g program,~~ appl
1

ications to 
the . Gommission required engineering investigations and reports.~~ and 
many of -those in the western Sta.tes were made by the district 
engineers in whose district~ 1-:the proj ~cts were si tua~ o 

• 

• 

• 
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'V\Thenever an application involved . a strJam which was suitable for 
purposes other than power development, a joint study was mape by the 
several GovE)rnment and State agencies concerned. In 1921 the 
Commission appointed a board 1 to .study . the Deschutes River, and in 
1922 a similar board t9 investigate the upper Columbia River. F. F. 
Henshaw, district engineer of the Oregon district_, w~s appointed to 
both boards ·. ' · 

State Department.- Beginning in 1923 the State Department 
cooperated in maintaining gaging stations on the Mexican border, 
and in 1927 on the Can,adian bord_er. This cooperation is described 
under uOperation of int~rnationi.\:1;. statioris • 11 8JI ! 
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r1":--1"---------------------...:-------·--.-....------------8]! p. 54. 

Weather Bureau.- Weather Bureau cooperation consisted chiefly in 
furnishing gage heights (generally one reading daily) for about 50 
flood-warning stations. In return, ~ome 'Survey districts checked at 
irregular intervals the Weather Bureau gages involved and the author's 
district at least furnished rating tables ·which were used by the ­
Weather Bureau in forecasting flood flows. 

Private Assistance 

.Assistance, by private interests started -in a minor way in the 
. early days of ~he Branch, generally by the furnis~ing of gage-height 
records, was increased very materially during the period as shown by 
the number of gaging s'tations on which there was private assistance 
each year: 

Uo. of No. of No. of 
Year stations Year ;· stations · Year stations 

1920 417 1923 562 1926 671 
1921 431 1924-· 598 1927 700 
1922 515 1925 638 1928 698 

The chief cause of this increase was the requirement of the Federal 
Power Conmission that its petmittees and licensees maintain, under 
the Survey's supervision, certain. specified gaging stations for the ' 
purpose of determining the v.rater supply ~vailable to their pr.oj ects. 
The Survey establishedJ and maintained some of the required stations 
from funds advanced by the permittees and licensees, and the per­
mittees and licensees furnished a1J~ field data for other stations 
established and maintained by them under Survey supervision. The 
total amount ·of such expenditures is not known exactly. but is

1 

estimated to have averaged about $1351 000 annually for the seven 
years from 1922 to 1928. Of this amount . about ~100,000 was expended 
in California, $11,000 in Oregon, $4,000 in Washin~ton, ·· and the re­
mainder in other States, chiefly in the Vlest • 

Similarly, the assistance rendered by other private interests, 
chiefly those engaged in irrigation and ·water-power enterprises, 
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ranged from furnfshing ~omplete records ·f'-br ·several stations to · 
furnishing for one or more stations a small · p~r.t of the field. data 9 

.such as gage height~\, · .. ' It · is impossible to esti~ate ... the ·value of such 
assistanceo Comp1et'e.' re.cords, · not . i~elud:~d·· in the .tabulation given 
above~ · were fur~ished for an average .:or::._~:.92~·· statio:t;J.s d~J:,;ing the pe~iodo. 
As many of the records;furnished. ·by wat:er':':'pOWer '~ dompa..'nies were ob:t;ained 
by computation'' of . flow over darns D ·. and qtbrer$ ~el:-e . obtained . by Survey. 
methods at varyil,'lg costs,, it is impossi:b1e -t 'QI 'estimate erven, rou.ghly the 
cost of the records so fur:nished ·o ._ · · · 

_. ·l ,. '• 

.. ~ : 

. ·r 
;., ' . : ;~ _' i 1. /•~ 

... 

·OperEl:tion of · Internat;.~onai. Stati:<:>ns · 
;'. ' ,- .· 'I I ' . ' . ' ' ' -.~ : ~' 

.:. , I , . . .· ,· '.-... ·, .. , . ·. . .. , .. ' / '::.. . . . .• . 

The informal 'arrangement. wh~reby ~~e:(.wa:shingtori ;' di·stric~ - and · . 
the British Cq:ttw\bi8: Hydrome"t:ric · Surv~y:i~'·Jria~ntt'l1ned . :-tvfo ~ta~ions in 
the Co.lumbia · River;·. B .. a..~~-~ji · wf;l.~ eo~t~P,-u~4 ·-~ - . ·.~he · ~~:t.i;~,ion of :the waters 

81/ Foll~nsbee, ~be;~; ~is~ory .~~ Wat~r ~;;;r~~~,· Ji~~ci~ :to June 30, 
19191> Po 35Qo ·.. · ' ' . . ·; '·.:.· , -~ . · .. · 

·~~ ~~~ 
States in i;h~ ,'.)o~~t ·.8:P~·tati;on Pt\' ga.g;~g - ·sta~~ops 9·*'~::e~~:· .~t,~~ Ma.ry and 
M~lk River·s · an~l . tril)ut·a,ri·e~ 9 :a)(d .. in ·.t}Ja - 4JV-;~s~on, d.t : ·;b~/w~t_ers of 
these rivers 9 cpn~·.i::q~~ :· ~¢~~<W~ ·A~ Lainb!-8 :. ~i:r.e~o.,tio~;::~q"q~···~tp.e : costs 
were PS:id by th~ Burr~~ :.o:C" .~:Rec.I:arnat .~on · l.l:P.til '' l92 7 o .. -~he : ~i vision of 
waters between the , Un.J.:t·ed States a:nd Ganad~· :~as sta.~ted , ~n 1918 R B_o/' 

. . ~ ... _· I ..... · . . ' 

·· .. --· ··-·.· •,. :~ 

·Under )..amb~ s . i~ediat:e·,, ~\lpervi.~~;on ·f.or · "f?he United . S~a:C.~$s . .and an · . . ~--J~.' ·· 
appoin:t;ed · offici~l o£ th~ Do~:i~~·on Water Po":~.:r .. an~ . ~rr~.g9;tion . SerVie·eo 
The tre~ty .of 1909 ·pr;o,y.:i.-(ied ~ha-p,.'. tp;e 'Sto ¥ary ·. afld. ~·ilk~~·Rfv.~rs and 
their · t~ibutaries . ·~h,ou~id·.: H~ .~'cons-idered as ' 9ne.:- :tiv~·r D _.~d that ' the · flow 
s~ould ·be divid~~:f· ·P~~~~·~:-~f~-~~ ·,t'1.o ;.- ?dt:tif-i;riij .~ . q·~·~i~~-.~he . ~r~,i:~a~~on 1 

season rro;rp. April.' .::l , ·. t?, ~.'o.~·t:~b.t)r<v.lJI ·:: tn ~CC.~!'qa~Q' e with · ~!):~ .t.er:m.s . 
-~ ·:specif~~~~·,.::·'J In 192'5 .!. se.9re~~~y· ~P~~ · appoint~9, . a :· Bo~r4 .. ,~op S¥rvey~ ~nd 

Adjustment :to in~es.tigate . ~1,1 Bureau ,of Recl.~a,mation · projects .~· and 
in co~nection with . thrfMil~ River ... prO.ject · thEl· following re¢o~enda~ . · 
tion · ~a~ . mid.e ·~sy ·· · · · · · · · ·· · · · 1\. 

• 

• 

• 
?1. 
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. ' 

· The cost of measuring the waters of Sto Ma.ry and Milk 
River~ iri accordance with the international treaty has been 
charged to the construction account of the projecto It seems 
to us that this cost should not be borne by the reclamation 
fund at all 9 but should be . cared for by Congress as an item 
of general .importance to the country. 
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The recommendations of the Board of Surveys and Adjustment were 
enacted i nto la.vi by Congress in ·U.926 and the Bureau considered that' 
it was prohibited from spending ~he_ reclamation fund allotted to the 
Milk River project for any purpos·e , except operation and maintenance. 
As the Comptr.oller General"' on July 18, 1924.., had ruled that the 
Bureau of Reclamation'~s appropriat~o'n for cooperative and miscellan­
eous secondary projects could no~ . be · used for carrying out . the obliga­
tions of the . International Joint Commission's Treaty of 1909, no 
Bureau funds :were available for that purpose~ It was therefore 
necessary for the State Department to obtain the necessary funds to 
rneet·the internat~onal oblig~tions, and in its appropriation bill for 

, the fiscal year 1928, it recornmended. an item of $10,000 to be trans­
ferred to the Survey to carry out the terms of the treaty to be made 
immediately available and to remain available untii June '30, 1928. 
In justification of this appropriation the following statement was 
made~ 

It is es sential to the intelligent consideration by the 
Commission o''f .ythe questions pertaining to these P.rojects and 
to the protec~~on of the extensive American interests to be 
affected, that· systematic gauging of the streams mentioned be 
undertaken without delay and continued over a period of years. 

The · appropriation bi.ll was signed February 24, _ 1927, an~ the 
$10,000 was available for carrying on the work during the remainder 
of this period (1919~28). In February 1927, 16 stations were being 
maintained jointly with Canada and as soon as the State Department 
funds became available, 8 stations were added, makin'g a total of 24 
international stations maintained jointly by the Sl.lrvey and the 
Dominion VJater Power and Reclamation Service of Canadao 

With the ·beginning of the State Department appropriations for 
the work, the Commissioner of Reclamation was replaced by the Director 
of the Survey as the American representative 9 or nreclrunation 
officer," charged 'with the measurement and apportionment of, the 
waters of the S-po Majry and , Milk Rivers o Local supervision was dele­
gated to Lamb as formerlyo 

I 

International Boun<:Iary Commissiono- The International Boundary 
Commission, United States and Mexico, was charged withthe division 
of the waters of the Rio Grande between the United States and Mexico. 
The American Section had maintained by means qf its own organization 
the gaging stations allotted to it until 1915 when the disturbed 
conditions along the border caused it to cease operation except for 
a short period from September 1919 to March 1920o 

In 1922 the Mexican Section of the International Boundary 
Commission resmned operations and reopened not only the stations it 
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had maintained previously, but, as the American Section was still 
· inactive, also a · number of the American Section stationso This brought 
home 'to .the American Commissioner, George Curry, the obligation to 
resume stream gaging on the Rio Grande, but .unfortunately he had 
neither the funds nor the organization to do thiso In his dilemma he 
contacted the Texas Board of Water Commissioners and stated that if · 
the ·state.o cooperating with the Survey, wo:uld reopen some of the 
discontinued stations~ he would pledge his word that the money so 
expended would be repaid by the State Department through a de-
ficiency appropriationD and that funds would be obtained to pay the 
cost of operation during future yearso8V The Texas district, being . 

8§/ Statement of! Go · ~o Ellsworth to the authoro· 

interested · in the records from the Rio Grande stations, _ agreed to this 
propdsalo During the fall of 1923 and the ens'\ling winter the Texas 
district reopened . t~e. stations on the ·Rio Grande at 'Langtry .o Del Rio, 
an~ Ea.gle Pass·, and on the Devils 'River near Del Rioo A recorder was 

'· installed on the Devils River ne.ar ·Pel Rio and cables were installed 
~ on the Rio·· Grande near Del Rio arid Langtry o· . An . engineer was stationed 
at Del Rio.o who operated not only those stations 8 but others in the 
vic'inityo 

In support of Curry's plea for fund·s, the $urvey made . repre­
sentations · to the S:t;ate Department with :respect to the ·need for 
continuing the ' statfons, resulting not only in a deficiency appropri­
ation of $5,779oll to reimburse the St~;ite of Texas.., in the bill 

. signed March 4.o 1925, B_v but also in : annua~ appropriations for 

82J 43 St.ato .1340 o 

contir:ming the worko The appropriation i tern for the years 1925 to· 
1927, · inclusive, . re~d as follows: 

To enable the President to perform the obligations of 
the United States under the treaties of 1884, 1889, 1905, 
and 1906 between the United States and Mexico ·* * *. provided 
that not to exceed $6,000 of such sum may in the discretion 
of the President be used for taking over t):le .water gauging 
now being ,d.one by the State of Texas o !· . , 'f .-~ 

Prior to the discontinuance of the work in 1915 the Commission had 
carried on its ovm worko However·, Curry had no dttsire to enlarge his 
own organizat.j_on so as to perform the . stream gaging himself because 
the Survey could do the work for les·a ~han the appropriationo He 
therefore ~ontinued the a 'r ·rfngement rnad·e 1 in 1923, · paying the follow ... 
ing approximate amounts: · · 

'1924 
·jl925l 

$5,779 
2J500 

1926 
1927 

$2,900 
3,000 

The t:unds during the .J?eriod 1925-27 paid for one engineer, whereas 
those. · for 1924 included also the cost of station equipmento In 
addition to p·aying $3$000 for the regular stream gaging during 1927,, 
a · transfer of funds amounting to $1,750 was m~~e in June 1927 for 
a seepage investigation below Del Rioo 

• 

•• 
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The situation in the lovrer· Rio Gr.ande Valley emphasized the need 
for a.dditi'onal water during low · stages of the river, which could only 
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be obtained by storage, and the water· users urged that a: treaty for 
that purpose be negotiated with Mexico. In '1925 President Coolidge 
appointed a commission consisting of Elwood Mead, Director of the 
Bureau of Reclamation, Gen. Lansing H. Beach, Ex-Chief of Engineers of 
the U. s. Army, and w. E. Anderson, a cdnsulJting engineer of San · 
Benito, Texas, to negotiate such a tif.aty. During their ne~otiations 
they came to realize that additional· :s:tream-flow records were necessary, 
and the Commission's appropr,ation for 1928 contained an additional 
item of $4,000 for gaging stations at San Marcial, N. Mex., and El Paso 
and Fabens, Texas. However, this was only a small part of the increase 
in funds provided, as ~he first deficiency· bill for that year carried 
an item of $21,000 for the State De3J?artment, with authority to 
transfer it to the Survey for wor'if:t'bn the Rio Grande during the re­
mainder of the fiscal year 1928.9£/ 1 The Cqnunission transferred to the 

9f}j Viater Resources Bulletin, Jan. 10, 1928. 

Survey a total of $26,650 during the fiscal year 1928, which was 
expended in the establishment and ·operation of 10 additional stations · 
and the assignment of resident engineers at the more important stations. 

· .An account of the enlarged program, which was started during the early 
· winter of 1928, belongs to the next period of this llistory, 
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Current: Meters 

Inspection.- The care of current meters and the replacement 
of parts was continued under G. C. Stevens' direction until the summer 
of 1925, with minor repairs by Au and major repairs by the factory. The 
Survey had maintained for some years a section of field equipment which 
had been concerned with surveying instruments, chiefly those of the Topo­
graphic Branch. When the Department inspectors made their economy inves­
tigation of the Branch, in the summer of 1925,211 they ·decided that the 

211 p. 

care and repairt" of meters should be turned over to the Section of Field · 
Equipment and this was done. However, as that section had no one famil­
iar with meters and their care, the results were so unsatisfactory that 
on Sept. 1, 1927, the work was turned back to the Branch and assigned to 
Peterson. The supervision of meter ratings had remained in the Branch. 

As an indication of the condition of meters as they were re­
ceived from the field, Stevens revived the old hand-spinning test which 
had been used during the years of the per-diem appointments and later 
discarded. This test was not meant to be an exact measure of the 
ability of the meters to record accurately, but a rough and ready method 
of "separating the sheep from the goats.~' It was described at the ·1921 
conference and some district engineers ascribed such great value to it 
that, as Stevens says,~ they went home and started spinning their meters 

92/ Statement to the author. 

so diligently that meters of all sorts and conditions began to arrive in 
Washington. Some were in such poor condition that it was apparent that 
proper care was not being given to meters in all instances. More or less 
critical correspondence followed with the less careful engineers, which 
resulted in greater subsequent care. During and after 1921~28, the spin­
ning test became a fetish in many districts, but finally there was a 
realization that the spinning test had only a limited application and 
value in the inspection of a meter that it again fell into general dis­
use. 

Improved meter.- The repair of meters, so far as it could be 
done without return to the factory, was one of Au's duties and the 
experience gained led him to suggest several changes in the design of 
the Price meter. He discussed this subject at the 1925 conference and 
was instructed to try out his idear. Accordingly, he redesigned parts 
of the standard meter, making the greatest changes in the frame and 
bottom pivot. He inserted two binding posts in the head, one for indi­
cating single, and the other for indicating five revolutions, this doing 
away with the necessity for having two heads as used with the combination 
meter. He made the pivot bearing considerably larger, and rounded the 
pivot point to simulate at the time of rating, the conditions under which 
the meter would be used in the field.2l/ W. & L. E. Gurley, the manufac-

21/ Statement to the author. 

turers of the Price meter, adopted these changes and made several such 
modified meters, sending them to the district offices for trial in March 
1926. Field use resulted in some minor changes which were adopted in a 
later model that came into general Survey use under the name of the 

• 

• 

• 
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Just a.s Haskell had condemned the changes made by the Survey 
in ·~ meter,W so Price condemn.ed not only the latest changes, but 

~ Follansbee, Robt .. , Hist p. 50. 

those made previously by the Survey in cthe Price meter. Writing to 
Gurley, he stated:,2V · · 

22./ Letter of Mar. · 29, 1927, toW. & L., E. Gurley. 

I cannot comprehend how an engineer, who must have known the 
conditions under which a meter has to operate, could have designed such 
a device. 

Twenty-five years or more ·ago, you changed the design of the 
meter to a form that I believe to be much less efficient * * *· 

The upper bear.ing of this (improved) meter has no air tta)m 
to keep out water and grit and the lower bearing is nearly as ineffi­
cient. The upper bearing housing is, I believe, four times larger than 
necessary. * * * 
After enumerating further defects he concluded by stating th~t he would 
like to have Gurley build at his expense, a meter that he would not be 
ashamed to have bear his name. Price died, however, before this was 
done. 

Screw-type meter.- For many years every one within the 
Survey, as well as engineers outside, have realized that there were 
certain weaknesses in the cup-type meter, as there were in the screw­
type meter which was being used not only in Europe but to sonie extent 
in the United States, and the Survey had been criticised for ignoring 
the screw .... type meter. The objective sought in the development of the 
Price meter had been at all times to· obtain a meter that could be used 
with confidence and at reasonable cost of operation under the wide 
variety of conditions found in stream gaging throughout the country. 
The screw-type meter had not been so developed, and it appeared that 
if a meter of the screw-typ-e having universal applicability could be 
developed, it might have definite advantages over the cup-type meter. 
If it could be so developed and tested alongside the cup-type meter, 
one checking against the other, under the wide variety of conditions 
of the field operations, an answer would be found to many critics.~ 

2.§1 Letter from No G; Grover to the author. 

This matter was discussed at the 1925 conference and as a 
result Au b'egan work -on a screw-type meter. After testing a model as 
best he could in Washington, he sent it to Lee in Columbus, Ohio, for 
field use. - The results were do disa-ppointing that work on the screw­
type meter was temporarily abandoned, and due to the pressing demands 
for other lines of investigation, was not resumed. As Grover ·states.21/ 

i!J Op. cit. 

The problem still remains with us, tlferefore,. and no one has 
yet developed a universal meter of the screw type, although I thj_nk we 
are all agreed that we would like tQ ha v·e such a meter. · 

.. 
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Improvement in Equi.p~ent 

Meter cable.- Perhaps the most perplexing ·problem 6f field 
equipment during this period, and one that was not satisfactor.ily solved, 
for the .. time at least, until 1927,- was that of meter cable, for use both 
with hand lines and reels. Owing to the importance of the .. _subject in 
the practice of stream gaging, the detailed description of that solution 
appears warranted. 

The Van Orstrand cable, in use since 1915·:; had not been en- " 
tirely satisfactory for use in hand lines as the -soft copper wire broke 
frequently, thus destroying the return circuit. The 1921 conference ,. 
recommended the investigation of the possibility of obtaining a new _ 
cable of the Van Orst!"and type in which the two single copper wires 
would be replaced by a single strand. of copper wire. The :Roebling Com­
pany was consulted and a small amount of experimental cable was made in 
1922. This cable, which had a low breaking strength of 145 pounds, -was 
sent to the various districts for trial but was found to_ be so. ;unsatis­
factory, especially when used with heavy weights, that it was soon 
abandoned. 

The establishment early in this period of additional ~tations 
on streams having great depths and high velocities required the use of; 
weights heavier than 30 pounds, and reels were being devised to handle 
these weights. The Van Orstrand cable, although it had a breaking 
strength of about 200 pounds, was not satisfactory for use on reels as 
the insulation was easily abraded. As there was no stock cable on .the · 
market having a return circuit wire, Ellsworth had been forced to use. · 
airplane strand. in measuring the Colorado River at the original Topq_ck . 
station, _where three 30-pound weights were used. Similar equipment .was 
used by the hydrographers of the Southern California Edison Co -.. at Lees 
Ferry until March 1922 when a 105-pound weight was ·furnished by the 
Survey. ·This means of supporting the meter invo1yed the one-wire system 
which was not· altogether satisfactory in some districts but was accom­
plished successfully at the Colorado River stations by trailing the re­
turn wire in the river. To avoid using the -one-wire system with air­
plane strand, Paulsen in Idaho and Williams in Missouri wrapped a fine . 
insulated return wire around the airplane strand and thus . completed _the 
circuit. .This method had been in general use be·fore the introduction 
of the Van ·orstrand cable. 

Ellsworth appears to have taken the lead in attempting to 
develop a · two-eonductor cable for use with heavy weights on a reel· 
after he went to Texas in 1918, where he found the urgent need for such 
a cable. Through a representative of the -American Steel and Wire Co., ·· 
a special cable was made consisting of an insulated copper core with ' 
airplane ". strand wire wrapped around it. When in use the airplane . 
strand . tended to unwind and elongate, thus stretching the copper core ... · 
Upon being freed from the weight,cthe wire would re~.ind itself and 
cause the ins_ulated core to buckle and protrude through the outer . 
covering, thus causing a short circuit.~ In 1923 Kinnison corresponded 
with the Chicago office of the American Steel & Wire c·o. and after 

.21V Statement of C. E. McCashin to the author. 

some delay the company agreed to consider the manufacture of a special 
cable. The matter was then referred to Au. The unsatisfactory status 
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of cables brought forth many complaints from the district engineers. 
King reported that during the preceding year his district had had 
difficulty in getting along with such cable as could be bought, begged, 
or stolen. Kinnison re-ported that poor meter cables had ca:us·ed the loss 
of four meters in foUl"" years. Beckman reported the loss of a . 75-pound 
weight.952/ 

22/ News Letter Sept. 10, 1923. 

The follo-r.·ing year ( 1924) Au consul ted with various manu­
facturers regarding cables and as a result Roebling :made a special 
armored cable 0.08 inch in diameter h.avtng a breaking stress of 145 
pounda.. This appeared to be suitable for hand lines and upon being 
shown at the 1925 conference, the district engineers requested that a 
supply of it be ordered for trialQ An order for 5,000 feet was placed 
and when received was sent to the field for trial in 1926. This lik~­
wise proved unsatisfactory, due chiefly to its low breaking strength, · 
and was discarded. 

these efforts had proved unsuccessful and as the Van Or-strand 
C'able was the most satisfactory fDr hand lines, which constituted per-­
haps 90 percent of the use at that time in current-meter measurements, 
another supply was ordered. The use of airplane strand and the one-wire 
system with reels was perforce continued. 

Early in =l927 the Texas district again attempted to qbtain a · 
cable satisfactory for use on reels with heavy weights. After some c·or­
respondence the American Steel & Wire Co .. made up an order of 1,000 feet 
3/32-inch. galvanized steel strand with an insulated copper core. 
This cable was found to have a breaking ·strength of only 400 pounds, as 
determined by tests m:ade at the laboratory of the University of Texas .. 
In sending samples of this cable to the district offices, Ellsworth 
stated:lOO/ · 

100? Letter of May 25, 1927, .to the author. 

We hoped when we ordered this cable that it would develop 
sufficient strength for use on a winch with heavy weights under severe 
ce>nditions. It does not give the desired strength but we believe it 
will prove satisfactory for use * * * ¢:r ·on a winch with a 50..;pound, 
or possibly a 75-pound weight. 

We are now enqeavoring to obtain a cable with approximately 
double the strength (800 lbs.) using the same type of col>per wire. 

Finally in September 1927 Ellsworth, while in New England, 
conferred with Kinnison and they went to the Worcester factory of the 
American Steel & Wire Co. and laid their troubles before the factory 
superintendent.. Ellsworth, from his experience with the airplane~~} 
strand wound 'around a copper core, suggested that the tendency to un­
wind might be overcome if a second strand was wrapped around the first 
in a reverse direction. The superintendent agreed with this idea and 
an order was placed :for 1,000 feet of reverse-lqy cable having a br·eak­
ing strength of not less than l,OOO ·pounds, to be delivered at an early 
date.. The shipment of cable was received at Washington duri.ng the con­
ference of Oct~. 17-22, 1927.. It was -later tested by Ellsworth and 
found to have a breaking strength of about 1,100 pounds . 
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Prior to the 1927 conference a field-equipment committee, 
consisting of Ellsworth, chairman, Au, Dickinson, Harrington, King, 
Kinnison, and Lee, was appointed. In its report to the conference 
the committee r recognized the need for two general types of meter 
cables and urged the development of (1) a strong, smooth cable for 
use on reels for deep soundings and high velocities and (2) a rougher, 
flexible, and perhaps weaker cable for hand lines. For the former, 
the ·sample just received appeared to be a good starter; for the latter, 
a modified form of the Van Orstrand cable having a br·eaking strength 
of 400 pounds was recommended. The conference endorsed the connnittee's 
report and requested it to continue its effort to develop meter cables 
suitable .for all classes of work, with the suggestion that Kinnison, 
from his Boston headquarters, supervise the experimental dev,elopment 
of these cables at the factory of the American Steel and Wire Go. at · 
Worcester.lOl/ · 

101/ Minutes of conference of 1927, session of Oct. 19. 

The result was the production of two sizes of Ellsworth re­
verse-lay cable having diameters of .10 and .125 inches, and breaking 
stresses of 830 and 1,430 pounds, respectively. The larger was the 
original size, and the smaller was a somewhat later development re­
quired in the construction by the Columbus office early in 1929 of 

·some 40 or more of the Lee-Au reels, the threading devices of which 
were designed for a smaller cable. The reverse-lay cable, although 
it did not kink, was relatively stiff and was not particularly well 
adapted for use with hand linesQ Therefore, during the development 
work a direct-lay ·cable: was made which was .more flexible and ha_ving _a 
rough surface was better suited for hand-line use. This also was made 
in two sizes, 0.09 inch, the smallest which the factory could conven­
iently manufactlire, and 0.11 inch. The breaking stresses were 520 and 
715 pounds, respectively. To distinguish this cable from the Ellsworth 
rever-se-'-lay, the Survey designated it as the Kinnison cable. 

Meter cable accessories.- The use of the new types of· meter 
cable requirE;;d special connecters for fastening the cable both to the 
meter and to the superservice cord which had gradually come into use 
chiefly through Lee's experiments with it in Ohio. The No. 16 size 
which he reconrrnended had a breaking stress of 460 pounds. Au designed 
such conneeters, which have become standard in the Survey. 

Both the Ellsworth and Kinnison cables were used extensively 
with hand lines. Although these cables were attached to superservice 
or similar cord, making it easy to handle them when the meter was in 
place for the velocity determinations, it was necessary to handle the 
small cables in lowering and raising the meter, and when attached to 
30-poundJ or perhaps 50-pound weights, this was difficult. As it was 
necessary to , use during any one measurement only a sufficient length 
of small cable to keep the superse:rvice cord out of the water, a 
length which varied widely .with different gaging stations and differ-­
ent stages, a small reel on which the excess small cable could be wound, 
was designed by J. H. Morgan in 1928 for insertion between the large 
and small cables. 

• 
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Meter weights.- The experience gaine.d in 1921 in :measuring 
the Colorado River showed the great need for weights heavier than the 
30-pound weight then in use. Although three 30-pound weights were used, 
their cross-section offered great resistance to the current, and it was 
evident that a .single weight would b'e more satisfactory.. Accordingly, 
Au, in 1922, using the 30-pound weight as a model, designed and con­
structed one weighing 105 pounds. The use of' this weight at Lees Ferry 

· during 1922, led to the conclusion that a lighter weight with a s .. upport .... 
· i:ng cable of smaller diameter and high tensile strength would be just 
· a:S .ef;fecti ve.. Au thereupon designed and constructed a 75-pm.md weight·~ 
Tests j~:n 'the rating flume of the Bureau of Standards to determine the 
dis~tance ~' the meter ·should be placed above the weight to be beyond its 
influence -showed thi.s to be 1 foot above the bottom of the weight. 
During these tests the weight, which had four fins similar to those on 
the 30-pound weight, swung so far to the side that it was necessary to 
add a large vertical fin. The mold .for the new weight was turned over 
t o the Tacoma district, from which the weights were obtained.l02/ 

102/ . News Letter June 11, 1923. 

The subject of meter weights was discussed at the conference 
held Oct. 22-27, 1923, and it was decided that further development ~.; work 
should be done.. The Navy Department was making tests of the resistance 
of various shapes of ship bodies, and Au discussed the Survey-pproblem 
with Naval officers. It was decided that-- an elliptical shape was more 
suitable than the torpedo shape used previously.. In the spring or 1924, 
Au designed a 30-pound weight of the new tY:Pe :·-and tested it at the 
Bureau of Standards with different shapes and sizes of vanes.. Upon the 
completion of these tests, patterns for 15-,,J0G, 50-, 75-.1 and 100-
pormd weights were made and experimental weight~ cast:• ... After ·perfecting 
the design, which included the addition of a verticalTi;n . similar to 
that used in the earlier 75-pound weights, 1ll0lds were mad~<.,_ · These molds 
were turned over to the Ohio district, which was able to_have the weig;h.ts 
made in the Uni verst ty shops • In this connec'tion Lee wrote .. in . + 925 :1Q1I 

iQV . News Letter June 10, 1925. 

Orders have been received for about tnree tons of 
weights which will be shipped from Columbus in August .. 
The Wastington office has paid $400 from _its contingent 
fund for the weight molds and the top cost of arranging 
for production here~ The Ohio State University foU:ndcy; 
and machine shop are doing the work practically at cost o · 

Reels and booms.- The use of heavier weights required )tleans 
for handling them. A few reels had been devised and used prior to 1919 
but no standards had been adopted. Ellsworth in Texas, beginning about 
1919, made use of a stock article described as a nsmall winch not geared.u 
This had a circumference of 1 foot.. The next year he made a drum 
from an 8-inch well casing on which spiral grooves were cut to tb,e szje 
of the cable in use, and then welded this dr,urtf_ to.:; ~he - ·stpgk ~·y.;incho 10 

105-/ Statement of C. E. McCashin to the author, 



Rice, beginning about 1922, had made locally a metal reel with drum of 
2-foot circumference for use at the Colorado River stations. The stock 
article selected by Ellsworth was used by one or two other districts 
during the greater part of the period. These reels were used chiefly 
when making measurements from cable cars and were mounted ·on the sides 
of the cars. 

There was need for some means of supporting the reel where 
measurements of large rivers were made from highway bridges, and in 
1922 Williams designed what he called "a travelling reel" for use in 
measuring the Missouri River at Leavenworth. Before the reel was per­
fected he resigned and Beckman completed it. Early in 1924 King in 
Tennessee and Lee in Ohio designed, independently, reel supports which 
the former des i gnated "a frame for using heavy weights when working 
from bridges" and the latter, "an apparatus for handling the meter 
outfit." As yet the term "boom'! had not come into use in stream gag­
ing. Ellsworth also used his well'-casing drum in ·making arrangements . 
from bridges by attaching it to a 2" x 8" timber which rested on the 
handrail. 

The field-equipment committee appointed for the 1927 con­
ference reported that development work on a "crane" for flood measure­
ments from bridges should be carried on, and as both King and Lee had 
been working along that line, they were selected to carry out the 
development work. A sub-committee, consisting of Dickinson, King, and 
Au, was selected to develop a reel for use _on cranes and gaging cars. 
The outcome of their labors belongs to the next period of this 
History. The c~nference decided that "the cost of this development 
work should be prorated among the various districts in fair proportion." 

Lines for wading measuremE;!nts.- The lines for marking dis­
tance-s across the stream during wading measurements had quite generally 
been fish lines ·or Irish flax, marked at suitable intervals in 
various ways . . The California district was apparently the first dis­
trict to use airplane strand for that purpose, at about 1919. 
Ellsworth exhibited at the 1921 conference a similar line of 1/32-in. 
diameter, which was being used in Texas. It was marked at 5-foot 
intervals by drops of solder. This line met with considerable favor 
and was used in Ohio and in Tennessee, but . its use during -the period 
was not general. 

Water-stage recorders 

Au recorder.- The outstanding new instrument developed 
during the period was the Au water-stage recorder. The development 
of a new recorder vv:as a product of evolution that was not _originally 
contemplated. The recorder had its genesis in the considerable 
trouble that was given by the clocks on the Stevens and Gurley re­
corders,--trouble which resulted in a dishearteningly large loss of 
records. When Au had finished building the integrators in 1921, so 
much trouble was beihg experienced with recorders -that he was sent on 
a field trip to New York and New England to inspect the recorders in 
those districts, and to determine if possible the cause or causes of 
the trouble. He soon discovered that an important factor in causing 
loss of records was the c];ock. Both .manufacturers were using a model 
of Seth Thomas ciock, which was not suited to the work required of it; 
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furthermore, the gears by which the clocks operated the recorders were 
not standardized on either make of recorder, and thus on neither could 
a clock be replaced by another. This lack of interchangeability was 
responsible for a part of the lost records as it was sometimes several 
weeks before a clock could be repaired or cleaned and replaced on the 
recorder .. 

Au suggested the use of the Chelsea clock, which was designed 
for marine use and apparently ,was better ada,.ptedto recorder use 
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because of its 7-jewel movement. Two of these clocks were purchased for 
experimental use and Au made drawings for an interchangeable mounting of 
the clock. A Stevens recorder equipped with ·the interchangeable clock 
was exhibited at the 1921 conference and as a result Au was instructed 
to continue his work on recorders. He equipped several Stevens record;... 
ers with the Chelsea clocks and in 1922 the Washington office sent these 
to various districts for trial. Three were used on the Colorado River 
stations which were established that year. These stations were so iso­
lated that recorders with interchangeable clocks were necessary to avoid 
loss of records .. The clock on the Lees Ferry recorder was so accurate 
that the local residents set their watches by that "standard time.nl05/ 

~ News Letter June 11, 1923. 

The Stevens recorder was not equipped with a take-up roll on 
which the paper containing the gage-height record was wound, and con­
siderable loss of record resulted from the failure of the paper to 
feed properly into the box provided for that purpose. In 1916, while 
in Alaska, Canfield had devised a take-up roll which, although crude, 
worked successfullyo Au improved on this design and equipped several 
Stevens recorders with take-up rolls. 

The more Au worked with the recorder the more ideas regard­
ing it he had, and the more changes he made.. One of the most radical 
was the elimination of the reversing mechanism and substitution of the 
rack with two pencils, so designed that when the first pencil reached 
the top of the chart, the second pencil came into action at the bottom. 
A general redesign of the large Au (geared drive) recorder eliminated 
25 parts. When these changes were decided upon, Au made up the first 
direct-drive recorder embodying them, and the Washington office sent 
it to Leupold, Volpel and Co, for inspection, with the thought that 
the latter would manufacture the new instrument. Some of the changes 
had previously ~en suggested to J. C. Stevens by the Survey and 
although he was unwilling to make them himself (being the Company of 
Leupold, Volpel and Company) he was willing to have the Survey experi­
ment with his recorder, expecting that the r 'elatively minor changes 
resulting could easily be adapted to it~ However, the recorder that 
was presented had so many radical changes that it was virtually a new 
instrument, and to have adopted it would :have required the expenditure 
of a very considerable amount of money to equip the factory with the 
new machine dies, and a very considerable time to perfect the new 
designo It virtually meant scrapping his own instrument, for which there 
was an established market, and he naturally hesitated to take that step~ 
Later, Julien P. Friez and Cog agreed to .manufacture the new continuous 
recorder. as the only recorder they were then making was a weekly instru­
ment which had been superseded to a very considerable extent by th~ 
newer instruments of Stevens and Gurley" 
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The first Au recorders, as the new instruments were .termed, 
were manufactured in 1922~ At the 1923 conference the district 
engineers expressed a desire for a recorder which would operate a month 
and to develop · this type Au, in 1923; designed the fuzee by which .the 
rate at which the takeup roll revolved would vary ·wit:h the quantity of 
paper wouhd on it thus attempting to insure uniformity of travel of the 
paper beneath the pencil. The fuzee recorder as final~ developed 
insured operation for 60 days. Still later, in 1925, an instrument 
known as the drum type, giving a weekly record, · was developed, in which 
the drum or cylinder was much larger than those in-the weekly ty-pe of 
other makes, and the time and gage-height axes were interchanged, giving 
a much larger time scalec To avoid loss of record if the chart was not 
changed each week, Au designed an endless screw giving a reversal and 
hence unlimited stage. This reversal feature was placed on the Fuzee 
recorder instead of the rack with two pencils. The Fuzee recorder thus 
equipped became, for a time, the standard Au instrument and the manu­
facture of the continuous recorder was temporarily discontinued until 
1926, when it was again manufactured. 

Increase in use of recorders.- The makers of the Stevens 
recorder, doubtless influenced by the extensive use of the Au recorder, 
made a number of improvements in their instrument. The Gurley instru­
ments, the oniy other recorders used extensively, underwent only · minor 
changes. 

The increase in available funds caused an increase in the 
number of recorders from 449 in 1919 to 958 in 1928. Of this latter 
number 434 were Stevens, 191 Gurley, 75 Friez, 212 Au, qnd 46 miscel­
laneous types. As 36 percent of the stations were equipped with 
recorders in 1919 and 53 percent in 1928, the increase in the numb~r of 
recorders more than kept pace with the increase in the number of gag­
ing stations. 

Gaging-station equipment _ 

Recorder installaiions.- A total of 525 recorder installa­
tions -was made during the period, including 16 reinstallat~ons made to 
obtain higher standards. The total number of recorders in use at the 
end of the period was 958. 

· At the beginning. of the period the standard plans were those 
contained in Water-Supply Paper . 371, published in 1915, which had in 
that year been optimistically considered the last word. The Washington 
district had .developed plans for a timber shelter of tongue-and~groov:e 
construction which had been published in 1918. The California district 
had developed standard plans for reinforced-concrete shelters but 
these had not been circulated widely through the Branch as the other 
districts had not, in general, been .able to build sucb relatively 
expensive structures. 

The inadequacy of the exis,ting plans was recognized and the 
program for the 1921 conference contained the following topic~ 

Standard plans and specifications for concrete 
and timber gage houses . Discussion to include in.take 
pipes, maintenance, and precaution to be taken against 
freezing. 

• 
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No minutes of this conference are now available, but the iQ.eas expressed 
were embodied in a mimeographed report prepared in the Washington 
office entitled "Installation of water;... stage recorders, u which coritain~ ·d 
plans for both timber and reinforced-concrete shelters and showe.d ·_pic~ · 
tures of typical structuresG No radical changes from the previous · 
plans were made and t4e report was published for the purpose of making 
the existing plans m0re generally availableo 

The increase in available cooperative funds made it possible · 
to install so-called permanent stations equipped with recorders, and 
better standards ·ar construction were sought8 The California district 
had a large amount of State and other cooperative funds and continued 
to lead in the installation of reinforced-concrete structures, with 50 
of that type. Perhaps the most concentrated program was that undertaken 
in Ohio by Lasley Lee, beginning in 1923o The State appropriations · 
provided for the establishment each year of six or more stations equipped 
with recorders. As the Ohio district was cooperating with a State offi­
cial who was a professor of engineering at the State University where 
the district headquarters were situated, the construction program was 
so planned as to provide employment for students, thereby concentrating 
construction activities into the summer vacation period. In order to 
make the greatest progress in this short season , Lee organized two · 
parties, each consisting of a Survey engineer and three students, and 
equipped each party with a light Ford truck, a trailer, concrete mixer, 
and a centrifugal pump. One party had the unusual experience of _ living 
on a five-room house boat furnished by the State 0 The number of Ohio. 
stations installed annually increased from six in 1923 to fourteen i'n 
1926, the total number for the period being 38o 

The experience gained during the first two years led Lee 
to begin a series of reports entitled "Equipment for gaging stations 
for measuring river discharge," which were issued in mimeographed 
form a The first, covering plans and specifications for reinforced• 
concrete house and well, was issued in 1925 ·0 The next year 1 s work 
resulted in a modification of these plans and specifications, the 
principal change being the enlargement of the inside dimensions of 
t he well from 3 1 X4 1 to 3'6"x4 1 o This revision was issued in 1926o 
Additional experience resulted in a further revision in 1927 which 
laid greater stress on the appearance of the f'inished structure, and 
on the details of the plans than had the previous issueso These 
latest plans had an arrangement of cupboard and recorder shelf that 
had been suggested by the Texas and New Jersey districtsol06/ They 
became standard in Survey practice and were , used as a basis at least 

106/ News Letter Mar. 10, 1926o 

for the 181 concrete shelters constructed during the period., That 
Lee's work in raising the standard of gaging-station equipment was 
welcomed by the Br anch is shown by the following quotation from the 
minutes of t he 1927 conference~ 

The excell ent work of Mro Lee i n designing plans and 
specifications for standard shelter and cable installations was 
greatly appreciated by t he conflerencei> Owing to the consider­
able time and expense i nvolved i n such work it was suggested 
that t he cost thereof be prorated among a l l the di stricts. 
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The Washington district was also active in constructing 
concrete shelters, and one of its 38 shelters of that type was the 
second highest concrete structure installed during the period, that 
on the Skagit River near Concrete Parker constructed a well 49 feet 
high from bottom to the floor of the house. It was placed in a niche 
excavated in a rock cliff, and the well was built to fill this niche 
being, 6 feet square at the bottom, and tapering to the then standard 
size at the top. 

The highest concrete structure was installed by the 
Tennessee district on the Tennessee River at Riverton and had an over­
all height of 69 feet. Ten concrete shelters, which were described as 

_ being . "made more or less according to standard plans" were constructed 
in that district. 

By about 1920 the New York district had fourid that during 
the winter months condensation of moisture in concrete structures 
formed a sheet of ice which made the shelter very damp when the ice 
was melting, and that in timber houses on concrete wells, this condi­
tion was avoided to a great extent. Accordingly, the combination 
timber-and-concrete structure became the standard in that district. 
When Hartwell went from New York to New Jersey in 1921, he began to 
install similar structures. However, after several years' experience, 
he decided that the winter climate in New Jersey was sufficiently mild 
to permit the use of concrete shelters without the disagreeable results 
experienced in New YorkG He found that all-:-concrete shelters could be 
installed as cheaply as the timber-concrete structures and could be 
maintained at less expense. Therefore, when Lee's standard plans for 
concrete structures were published, they became the standard for 
shelters puil t subsequently in New Jersey o Seventy-four timber-c.on­
crete shelters were constructed during the period of which 28 were in 
New York, 22 in Idaho, and 17 in New Jersey. 

Concrete block shelters were used to a lirrlited extent. 
Hartwell installed four concrete-block wells and one concrete-block 
house in New Jersey, hoping to reduce the cost of a concrete shelter 
by eliminating forms" Experience showed, however, that there was no 
economy in the concrete-block structure and its use was abandoned. 
At ieast one concrete-block structure was installed in New York. 

Prior to 1920 a number of so-called "pipe wells" were con­
struqted withvarious types of shelters, but there was no standard 
design. During the latter part of the period, McGlashan designed and 
used ·a galvanized, corrugated-iron well and full size shelter of the 
same -mate.rialc As he states~l07/ 

107/ Letter to the author. 

~ The galvanized corrugated, culvert-pipe well and house was 
q~signed to meet a very definite need in this districto The wooden 
type installation was not very satisfactory and its life was short. 

• 

• 

On most streams it did not appear that even if funds were available, • 
the construction of concrete wells was desirable. * * * 

The culvert-pipe type of installation appears to meet satis­
factorily the requirements of low cost, durability, quick installa­
tion, good appearance, and can be readily moved. 
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His plans· were mimeographed in 1929.. A total of '6.3 galvani~ed-iv6n 
installations were made by the various districts but the number con­
forming to .the McGlashan type is not known • . He constructed 16 in 
California.. The highest pipe well was installed on the Tennesse~ 
River at Chattanooga, Tenn9, with a length of 60 feet. It is prob­
able that many of the pipe-well installations were surmounted with 
small timber shelters. In that connection the .Arizona district 
stated:W/ 

108/ Water Resources Bulletin, July 10, 1928~ 

A matter which too frequently escapes attention when 
discussions are had concerning design of gage houses * * * 
is the adaptability to local conditions ·~ A recording gage 
structure which is practical, economical, and beautiful on 
the wooded bank of a placid stream * * * not far from a 
town in Ohio, might not be practical or economical in an 
isolated eanyon in Arizona. Certain~ some of our iron­
pipe wells with little~box gage shelters would not look so 
well along the beautiful (though sometimes odorous) eastern 
rivers. 

There were 150 timber wells and shelters installed during 
the period and as no new standard plans were prepared, it is probable 
that those issued in 1921 were followed or were modified to meet 
particular needs. One of the most satisfactory plans that was used · 
by several districts, was made by Glann L" Parkero It provided for 
tongue-and-groove siding, which formed a very rigid structure. The 
first one of these was built by Parker in 1915. A type of timber 
structure used in 21 installations in ·Hawaii had the snelter made 
of composition roofing on a timber frame. Eleven of./these Hpapern 
shelters were built large enough (8' x 8t) for use as over-night 
camps~ .As Max Carson writes,109/ the shelters were in general not 

lQ2/ Letter to the authoro 

<\W. .. ~Jil1S9-~n"~y ~d~tdSe§~!l~~ ililtt {l{tfB ~gcessary t~~. keep the quantity of 
mat'e1'ia!s· to a 'minimum as':'~erything used had t 'o -be packed by men over 
mountain trails. 

Miscellaneous structures not included in the foregoing 
types accounted for 41 of the 525 installationso 

The preparation of standard plans served as important 
inducement to construct better types of shelters in those districts ­
where funds were sufficient for that purpose, and the incentive to 
follow such plans was undoubtedly strengthened by the wide range~. 
in appearance of structures of the various districts that was dis­
closed when p~ptographs were made in 1926 for the Branch exhibit at 
the Sesqui-cEriitennial Exhibition at Philade+P,hia. RE;-ferring to this 
comparison, the Washington office stated~11Q/ 

110/ N.ews Letter May 10, 1926" 
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The lack of uniformity in the construction of the Branch 
has been made conspicuous, and the general absence of artistic 
or even pleasing appearance of structures, esp·ecially gage 
shelters, has been very noticeable . . While there is no desire 
to suppress individuality, it is suggested that in general much . 
better results and efforts will be obtained if standard plans 
for recorder stations are adopted and followed except for the · 
best reasons& * * * In order to promote a higher standard of 
appearance at gaging stations, a water-stage recorder will be 

· presented next Xmas to the district that submits photographs 
showing the most artistic water-stage installation made during 
the season. The award will be based wholly on the general 
appearance of the station in relation to its environment .. 

Seven districts submitted photographs in competition for 
the prize, which was won by Ebert for the station on Mill Creek near 
Craftonville, Calif.lll/ . 

111/ News Letter May 10, 1927. 

Flushing devices.- The standard plans issued during the 
period did not include devices for flushing the intakes, probably 
becaus.e the engineers who prepared the plans were not troubled by 
streams carrying any considerable amount of sediments. Lee's later 
plans recognized the troubles that resulted from the filling of 
intakes and wells in sediment-laden streams and provided for more than · 
one intake, the lowest being placed 8 inches above the bottom of ·the 
well, thus forming a sump. The sump was apparently first used on 
the Rio Grande, where on account of the heavy sediment load, J. 1. 
Saunders installed an intake 1 foot above ·the bottom of the well. 
Apparently, several districts began the use of t~e multiple intake 
at about the same time, and those districts that had to maintain 
stations on sediment-laden streams were also developing flushing . 
devices. The first was devised by Parker in the preceding period.ll2/ 

112/ Follansbee, Robt., Hist. of Water Res. Br~, of June .30, 1919, 
62. 

One type of these flushing devices was equipped at first with 2-inch 
riser pipes, 6 1 to 10.r long, but this plan was later changed by 
attaching, at .the top, pieces of 6-inch pipe, .3 feet long, to provide 
greater capacity for the water used in flushing. From this plan the 
idea of a tank under the shelter floor was later evolved . .ill/ 
lUI :Letter from Glenn L. Parker to the author. 

In 1917, Lamb equipped the station on the Milk River at eastern 
crossing of the international boundary with a riser pipe having a 
cut-off valve. The first use was made of a tank in Iowa in 1922., 

. After a force pump with 1!-inch outlet had been tried without success_, 
an ordinary kitchen hot-water tank was attached to the pump and the 
outlet provided with a gate valve, which proved to be satisfactory • . 

· Force pumps were fir st used by C. E. Ellsworth in Texas in 1920, and 
by H. B. Kinnison in Kansas and Lamb in Montana in 1922. These pumps 
did ·not prove ·satisfactory and were abandoned in favor of a riser 
pipe as it was used by Parker. In 192.3 Parker equipped the shelter 
on the Skagit River at Newhalem with a system of pipes and valves 
connected with a water-supply systemo In 1924 Henshaw installed a 

• 
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flushing device on Lewis River where the intake was equipped with a 
gate valve and a !-inch riser pipe, to the top of which was soldered 
a tire valve. It was expected that the sediment would be forced 
out by the use of a bicycle pump, but the operation was unsuccessful .• 
A similar device was used by Burchard in North Carolina. · 

Burchard, in 1928, evolved a flushing device which consisted 
of a vertical timber riser pipe 4" x 4" in diameter attached to the 
horizontal 4" x 4" timber intakeo A timber wedge placed near .the 
inner end of the fnta)e acted as a gate valveo A wooden bloc~ 4 
inches square fastened to a rod acted as a plunger to force water 
down the riser pipe and through the intakeo 

The lower Colorado River carries such a heavy load of sedi­
ment that recorders were installed in wells without intakes that were 
fastened to the walls of the canyano The wells had a series of clean­
out doors at elevations covering the range of river stage.. These 
doors not only admitted the water to the wells but facilitated the 
removal from the wells of the accumulated sediment--a major problem 
in Arizonao1M/ 

1M/ Letter from W. E. DiQkinson to the authoro 

Riser pipes gradually. came into use during the period.. Lee, 
in his · l927 plans recommended the installation of intake valves and 

. riser pipeso About 25 stations were equipped with riser pipes by 1928 • 

Another type of flushing device used to a limited extent 
was devised inthe Texas district about 1921" It was a funnel or 
hollow cone placed on the bottom of pipe wells" The sloping sides 
helped dump the sediment into the river through the opening at the 
bottom of the cone. 

Cable installations .. - In connection with the general 
raising of standards of Survey equipment, improvements were made in 
cable installationso Although such improvements were being made in 
several districts, Lee volunteered to assemble the various changes 
into a new report on standard plans and specifications, as his con­
tinuing construction program impressed on him the value of such 
actiono He c~lled upon the various district engineers for suggestions, 
and later stated~ll5i' 

115/ News Letter May 1923~ 

So far only five districts have made suggestions to help 
us in the work of preparing plans and specifications for cable 
installations * * *o It will be greatly appreciated if more of 
the engineers will take the time to look through W"SQPO 371 and 
let us know what they think of the plans and instructions pre­
vious~ p~blished and what changes they would make to.bring them 
up to the '·present standard and practice Q 

These suggestions were the basis for his new 'plans, which 
were mimeographed in 192J.ll6/ Further suggestions and his own 
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116/ Equipment for gaging stations for measuring river discharge, 
April 1923 . 

experience during the next two years resulted in. a compa~ion pa~er 
containing the specifications for cables and their erectlon.ll7/ 

117/ Plans and specifications for structures from whi.ch measurements of 
discharge are made, 1925. 

Cable installations were discussed at each of the confer­
ences. These discuss i ons and the further experience gained during 
the ensuing years resulted in another revision in 1928 which was · 
issued, like the 1925 report, in Lee's series of reports under the 
general title of "Equipment for gaging stations for measuring ~iver 
discharge."llY In both reports the diagram for cable sag was based _on a 

118/ Plans and specifications for structures from which discharge . 
. measurements are made, 1928 . 

formula used_by the cable manufacturers. This formula gave considerably 
greater sags than was indicated by the diagram published in Water-Supply 
Paper 371 which was based on J. C. Stevens' formula.ll9/ In both, the 

119/ Follansbee, Robt. Hist., p. 228 . 

factor of saf et y was taken as s i x . In justification of thi~ value, Lee 
stated:l20/ 

120/ Idem, p. 4. 

In general the factory of safety of six is none too 
large considering that the cable will deteriorate in time, 
that trees used for one or occasionally both supports may 
sway in the wind causing unusual strains, that drift catch­
ing on the meter line may exert an excessive pull, or that 

· heavy branches or small trees may fall across the . cable. 

The suspended sheave advocated in Water-Supply Paper 271, 
which had found scant favor in most districts, was changed to the 
sheave fastened directly to the headplate in the A-frame. Water­
Supply Paper 371 had specified galvanized plow-steel cable for all 
sizes of spans, but Lee recommended galvanized cast steel for spans · 
less ·than 500 feet, and pl ow steel .for spans from 500 to 800 ·feet . · 
He further recommended that for spans greater than 800 feet galva- · 
nized plow-steel tramway cable be used as it is smoother· and stiffer 
and cars can be operated on it with less effort than on the other 
kinds of cable-=a very important consideration for long spans. 
Tpe use of factory . installed sockets was recommended with the tram­
way cable. The s·ockets permitted a reduction in the factory of . 
safety from 6 to 5, because they did not decrease the strength of 
the cable, whereas the clip connectors decreased the cable's strength 
by about 20 percent. l 2l/ The changing ideas as to proper sizes of 

121/ Statement of Glenn L. Parker to the author. 
cables to be used t o utilize their ful l strength is shown by the 
following specifications: 

• 

• 
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Size 

5/8" 
3/4" 
7/8" 
1" 

W.S,P. 311 

Spans under 400 1 

400' - 600' 
(not used) 

do 

1925 Report 

Spans under 300' 
300' - 600' 
600' - 800J 
800 1 

- 1000' 

1928 Report 

Spans under 200' 
200' - 400' 
400' - 600' 
600 1 - 800' 

The Lee specifications took into account the effects of temperature 
changes on cable sag and contained diagrams for use in estimating 
such effects. 

Concrete cable anchorages were coming into more or less 
general use and perhaps the greatest advance was the preparation of 
detailed plans for such anchorages for use under varying conditions. 
The necessity for concrete piers on which to rest the A-frame sills 
was also stressed, and plans for such piers were prepared. Plans 
for A-frames for heights up to 33 feet were prepared and 8ttx8n tim­
bers were recommended for all heights. Water-Supply Paper 371 had 
contained plans for A-frames up to 20 feet and had recommended 
timbers varying in size from 2"x6" to 811xlon. 

Although about 310 cables were installed during the period, 
few were notable in length or character.. The longest was on the 
Columbia River at Kettle Falls, Wash., where a l-inch galvanized plow 
steel cable of 1,538-foot span was installed in August 1921 by the 
Washington district. It was supported at one end by a wooden tower 
38 feet high and was anchored directly into a steep hillside at the 
other. The qlearance thus afforded was not sufficient and the cable 
was later reinstalled. The gaging stations on the Cumberland River 
at Celina, Tenn., required a cable of 850-foot span, and towers 100 
feet high. The Army Engineers with whom King was cooperating, made 
these installations, using steel concreting towers which were avail­
able.l22/ Two other cables of about 800-foot span were installed, -

122/ News Letter, May 10, 1924. 
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<Dne, cih~·: :19122~ 1on mheaCurtent >Rf~er at:J.Eminenctt, ~~M0., in connection with 
a Federal Power Commission project, and the other, 820 feet long, in 
1924, on the Skagit River near Concrete, Wash. A notable feature of 
this latter installation was the 46-foot A-frames constructed of 12n 
x 12" squared timbers 50 f .eet long without splices .1.2..1/ This instal­
lation was one of the first in which the so-called "trapezoidal" type 

1.2.,11 Letter from G. L. Parker to the author. 

of concrete anchorage with the connections above ground was used. This 
type was developed as a result of Parker's experience with reinforced 
concrete logs. Rapid corrosion that could not be prevented either by 
several wrappings of burlap saturated with asphaltum, or by galvanizing 
the cable occurred in the portion of cable undergrounds 

Artificial controls.- The stream-contour type of arti­
ficial control which had been used extensively prior to 1919, when 
45 controls were constructed, fell into disfavor for a variety of 
reasons and only 12 of that type were constructed during the present 
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periodo Most of the streams on which controls wer~ built, seemed to 
require some form of low weir, with or without a low-water section, 
and 34 controls of that type were constructedo 

Hawaii continued to · lead in the constructionof controls, 
with 23, and the successful operation of those structures led 
Burchard to construct nine controls in"North Carolina after his 
return from Hawaiio Hartwell constructed five in New Jersey, and 
Harrington three in .New Yorke ' The California, Texas, and . Oregon 
districts constructed two eachD 

Of the 23 controls constructed in Hawaii, seven were of 
the ' concrete and boulder type, following the. contour of .the stream 
bed, eight were concrete dams, roughly parabolic ;in longitudinal 
section, and eight were rectangular weirs with metal cre.sts - six 
constructed of concrete and two of timbero The average length_of 
these controls was about 40 feet. Not a ll of the. controls were for 
the sole purpose of stabilizing the stage-discharge reJ_ationo . 
Floods were so flashy in character as to make it almost impossible · 
to rate some of the stations by current meter, and three weirs, at 
least, which acted as controls, were installed primarily to make 
possible the computing of f l ood flows by use .of ?-weir formulae 

In New Jersey, Hartwell built five contr.ols. The first 
was on Absecon Creek at Absecon within tidal effecto · A weir 30 . 
inches high consisting of 2-inch planks seton edge on .a concrete 
fo1_1ndation of triangular cross section, 49 feet long, formed the 
controlo . It was high enough to eliminate. all but the peaks of high 
tides which were easily recognized on the charts. Another. was the 
gaging station on Lawrence Brook at Patricks Corner where there was 
serious effect caused by aquatic growtho A .concrete w.eir .2 feet 
high for a length of 5 feet and 2 0 5 feet high for a length of 20 
feet, was constructed C?n the sill of an old timber darn just below 
·the station o A third was at the gaging station on Batsto Creek at 
Batsto, . about 150 feet downstream from the tailrace, of .a pqwer 
plant. Canoeing was a popular sport on this stream and ·the ·control 
structure· must necessarily be such that it would permit the passage 
of canoes and would ·not cause backwater in the tailrace. Accordi:pgly, 
two rows of light interlocking steel piling, 5 feet 'apart, capped by 
a (>-foot slab of 6-inch concrete, were constr~cted" The top of the 
·slab conformed roughly with the original stream bed 0 A fourth was a 
low c'oncrete control 55 feet long built on the Pq.ssaic River near 
Millington, and a fifth was 42 feet long on the Mullica River at 
Batsto where the control was · a wooden sill 6 inches wide and 12 
inches high on a concrete apron 6 feet wide .. This station ·was within 

·tidal effects. 

Of the nine controls in North Carolina, six were built 
of masonry and three of reinforced concrete, all installed by 
Burchard with one or two assistants. Most of them were constructed 
on rough mountain streams where it was necessary to improve the 
natural measuring conditions by reducing the velocity for medium 
and high stages, and to provide proper conditions for accurately 
measuring .low flow. ·Dams were therefore so constructed as to form 
pools, and» in these dams, weirs were installed by means of which·· 
the lbw .flow was measured" 

• 
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The control first constructed (1924 ) in North Carolina was 
situated on Morgan Creek at Chapel Hill$ This station was maintained 
in cooperation with the University as a stream-gaging laboratory for · 
the civil engineering students$ The natural rock control was adequate 
but it was on a route frequented by pedestrians who placed crossing 
planks on the control, which affected the stage-discharge relations. 
To remedy this situation, Burchard built a rubble-masonry contr6l 50 
feet long and 3 feet high, with a 2-foot rectangular, sharp-crested 
steel weir in the center having a free fall of nearlY a foot. The 
top of the weir sloped toward the center from each bank and was flat 
on top to serve as a footwalk. Rather than step across the 2-foot 
opening, the pedestrians again resorted to the use of planks to 
bridge it, but fortunately these were washed away by every rise in 
the creek and had little or no effect on the records. In 1925 two 
more controls of the same general type and about 25 feet long were 
built. In these, V-notches were used instead of rectangular weirs. 
The top of each was practicallY level across the stream, making ··the 
control relatively insensitive at low and medium stageso 

One of these controls was situated on Flat River at 
Bahama at the site of a natural, wide, rock control which, however, 
was seriously affected by aquatic growtho A rubble-masonry darn, 
100 feet lo~g and 3 feet high, was built with a sharp-crested weir 
10 feet .U:ong and 1 foot deep near one end and a notch 2 feet deep 
and l fqot wide at the other end so designed as to afford a low-. 
water control. In 1926 two more controls were built. One of them, 
on the South Fork of Mills River at the pink Beds, was a rubble­
masonry dam 38 feet long with two 10-foot sharp-crested rectangular 
weirs, one set 0.6 foot lower than the othero The other, on Bee 
Tree Creek near Swannanoa was a relatively high masonry dam sloping 
toward the center where a 2-foot Cippolettm weir was placed in the 
bottom of a 4-foot rectangular weiro A 12:::.inch "blow-off" valve 
facilitated the removal of light material from the pool behind the 
control, but it was necessary to take out heavy gravel and boulders · 
by wheelbarrow. This completed the construction by Burchard of 
rubble-masonry dams with weir controls for low-water flow. 

Three more controls bui l t by him during the period were 
reinforced-concrete dams about 2 feet high of triangular cross­
section and down-stream aprons. Twelve-foot lengths of 2-inch 
angle irons were embedded in the crest of t he controls, and had a 
slight slope across the streamso The firs t of these was built on 
the North Fork of the Swannanoa River near Black Mountain. Because 
of its length (90 feet) a notch for low-water flow was provided at 
one end. The second was 50 feet long and was built in a dredged 
channel having a soft bottom in Little Sugar Creek near Charlotte; 
and the third was 70 feet long built on Scot ts Creek at Sylvia, 
where the natural control was badly shifting due, in part, to a 
heavy load of factory wastes. This t ype of control proved t o be , 
remarkably self-cleaning as the shar:2 edge of t he crest did not · 
catch the debris o I ts chief disadvantage was the fact that its 
height above the stream bed created a scour downstream and a fill 
ups tream, and these changes affected the rating for ~Lintermediate 

stages.~ A model, known as the "Ashevi l le type 11 was t ested later 

~ Letter f r om E. D.. Burchard t o t he author 0 
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at the National Hydraulic Laboratory, but the results were not as 
satisfactory as those for other types of control tested at the same 
time. 

In Southern California the two controls installed on Rogers 
Creek near Azusa, and Eaton Creek·near Pasadena during .the fall of 
1919 were of the type constructed in California prior to 1919, ex .... 
cept that there were two barriers of concrete'• boulders 15 feet apart 
to form a pool between. After 1919, work on controls was limited to 
repairing and strengthening the existing structure.l25/ 

125/ Letter from Fo C. Ebert to the author. 

In Texas Ellsworth constructed a reinforced-concrete con­
trol 14 inches thick on bedrock foundation in the Nueces River at 
Three Rivers. It had a total length of 73 feet; and had .a notch 10 
feet long and 10 inches deep for the low-water control.. -The control 
was built to a height of 3 feet at the notch i11 order to make it ef-::­
fective over a considerable range of stage, and to prevent submer­
gence by the deposition of sand and silt below it~l26/ _The station on 

126/ Letter from C. E. Ellsworth to the author. 

the Guadalupe River at New Braunfels was above an old concr'ete road 
slab of the kind commonly used in the southwest to give firm-traction 
at a ford. On this slab Ellsworth built a reinforced concrete struc...;. 
ture 12 -inches square in cross-section and 160 feet long, with 35-fo-ot 
opening near the middle for the low f t ow .;; 

Three controls were constructed by Harrington in New York. 
The control constructed during 1920, to replace a timber control 
built prior to 1919 on Little Tonawanda Creek near L'ind.en -was a 
timber _structure 13 feet long with a flat crest. Low flow was con::. 
fined to a sharp-crested rectanguiar weir with a crest elevation 
0.67 foot lower than the main cont':rol. A timber control was built 
also on Otter Creek near Glenfield with a flat crest -30 feet _ long~ 
The base was rock-filled timber cribbing. The control was intended 
to be a temporary structure and considerable leakage developed 
around and under it. The third control was constructed between the 
abutments: of a bridge on Conesus Creek near Lakeville. It . was about 
25 feet long with crest parabolic across the stream and of rectangu­
lar cross~section. It was 1 foot above the stream bed at its lowest 
point. 

The Oregon district constructed two log controls, one 
on Sandy River near the Mt. Hood highway, and the other on Zigzag 
River at Twin Bridges. At each sta tio·n a notch 3 feet long was 
cut into each bank, and a log 1 foot in diameter was placed across 
the stream with the ends in the notches. Brush weighted down by 
sand and rocks was placed on the upstream side of the log, to pre­
vent water ·from flowing under it and a log 6 inches in diameter was 
placed alongside the control log on its downstream side to prevent 
scour below.l27/ The Washington district also 'constructed a log 

127/ ' News Letter May 10, 1926. 
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con-trol on East River near Elbe. Two 12-inch logs were laid cross­
wi'se the stream· bed 6 inches apart extending into the bank at .· each 
end, and anchored to upright timbers set in the banks. The logs ex­
tended a few inches above the stream bed. A third log was placed 
across the stream about 4 feet down~tream to serve as the foundation 
for the lower end of the timber apron on the downstream side of the 
control. Sheet piling was driven into the stream bed at the upstream 
side of the ' control to prevent water from flowing under it. Notches 
were cut in the center of the logs to carry the low flow. 

The controls described were those constructed by the 
Survey. During the period, other gaging stations were built above 
artificial controls which had been constructed by other organizations, 
for that particular purpose or for other purposes, as rating flumes 
and permanent ·checks or drops in canals. These constituted perhaps 
a majority of the artificial controls so constructed. 

One drawback to the successful operation of controls of 
the stream-bed canto~ type was the deposition of gravel and silt 
above them. To remedy this condition, Carson, early in 1928, built 
a small "scour" dam above the intakes, forming a pool between this 
upper dam and the J)I.ow:e:n]Jldo':Cheorubroi dam. coWa:ter falling over the 
upper or "scour" darn washed the gravel past the lower dam and kept 
the pool clean. This method was suggested by Ebert, who had tried 
it in southern California.l28/ However, Ebert discontinued the use 

128/ News Letter May 10, 1928 . 

of this type of control because of the hydraulic characteristics 
whereby, during low stages, the gage height might decrease with an 
increase in discharge when there was change from tranquil to 
"shooting" flow through the pool in which the intake to the record­
er well was, of course, placed.l29/ 

129/ Letter from Ebert. 

Improvement in field methods 

The development of heavy weights and strong meter cables~ 
making it possible to measure velocities at 0.8 depth, led to the 
virtual abandonment of the sub-surface method of obtaining veloci­
ties at flood stage on the large rivers, particularly in the eastern 
districts, where the stream beds were less subject to scour than in 
some other parts of the country. One exception to this, however, 
was the practice continued in the New England district, where 
velocities at the 012 depth were observed during floods. Coeffi­
cients to reduce the 0.2-depth velocities to mean velocities were 
obtained by extending the curve of 0.2 depth coefficients based on 
vertical velocity curves made for lower stages. 

Two-table method.- At gaging stations where streambeds 
scour and fill so'und:1ilgs E:: are necessary for each discharge measure­
ment. Soundings made in the usual manner are in error at medium 
·and high stages if the depths and velocities cause downstream drift 
of the sounding equipment. If an incr~as e in sounding weight and a 
decrease in diameter of sounding line will not produce the desired 
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result, a close approximation of the vertical depth may be .. obtai. ned 
by mak:;i.ng some additional observations and applying correction tables . 
to the observed sounding. This procedure which became fiJ~nown as tl:le 
''two-table" method of sounding was developed fr:O:ql . the expe:t!ience, . 
gained in the operation of the Colorado River gag~ng .stations, parti­
cularly Lees Ferry, during the years 1921 to 1923. 

The experience at Lees Ferry went through the following 
phases: 

(a) . Followed the practice of "lopping ()ff" a f,ew -tenths 
of a foot from soundings that were~. o~viously too 
large. 

(b) Measuring or estimating the vertical angle c:f . the 
sounding line and applying the cosine of the ~ngl~ 
to the observed depth. This became known as the 

. 11 cosine method." 

(c) Use of the Shenehon correction table. This, frQm 
Shenehon's description, was known as the "static 
method of sounding.n 

(d) Development of the '!air-correction" table and its 
use with the Shenehon correction table which be­
came known as the "'water correction" table. 

While making high-water measurements at Lees Ferry in 
the early part of -;1922, with velocities of 9 to 12 feet per second · 
and depths of 40 feet, I. G. Cockcroft, the hydrographer of the 
Southern California Edison Co. found that with a 105-pound weight 
on a single wire, th~ current carried the weight so far downstream 
as to form great angles between the wire and the vertical. This 
situation caused him much concern and he reported it to Rice who 
advised him to measure these angles by means of an angle-graduated 
board held against the line and correct his measured depths by 
means of the horizontal-angle coefficient prepared for correcting 
velo~}ties of flow that were not at .right angles to the measuring 
section. This procedure whichbecame known as the llcosine method" 
was used in the original computations during the high water season 
of 1922 .. 

As the records for the Lees Ferry station were very much 
in demand the measurements and computations for 1921 and 1922 were 
sent to Washington early in 1923 for checking and review. During 
this process E,. J. Peterson noted that the high-water measurements 
as computed by Cockcroft 's ttcosine method" were subject to error 
because the casing was applied to the observed depth, not to the 
wet-line depth, and no consideration was given to the bowing of 
the sounding line under water. A. H. Horton then introduced the 
"static method of sounding" which had beeri devised by F. C. Shenehon 
and C. B. Steward f or use in making soundings of Niagara River. 
The Shenehon method provided a means of finding the true depth from 
the wet-line depth and the angle of the line'at the water surface. 
Peter~on then computed the first ''air-correctionu table which was 
needed to determine the wet-line depth from the observed depth if 
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the support for the s.oundirig equipment was an appreciable distance 
above the surface. To use the "air ·correction'' table the 
height of the support above water must be known. This distance and 
the vertical angle .of the sounding line at or above the water sur­
face when weight is in the sounding position are the additional data 
needed for use of the ntwo-table" method of sounding. A more appro­
priate name would have been the "Peterson-Shenehon methodn. 

Stevens and Peterson then proceeded to revise the high­
water measurements of 1922 so far ·as the necessary data were avail­
able, and prepared a description of the "two-table. me_tho~" and 
sliggestions for using it in the making and computation .ofhigh-water 

·measurements. Before the resulting instructions reached the field, 
C ockcroft at Lees Ferry had been supplied with a copy of Shenell.oti 's . 
correction table and was instructed to use it. This he did . for 
measurements mad.e during April but he applied the corrections to 
observed depth, not to the wet-line depth. In his monthly reports 
for April and May he expressed concern over the fact that his · 
measurements were not plotting 10 to 20 percent larger thari the 
rating curve developed during the high water or 1922. Sometime 
during Jrme Cockroft and his assistant, J. E. Klahr, solved the 
problem, worked out an "air correction" table, and when Dudley 
arrived about July 4 to ' instruct them in the proper use of the two­
table method, theyhad already recomputed their June measurements. 

In 192.3 Stevens visited the Colorado' River stations with 
D. A. ;;iJJ.ildley and studied operation of the two-table method. The 
following winter Dickinson was in Washington, and in consultation 
with Stevens worked out a procedure for ithe fieldmanYs use in 
making soundings and in placing the meter for velocity readings. 
With the increased need -for the two-table method on other rivers, 
the Survey issued it 'in -mimeographed form in 19.31.1.30/ 

11.Q/ Method for correcting soundings of deep, swift rivers, by 
G. C. Stevens. 

Tag-line method.- The development of heavy weights, 
reels and strong meter cables and the virtual abandonment of the 
sub-surface method of obtaining velocities at flood stages, caused 
a revival and wideruse of the tag-line method of obtaining sound­
ings. The tag-.line method has two advantages: it eliminated (1) 
the .necessity of reeling the entire length of wetted line to get 
the observed depth, and (2) the necessity for making an air-correc­
tion. However, if depth and velocity were such that a correction 
to the wet-line was necessaf.Y, the angle of the line would need to 
be measured and a water-correction table used. 

In the Middle West, J_ B. Spiegel and E. L. Williams 
were strong advocates of the _tag-line method which had also been 
used in the Tacoma district for several years. The relative merits 
of the "tag-line" and ''two-table" methods were discussed at confer­
ences and by contributions to the Water Resources Bulletin.l.31/ 

111./ Water Resources Bulletin, May and.SSeptember 19.31. 
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Flood investigations 

. The practice of publishing annuaf repor.ts: on. the flo,~ds 
thro~hout tne country, which had been inaugurated _ b~y' -E._ C. ;MU:rplly _ ·­
in .1903 and followed by him in 1904, and 1905~llY' ~as dis96ritJnued 

iii) , Follansbee, Robt., Hist., p. 132. 

when he was transferred to the special debris investigations in 
California. ,The funds were tazumeagre to permit. the making of general 
investigations ·during the ensuing pevi·ed, but when exceptional floods· 
oc.curred, one or two of the districts made special investigations and 
repQrts. These reports were not segregated into separate water-supply 
paper~, however, but were contained in the regular annual ·reports Of 
the measurement of stream flow. It was not until ~11913 that a flood 
report was ~gain published separately. This report related to the · 
severe floods which occurred in the Ohio River Basin during March · and 
April 1913, caused by heavy rains and the melting of deep, wet cover · 
of snow. A. H. Horton was making a special study of the Ohio R1ver 
Basin at that time, and the Army Engineers and Weather Bureauwere 
maintaining stations on the main river and principal tributaries, at 
which daily g_age heights were being observed·. __ The stations dn the : · 
main Qhid had been maintained for many years, ·' and the Army Engineer!f:. 
had measured the discharge at both flood and lpw stages in the . past~ 
The channel of the Ohio is fairly stable, ~; so it was possible · td 
construct rating curves for the Ohio River stations and compute the 
discharge during the flood period. Horton, assisted by H. J .: Jackson, 
compu{ed the rec·ords) not only for the 1913 flood; but also for 
several previous floods. Data obtained on flood losses throughout: 
the Ohio River Valley indicated that in the 1913 flobd 415 lives ' 
were lost; and that property had been damaged to the extent c)f 
$181,000,000. The results of the study, which included an account 
of the storm that caused the flood and the damages resulting 
therefrom, were published as Water-Supply Paper 334. 

The only other special flood study during the period · 
1913-19 was that of the Southern California floods of January _:_ l916, 
which were caused by torrential rainse About 35 lives were lost and 
property was damaged to the extent of $10,000,000. Comparisonwith 
previous floods indicated that the 1916 flood was the greatest re- · 
corded up to that · time in that region. Ebert attempted to make · 
measurements during the flood but, because of the loss. of bridges · 
and highways, was unsuccessful and was marooned at Escondido from 
Janu~J:.y - 26 until Februar'y 5, when he was able to proceed after having 
a four-horse team drag his car across the San Dieguito River. In 
March McGlashan and Ebert visited the(· devastated regions. and by· means 
of well-defined high-water marks were able to obtain .slope-area ' 
measurements' and other relevant data. This flood destroyed equipment 
at more 'than half the gaging stations in the region. Water-Supply 
Paper 426 contains the results of this investigation.. -

· · The next special study, and the first during the _present 
period, was th~t of the Arkansas River flood of June 3.:.:5, 1921-j in 
Colorador -the. -greatest of record in the upper part o£ . the basin .. -
More .. than, SO_ .. lives were iost and pro.perty losses . a,rilounted to 

1 
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. 

$19,0007 000. The flood was caused by a series of cloudburst~ on 
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]Jl/ As an example of the intensity of the rai:flftall during a cloudburst 
an alleged experience near Tulsa, Okla., is cited. During a cloudburst 
rain a barrel with both ends knocked out was lying on its side with the 
bung hole on the upper side. The rain came in through the bung hole 
faster than it could escape through the two ends and the resulting pres­
sure on the sides burst the barrel. 

tributary )streams. There were no gaging stations on these streams and 
the flows ~ were of such short duration that it was not possible to make 
either current-meter measurements or computations of peak discharge by 

-means other than the slope-area method. E. E. Jones was making a power 
survey of the headwaters of the Arkansas~ at that time, and was 

~ p. 196. 

directed to cooperate with the author in making a flood study. Within 
a comparatively short time Jones began his slope-area measurements, 
which he made on the main river, and near the mouth of each tributary 
within the area. He obtained other pertinent data also. The result 
of this study was published in Water-Supply Paper 487. This was the 
first flood investigation made by the Branch in which the slope-area 
method was used almost exclusively. 

Heavy rains in south-central Texas during the period Sept. 
8-10, 1921, produced severe floods in streams of that region which 
caused the loss of more than 200 lives and property damage to the value 
of $10,000,000.. Immediately after the flood, Ellswmrth made slope-area 
measurements at several critical points and some time later made other 
measurements. .He computed also the flow at the regular gaging stati()nS 
within the flood area during the flood. These results, with meteoro7 
logical and other pertinent data, and comparisons with the 1913 flood 
in that region were published as Water-Supply Paper 488. 

The investigations of the Pueblo flood excited the author¥s 
interest in floods and he investigated a number of the floods in 
Colorado and Wyoming which occurred during 1922 and 1923. With the 
exception of the floods on the Big Horn and Powder Rivers in Wyoming, 
caused by general rains over large areas, the floods were of the 
cloudburst type and occurred on small streams. The results of these 
flood studies were published in Water-Supply Paper 520-G. 

Considerable interest in flood studies had thus been aroused 
and the general subject was discussed at the 1923 conference. The 
author was instructed to prepare a statement regarding the methods used 
in making such studies, including the points brought out at the confer­
ence and the data to be obtained. This statement was presented in the 
News Letter of Oct. 10, 1924. 

In 1922 the Washington office suggested that the distr ict 
engineers establish slope gages at typical stations and obtain the 
slope of the river when discharge measurements were obt ained. Data 
for nine stations were obtained and in connection with an investigation 
ofcritical velocities, B. E. Jones of the Conservation Branch computed 
the value of "n" in Kutter!s formula for some of ·these stations. 
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Unfortunately these data referred chiefly to stages when the streams 
were confined to their channels, and gave little informe.tion·relative 
to the actual values of "n" during extreme floods when large overflow 
areas were involved which had hydraulic characteristics that were 
entirely different from -those of the main channels. The net -result of 
this investigation was to leave the field engineer where; as before, 
he was compelled to rely on his judgment largely in selecting the 
values of "n" for use in flood studies. 

The slope-area method, with its recognized u.nce';tiainties 
and possibly large errors, was viewed with skepticism by those dis• 
triets in which cloudburst floods were of rare occurrence, and where 
floods could be measured by more orthodox methods. This skepticism 
gave rise to the following skit entitled -"Movie of an engin~er com­
puting discharge by the slope rnethod~"ll2./ 

1l2/ News Letter Jan. 10, 1920. 

Scene I - Engineer sits down and has before him the results 
of a field survey to determine the flow of a stream. 
After careful thought and study, assumes the factors 
to be used in his trustworthy formula. 

Scene II - Computes the discharges from these field measure- .-, 
rnents and assume factors • . Finds that computed dis­
charge looks unreasonable and much different from 
what he had expected. -

Scene III -After much further deliberation selects anew -set 
of factors (profiting by his previous -errors) and 
recomputes discharge. Finds new result to be satis­
factory. 

Scene IV - Throws· hat into the air; kicks up the earth; and 
shouts joyously, because slope method gives such 
excellent results. 

Parker took exception to thi_s skit as applying to the Washington 
district and cited the results of a slope-area measurement made 
after a severe flood on a large stream, and checked by the contracted­
opening method. This check showed -agreement within 3 percent. He 
adrni t ted, however·, that he was afraid to make further -c ornparisons · -­
between the two methods for fear of losing the 3 percent record J1.2/, 

112/ News Letter Feb. 10, 1925. 

No other flood investigations were made until 1927, when 
torrential rains of November 3 and 4 in much of New England caused_ 
the greatest floods of record over an extensive region. The loss of 
life in Ver~ont alone vias 84, and property was damaged to the · extent 
of $28,000,000. Losses in the other States were considerably less, 
but specific data are not now available. ·Kinnison was able to obtain 
actual measurements of the floods at some Massachusetts stations, but 
it was. necessary to wait until the highways became passable before 
sending parties farther afield. Within the affected areas 60 gagihg 
stations were -being maintained, and only a few of them were destroyed. 
Another favorable factor in determining peak flows was the presence 
of many darns on the streams flooded, most of which escaped destruc­
tion and over which flows could be computed. Peak flows were deter­
mined at about 50 gaging stations by extensio·ns of rating curves 
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and at an equal number of places by computing peak flows over dams . 
The slope-area method was used at 12 points, and the contracted­
opening method at four pointst1 Water-Supply Paper 636-c contains 
the results · of this investigationo 

Methods for correcting measurements for the 
effects of rising or falling ·stages1l7/ 

1l1/ Based on data furnished by C. Ho Pierce. 

The series of high-water measurements made on the 
Allegheny and Ohio Rivers by Grover and Murphy in 1907 showed clearly 
the effect on the discharge of the greater slope during rising stages 
and the lesser slope during falling stageso These measurements, 
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which covered the rise and fall of the two rivers during a flood period, 
defined loops for the upper parts of the rating curves.Jlg/ Although 

~ Follansbee, Robt o, Histe, p. 134. 

this condition was recognized, measurements on rlslng and falling 
stages were generally too few to define loop curves, and little effort 
was made to correct the records for such changes in stage. 

Apparently the first attempt to devise a method which 
would correct the observed velocity and discharge at changing ·stages 
to determine the corresponding values f for use in constructing a rat­
ing cur:ve fornormal or constant stages was made by B. E~ Jo39j in 
1915, and published in Water-Supp l y Paper 375, PPo 117-12701 

112/ Idem, p. 377o 

This required the determination of slope at constant stages, and as 
this information was generally unavailable, the method was not 
generally used. In 1925 W. Co Wiggins attacked the problem from a 
different angle, and devised a method which determined, by use of 
the Bazin or Manning formulas, the slope at the time of ·measurement, 
and the relation between the measured discharge and the discharge 
for a constant stage at the same mean gage height o This method 
was used quite extensively and experience showed that some modifi­
cation of the coefficients originally used was required. 

The Jones and Wiggins methods were concerned only with 
measurements made at or near points where gage heights were observed. 
lviany measurements during changing s·tages are made so far from the 
place yvhere the gage height is determined that channel storgge 
becomes an appreciable factoro In 1924 T. As Slack devised a 
method for correcting for such channel storage, during moderate 
changes in stage and this method was published in the News Lette::c . .MQ/ 

1kQ/ News Letter, Novo 10, 1924 0 

At that time Wiggins had not developed his method for correcting the 
discharge due t o rapid changes of stage, and the Slack method does 
not utilize such correctionso 



Use .of automobiles 

Automobiles proved so satisfactory . t;hat their 'use steadily 
increased as funds to purchase them became available. During pre- : 
vious years the use of passenger cars or trucks had been optional and 
depended not only on the needs of the service·· b~t also, and quite as 
much, Upon the personal preference of the district 'engineer. However, 
there was a growing feeling in Congress that Government automobiles 
were- used more or less for personal business~ .. To preyent so far as 
possible this assumed abuse, the item for the Survey in. the appropri­
ations acts, beginning with that for the fisqal year 1919 and r~peated 
in succeeding acts, limited the amount of money . that ' could be used for 
the purchase, hire and maintenance of "motor~propelled or horse-· · 
drawn passenger-carrying vehicles." No limit. was placed on trucks. 
One repercussion of this action was the following · terse item in the 
News Letter :li1/ . ·. · •. · · 

li1/ . July 24, 1909. 

Wanted: To trade one Ford touring car for a truck 
as a result of the recent limitations im­
posed by Congress. 

The limit set in that year for the entire Survey was 
$10,000 for purchase of passenger-carrying vehicles and $15,000 for 
hire and maintenance. The limit was increased to $30,000 for hire 
and maintenance for 1920 andll92l. These limits, proved so low 
tha ~, ~!} 

1
July 3, 1920, the Chief of the ·q~~.S.nch issued instructions 

tha~ ·. . .. 

~ Instructions 2, Series 1919. 

Future purchases of automobiles from Federal funds for 
Survey work must be trucks instead of passenger-carrying 
vehicles .unless there is an excellent reason to thecq.bntrary. 

Realizing that conditions requiring the use of automo­
biles differed in the several districts eachdistrict engineer was 
asked as to the practicability of following instructions in his 
district. These instructions resulted in a more ~de-spread use 
of trucks, particularly in those districts having construction pro- . 
grams of considerable size, as trucks were better suited to that 
type of work than to routine stream gaging. However, the use of 
trucks was not as great as it might ha,ve been without the avail­
able State funds, as, in general, trucks were not popular, and in 
many instances needed passenger-carrying automobiles were pur­
chased from State funds. About 1924 "slip-on" truck bodies appeared 
on the market and thereafter some automobiles with such bodies 
were purchased from Survey funds and carried ·in the records as 
trucks. This p;ractice continued until 1929, when the Comptroller 
General ruled that such vehicles were not trucks within the -mean: 
ing of the law. 

As a further inducement to use trucks inste~d of pas-. 
senger-carrying automobiles, the Survey item in the appropriation 
bills beginning with that for the fiscal year 1925 authorized the· 
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exchange of worn-out passenger-carrying vehicles for freight-carrying 
vehicles. But to this day (1939) no authorization has been given to 
exchange worn-out trucks for passenger.:...carrying automobiles. 

Beginning with the appropriation act for 1926 the Director 
was authorized to pay not to exceed 7 cent-s per rriile for use of per­
sonally-owned automobiles whentravel costs would ·be reduced thereby. 
In 1933 this mileage rate was reduced to 5 cents by a· proviso in the 
Treasury-Post Office Appropriation Act of 1934. 

At first practically all automobiles were Fords as at that 
time Ford had no serious competition in the low-price· field -- the 
only one in which the Survey was i nterested. Gradually, however, ase 
other automobile manufacturers entered the field of low-price auto­
mobiles, the district engineers began to purchase other makes such as 
Chevrolet, Dodge and Overland. Perhaps a majority of such purchases 
were made from State funds, where the obligation to purchase the low­
est priced automobile offered in competition was not as compelling as 
in the Federal service. Some higher-priced automobiles, however, 
were purchased from Survey funds. All automobiles at that time had 
a sliding or rotary gearshift except the Ford, which had a planetary 
transmission and it was found possible to prepare specifications, 
excluding planetary transmission which excluded the Ford from com­
petitive bidding. This was a case of '!beating the devil around the 
bush,n and was tolerated rather than approved, untilthe Comptroller 
General rendered a decision on Feb. 25, 1927, that the designation 
of the particular type of transmission as planetary or selective was 
not authorized. 

In 1926 Pierce sent inquiries to a numberoof motor com­
panies asking for a discount on parts for .Survey automobiles. ·From 
one company he received the following telegram~MJ/ 

Ml/ Water-Resources Bulletin, May 10, 1926. 

Providing the United States Geological Survey is a 
department of the United States Government, they 
are entitled to twelve percent. 

Other makers were not so suspicious of the Survey's status and 
re~dily granted the goverrunental discounts. 

If the "trading in" of automobiles had not been author:: 
ized the district engineers who had worn-out Fords might have been 
in the position o/f the man descr:i bed in the following verse from 
"Town Topics~"~ 

~/ News Letter May 22, 1920, p. 7 . 
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For Sale 

One Ford car, with a piston ring, 
Two rear wheels; one front spring. 
Has no fenders; seat made of plank. 
Burns lots of gas; hard to crank. 
Carburetor busted half way through; 
Engine missing - hits on two. 
Only three years old, four in Spring; 
Has shock absorbers 'n ev'r'thing, 
Ten spokes missing, front axle bent; 
All tires punctured - not worth a cent. 
Got lots o' speed, will run like the duce, 
Burns either oil or tobacco juice, 
If you want this car, inquire within -
Helluva good car for the shape it's in. 

About 1921 the practice of using complimentary State 
license plates was discontinued and Survey automobile tags were 
ispued. These plates were of metal with a heavy porcelain face 
bearing the inscription 

U. S. (Number) G S 

This plate was superseded (in 1935) by one bearing the inscription 

U S Geological Survey 
(Number) 

To distinguish Survey automobiles more conspicuously, the placing 
also 'of decalcomania transfer designs bearing the Department seal 
on the doors of automobiles was started about 1926. 

\ 

The use of automobiles leads to accidents sooner or later · 
and the Government's long-established policy of !lQ insurance- threw 
the burden of liability for damages to other automobiles or to 
persons upon the Survey operator. In 1925 John McCombs, a per-diem 
employee of the Survey in Hawaii, collided with .~nother automobile, 
which was badly damaged, and this resulted in a suit against the 
Survey employee which was defended by the U. S. District Attorney. 
He won the suit except that the costs were assesse~ against the 
defendant. The district attorney took the position that his duties 
required him to defend only the government's interest and that he 
was entitled to a fee for defending the personal interests of the 
driver of the automobile -- an instance of the well-known legal 
hair-splitting. Thereafter, the district engineer in Hawaii per­
sonally carried public liability insurance on the automobile cover­
ing anyone legally driving it. 

In the fall of 1926 H. F. Hill, Jr., while operating a 
Survey automobile on official business in New Hampshire, struck a 
small boy, causing minor injuries. Although apparently not at 
fault, he took the boy to a hospital and offered to pay all expenses. 
This settlement was refused and Hill was sued for $5,000. He was 
defended by the U. S. District Attorney, but the suit itself was 
non-federal, as it was against an individual, and the case was 
finally settled out of court at a total cost of $176.50 to Hill. 
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· ·. - The··rollowing year, in August 1927, B. · 1~ Bigwood, while 
retur·ning by·'-Survey . automobile from a field trip, at a street inter­
section in Albany, struck a pedestrian who was crossing the street 
against the line of traffic, inflicting minor injuries. The injured 
man brought suit for $20,000 damageso This suit also was defended 
by the U. S. District Attorney, but before the case came to trial a 
settlement was made whereby Bigwood personal ly paid $200. 

Although the defendants in these cases escaped payment or · 
he?-vY damages, they were put to very considerable inconvenience and 
expense ~ The above experiences indicated · clearly tha·t it would only 
be a question of time before a member of the Survey would be assessed 
heaV,y damages for an automobile accident. As individual policies 
covering personal liability were relatively high, about $25 per year, 
an investigation was made to ·ascertain if a group policy covering 
Survey employees could be obtained at a lower rate . Such a ·policy 
was arranged at. a cost of about $5 per man, and all Survey eng_tmeers 
were advised to make u'se of it for self-protection.M2/ This low.:..rate 

M2/ · Merno:randum datE;d Mar. 8, 1 927. 

policy was used by many but not all· the engineers, and to bring the 
laggards within the fold, the chief of the Branch issued the follow­
Jng in.~:tructions, ~M.Q/ 

· In v:iew of ·the fact that the most careful drivers have 
accidents and- of the certainty that accidents .will occur so 
long as automobiles are driven which may result in serious . 
-inconvenience and expense both to the individual and the 

. government if liability insurance is ·not ca.rri.ed, it is hereby 
· ordered tha:t no employee of the Water Reso:u.rces Branch be · 
permitted to operate an official or other. automobile .in con- _ 
·nection with official work unless he has protected himself 
by liability insurance. 

These instructions have been followed each year by a reminder of 
them and of the necessity to renew the insurance. Grover says that 
legalists have sometimes asked him what autho:rity of law he had for 
making such a r~le . . His reply has been that as administrative head 
of the branch he was authorized to assign duties to individuals, 
and that such authority necessarily extended to what they should not 
do as well as to what they should do. Anyway, he says, it is an 
excellent rule bas.ed on good connnon sense, which has been thoroughly 
appr~ciated by every one in. the Branch who has had an accident. In 
the aggregate there 'are many who have had reason to be thankful that 
the. rule has been made and applied. The doubts as t o authority have 
not been expressed and the inquiries have not .been made within the 
Branch· but by representatives of other goverrunental agencies v.,·~lo 
apparentlywere lacking in the f ortitude needed for making and enforc­
ing such_a rule against the pressure of employees .who did not 
warit to .pay for insurance and the argument that the United States 

. should pay the costs of accidents on official work. · Although Grover 
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expresses sympathy with the argument, much time is sure to elapse be­
fore Congress provides authority and funds for the payment of such 
costs; meantime accidents will surely happen~ 

Annual reports 

The principal change made in the ;annual reports consisted 
in condensing in those for 1927 the information relative to each 
gaging station. The descriptive matter was · reduced from ten headings 
to five, and the list of discharge measurements was omitted. By so 
doing it was possible to present the records for each station on a 
single page and thus to reduce not only the time required for pre­
paring the manuscript but also the size and cost of the published re­
ports. This change had been discussed at the 1925 conferenc-e, but ,.did 
not then meet with favor. It finally was adopted because of. the : 
great increase in work of the Branch which occurred at about the ·· 
time when the -! 1927 reports were being preparE?d. It did. not result 
immediately in reducing the delays of publication. Beginning with ·. 
t,he report for 1924 the illustrations .of curr~nt meters and various ' 
types of water-stage recorders were discontinued as a matter of' 
economy but the introductory IIla.tter remained substantially unchanged. 

Conferences 

The results derived from ·conferences of district engineers 
in earlier years had demonstrated their nece.ssi ty in an organization 
as decentralized as the Water Resources Branch. It was felt, however, 
that future cconferences should be held every two years and should be 
of such length as to afford sufficient opportunity for full discus­
sion of new problems and developments. This program was followed 
during the period. -The fi.rst conference of the period was held Oct. 
13-18, 1919. No · set program was prepared _in advance, but the notice 
of ·the conference stated that the principal topics of discussion 
would be the questions of policy related to the work of the Branch 
and the pertinent administrative and technical details. -Apparently 
no program was prepared at the beginning of the conference, which 
was more informal than usual. The social feature was a dinner-dance 
at 2400 Sixteenth Street. 

The 1921 conference was postponed until December 5-10, 
as Grover did -not return from Haiti until the end of Novemberill/ 

w p. 

A program was prepared in advance by the Washington office, but 
topics were not assigned, the thought being that each district 
engineer would discuss at full length those subjects in which he · 
was particularly interested. The first item on the program for _ 
Monday, .December 5, was: "Roll call at 10 a.m. All those late will 
be penalized." It was not recorded that anyone was so penalized. 

Since_ the preceding conference the Federal Water Power Act 
had been passed and _discussion of cooperation with the Federal ·Power -
Commission had a prco:rlli:ilnent place on the program. The interrelated · 
topics or· cost of living and reclassification of salaries were "given 
prominence for in those days the number of resignations was at its 
peak. Au's new recorder was on exhibition and the resulting 
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discussion of the instrument brought out valuable suggestions fq:r: · ~ts 
further development. The need for heavier weights ·and suitable reels 
for handling them was becoming felt and these $Ubjects appeared. o:n 
the program, as did the census of developed water power that was ' · . 
being undertaken by the district engineers for the Division of Power 
Resources. The subject of standard plans and specifications for con­
crete and timber shelters was on the program in recognition of the 
need for a revision of the standard plans for recorder shelters, on 
the basis of developments made in various districts. The recently _· 
completed film "Story of Water" was shown, followed by a talk on 
Haiti by Grover. A dinner-dance was held at the Roosevelt Hotel. 

The program for the conference held Oct. 22-27, 1923, 
was prepared in advance by the Washington office, and each s:ubject 
was assigned to an engineer especially qualified to discuss it. 
The improvements that were being made in measuring and gaging­
station equipment were reflected in the program, which allotted 
much more time to those subjects than had been done previously. The 
conference appointed two committees for the next two years to in­
vestigate subjects of outstanding interest and importance, - one, 
composed of McGlashan and Parker, for preparing an office manual, 
the need for which was generally recognized and the other, composed 
of Warren Hall and G. C. Stevens, for investigating methods of 
making discharge measurements. R. R. Woolley· gave an illustrated 
talk on the Green River survey. The social feature was a picnic 
at The Oakes, a private estate:dn Maryland on Chesapeake Bay. The 
use of this place was obtained by J. C. Hoyt • 

Before the next conference, held Oct. 19-24, 1925, the 
Washington office appointed a program committee consisting of Lee; 
McGlashan, and Pierce. After having called on the district 
engineers for topics which they wished discussed, the committee 
prepared.a program in advance, assigning a district engineer to 
lead the discussion on each topic. A chairman for each half-day 
session vv-as also appointed. Heretofore such chairmen h~d been 
appointed at the opening of the conference. In announcing the 
program the committee stated~ 

The conference is in many respects the most important 
event of the Branch in the biennium, as it affords an op­
portunity for the district engineers to meet and discuss 
their problems with each other. * * * 

In order to expedite the presentation and discussion 
of papers, and enable all present to have opportunity to 
present their views, it is suggested that the reading of 
papers be limited to about 15 minutes, and discussion by . 
any one person to 5 minutes, ·the same .person not to speak 
a second time on the same subject until all others have 
had an opportunity to speak onceo 

A conference secretary, A. H. Horton, was appointed whose dut-;y it 
was to make notes of the principal points brought out by the dis­
cussions, and to record any actions taken. A sergeant-at-arm.S 
was appointed to collect what had become the customary fine of 25 
cents from those who were late at any session . The reports of the 
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committees appointed at the 1923 conference were presented, and the 
conference directed that those reports be mimeographed and sent. to 
the district engineers for study and comment . . ·The iniprovements made . 

·in measuring and gaging-station equipment were described, and those 
p~rtaining to water-stage recorders and current meters were shown by 
exhibition of the instruments. 

A motion was adopted providing for a fine of 25 cents for 
the first failure of .a district engineer to contribute to the News 
Letter, . to be increased in the geometric ratio of two for each suc­
ceeding failure during the calendar yearo Another motion w~s adopted 
providing that a list of more common articles required in stream­
gaging work be prepared, with view to stocking these articles either 
in Washington or .in some district office. The movement which had 
been started by engineering organizations to have Congress mak~· . an _· 
appropriation for a survey of the water-:-power resources of the 
country was described and advocated by Grover and Hoyt in a paper 
presented by the latter o A copy of this paper was ordered sent to 
each district englneer. Methods to be used in bringing the work .of 
the Branch before the public were discussed. In general, it may' be 
stated that few, if any, new subjects were discussed at the 1925 
confe~ence, with the exception of a suggestion that data ' to be pub­
lished in the annual series of water-supply papers be so c.ond~nsed · 
as to be included on one page for a station. By so doing the expense 
of printing would be reduced and the publication of the reports, 
which were about three years in arrears, expedited. No action was 
taken at that time. A dinner-dance was held at the Roosevelt- Hotel. 

Following the precedent set in 1925, a committee was 
appointed to prepare the program for the confer~nce held Oct. 
17-22~ 1927, . consisting of Lee, Dickinson, and Paulsen. The com­
mittee made the following anno~cement: 

. There are several matters of importance to the Branch 
which have been discussed at recent biennial conferences but 
which for lack of time during conference week have not been 
put into such shape that definite action could be taken or 
full benefit derived therefrom. There is a great need at 
this time for committee work to unify office and field 
methods, to advance our general knowledge of rating curves 
and publish the excellent studies already made, and to study 
and improve our field equipment. 

No committees having been appointed at the 1925 conference, the 
program committee appointed committees on field methods, office 
methods,- rating c·urves, field equipment, and automobile cost data, 
with the r 'equest that they submit reports at the conference. The 
program conunittee announced also that as no satisfactory metallic 
return-circuit cable had as yet been obtained,· Groyer had requested 
that the subject of the single-wire suspension be thoroughly dis­
cussed at the conference. The distriot engineers were requested to 
devote some time to experimentation with that method before the .con-
.ference. A chairman was appointed for each half -d?-Y session, and, 
in recogr,1ition of the great amount of work required in keeping the 
minutes of _the conference, a different secretary .was appointed for 
each session. 

• 
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The most important results of this conference came from 
the reports of "the committees, particularly the one on field equip­
ment, composed of Ellsworth, Au, Dickinson, Harrington, King, 
Kinnison, and Lee, as out of it grew the needed improvements in reels 
and metallic return-circuit mete;r;!:c' cable and the continued improve­
ments in other articles of equipment. These latter improvements were 
due in large part to a motion ado_pted by the conference that the 
field-equipment committee continue its work during the next two year.so 
This committee, with full power to act, was to work in cooperation 
with Au in the planning and development of new field equipment and to 
prorate , the cost-s among the districts. 

The committee on office methods, composed of Parker, 
Hartwell, McGlashan, P9-ulsen, · and Soule, realized the general need 
for an office manual and presented an outline, but stated that no 
member of the comrni ttee was willing to asBume responsibility for 
preparing a draft of it. All agreed that steps shou~d be: taken in 
that direction. Following the usual custom, the committee was con­
t inued, and in order to assure himself that real progress would be 
made~ the chairman assigned to each of five non-co~ittee members 
one of the five parts into which the proposed office manual was 
divided. Of the five parts, only thoge dealing with computation 
rules and instructions, assigned to Peterson, preparation of manus~ 
cript, assigned to G. C. Stevens, and operation of the integrator, 
assigned to McGlashan, were prepared. As the enlarged stream­
gaging program, begun in 1928, required so much of the time of the 
district engineers to whom the other parts were assigned, the 
Branch is still (1939) without a complete office manual. The 
author makes bold to suggest that a course be followed similar to 
that later adopted for the preparation of a field manual,l4.S/ 

to wit, assign one man to the job of preparing a complete draft; 
relieve him of other work until the draft is completed; mimeograph 
his draft and distribute it throughout the Branch for critical exami­
nation, and constructive suggestions for revisions; and thereafter 
assign some one to study the criticisms and reduce the suggested _ 
r evisions to final form for publication. 

The cOIIllilittee on field methods, composed of Burchard, 
Bal dwin, Carson:, Dirzulaitis, Grosbach, and Purton, presented an 
outline of a field manual and it was suggested that, like the 
office manual, the several sections be assigned to_those best 
qualified, and that the resulting papers be grouped to form the 
field manual. Assignment of the several sections among the engi­
neers of the Branch for preparation brought no direct results at 
that time for the same reason that the office manual did not 
materialize. 

The committee on rating curves, composed of Peterson, 
Beckman, Henshaw, Horton, Lamb, Stevens, and the author, reported 
on the best procedure for constructing rating curv~s, and showed 
the lim~tations of logarithmic extensions, which had begun to find 
renewed favor. It made the point that 
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No method has yet been developed which makes it 
possible to take a few measurements covering a small 
range of stage for any station and then· produce a · cor­
rect rating curve for the entire range ·iristage~ 

The discussion of the .single-wire system of measuring depth and veloc­
ity showed its limitations and the general belief. was that its use · 
should be optional. The one-man committee on automobile costs, 
Harrington, indicated surprisingly consistent mileage c·osts for Ford 
(Model T) and Chevrolet cars -- practically identical average oper­
ating costs of 2.7 cents per mile, and considerably ·higher costs for 
the Dodge, Hupmobile, Chrysler, and Overland_ · New topics discussed 
were: methods of measuring water other than by current meter, dur­
ation curves, sediment samples from the Colorado River, and gains 
and ~osses of water by seepage in stream reaches. · 

One day was devoted to an inspection of: .the Conowingo 
hydro-electric plant on the Susquehanna River, then ·nearing com­
pletion, a bus being chartered for the trip. Ori ·the return a stop 
was made at the Friez ~factory in Baltimore wh~re the Au recorder 
was seen in various stages of manufacture, this being followed by · 
a dinner · tendered the conference members by Lu~ien Friez. Instead 
of the usual dinner dance, a luncheon for the engineers' wives was 
given ' at the Cosmos Club and the engineers attended a smoker at the 
Cosmos Club in the evening. 

Water Resources Bulletin .· 

The News Letter, in the form into which it had developed 
· during the previous years, continued to appear regularly about the · 
22nd of each month until September 1920, with the except.ion of the· 
is.sues for September and December 1919. The December issue was 
omitted as the editor was on vacation and could find no volunteer 
substitute. The contributions for that issue were' included . with 
those for January. Beginning with the issue of Apr~ 24, 1920, the 
News Letter carried at the top of the front page the statement: 

A monthly memorandum for the official use of members 
of the Water Resources Branch of the U. S~ Geological Survey. 

With no pressure on the district offices to contribute regularly, 
and with little technical discussion to keep up the professional 
interest, the district engineers became more and more lax .in their 
contributions. So few were the contributions in 1921 that the 
February, March and April issues were combined in one which appeared 
in April. During the remainder of that year the News Letter was 
dropped, apparently from lack of interest. 

At the conference held Dec. 5-10, 1921, the district 
engineers decided to revive the News Letter themselves and, in 
January 1922, issued a typewritten number. The renewed interest 
thus made apparent, caused the Washington office to resume the 
monthly issues in March 1922. The issue for that month carried 
for the first time the list of applications for preliminary permits 
and licenses received by the Federal Power Commission." In that 
issue also, Beckman made the suggestion that if the number of 
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contributions by each district within the year to date were to be 
shown in each issue, the effect of the •·'deadly parallel'' would in­
crease the contributi.ons by delinquent districts in future issues. 
This procedure was adopted with the April issue. As a further 
stimulus to obtaining regular contributions, the conference held 
Oct. 22-27, 1923, _passed the following resolution: 

Beginning with the issue of January 1924, each. dis­
trict engineer is to be fined for each failure to contribute 
to the News Letter. The fine for the first failure to con­
tribute is to be 10 cents and is to be doubled for each 
subsequent failure. The number of failures is to be based 
on the "official batting average" as published in the News 
Letter. The batting averages are based on each year's con­
tributions. The fines, if any, for each of the two years 
are to be collected at the next conference and the fund 
utilized as the conference may wish. 

In making this announcement in the News Letter,1A2/ a table of fines 

1A2f Nov. 10, 1923. 

was · appended showing the failure to contribute at least once during 
the year .would r .esul tc in1a.i~;o$aClffil)@9o:V0$409::t .50 (~ --- The '' Combination 
of these two steps was successful in increasing the number of con­
tributions, but as to the quality, the editor stated:W 

150/ News Letter Mar. 10, 1924 . 

There is an apparent tendency of district engineers 
to give no thought to items for the News Letter until it 
is nearly time for the mail to · close and then hastily to 
write a few notes, perhaps description of an inclosed 
picture, and forget the whole thing until the next month. 
It is respectfully suggested that this procedure is not 
conducive . to the continuance of a good monthly news letterc,;· 

The 1925 conference increased the fine to tweRJty-five cents.l5l/ 

151/ p . . 

The News Letter was issued regularly until August 1925. That issue 
c~mtained the following statement~ 

During the past month the Water Resources Branch has 
rece·i ved the attention of the inspectors from the Secretary's 
office· and we hope for many new economies. 

At that time the Secretary ordered an investigation of 
all bureaus in the Interior Department with a view to eliminating 
expenses wherever possible. The Department inspectors investigated 
the Water Resources Branch and its activities , including the pre­
paration and distribution of the News Letter. The contents con­
sisted largely of personal items, comments on the weather, and 
descriptions of hydraulic and irrigation projects in t he -various 
districts that were not directly connected with the Survey's work, 
-- but only relatively small amounts of strictly technical dis­
cussion pertinent to the work of the :2Branch. Many of the 
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contributions - from both the district and Washington offices - were 
written in a humorous veino. The inspectors took their work so seri­
ously that such humor was .apparently taboo. Perhaps the following 
bit of dialogue contributed .by one district engineer caught their 
eye:l52/ 

1jg/ News Letter Aug. 11, 1924. 

Two newspaper reporters spied the district engineer 
making a discharge measurement from a bridge. 

Said A to B, ''What ' .s the guy doing?" 
B. "D--d if I know."' 
The district engineer turns toward them while attentively 

counting the revolutions _. 
A. "What are you doing mister?n 
No response from the district engineer who is busy count-

B. to A .. "Ah, the bird's deaf." 
A. "Guess so, hers got a sound amplifier." . 
The district engineer finishes counting and records the 

notes. At the same time Aa observes the cable attachment and · 
says to B, "Guess he's testing some freak radio hookup." · 

Of course, at the earliest conveninet time the curious 
ones were engaged in conversation and the mission explained. --

In any event, inspectors decided that the continuance · of the News 
Letter, w:hich involved an average annual ~xpense of several hUJlQ.red 
dollars for photo-lithographing an average of .50 copies of each issue, 
was not justified and recommended its discontinuance~- The recommenda­
tion was approved in the latter part of August 1925 by the Secretary 
during the absence of Director Smith from Washington. Immediately 
on his return, he appealed p~rsonally to the Secretary for a _recon­
sideration of the a.ction. There was evidently protracted discussion 
with the inspectors because the matter was not settled until the 
conference held Oct. 19-24, 1925, when the district engineers, adopted 
a resolution requesting the continuance of the News Letter as a mimeo­
graphed bi-monthly circular. Shortly thereafter authorization was 
given to continue a medium of exchange of ideas and information 
between the districts with the understanding that it would be res­
tricted t?_~:qformation required for the proper ·transaction of public 
business.~ · · 

ill/ Letter to the author from Washington office, Novo 8, 19.37. 

The presentation of information required for the proper 
transaction of public business took the form of the Water Resources 
Bulletin, which first appeared in mimeqgraph form Jan .. ~0, 1926, 
and bi-monthly thereafter during the remainder of this period. The 
change from the photo-lithographic form of the _Ne.ws Letter to the 
mimeograph form was ·made as a matter of economy, as the mimeograph­
ing could then be done at no expense · to the Branch. Before the 
first issue appeared, a reminder was sent to the _ district ·.~ engineer-s 

that future contributions were to be in accord with th~ official 
nature of the medium of exchange of ideas as authorized by the 
Secretary and 'frivolous comments, personal information, ·extended 
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reference to weather and subjects n4j ·directl'ypertinent to the work 
of the Branch were to be avoided.l5 To ·set '. the proper tone for sue-

® Circular Letter Dec. 9, 1925. 

ceeding issues 1 the first started off with a reference by Grover to· 
a statement made by an outside engineer relative to the phenomenon 
of surge or pulsation in the stage and discharge of flowing rivers, 
and requested comments. These were received from practically. -every. 
d,istrict, most of which were published in the succeeding issue. In -
commenting on this first issue, Grover stated·l5~( , 

155/ · Letter of Jan. 2S, 1926. 

The first issue of the Water Resources Bulletin has, 
I think been fairly satisfactory * * *· It is difficult to 
prepare such a bulletin that will have enough of human 
interest to accomplish its main purpose and at 'the same 
time avoid criticism because .of an excessive amount of space 
devoted to personal items and the weather., .· Each of u:s must ·_ 
have this problem in mind with the realization that, at the 
start at -least, each copy will be scrutinized and criticized. 

Approval for mimeograph· requisitions was given by the 
Chief Clerk and on his own initiative he deleted items which did 
not in his opinion meet the new requirements. The transition in 
subject matter .was not accomplished suddenly, however, andre­
peated failures to meet the new specifications finally caused the 
Director, in May 1931 of the next period, to appoint Dr. Sears, 
the Administrative Geologist, as censor. Under his ·supervision 
the Bulletin became a real medium for exchange o.f technical and 
administrative information, with personal items limited to those 
pertaining ·to changes in assignments or to other official actions. 
The "deadly parallel" showing contributions from the several dis­
tricts appeared in each issue and was as efficient in keeping up 
the contributions as it had been for the News Lettero 

It was not -until the issue of Septo 10, 1926y that the 
Bulletin carried the statement that it was published by direction 
of the Secretary. · This should have been carried in the first 
issue of the new publication, but the omission was not discovered 
until the September issue was prepared. 

Federal Water Power Act 
,. \ ... 

The passage of the Federal Water Power Act on June 10, 
1920, had a considerable effect on the work ·of the Survey, both 
in imposing new duties upon it and in opening up a new field of ~ 

cooperation in str.eam-gagingo 

Power sites subject to the prov1s1ons of the Federal 
Water Power Act are those located on boundary waters, navigable 
streams, ~ :or public land adjacent to streams having sufficient 
fall for power. In addition, if power plants on hea·dwater streams 
affect the flow in navigable reaches of the river, such plants 
are subject to the provisions of the act. A limited amount of 
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water-power development on navigable streams and on public land had 
.taken place before 1920 but the legal conditions with respect to the 
use of such power sites discouraged wide-spread development. For 
each project on navigable streams' it was . necessary to ob_tain an act . 
of Congress, which stipulated, inter alia, that locks and .. dattlS ·must 
be maintained for the use of navigation even though navigation might 
be almost nonexistent. The procedure was slow ·and complianc·e with 
the requirement was expensive. Most public land is situated in the 
western States and much of this land is adjacent to power sites in 
national forests ·. The authority to grant permits for :power develop­
ment outside the forests was vested in the Interior Department and 

-that for development within the national forests in the Agricultural 
Department. If a project was on public land both in and adjacetit 'to 
a national forest, it ·was necessary to deal wi~h both Departments. 

In 1901 Congres~ enacted a law authorizing the executive 
departments to issue permits for power devel'opment on public lands 
including reservations. To safeguard the public interest, these 
permits were revokable at the discretion of the executive depart­
ments making them. Such uncertainty of tenure -made financing dif- 1 

ficult _and expensive and was seriously objectionable to private 
enterprise, so only a few developments were made, despite the 
enthusiasm for "white coal" that was created by the con$ervation 
movement .1.2.2/ . This un_sa tis factory condition so retarded development 

156/ Follansbee, Rob.t., Hist. of -- etc., pp. 195-7/~ · 

that, with the growth of the conservation movement-, several unsuc­
cessful attempts to enact more satisfactory laws -for power develop-. 
ment on public lands were maO.e in the years following 1910-. 

The great increase in power _demands resulting from the 
World War focused attention upon the dormant water-power possibili­
ties, both on navigable rivers and other streams on public lands. 
At President Wilson's direction the Departments of Interior and 
Agriculture studied the problem through a group consisting of E. C. 
Finney, chairman of the Board of Law Review for the Interior Depart­
ment, G. 0. Smith, N. C. Grover, Herman Stabler and W. B. Heroy of 
the Survey and 0. C. Merrill of the Forest Service. This group 
prepared a draft of a comprehensive act to cover the development of 
both classes of water-power sites -that come under Federal control. 
The President transmitted this draft to Congress in December 1917, 
with the recommendation that legislation be enacted which would 
encourage development. 

The President's :recommendation was referred to a Con­
gressional Joint Water Power ·.committee. which held extensive hearings 
from Mar. 18 to May 27, 1918, during whi.ch fifty witnesses were 
heard. That this number was unexpected is shown by statement of 
the chairman at the beginning of the hearings that the committee 
would like to conclude the hearings in a week's time and believed · 
that six 5-hour sessions would be sufficient to allow all interested 
persons and organizations -to express their views. The witnesses 
were chiefly representatives of Government bureaus and power com­
panies, witb. .a . few spokesmen for municipalities. The -feature of 
the proposed bill which aroused the most discussion was the pro­
vision for recapture of power plants at the expiration of the 
licenses which generally were to run for 50 years. 
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On June 28, 1918, the Joint Committee repor~ed a ·"wa;ter 
power bill which had as its basis the draft submitted by the · · 
President, but the session came to a close be for~ j_f had been acted 
lipon by both houses. The water power bill was .again reported in the 
next Congress on Sept. 12, 1919, and was finally enactedon June 10, 
1920, ten years after serious efforts had been started to obtain such 
a law. 

By the terms of the Federal water~power . actl57/ the Federal 

157/ 41 Stat. 1063. 

Power Commission, was created consisting of the Secretaries of w_ar, 
Interior, and Agriculture, whose duty it was to issue licenses for 
the development of water power, for definite periods not exceeding 
50 years, and for which an annual fee based on power capacity 
(horsepower developed) was to be paid. The Commission had but one 
employee whose salary was paid from its own funds -- the executive 
secretary, 0. C. Merrill. The remaining personnel- engineers , 
accountants, and clerks -- were detailed to the Commission by the 
three Departments concerned. The first Survey engineers so detailed 
were R. W. Davenport, Oct. 1, 1920, and D. J. Guy, Nov. 3, 1920o 
The latter resigned later and was succeeded by J. G. Mathers, Aug. 1, 
1927. 

Although the law defined the objectives to be sought by 
the Commission, the regulations whereby those objectives would be 
attained remained to be framed, and for that purpose an interdepart­
mental committee consisting of General Enoch Crowder, Herman Stabler, 
and 0. C. Merrill was appointed. It was recognized that reliable 
and adequate records of stream flow would be required in the admin­
istration of power projects, and that the responsibility of obtain­
ing such records rested with the permittees and licensees. The 
records must, of course, be collected by standard methods which 
would make them acceptable to the varied interests involved in 
their use and interpretation. The general policy was therefore 
adopted that the stream-flow records must be collected under the 
superision of the Geological Survey, but at the expense of the 
permittee or licensee. The detailed arrangements for collecting 
such records varied widely according to circumstances, from little 
participation by the Survey where the licensee or permittee could 
perform the work satisfactorily, to complete performance by the 
Survey, all funds being provided by the licensee or permittee. 
Much of the procedure is of the latter kind. 

The regulations required that before an application 
could be acted upon by the Commission, the project must be examined 
to determine not only its feasibility but also whether the proposal 
was best suited to that particular site. To keep out, so far as 
practicable, fly-by-night promoters, the financial ability of the 
applicant to construct the project was also investigated. With 
three departments interested, it was, perhaps, natural that each 
should desire as large a share of the new work as possible, and it 
seemed to the representatives of the Interior Department that the 
other two departments contemplated that the Survey rrs participation 
(the active agent of the Interior Department) should be limited to 
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the determination of the available water supply for each proj~ct. 
This would be chiefly an office study. The Commission finally 
decided to allot the projects on navigable streams tb the War Depart­
ment, on public lands in the national forests· to the Agricultural 
Department (Forest Service), and on public lands outside ·the 'national 
forests to the Interior Department (Geological -Survey). 

Within a few months after its creation the Federal Power 
Commission had received applications for the development of a million 
horsepower. The first application considered by the Federal Power 
Connnission was that of the Dixie Power Company for. developing .power 
in Arkansas. This application had been received by the Department of 
the Interior prior to the enactment. of. the Federal Water Power Act. 

• 
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The Colorado River Compact 

The Colorado River compact, negotiated in 1922, led to an ex­
panded st~eam-gaging program in the Colorado River Basin; to the develop­
ment of equipment and methods for use in measuring deep, swift rivers; 
and later, to the development of the concept of Colorado River base sta­
tions for .which a specific item was included in the Survey's annual 
appropriations beginning with the fiscal year 19~9. The inclusion of the 
compact, with some modifications, in the text of the Bould.er Canyon 
Project Act led to the passage and approval of that Act in December 1928, 
t hus pav~ng the way for the construction of Hoover Dam and the A~1..,. 

American Canal. An account of the events leading to the compact and a 
description of the compact itself appear, therefore, to be .pertinent . . 

Because 'of the serious menace of floods in the lower Colorado 
River to the residents of Imperial Valley, studies of the river , by State 
and Federal agencies had been conducted for many years, particularly after 
the floods of the winter of 1904-05 when the Colorado River broke into 
;Imperial Valley and re-created Salton Sea to a maximum depth of 78.5 fee t 
before the break was closed in February 1907. In about 1912, E. C . . LaRue 
began tne first comprehensive study of the problems of the utilization of 
the Colorado River and brought together for the first time the pertinent 
available data. The results were published by the Survey in 1916.158/ 

158/ Water-Supply Paper 395 

With an appropriation of $50,000 for the purpose, the Reclamation Service 
in 191~159( began a general study of storage possibilities in the Colorado 

159/ Follansbee, Robt., Hist. of Water Res. Br. 343 

River Basin, and in 1915 the study was extended to include an examination 
of irrigable lands in the Green River Basin in Wyoming, for which the 
State of Wyoming entered into a cooperative agreement with the Service. 
Although the various studies did not thoroughly cover the entire upper 
Colorado River Basin, they brought to light a number of possible reser­
voir sites.l§Q/ The Act of Congress approved May 18, 1920, (41 Stat. 600), 

1.§Q/ Eighteenth Annual Report Reclamation Service, 1919, pp. 391-409. 

a:nd known as the "Kinkaid Act," directed the Secretary of the Interior to 
report on irrigation in Imperial Valley and related subjects. The report 
titled, "Problems of Imperial Valley and Vicinity," and known as the 
"Fall-Davis" report, was sent to Congress in February 1922 and printed 
as Senate Document 142, 67 Congress, 2d Session. 

In the meantime, the flood menace to the Imperial Valley . con­
tinued and there were recurrent periods of insufficient water supply. 
Congresswas besieged by petitions asking relief by various methods. 
Su~h relief had to be provided by the construction of a reservoiT as 
ne,ar as possible to the point on the river where the greatest flood men­
ace would occur, which was near the head of the Delta. The heavy sedi­
ment load carried by the Colorado made necessary a reservoir of gr eat 
capacity t o · insure many years of usefulness before it would become filled 
wit h sediment. 
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The rapid increase in population of Southern California made 
it apparent that development of irrigation in that section would proceed 
at a much more rapid rate than in other sections. '!he Upper ·Basin States 
feared that if a large reservoir were construeted ·<>n the lower river as 
proposed, the rights acqui:~;ed to the use of the st<>red water might de;.. 
prive_ them of the use of Colorado River waters at. a- later date ·when upper 
basin development WOuld take _place, and that ._Sl1Cb. ·a, 4ondition WOUld. lead 
to inte.;c-state litigationo II). an attempt tp . avoi~ .· ~c:h a s~t~:tion, the 
Governor of Utah called ·a meeting ot the · repre~e*1;&tiv:~s ·at · the .seven 
Colorado River Basin States at Sal:t Lake·' CitT,':;.l'~t. 18.-21, 1'19~ At .this 
meeting a permanent org~ization known ·as '~f,:he : -\~ ...•... ,, of' :tile SouthweS't!' 
vas formedo Beyond pas::;ing some. generaJ. reso.lut' .9~~ · ~ith . r~(~TenC!e ·to 
the use of water and to Federal reclamation, - l.~t·t,J.e .-~s aceolllplished. A 
second meeting was held at Los .Angel.es, Apr .. 2~ ,3,). · . }:~Q·, whe11 similar · 
resolutions were passedo A third meeting was h~4q ... -~t t-.nver, Aug. !5•27, 
1920, at which the desi:r:"ab1lity of eneouragi·D.8,:· ~11e:·_,~enstruetion of large 
reservoirs in the canyon of the Colorado River·-~~~~-:::tlood cQnt:rol and power 

· and 'irrigation uses was di-scussed, a.n.d Direeto:t···.<:>.~ ·:· t;t!e Reef~rti'on· Service 
declared that such reservoirs need not interfe~e; iitlf'the _future develop­
ment in the upper part . of the drainage basin. · :(}el:jph.· E. Carpefiter, · special 
c-ounsel for Colorado in interstate river matt•::rs, '':pr«!!sentea, . ~ ·Proposal to 
make use of the constitutional treaty-making pov-ers :Qf · the States in the 
negotiation of an interstate treaty relative t,o :~ :the i.use of ~he Colorado 
River whereby ·costly and lo:ng-dra'Wli-out litigat1o1l :wollld be ~voided. This 
idea was endorsed and the following resolut·i()n adopted: . ' 

Resolved,. That it is the sense of this' eonter.ene~ that 
the present and future rights of the sev~~~ S~tes wha.~ 
terri tory is in whole or · ~n part incl.ude,d W1 tp.i$ the ora.in~ 
e.ge ·area of the Colorado River, _ and _ tlle .t~pts&'f · theU;p.i,ted 
States to the use and benefit of the vate_:r@,·;of '·said. ~tp'e.m · 
and its tributaries, should be . settled a.na.>:~ett,i-min~d J>y eom­
pae'f! or agreement between :said States al'l~~ ~the : ~-~~eaF~tS:tis , __ 
with .eonsent of Congress, and that the_ lepslat-Qre·s &f- s11.ii 
States be ~requested to authorize __ .the appoi~~ · of .&·e01mn1e·· 
sioner for each of sa-id States f9r the .. ~~,~ : ~'f - eDt,r;i~ , 
into such compact or agreement tor subsequent ratifieatfoa' · 
and approval by the legislature of each said States arid. ·the 
Congress of the United States. 

Each State authorized the a.ppointme,nt of a coumilssioner at the 1921 ses­
sion of its legislature, and at the request of the .. governors of the sev-en 
States; Congress, on Aug. 19) 1921, authorized .t~-~egotiation of a treaty 
by those States J§l · 

162/ 42 Stat. 171. 

In accordance with the terms of the Congressional Act, Presi­
dent Harding appointed Herbert Hoover, then SecretSry 'of Ccmnneree, as the 
.Federal represe:ntati ve. H~over was selected 'because he was a.1i engineer, 
and it was realized that the problems confronting the Commission were 
preeminently eagineering, involving the physic~ ability of eaeh State to 

• 

• 

utilize the waters of the Colorado River$ 'fhe members of the Commission • 
were a.f? follows: w. s. Norviel, Arizona; w. F. McClure, C~ifornia; 
Delph E .. CSXI>enter, Colorado; J. G .. Scrugb.a.m, Nevada; Stephen B~ Davis, 
New Mexico; R. E .. Caldwell, Utah; and Frank c. Emerson, Wyoming. 



• 
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The Commission met in Washington on Jano 26~30, 1922, to or­
ganize and outline its duties.. It was found that sufficient information 
was not available in Washington to serve as the basis for a compact, and. 
it was decided to hold hearings in various parts of the basin at which 
those interested could present their views and wishes, and supporting 
data. During March and early April, six hearings were held.. At the con­
clusion of these hearings, it was decided to hold a final session in the 
following November at which a compact was to be negotiated.. Accordingly 
the Commission met, Novo 11, 1922, at Bishops Lodge near Santa Fe, New 
Mexico, and, after 14 days of formal and informal sessions, completed 
the final draft of the compac·t which was signed by the commissioners and 
chairman Hoover on Novo 24, 1922o 

Article III of the compact contains the principal provisions 
on the apportionment of the water " Paragraphs (a), (b), (d), {e), and 
(f) are quoted entirely and paragraphs (c) and {g) are ·briefed .. 

(a) There is hereby apportioned from the Colorado River system 
in perpetuity to the upper basin and to the lower basin respectively 
the exclusive beneficial consumptive use of 7,500,000 acre-feet of 
water per a.::.mum, which shall include all water necessary for the 
supply of any rights which may now exist. 

(b) In addition to the apportionment . of paragraph (a), the 
lower basin is hereby given the right to increase its beneficial 
consumptive use of such waters by 1)000,000 acre-feet per annum~ 

(c) (If hereafter the United States recognizes rights of 
Mexico the supply shall come from surplus over quantities in (a) 
and (b), and if surplus is insufficient the deficiency shall be 
borne equally by the upper and lo~r basi~sc) 

(d) The States of the upper division will not cause the. flow 
of the river at ''Lee Ferryn to be depleted below 1:\ll aggregate of 
75,000,000 acre-feet for any period of ten c6~secutive years reck­
oned in continuing progressive series beginning with the 1st day 
of October next succeeding the ratification of this compact ~ 

(e) The States of the upper division shall not withhold 
water, and the States of the lower division shall not require the 
delivery of water which cannot reasonably be applied to domestic 
and agricultural uses o 

(f) Further equitable apportionment of the beneficial uses 
of the waters of the Colorado River system unapportioned by para­
graphs (a), (b) P and (c) may be made in the manner provided in 
paragraph (g) at. any time after October 1, 1963, if and when 
either basin shall have reached its total beneficial consumptive 
use as set out in paragraphs (a) and (b) a 

(g) (Procedure for further appor·tionment after October 1, 
1963.) 

By the time of the Santa Fe meeting great interest in the pro­
posed compact had been aroused throughout the southweste When the 
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Commission met, the attenda.uee of a large number of UllCf'tieial ad-
visers so handieapped the deliberations $f the members that Chair:ma.n • 
Hoover limited the attendance at sessions to the COmm.issiGaers and their 
immediate official adviserso 

'h'o of the Commissioners brE>qht .drafts of com;p&ets to 
Sa.uta. Fe with themo Bo.rviel at ArizOD& :presen:tri, .-. baeed ou: priori­
tiesj) and Carpenter of ,Colorado oie )&sed tm all~a,~O)i. ·01 wa~r )etwen 
the St,aites o The c*-s.sion (e.cid-d I.B· favor ot t• J~atter a:D.d : proceeded 

· 'towa.:r'd that ·ab~-~~tive~ <The he~tugs;:·~ ' b,rougn:t ··ou-t .. a .-.ss Of c41Jas by 
eaeh State as tO ~~ use to be: ~.·. of the Colo!".O,$ Ji.i'ftro li\. some · 
of the states l~ttle ·defin~~ ~O.:.a~ioa. ~~saa!Mlts ··.·p~ssibillties.~· ~s , 
available a.ud as a · refttt ;~~ clafu. •" excessinl;r hi.ib U. . or«er to 
pley sa;feo ~o.,~..ora~ .~ ·~ s reeo.-.issan6e :~~s~~ ·t)t it.s possibility, 
the Reelamation ~~; ha4 .U ·a-~, q.etail~J4· .. $ttu\f ia -~.·~a 
still more detai+i!Cl ~ay · ta ~:t>ial.)f~e;r C:$,;1itorma-~' ~ ~her.· 
States be.& few actua:L ·:dat~.o Afj ~ .. ~ ;t~la:lm.s ~,·.~1Niousq ia .ex­
cess .of the tlow of the >Go);e.o Riv$r?; i~·:·was -~·-·~ · $C~e!them 
downo ifhe ~Commission · real·~e~ tbat· it.;~ll'Ollld - be. ~s~ble 'b;).· *' .. tiate 
a eompa~t (as the proposed"' t~ty was e·a:tled) proV'idiiDS.-an alloea-ti:on to 
ea.eh stateo lftley found, how""e:r, that ~t would b~ plis:a:ibie .. : to SJ..l.ae&te 
an an.nu.al q~'tity to the gro:up of' .~ :Basin. ~ates, eo,.:tst:tq .~t. 
Colors.doJ) Wi~~ Utah, an4; ~·New MeXieo as· a. um.t, &104 a similar qliaJa"" · 
tity ~o the group of·· :r.ower Ba~ill ~"tes-~ ~~$idiD&Gf Nevada, Cal.U:orma.? 
and Arizona~ Each of the tvo e;r~ps :: o.f . S~J~s · ;Ms e~eted to allocate 
the water to e&4:h of the Sta~.$· e~is~ ·the sr~." · 

. . \'~:•' ._ . •·. _.., ' ' . ' 

1tle divid~ ])Oi~t :}>e~~ ~~,-~ 84 -·~ Ba;sias· was 
d.e,signated &s at · "Lee Ferry": a pp~ drr "th' lDfl~. s'tre$m of tP,e Colorado 
River one mile'· be1ow the 'mouth·.or .. ··tht:t ·:Pari$·. Rivera·. The l.oe$ticm af1d 
spelling of "~e Ferry" wa~.:~lf~,;~~ bom : .. ~.- ~lio . ~s iud~ · 
raDgle. map . of the Ge&1ogic:al · ~.rbv:ey:; -. ~d:it::Lo;a of . IJI~e&nl:~ar · l~1:·.,' .The 
original terrr ·Ya,s b.el.ov the .mP\i~. :Of. ··the . Pari~ Ri~r~-- :Q'l:, later· years 
:rerries were .. i:ftt~~ed aibove· :~e.7.:~Ji\'. River a.d -r~uM~ .,::the; lett 
b$k by m.eans ~', Q:f the ~~~~~l:!ea,d:a ":~' 1'tle' JPttll~:. :!~ . .. ~· . ca¥· into 
general use. '&lld was . adopte<llf:···~ ·· eeOgrapbie : ::eoard:'caa .·.~ th~ . plaee name .of 
the J.ocalityo · · . · .. · · · ' 

. . 

Al~ the proposa'l,, 'tQ ~porti()1l the .. ws.ter ·eqilalJ.y betwen 
the Upper f1Ud L&•r Basins a~· met 1tith the 1\Pprova:l· ot all· the 
Commissio:tters, :tfue specific amotmt ·;'to be apportiO:rM!Id ft.$ not so readily 
agreed upQn.. The est:i.mates of totar·ater (the reoo:nstru.eted river), 
varied from about 17,000,000 to 201000~ ·000 ac:re ... feet.. As a future ap­
portionment of s·urplus water was to ibe· provided, t:ne ~ommission proposed 
to make the' current apportio:oment in the amoun:t of 15,000,000 a.ere-f'eet3 

7,500JJ000 acre-feet to each basino At the Santa Fe meeting Arizona was 
·willing to accept the apportioDment of 7p5007 000 a~re-feet to the Lower 
Basin provided the Gila.· River ·was either e:x:eluded from the Colorado River 
Basin, or 1 ts "fA.rater ·not included in the apportionment o The solution of' 
this problem· was the inclusion of paragraph {b} in Article III of the 
compact ,apportioning an additional l,OOOiOOO acre~feet to the Lower Basin. 
Paragraph (b) does not ,mention Arizona or the Gila. River but it was the 
understanding that the 1,000,000 acre-feet was for Arizona 0 s use, and 
that Gila River was a part of the Colorado River Basino 

• 

• 
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Before the compact could become effective it had to be ratified 
by the legislature of each signatory State and finally by Congress. The 
compact was presented to each State Legislature and all ratified except 
Arizona.. Although the compact connnissioner for Arizona had succeeeded at 
Santa Fe in having paragraph {b) inserted in Article III of the compact, 
the delay in the formulation of a:ny apportiomnent schedule among .th.e Lower 
Basin States led to the belief among the people of the State, and conse­
quently in their legislature, that the compact was not entirely satisfac­
tory from an Arizona standpoint. A new governor took office early in 
1923o Also the death of the California commissioner seemed to lessen the 
cooperative attitude of that State. 

The Arizona legislature finally acted but did not ratify the 
compact. One report is that they failed to ratify by one vote, another 
report is that they r~tified with amendments and the governor vetoed the 
legislation.. Arizona i ·nsisted that before she ratified the compact it 
should first be determined what portion of the 7,500,000 acre-feet she 
would receive, and the status of the Gila and its .tributaries must be 
definitely determinedo 

Arizona objected further on the ground that 'Whereas the compact 
eliminated the application ·of the doctrine of prior appropriation between 
the Upper and Lower Basins it left it in force between California and 
Arizona putting the latter State in the menace of great priorities in 
California as a result of diversions through the All-American Canal_l6ql 

161/ The Hoover dam power and water contracts and related data~ Depto of 
Interior, 1933, ppo 7; 8. 

which was proposed to be built by the Federal government. The refusal of 
Arizona to ratif,y the compact blocked its ratification by Congresso 

The ever-present menace to Imperial Valley of floods on the one 
hand, and shortage of water for irrigation on the other, caused California 
to press Congress for the construction of a large reservoir on the Colo­
rado River near Boulder Canyon and the so-called All-American Canal. 
Bills sponsored by Senator Hiram Johnson and Representative Phil Swing of 
California ~re introduced into Congress for that purpose. The upper 
basin States viewed with ~1~ such construction before the ratification 
of the Colorado River compact, and succeeded in blocking the enactment of 
the proposed legislationo ' Congress took the attitude that until the 
States of the basin could agree among themselves nothing should be done, 
and the bills introduced into successive sessions of Congress failed of 
passageo In the meant~e irrigation companies operating in Mexico were 
expanding their irrigated areas and so were using more and more of the 
Colorado River water, thus acquiring and perfecting prior rights. 

During the years 1923 to 1927 all efforts of' Arizona and Cali­
fornia to reach agreement on the major items of a tri-state compact had 
resulted in failureo In 1927 the Governor of Utah sponsored a conference 
of the governors of the - ;?~Ven states for discussion of the Colorado River 
problemso This conference held several sessiops at Denver during the 
months of' August, September, and October 1927., During 1928 many of the 
suggestions from the Denver conference were incorporated into the current 
"Swing-Johnson" bill which became the Boulde~ Canyon Project Act when it 
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was finally passed by Congress in December 1928o The Colorado Riv~r com-
pact, with some modifications, was included in the Acto The ·principal • 
modifications were, the compact must be ratified by C'alif·ornia. and· five 
other · state,s; the California legisl&ture must pass a limitations act, 
the principal feature being that she agree to consumptive use of not · 
more th;an 4,400,000 acre-feet of the 71500,000 a:ere-feet apportioned to· 
the lower basin by paragraph (a) ot Article III of the compact.. The dis-
puted pSf["agraph (b) of Article . ~II of the compact was not eliminated in 
the Project Act, but Arizona · vas given the consumptive usEf of the Gila 
River aid tributaries within the Statte.. · : 

The project Act was to become effective six months after its 
approv~ provided six states, including Cali,fornia., ratified the com­
pact as modified and the California legislature passed the required 
limitations act., These conditions were fulfilled Within the time limit 
and the ·Bouldtr Canyon Project Act~ approved Decemoer 21, 1928~ became 

161/ 45 Stat. 1057. 

effective June 21, 1929Q 

. Gaging statio,ns on ~ower Colorado River 

When th~· ,states and Federal. gov-ernment accepted the idea that 
the develepment of the Colorado River must be based on a general plan, 
treaty or compact of some sort, they were faced with ~he fact that ac~ 
tual data on the resource to be appOrtioned were truly few and far be­
tween.. What has been popularly known as a great river carrying plenty 
of water became an insuf'f'icient .source *en estimates of future uses of 
the water were accumu.le:~ed. Prior t~ 1917 the only flow records on the 
main river between the mouth of Green River· in UtSh an<;l Yuma,. Arizona, 
were 2~ years . ot r~cords colle~ted. n,ear Hardyville' Arizona, during 
1905-07. With tbe assistance of' the ··. Reelamation Service reeords were 
started at Topock, near HardyVille, in February 1917 o When the compact 
negotiations ·were authGrized 110 flow data were available for any points· 
in the canyon· section, where the poten-tial power and reservoir sites 
were s·ituated, as was also the proposed division point betveea the up-
. per and lower basins o · - - · 

! . 

Neither ~he· states ml)r the Federal · agencies interested acted 
prOlttptly in the es~bli.sbment of ~iJlg st$tions in the c~on section 
and- it remained f'or -private power inter.,·sts, . enc·our&ged by tbf! passage 
of Water Power Act in 192.0, to· t-.~ the ·fU'st ~teps lea:dins to the es­
tablishment of two impOrtant gaging stations; those· · at J..ees Ferry and 
at Bright Angel Creeko The hi·story ot . t~ese · stations and: of' the Ciseo 
station on the upper _ C.olorado River-and the ·improvement · Of • the TOpoCk-

. station are believed to be of sufficient importance to be reco~ded in 
this histoey o " . The! Bluf';f station on San J'u&Jl. River ill southern tJtah was 
re~equipped and placed .iB ·Opera~ion near the end Gf this period Of the 
history, as it vas believed that records of the Sari Juan RiV'er would' be 
useful in t~e study. of Colorado River problems" 

• 

• 

• 
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Lees Ferry station.- Interest in the development of the lower 
Colorado River had been growing during the latter years of -the previous 
period, due in a large measure to the publication,of La.Rue's. f'irst Colo­
rado River repor t in 1916~0 Because of the rapid increase in population 

16~ Water Supply Paper 395 . 

. of Southern California, the Southern California Edison Comp$DY began to 
seek a.ddi tional sources of power, a.nd in December 1920 made application 
to the Federal Power Commission for a preliminary permit to investigate 
a reservoir site on the Colorado River in the Glen Canyon in northern 
Arizona. o Although no action was taken on tb.i~ application . pending the 
negotiation of the ·co+f)rado River comp~ct, .. ,the, ·'e(>mp~· ·established a 
gaging station in M&y····,lg21 at Lees F-~ abQV" ~he .. ~_ia River and five 
miles below the site of t~e - proposed · aam~ -~-~· se~e~~~Q. the site tor 
the gaging station, ·. th~ SUrvey superf~~sei lt~ :~~peratio~{ ~d . computed the 
records o The,. entire , eo~~ ~xcept th'1;::~~t :_.,,ter:s "f.~ ~rne by . the 
power com.pa:niyj o ~e ~~~.J"-ting cos~ was high ~s the · s}!~f'ting character 

16 2./ Letter from R o C Q ,Rie~. to the author., 

of the channel made it ' &dv~sable to maintain a resident engineer and a 
helper in order that measurements could be· made almost ,Qa.ily. A cable 
of' 610-foot span was erected and gage heights were obtained. by means of 
staff' gageso Lat e in the next year the company built a concrete shelter 
at the Dugway, and in Januar y 1923 j.nstal led a recorder which was fur­
nished by the Surveyo 

The proposed Colorado River compact required the meas~ement 
ot the Colorado River at "Lee Ferry'' to reeord the a.mo'Ullt of water de­
livered from the upper to the lower basin.. Although the compact :was 
then far from completion it was evident that the Lees Ferry ,station and 
its records would be of great value to the Colorado River Basin States. 
In order to technically satisfy the terms of the compact a record of the 
flow of Paria River was neededo . Accordillgly a gaging station wa;B estab-
lished on that stream near its mouth in November 1923o · · 

'!'he Arizona district funds were very materially increased be~ 
ginning with the fiscal year 1924 and the Survey was able to take over 
the actual operation of the ~s Ferry statiom on Sept. 1, 1923, ·with 
substantial financial assistance furnished by the Southern California 
Edison Company .. ·This arrangement continued until June 30, 1927, 'When 
the passage of an act by Congress prohibit~ng water~power development on 
the Colorado River prior to the ratification of the compact, caused the 
power company to withdraw its support of' the pging statlon. Funds at 
the disposal of the Survey llere insufficient to maintain the Lees Ferry 
station, so aJ.l the States in the basin,. andA:other interests, were called 
upon to assisto The resulting contributions~ enabled the Survey to 

16§/ Po gQ_o 

operate the station during 1928 o The Interior Department appropriation 
Act for 1929 carried a sub-item by 'Which $50,000 was .made available. 
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"For operation and maintenance of the Lees Ferry, Arizona, gaging sta­
tion and other base stations in the Colorado Riyer drainageo" 

So important did the Lees Ferry station become that by Ex,eu­
tive Order of . Jan\18J:7 18, 1933, President Hoover reserved tor the use of 
the Geological Survey the publie land on which the gaging station was 
situa.tedo .f. 

, Topock s~tioao~ · Tbe ge.g!Dg statisn on Colora4o Ri~l'-'· liear · 
Topoek, Arizona, Whic~:·:~· b~n started in 1917; was operai;.,e~ ~th in­
suf'fieiept tpnds and· personnel, a.nd With inadequate eqUi~ilt ~ll.rillg the 
years ·1917 .to 1920~ ·Wbea the district office was reestablished ·in Ari­
zona ·in April 1921 mDlie :.attention was given the stationo }lovever, -most 
o-r ··· the ·. d!scharge meastir:ements were still made by _th~ loca;L ob,e~er~­
hyclrograpner who was · handicapped b;y i.llness 1. a gaging Cable . vt ~S\Ut._ su:f­
fietent· clear,a.nce ~t ~!Sh stages and faulty operation of tD;e .'· reeQrQ:er 
installed cwi!r an inclined gage wello .. 

'. . • . ' . ... . . . • . . . · ~ •· ' ·. . .: ' 

The principal cooperative sul>port had come from t)le ·• R~clama-
tion Serviee whieh ·saw the need for records which ·would be ·usetul. in 
studies of dam sit~s tp··. Boulder C~on,· ·a.nd al~o .se!'Ye as ., ~ cheQ~ . pn 
flow data for the ,'_nctN. t;y of' Laguna Demo Eariy in 1922 ·the · :aeclamation 
Serviee · and · other .. :t.:se~·i•s intez!ested. ~- .. the lower· Co:t~ltte- Riye;r • agreed 
to ass~st in· a more ·:;~~sive ·program· ··~of ili~··.~aming- .~~ea$~~~ ~·-~.'!(~so · in 
the eoJurtruetio:o of :·:. .~.-.· station at ._ a · more ... favorabie :• .. :a:l:te;.·'~streamo 

=~~~~~~;~x~': '· ~~~~~,;~1~:s~f;~lf~~-
water ,: s~(i)~ l'U~~ ··pr:~c~~d,ed With the pl~~;f ·. ~~ - eonstruction (Jf a eom­
pl~tel1: -#•~ _ sta~:t<?~ itt~i~ i;.·s·i~~ .~'bOut o!le ,J~ile · Q.o~~ream., ,,,!be old station 
was e~ll1!~ci :. Wlt11 t•&· ~~:v station ft.~\·: .. ~ · .. · .· ~ete Operation on Decem-
ber 3,·: ~922 o , , ~t ~he-- ·:~:·:~~te,·,a 4~-foOt ·~ .. .. ~·:. ~·~-~ f"ll, -ana ·o·~-~er . shelter · 
were ··~!~·~~te·i-~,~d:·~·' . e~~e-~ ,tJJ,f · ·549""fo0t .. -:S~2 1Ms!' installed· a Th~ cable 
was ~ eq~f)ed··:;'Wi~:-a: · ~·~1f!J~\ ~tand-~p ear · ~!'JI·)·~s :th:e Colorado River typeo , 
.More f.~ mor~ e~e.c'l - .t~ fo,r · ac~ual necessity;, . ·t,Ae .ear c&rried tw ltte 
pre•et'!~ra) each ina,r~fl _:~-c,~~GoS., ' Topock, At~zi~'' A teleph- line 3-i 
mile's loq wa·s .built later e'ohtie~ting the' staition. With the 'lOcal ·Q'$tea 
at Topock for flood warning ·service to Yuma · ~d. other points., A woden 
buildillg to ,serve as oftioe and living quarters for the resident hy-
drogt;apher ·' 'WJA.S constrt1~~e.d,{~ <ll'ii tp.e_ · Ari~ona .~Jd~ /Of t}le rive.~ . ·~ar ::~he 
cable'. a.tiehor&Ce ·and rectSrMr shei:tero .. ··-~~ ' · · ·._ · ·. · -,. ··.· . ! ···:· 

· Gr~Q;· Canyon station ..... . Early in ~9~i · the ma~,ional: Park_; Service 
completed th~4'erection of·,: tae Kaibab suspea~io;n . bridge . over . the .· Co1orad.o 

· River • at .the :Ul0uth of Brigh-t ~hgel Cr~~k ·:tD. ·-t~e· Gran.d G~oa - Bat~onal · 
P\H~,~ .: ;\'-~~ .pes~ibility ·of u~~ t~is bt;i~e·. 16~ a gaging s~~ioJi:':~s ·the 
l?t{t~l·(er. a ·. s~stion by tn$·, Survey to tpe..: .~Q~amation ·8erY1ce · that the 
tvo~ ::..~e•u.s: 3oln. in tb.e e.xpense of an: inve:stfeat·ioa ·et the :.eite tor ,~ a 
gaging,.··statiG%1, in the Grand Canyon() ' 'It was ' also· suggested. th.,t a sta-: 
tion at ·. ~}).is site would be',. of mo;:e value for · studies of dam sites in tlie 
·Boulder ~:n ·section than the ,~existing Topock :station which had not 

. ,. f !'t 

proven vei::Y; satisfactory up to tp.at time o The : Becl~tion Seriice was 
agreeable· .. but the rec<;>nnaissanee' ot the site : at ,·~ight Angel Creek:, was 
not made until 'November 192lo · 

,t 
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At the same time the Federal Power Commission had under con­
sideration an application from James B,~ Girand of' Phoenix, Arizona, for 
a power site on Colorado River in the ,}ieinity of' Diamond:ereek, about 
135 miles do"Wllstream from Bright .Angel Creek~ , Mr. Girand, however, was 
loath to spend money on the instal:Lation and operation. of a gaging sta­
tion at his site until he had definite assurance of the status of his 
project. Rice made a recormaissance for a gaging station near Diamond 
Creek in September 1921, but after a reconnaissance of the Bright Angel 
Creek site in the f'ollo'Wing November he reported very strongly in favor 
of the latter site.. The Federal Power Commission later ·amended Girand's 
temporary permit to relieve him of the installation of a ga.ging station 
at Diamond Creek provided the necessary data for his project could be 
collected at the Bright Angel Creek siteo If so he would be required to 
share in the expense of the establishment and operation of the station 
at the Bright Angel Creek site.. The prospects thus appeared much better 
f'or a gaging station at the Bright Ai1ge1 .Creek site and plans -were made 
for its installation" The Federal Power Commission and ,the Reclamation 
Service as well as other agencies assisted in the cost. Girand, however, 
did not contribute and his application was never finally approvedo 

. . 

Rice's visit to the 'Bright Angel Creek site in November 1921 
disclosed that the Kaibab suspension bridge ,would not be suitable for 
discharge measurements.. The .roadway of the _.·b:ridge was ·· _._ too ;;.~,~row · to 
accommodate pac~ animals while discharge meastirem.ents. .were being made 
and the sides of the bridge were covered ·by a high wire renee. It was 
necessary, therefore, to plan for a. ca.blewa.y, .. a.nd, a recording gage struc­
ture. During the spring and summel;; \:(i)f .• l922 ·~terials -were ·-ordered and 
delivered to the south rim of the Grand Canyon.. The Fred Harvey Company 
was engaged to do the packing to the river after the tourist travel 
slackened in September. 

In June 1922 the Washington office borro1ved ], • C. Ebert from 
the California district and placed him in charge of the construction 
work. Ebert and Rice visited the site July 25 ... 27, 1922,. and made the 
final plans for the construction.. The first discharge measurement was 
made November 12 and daily records from a staff gage were started on 
that date;. 

Ebert reported that 70 working days were re~uired for .the job 
which was· done by 8 men, including the camp cook and hydraulic engineer .. 
All construction materials, except rock and sand, and camp equipment and 
supplies were brought in by pack ·mules f'rom the south rim. Rock was 
available at the site but sand was packed about 2 miles. Ebert reported 
that a little more than 800 niule'*'da.ys w.er·e., required for packing on the 
entire job. The mule loads were limited to about 150 poi.mds by weight 
and not over 6 feet in length.. The cable was ' brought down · by a mULe at 
each end and 8 men distributed between. > 

As the gaging station site was loeated in _plain view of' the 
Kaibab trail crossing in the Grand Canyon Nationa.l Park, . the standard 
plans for concrete shelters were modified to provide a rubble facing of 
native rock which would be inconspicuous and not detract from. the scenic 
beauty of the canyono The nearness of the Park Service telephone line 
made it possible to install a telephone at the station and thereby furn­
ish daily-stage reports to the outside world. The form lumber left over 
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from t he construction jo·b was used the following winter in the construc­
tion of a rock cabin to serve as office and living quarters for the resi­
dent hydrographer., The ~abin was built on the boulder delta at the mouth 
of Bright Angel Creek and was made similar in appearance to the buildings 
at Phantom Ranch.. In October 1923 a sta.f'f-gage station was installed on 
Bright Angel Creek and the operation of that station vas added to the du­
ties of' the resident hydrographer .. 

Cisco station .. - The Survey had previously maintained a gaging 
station at Fruita J Colo o 1 near the Colorado-Utah State line but because 
of lack of f'un.ds for adequate field workjl the recol."ds were unsatisfactory" 
During the summer of' 1922 'While the prelim1nat")" negotiations . of the com­
pact were in progress it was evident that a re"t~ord ot the di'Scharge of 
the Colorado River at or n:ear the Colorado""Utah line would be required 
~or. ~ final di\V'. is ion of the waters ·between Colorado and Utah.. AJ_ .... 
though 1 Utah was cooperating w1 th the Survey at that time, Colorado was 
not and the :funds of the ·colorado district were· too meager to bear half' 
the eost of' the new sta-tion a.s the Utah district could do. In· this di­
lemma the State ·engineer of Colorado felt that the State's interest in · 
the proposed station was sufficiently great to warrant a contribution to 
its co:hstruction and agreed to such action.. With the neeessa.ry funds 
assure~, a recoima.issanee was made in Septemper 1922 . . of .~~.·. possible 
sites tor the new station, one the Fruita site and the &er at the Dewey 
Bridge! below Dolores River about 11 miles ·st>uth of Cisco, Utah, where a 
statio:p. had been maintained during 1915 to 1917 o !he latter site was 
found to be preferable:; and a timber recorder · shelter was constructed and 
a eabl¥ of 602 .. f'oot span was installed that f~l by Wo Eo ~ickinson of 
the Ut~ dis.trie.t.. 'f'!le ~ost of this station was $2,210, of which Colo-
rado contributed $1,049 anq . tQ.e Utah district $1,16lo · 

. I Blut:r station o . ·a.r: Juan River.• A reCOimai&~)ll;e ot San Juan 
River in the vicird.ty ot Blutf, Utah, W'$.S made during 1 · .. · i ·· 7 the dis­
trict engineers ot Arizona and ·utah ~d the · State hydro .. apher ot Colo­
rado., · It was decided that the former station , at Goodridge Bridge, about 
25 miles downstream from Bluff shoul.d be reestabl-ished and the .Arizona 
district undertook ·the pl~ing and the eonstruc~tion of a station to be 
equipped with a recorder ~d ~wo measuring eables·o Construction started 
in Fe~rua.ry 1927 a.ud re~o~as began in Ma.r·eh of that year., 'The complete 
installation was · delayed until 1930 by scarei ty ot funds., !he stream 
gaging was done 1-n the usual ·l'DalUler by the · Ar·izona. and Utah districts 
until the la·tter part ot 1928 ·we·n the station beeame a .,Colorado River 
base station" and a 11resideneyu . under the Utah &i,s·triet·o EqUiPJlle.nt tor 

~ silt sampling SIS well as stream gagiDg. WS prQ,V~dedo . 

·Operation:. (})f statioms o- The gaging ·stations established on 
·Colorado River during 1921 and 1922 presented e>peratio11 problems in ad~.o 
di tion to those. met with at ordinary gaging stations o The selection of 
sites t ·or gaging stations was controlled almost entirely by' accessibility 
to the river" The :streambeds . . at eross•sections suitable for discharge 
measurements were obviously subje€t to scour a:Gd' fill and the stability 
.of' visible eontr()1 ,secti·ons was tl.tilmowno '!'he ·large a.me>unt of: .-silt car­
ried by the river indicated \hat th~ reeording gage wells would require 
mueh attention dur:tng falling. stageso After a few years of operation it 

\ . 

• 

• 

• 



• 

• 

• 

109 

was demonstrated that the Paria Rapids at Lees Ferry and the Bright Angel 
Rapids at the Canyon Station did a.f'ford fairly stable control sectionso 
At the Lees Ferry and Topock stations the area of the cross-section at 
the measuring cable increased from low stage to high stage as much by 
scour of the river bed as by rise in the water surface. Station opera­
tions which would produce data of the needed degree of accuracy obviously 
required the full-time service of a combination observer-hydrographer 
and an assistant during the high-water season. 

The operation of the Colorado River stations required heaviez;A 
sounding weights and these were designed in 1922 and -redesigned in 192r}J. 

16]/ Page . .?3. 

The use of heavier weights required a reel and a. special type of gaging 
car which was developed by Rice and Gardner dUring 1922 and followed the 
general design of the stand-up type of car provided _by Ellsworth for the 
Topock station in ~918o On these cars the reel, two feet in diameter, 
was mounted on the upstream side of the car and ,the sounding line con­
trolled by one or two guide rollers at the bottom of the caro A canvas 
top was placed over the car to protect the operator from the intense 
heat of the Arizona suno 

The experience at Lees Ferry during the high-water season of 
1922 demonstrated that another accessori' to~ the . equipm.ent of the gaging 
car was neededo This was some means or _devie~ ·by wttich the vertical 
angle in the sounding line could be· measured When needed for correcting 
soundings. During 1922 Cockroft. obtained :angles by holding a- graduated 
board with a level or plumb bob against the :':sotmding line beneath the 
car. While working on the "two-table method" during the early part of 
1923, Stevens conceived the idea of us,ing a light, swinging frame mounted 
on the axis of the lowest guide rolle~ and on the downstream side of the 
sounding line. The movement of the frame by the sounding line was to be 
transferred to a weighted protractor on which.·-the vertical -angle could 
be. read.. The idea was sent to the district·· ot:t'ice in April 1923 and the 
three stations were equipped by Dudley during the neXt three months with 
angle measuring devices incorporating Stevens 8 idea.· 

Operations were carried on during the re~inder of the period 
substantially as described. Living conditions for the resident engi­
neers were primitive but were improved during later years. These con~ 
ditions were described by Dickinson.l68/ · 

------------~~- -

16Q/ Letter from W. Eo Dickinson to the author. 

"Each station is in charge of a well-qualified engineer (who 
has) during the high-water season a junior engineer helper. The most 
strenuous field work occurs during the hottest part of the summer at low 
altitudes in Arizonao It is hard, exacting work in trying heat, and in 
the past under someWhat primitive conditions of living. I have had at 
times a~d in particular cases many misgivings about sending men into it, 
but invariably they . have come out healthier' huskier J and enthusiastic o' 

That must be the magic of stream gagingo" 
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The employment of resident engineers needed to obtain accurate 
records at stations difficult of access on a river having a badly shift­
ing bed was expensive and resulted in an annual operating cost of about ­
$6,000 per station. To finance the cost of construction and -operation, 
funds were received from the following sources: 

Available funds for Colorado River stations in 
addition to those expended by the Survey and State 
of Arizona under regular cooperative agreements. 

Geo1. Reclamation FederaJ..··,power Weather City of 
Year survez SetrVice y Commiss-ion · Bureau Los Angeles 

1922 $2, 7o4 $2,776 $4,000 $500 
1923 1,635 11,255 6,.043 200 $1,339 
1924 4,278 1,533 200 166 
1925 1,320 4,182 1,500 . 200 1,491 
1926 682 4,181 3,201 200 756 
1927 3,012 3,000 1,531 
1928 300 3,000 3,717 

So. Calif. State of 
Year Edison Co. Calif. Miscl. Total 

1922 $9,480 
1923 $130 $1,170 22,.072 
1924 1,250 720 8,147 
1925 .2,037 222 - 10,952 
1926 1,216 . 3~ 250 10,884 
1927 744 553 460 9,500 
1928 678 200 . 7,895 

y Reclamation Servi:ce became u. s. Bureau. o:f'Reclamation on June 20, 
1923. 

In addition the Colorado River Basin States and other interests 
contributed to the operating costs of the Lees Ferry station during the 
fiscal year 1928 as follows: 

Arizona-Colorado River Connnission 
Wyo;ming 
Uta,b.: 
New Mexico 
City of. Pas~dena 

$1,700 
1,000 

673 
500 
200 

The city of Los Angeles increased its contribution during 1928 
for the same· purpose. 

The film 11Story o:f Wateru 

The film entitled ustoryof W'ater" was a cooperative under- · 
ta-kingo The Reclamation Service· was desirous of popularizing its work, 
particularly in the eastern part ·of the ·country where little .was known 
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regarding it, and decided upon a moving-picture story starting with a 
mountain stream originating in a snowbank high up in the canyons, show­
ing its boistrous progress through canyons to the va11ey where it was 
harnessed for irrigation. To make the picture as realistic as possible 
and to give it the desired scenic background as a. further aid in arous­
ing public interest, Yosemite Va1ley in California was .selected as the 
site. C. J. Blanchard, statistician, and ·R. Bo Dame, photographer, both 
of the Reclamation Service, went to San Francisco in September 1920 and 
enlisted McGlashan's cooperation in the enterprise. 

The following week all three went to Yosemite Valley and ob­
tained a moving picture of c. Jo Emerson making a discharge measurement 
from a cable car at the gaging station on Tuolumne River below Retch 
Hetchy dam site. Another moving picttire was obtained in .Yosemite Valley 
showing McGlashan making a wading . measurement. Incidentally, the speed 
with which these measurements appeared to be made when the film was 

. shown, cast some doubt on their accur~y. Another moViD:g picture showed 
Emerson visiting a recorder shelter aila performing ~he, routine work of 
such a visit at a phenomenally high rate of speed. ' Pictures of irriga­
tion structures and scenes on completed irrigation projects were obtained 
elsewhere, the whole being made into a two-reel film giving the story of 
water chiefly from the irrigation standpoint. 

The film was first shown publicly at the 1921 conference and 
aroused so much interest among the districtengineers that within the 
next few years many of them borrowed the film and exhibited it to groups 
in their districtso The writer recalls showing it to the Nebraska Irri­
gatton Association in 1931, at which time the presiding officer commented 
on the speed with which McGlashan and .Emerson appeared to· do their work, 
and stated that at last he had seen government men who were really hustling 
on their jobs .. 

In 1924 the Story of Water was condensed into one reel a.nd 
shown on occasions where the two-reel film would be too long. The first 
week after its condensation the reel was used by the visual education 
instructor in the District of Columbia and shown to 63 sixth grade clas­
ses having a total attendance .of 2,290 .. 1$9/ 

162/ News Letter Feb~ 11, 1924 . 

Potomac River at 9reat Falls 

A special stu~ of the water supply of the Potomac River at 
Great Falls was made during the latter part of 1920 in the Washington 
office under Jo Co Hoyt's direction. 

The recently created Federal. Pover Commission had been directed 
by Congress to make an .investigation and report on the development of 
Great Falls for water power and increase of water supply for the District 
of Co1umbiao The Commission delegated the engineering studies to the 
Army Engineers, and on July 27, 1920, the Chief of Engineers requested 
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the Survey to report on the water supplyo It was to be an office study 
and an allotment of $1,500 was made for the purpose!1.!J 

17Q/ Letter from No Co Grover to the authoro 

The study was started in August 1920 by ·the computing section 
and completed in the following December o The :natural flow ot the Potomac 
River at Great Falls was computed for the 23-year period 1897 to 1919, 
based on records of' the Potomac at Point of Rocks,. Md o, and of the 
Monocacy at Frederick, Mdo, the combined dra.ina.g~ area. of which was 90 
percent of that above Great Falls. Comparative studies of short-time 
records within the remaining 10 percent of the area were made to serve 
as a basis for estimating the runoff from that 'areao As the study re­
lated primarily to power, extensive use of deficiency tables was madeo 
Floods ·were also studiedo To determine the.increased flow during low­
water periods that might be obtained by stor.age, reservoir sites were 
selected on topographic maps, their capacities ,measured, and the runoff 
available at each site was computed by use ot·: the.··' unit runoff' determined 
for various parts of the Potomac River Basin!f/ A4vance data· were fur-

' . ' ;: ~ ;. ' 

1 T!/ News Letter Jano 25, 1921 •. 

nished to the Army Engineers as the computa.tiori.r:i ··,~rogressedo 

The report on water supply by Hoyt and Stevens was transmitted 
to the Army Engineers and was published, with tneir findings/~ many of 

which . were based on the Survey study of the water/. supply. In connnenting 
on the Survey's report the Army Engineers stated:~ 

~~;~j· ·, 
17J./ Qp. cit, p ... _29o 

This report is so thorough a stu~ of all runoff records 
and of storage reservoir possibilities that the amount of 
water available for the development of power is in no sense 
conJectural" The United States Geological Survey, through 
its topographic branch and surface water division, has at all 
times during this investigation most cheerfully eooperated by 
furnishing all available ·topographic and runoff datao 

:Juif.li~ ~ing t"Qe general investigation, J o Ho Levering, an engineer 
of Los Angeles, presented a scheme for power development, and appealed 
to the Secretary of the Interior to have it investigated by the Survey" 
The Secretary requested a report on the Levering scheme, and in order to 
have the report express the views not only of the Survey but of the en­
tire Department, representatives. from all engineering groups of the De­
partment were called tno The adverse report, which was written on one 
page to give emphasis to it, wa.s signed by Grover, J. Co Hoyt, Horton, 
G.. Co Stevens, and Davenport of the Branch, and by four engineers from 

• 

• 

r 'II 

• 



• 

• 

• 

113 

the other groups of the Departmento It .was published on page 6 of the 
Army Engineers' report to which referenc·e has been made above • 

Stream gaging in Haiti 

Although the stream-gaging work which was started: in Haiti 
during the period was not carried on under the Survey's. supervision, 
nor supported in~ any way by Survey funds, Grover made a study of the 
situation and made recommendations, f ,ormer members . of the Survey started 
the work and carried it on for two years, and .monthly contributions from 
engineers in Haiti appeared regularly fnthe Ne:ws .Letters~ .Therefore, 
it appears fitting to give an account of the beginning of the Haitian 
work .. 

During the years 1912 to 1914 .. Haiti had a succession of presi­
dents and was in a continual state of turmoil~ · These presidents bor­
rowed money by means of four separate issues of internal bonds in order 
to provide funds to pay the "extraordinary expenses" incident to their 
election and subsequent maintenance :in officeo. These bonds were secured 
by specific customs duties and were taken largely by local German mer­
chants and representatives of German banking institutions. Fearing for 
the safety of these investments, the German ·goyermrient took preliminary 
steps early in 1914 to obtain exclusive control of the Haitian customs 
and obtain a naval base - both in defiance ot the Monroe Doctrine - but 
the outbreak of the World War in the summer -of 1914 caused Germany to 
withdraw her attention from Haitian affairs. The United States, during 
these years of strife, had kept watch of the proceedings through the 
presence of one or more warships stationed in the harbor of Port-au-Prince. 

Finally in 1915, during another of the recurring revolutions, 
our naval forces intervened to protect the lives and' property of foreigners. 
This intervention led to the negotiation of a treaty, Article I of which 
stated: ·. 

The Government of the United States will by i~s good 
offices aid the Haitian Government in the proper and effi­
cient development of its agricultural, mineral,: and commer­
cial resources, and the establishment of the finances of 
Haiti on a firm and solid basiso ' 

This treaty was effective in 1916 and the United States took over the 
management of Haitian fiscal affairs.. Being on the. ground, the Navy De­
partment was given the task of carrying out the terms of the treatyo 

The only treaty activity pertinent to this history.was related to 
the efficient development of agriculture, and as much of the plains re­
gion is desert in character, a system of irrigation was required. In 
the Colonial days the French had constructed an irrigation system, but 
this had been neglected after the country became independent and was in 
general no long~r usableo As the development of an irrigation system 
was an engineering task, it was undertaken by the Haitian Department of 
Public WGrkso When Commander A. Lo Parsons became engineer-in-chief 
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~t the Department in 1919 he realized that irrigation plans must be pre­
ceded by a knowledge ot available water supplies and came to the Survey 
tor advieeo Knowledge of available water supply must be based OD a 
stream-gaging program 'but before specific advice could be givea it was 
necessary to become familiar with the local conditionso Accordillgly, 
Grover was detailed by the Sur·vey to 1Che Navy Department at the expense 
of' Haitian funds, spending the period f'rom September to No·V'ember ·1921 on 
that detail. In his report to Commander Parsons, Grover showed the need 
for a stream-gaging program and made speciti~ recommendations tor the 
organization of sueh wor·k, as follo't~rs~ 

I 

The engineeri·ng persormel for stream gaging as finally 
organized in the Republic should consi.st of a. hydrometri~ 
engineer, an assistant hydrometric engineer, two or more dis­
trict engineers,, an office engineer, and several assistant 
and .junior engineerso . F<.>r a~ least several: years af'te(I" the 
beginning of the work.'~ the bycl:orometrie, engineer and his. prin­
cipal assi~stan.t should be selected from tl'?.e group of' experi­
enced engineers employed in t.he stream-gaging work of the · 
United States Geological Survey o As ~soon as their sertiees 
can be utilized~ you.ng Haitian engineers of' good eduea.tion 
should be employed and developed by ·eXperience and rsele(!tion, 
serving first as junior or assistant 'Ef,nginee~rs and ad'V'ane~ing 

through the higher gr)ades in accordance with their integrity 
and their ability to accept; responsib,ility and to direct the 
work of otheros o 

Although he~ did ttOt pick OUt spec,if'ic sites . fo:f gaging S'taitiOllS,p he 
listed the streams for . WlJ.:i~h records should be obtained and ·gave gen­
eral locations and general recommendations f'·or types of' ins~alla.tionso 

A.s a result ot G~oveF v s recommend.$t'ions, stream gaging was 
started the folloWing ·summer {1922) a.."1.d I o Fo Kune'sh and J o W. Bones 
resigned from the Survey to a.eeept positions under the Department of 
Public Works of' Ha.i ti o Kunesh was made chief hydrographer eif' the 
newly created Divi'SiOn of H;ydrogra.phy July 30~ 19227 with Bones as his 
principal assistant and two Haitian assistant hydrographers.. 'J!hese · 
latter spoke English as poorly as Kunesh spok~ French on. his arrival+~ 

17J/ Letter from J, Fo Kunesh t.o the author. 

Wo~k was sta:rtjed :i.Jmne·diate\ly With recomlaiissan~e sttr'V'eys of 
22 streams and the install.ation dluriDg the first ,month of' lG gaging sta­
tions equipped ~with vertical staff gageso At the end of the f'irst year 
34 stations had been installed and one dis~ontinued - an indieation of 
the thoroughness of the ree!onnaissam.ce o Two' eables and three footbridges 
were tnstalled.. During the se~ond year the {Dumber of stations had been 
increased to 41, three of' ·which it\rere equipped 'Wiith recorders in eonerete 
shelters, f'ive with cables, a.:t1d ~one with a masonry control. The con­
struction work .was carried out under· conditions which :were both trying 
and amusing.. During the· hundred yea:rs of their independeneej the natives 
had, as Kunesh eXJ.)res-sed it}-TJ deteriorated t.o the point 'Where the 
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simplest tools furnished for the .wo:rk w~:re ·· ·:L99~ed upQD ·:.fi.S toys, and it 
was necessary to teach them the . use of the tc;>qlso Mo;r:e ' than one native 
took his first hold of a cross-cut saw ,,with "both hanf].s on the steel blade 
and the teeth pointed upward, pushing' and' phlling .upwa.rd to cut a tree 
or log.. The masonry control was built .by Kunesh, with .only native 
helpers, and as he had practically n<? tools, it was . necessary for him to 
mix the sand and cement with his bare hands to bind the native rock con­
stituting the control .. 

When work was started it was so strange ~o the natives that 
they had the greatest respect for it, and Kunesh was able to obtain the/. 
leading men in the communities to act as observers,. or in his own words,~ 

17 §/ News Letter Nov.. 10, 1922 o · 

At most places we have access .to :mayors, judges, habi .... 
tat ion superintendents, etc,. Som.~ take -their jobt3 -~ very . 
seriously and are quite znathe¥tical .. 

Although the official l~ttgua~e: of .. HtJ,iti'-_ts ~.en~h, this is 
only spoken by the few educated -. people ~,- ~d. '95-'P~:t:'cent ~t, ··_ the people speak 
"Creole", a patois of French origin, M\y-ing· ab(?ut 12()0 :;-'W'ord~ with no 
particular conjugation . of verbs o:r : dec~en$fop ' of no\Uls e~- - .In carrying on 
their field work,~. it was, of • cours~1 . ;;~!q~s~ari, for. the #eric~n engineers 
to learn Creoleo'!J/ Before Kunesh accepted the Ha~tian posit~on, he spent 

'· 

171/ Statement of J., F .. Kunesh to the· author .. 
---·----- ---- - --

his entire time for several months stud.yirig French .. · _This; knowledge made 
it easy for him to acquire Creole, at _least-t,o a degree. that was satis­
factory to all the natives concerned .. · This knowledge o~ What almost 
might be termed two languages (French and Creole), caused Kunesh's spoken 
French to sound very Hai tiano It was necess·ary to prepare forms in French 
for both field and office work and complete. instructions in French for the 
use of the educated native assistants .. .. ·AS .the]< metric systetn was used, 
the unit of flow was the cubic meter per second f,lnd to simplify the com­
putations, current meters rated for the metric system were obtained from 
the Gurley Company o The wading rods, which were in half -meter lengths, 
were graduated to centimeters, decimeters, and half ... meters,. as were the 
staff gages.. Two Au recorders adapted to the metric system were installed 
during the second year.. Their recorcis . showed the effects of the daily 
rains during the rainy season.. These rains occurred·. in the~ late after­
noon, causing a sudden rise which reached its .crest :at the ·gaging sta ... 
tions about midnighto By morning the stages would again be normal. 

Haiti is a mountainous country with arable land in the plains 
and river valleys~ At first practically all stations were constructed 
on streams in the pl.ainsj and the highways constructed after American 
intervention made the stations accessible to the Dodge car which was 
furnished for the field worko Kunesh felt that it was wise to make 
measurements more fre~uently than wou~d have been practicable if less 
accessible sites had been usedo In the mountainous sections it was nec­
cessary to traverse the steep trails by means of saddle hor-ses, using 
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pack mules to transport equipment. What ,may be considered a record 
1-day trip was 40 miles long over the roughest ground imaginable.. As 
the area of Halti is only 10,200 square miles, the distances were not 
great, and the most . remote station was only 225 miles from the 
headquarters in Port au Prince. 

A knowledge c£ the rainfall was essential and early during 
the first year a compilation was made of the records obtained at 26 
rainfall stations, most of which had been started in 1905 and kept by 
the priests of the College•Semina.re St .. · :Martial.. Seventy additional 
rainfall st ations were established, of which the Haitian-A:m.erican 
Sugar Co .. maint ained 32 and the Division of HydrQgra.pby, 38 • . Another 
line of activity was the ·determination of seepage losses in the old 
French canals; in order that the worst sections might be found and 
repaired .. 

Not only was it possible to obtain the leading men in the 
villages to act as obs~rvers, but on one occasion the president of the 
country was given a demonstration of the stream-gaging work, and counted 
the clicks during a measurement of the Artibonit·e River, ·made by West, 
who had succeeded Bones. The president vas much amused as well as 
interested in the proceedings. As Kunesh descri~es the incident: _~ 

17!}/ News Letter Apr. 10, 1923. 

During the operation eonsider~pl~~ champagne was dis­
posed of, and while Mr. West reperts ~~t .. the· measurement 
plotted right on the curve, he also atf$rms ·that the · ~cale 
was such that it had to plot rigb;t for ~ the :p~e.e;ident. 

In describing the natives Kunesh . wrote that 95 percent of them are 
descended from African negroes,. with French contact., with the most 
sympathetic hearts imaginable and hospitabie t~ the point of starvation. 
They are optimistic and happy-go-lucky, and caused me.ny a 'White person 
to envy . them their enjoyriient of life.. That the .Anierican engineers were 
not immune to the local sports is show· by the follow:Lng statement:~7'9/ 

172/.'~News Letter Jano 10, 1923o 

~" Fifty cents was recently won by . the hydrogr,apbic service 
. in a cock fight here but immediately lost shooting the "bones.'n 

' The, water ,year beginning October 1 was chosen for the Haitian 
work, not b~cause it was the water year, but pecause it was the fiscal 
yea;r in Haiti., and the Department wished the two years to coincide. The 
first report, written in French, ... was entitled Bulletinliydrographique No. 1 , 
and in general conformed to the'fi·-ual repor--ts of the Survey except for 
the use of the metric system, and the omission of discharge measurements 
and footnotes. Hectare-111eters were substituted .:for acre-feeto The 
familiar Survey illustrations showing current meters under the title 
Moulinets Price, a t ypical gaging station, station tyPe de jaugeage, 

• 
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and water-stage recorder, enregistreur autamatique, appeared in this • 
first report. 



• 

• 

• 

Kunesh remained in Haiti until July 10, 1924, when he re­
signed and ~~s succeeded by Paul Lee, a former Reclamation Service 
employee who was in Haiti. Bones resigned in January 1923, and was 
succeeded by R. W. West, Who left the Texas district for Haiti and 
remained until January 1924. In addition to the American engineers 
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a staff of yonng native graduates from the local engineering college 
and the French universities was built up. ~~ey seemed to have a mania 
for scientific precision and gave promise of carrying on the work 
satisfactorily. During the second year of the work the Division of 
Hydrography v~s held to a budget of $1,500 per month, or $18,000 
annually. 

The account of the Haitian work stops with Kunesh's resig­
nation which was made effective when he felt that he had placed the 
work on a firm basis$ The following is quoted from a letter to him 
from Commander Par sons : ~-· C~) / 

1 &;)/ News Letter Aug. 11, 192~- .. 

I desire to express my appreciation of your two years' 
work with us. During this period you have organized and 
placed in successful operation the stream-gaging service. 
The importance of such a service to Haiti in the considera­
tion of its irrigation problems is unquestioned. You can 
justly take pride in the part you have taken in this 
important developmento 

To complete briefly the account of American participation in 
the Haitian work it ma,y be stated that by 1928 responsibility was being 
placed on the Haitians with only general supervision by the American 
engineer in charge, and this supervision ceased in 1932 when American 
occupation was terminated. 

District operations 

New England.- The New England district comprised the New 
England States but the Maine operations are described separately because 
Maine was cooperating more extensively than any of the other States in 
the district, and it was organized as a· sub-district with headquarters 
in Augusta. 

The years 1919-1928 were a period of relative stability in the 
New England district as the total number of stations (exclusive of Maine) 
varied only between 40 and 48. The chief interest in New England· streams 
related to water power until near the end of the period when the severe 
floods of 1927 aroused interest in flood protection. Active interest in 
water power was generally limited to the operating power companies, who 
felt that the stream-gaging program was sufficient and so did not 
advocate increased appropriations~ Water power was not a .political issue 
and so the State officials were not interested in increasing the work. 
In fact the Massachusetts officials stated at the beginning of the 
period that they did not care to have any additional stations established~ 

18!) Statement of C .. H .. Pierce to the author .. 
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New Hampshire was. the only State in which private assistance constituted 
a factor in the district operations. The · assistance by private interests 
in that State, . which took the form of direct p~ent of gage observers ~ 
and of costs of installations of gaging sta:tfions, ws of such magnitude 
that it was possible to increase ~adually the number of New Hampshire 
stations from 12 to 17. Twenty-three gaging stations in the district 
(exclusive of Maine) were equipped with recorders .. 

Trains were used extensively in carrying on field work during 
the early part of the -]?eriod and livery rigs were· hired to reach stations 
distant from the railroad. On one occasion a livery horse decided he 
had waited long enough at a station and returned home ·Without · the 
engineer, losing a dilapidated laprobe en ~oute. Conse~uently~ the 
following letter was received from the livery ow.ner:l~ 2/ -

181/ News Letter May 22,. 1920" 

You say the hoss ran away but I hai.rit got . nuthin to do 
with dat. If you haint never had nuthin .to do wit· no hoss 
you shoed take someone w:i. th you what, doze. It you dont send 
me seven dollars rite aweigh I will su::'.Y.ou. 

When the laprobe was recovered it had ,tw.o . ·~w ;lj:oles in it and the claim 
was settled at the rate of $lo50 per hole.; .. ··· · 

A spec~al slope study betwee.n two g~ging ·stations 11 miles 
apart was made in the fall of 1922 on the Con.tiecticut Rivero This indi­
cated that the value , or "n" in Kutter g s . :f'qrmula.·. was not constant as 
generally assumed but varied with thestage.9 · ~he range being from Oo037 
at a discharge of 5,580 seconda.f'eet, to 0~'032 at 18,000 to 20,000 
second-feet, and to 0 .. 035 ·at 35,400 second.;.,fee.t~ 183/ . . .. :-., 

' ~ t1'l' 
.f·.it 

18~ News Letter Octo 10, 1922. 

The severe ice conditions on 'PC)wr•regulated streams in the 
district led Pierce to make a study of the effects of backwater from ice 
on river discharge. This study indiqated that': :for a constant ice 
condition the amount of . backwater v·aried with . the stage o In the standard 
procedure developed by W o Go Hoyt· and published ·in Water~Supply Paper 337 
the change of backwater with stage was not .re_cognized. In order to 
verify this indication, Pierce~s field ,men. volunteered during the winter 
of 1923-24 t.o obtain. additional current-meter .measurements at low stages 
on power-regulated streams, two o:;- more meas~ements on the same day being 
obtained on such str.ea.m.s o These rf'sul ts indicated that the amount of 

. bac·kwater decreased witli stage, becoming zero, ~ at rzero flow." As a result 
9f this study, Pierce modified the standard method of computing 'v.tnter 
records in New England by varying the gagec-heigbt correction f'or ice 
according to · the stage, using what he termed a ."variation. diagramo '''184/ 

. . ~ 

18~ News Letter June 10, ·1924. 

As this method is applicable chiefly ·to :pc)wer-~egulated stre~s, it had 
but limited useo 

~ 

~ 



• 

• 

• 

119 

Pierce beca.me interested in studies of backwater through his 
contacts with Prof. H. So Boardman, dean of the college of engirieering, 
and later president of the .University of Maine, Who . was. a frequent 
visitor to the Boston office. Prof. Boardman realized the educational 
value to senior engineerip.g students of an exhibition a.nd description 
of stream-gaging equipment, and arranged each year .to ·have those students 
visit the Survey office during the Easter vacation. They spent an hour 
or so in the office examining the equipment and listening to a lecture 
on the work of the Branch by the district engineer or his assistant. 
It is not to be doubted that .this contact with the Survey induced some 
students to become members of that organization after graduation. 

C. H. Pierce, district engineer, resigned November 15, 1925, 
· and was succeeded by H. B. Kinnison, who was transferred from the Kansas 
district. The remaining personnel during 1919.:.28 were: 

were: 

1920 
1921 
1922 

M. R. Stackpole 
B. L. Bigwood 
J. L. Lamson 
H. s. Price 
H. I. Granger 
W. E. Armstrong 
H. F. Hill, Jr. 
E. w. Downs 
K. K. Hoyt 
0. D •. Mussey 
D. S. Wallace 

July 1, 1919 to Oct. 15, 1920 
July 1 to Nov. 30, .1919 
July 6; 1919 to Oct. 7, 1920 
Oct. 20, 1919 to June 5,> 1920 
·oct .. 1, 1922 to Jan. 30, 1923 
Dec.. 13, '1920 to Sept. 1 ,, 1923 
Jano 8, 1923 to Apr. 30, 1~28 
Oct .. · 11·, 1923 to Sept. 1 :, 1924 
July 6 to Sept .. 11, 1920 
May 1 to June 30, 1928 
May 15 to June 30, 1928 

The annual Survey allotments to the district, including Maine, 

$6,475 
7,000 
6,000 

1923 
1924 
1925 

$6,500 
6,500 
5,500 

' 1926 
1927 
1928 ' 

$5,000 
-4,700 
3·,900 

Maine.- On the return of J. W. Moulton from military service 
on Aug. 1, 1919, he was detailed to Maine, relieving A. F .. McAlary, a 
State employee, who had been maintaining the stations in that State. 
Moulton resigned Oct. 14, 1920, and was succeeded by M. Ro Stackpole. 
When the Matne"-Public Utilities Commission became the cooperating State 
agency in July 1923~· Stackpole was .given the title of assistant engineer 

18~ p.l?. 

in charge of the Water Resources Divisi~on of the Commission.. OJ:?. Sept. 1, 
1928 he was designated district engineer for the Geological Survey. 

The program of stream gaging for this period was intensive 
rather than extensiveo Although cooperative funds were increas·ed, only 
three additional stations were established, but in order to improve the 
accuracy of the re·cords seven recorders and ten cables were installed. 
Water-power interests contributed towards the maintenance and operation 
of ten of the 19 stations maintained at the end of the period and 
furnished complete records at seven dams. 
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Not only did chain gages give trouble from stretching but they 
so~times had an irresiste~le attr.·action for passers-by as shown bY· .a 
letter from one observer :y ·· · 

lBg News Letter Oct., 24:; 1919 o 

The new· chain you send me i plaee 1 t on the gage 
and someone stold it * * * you will have to arriange the 
gage ·some way so i can carride the chain with me back · 
and fourth for i donth think we can,. keep a eha::Ln there 
now they tac:ken two away and they taeke the next one .. 

. .f··.~ ., . r: 

Another observer., upon being give.:a additional instruetions regarding his 
duties, stated that he w.s instructed by Mra N • . CA> Grover in, 1903, and · 
didn't believe in making changes a (A true conservative Ya.nkee).. A' 
third observer is be.lierwed to hold the record f<>r length and faithful­
ness of service., Ao Do Harlow read the ~ .on the Piscataquis River 
near Foxcroft f'rom its establishment by Grover im 1902, until failing 
health due to his age of 84 years, cC>m.}?elled him to resign in 1927 .. 
During those years he read the .gage regul.arly e~ept for a period of 
a few weeks when .he was in the hospital~ · · - .,:·~ · · 

· The winter d.ays were so short in the .northern part of Maine 
that it was not unconnnon to make a measurement by the light of the moon -
and a bumble lanterno No report on the accuracy of such measurements 
is availableo 

~ew Yorko ... The post-war period was .one of great activity in 
water-power development, which was the chief' factoi-" in bringing about 
an expansion of the stream..,gaging program in New Y'?%'k., Stations· 
required for the operation. of the Barge canaJ.·· had been established 
previously ~d little expansion took plaee in that group. · 

To obtain assistance tor the establishment of additiona:t 
stations, Covert, durimg the three years that he (continued in charge of 
the district, endeavored to show· the power companies their need for 
additional recordso 

\ 

In 1920 an association. of water""tpowr interests, known as the 
New York Water PoiAI-ver Investigation, was formed and a. ecmsulting engin~er 
employed to make a reconnaissance for gaging· stations on. some of the more 
important power streams on Which there were ·no stations'. ·The Survey vm.s . 
requested to assist in the work and make reeommend.a.tionso~ The · res~ts 

JB]/ News Letter Ma.y 22jl 1920" 

of this investigation and of' Covert"' s effort's were not immediately 
apparent as the number of gaging statioms remained at ab.out 55~~ In l924" 

• 

·~ 

• 

. however, . the ntm:lber of stations had been increased to 70, and at the . 
end· of the period t o 83, That this in~rease was due largely to., t.li~ . 
greater amount of assistance received from the po-wer com,pa.nie~ is sh_own 
by the. number of stati1jns maintained partly by private assista.p.ce., . which • 
increased from 18 in :1923 to 48 in 1928 o The increase in the number . 9f 

....... ~ 
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stations was not the fuJ.l measure of increasing private contributions 
as assistance was also rendered in equipping stations with recorders, 
the number so equipped increasing from 17 fn 1919 to 54 in 1928. As 
the district personnel was too small to make the·se ·installations and 
keep up the necessary field work, the engineers of . the power companies 
made most of the installations, under· general·· supervision of the 
Survey o The installation.s were generally timb.er shelters on concrete 
wells~~ Thirty-one cables were erected and three arttficial controls 

were constructedo 

One resul.t of the participation by the power companies in the 
stream-gaging program was the study they gave to the stream-flow records. 
The larger companies qui:te generally had been keeping their own records 
of flow through their plants, and in 1927 some o'f the operators questioned 
the accuracy of the records of the Watertown. st~~ionon Black River, 
'Which did not-· agree with the power-plant recor~ls~ · As the Watertown 
station was one of the best in the district, Har,rington felt that the 
criticism constituted an indictment of' SUrvey : practices generally.. He 
therefore suggested that a disin.terested Survey e.ngineer from another 
district make a study of the situationo This was agreed to and J. H. 
Morgan spent a m,onth in an investigation whieb· proved the accuracy of' the 
Waterto'Wil recordso That this conclusion was a.ec~ptedby the power 
compani~s is shown by the attitude of one of their representatives, who 
st~ted:~ 

182./ News Letter June 10, 1927. 

I consider this work a remarkable vindication of the 
accuracy and thorpughness of' the work of the U. s. Geological 
Surveyo 

A gagingstation on Poesten Kill near Troy was established in 
cooperation with the Rensselaer Polytechnic Institute, the civil engi­
neering students of' which used it as a laboratory in stream gaging o 

Cornell University had for some years mainta':i.ned a station on Fall Creek 
near Ithacao This s.tation was taken over by the. Survey and rebuilt, 
affording the Cornell civil engineering students a laboratory in stream 
gagingo -

Unusual ice conditions were experienced on the Raquette River. 
The station at Piercefield was situated in a bay where the velocity ws 
usually so low that ice 3 feet thick would form ~1Jp,$s the rivere A · 
mile downstream rapids remained open and the gagebeights were not 
affected by backwa~er.. The lack of backwater effects of ice 

14
cover above 

an open control J:lad first been pointed out by Adams in 19ll.~ 

199/ Follansbee, ·Robto, Risto of --- Po 243o 

One of the few fatalities in the Survey oc~red Mar~ 3, 1923, 
when B., F o Howe, Jr.,~ ·wa~f' .drowned while making an ice measurement of the 
Delaware River near Port Jervis as a result of' the breaking of the ice. 
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Covert was district engineer until he re~fgned Aug. 19, 1922. 
He was succeeded by A. W.. Harrington, who had been office engineer., 
The thoroughness with which Covert trained his assistants created a 
demand for them in other districts. As a result .ot, this demand and 
a1so of the lure of' outside employm.entJ there were· ma.ny changes in 
personnel during the years Covert was in charge of the district.. Seven, 
W .. G. Hoyt, G. Ho Canfield, 0 .. w .. Hartwell, C. H. Pierce, E. D .. Burchard, 
M. H. Carson, and Ao W .. Harrington became district engineers, either 
immediately after being transferred, or later. 

The engineering personnel during 1919-1928 was: 

Co C. Covert 
0. W. Hartwell 
M. H.. Carson 
A. H. Davison 
otto Lauterhahn 
A. W.. Harrington 
H. 'l.. Granger 
B.. F o Ho-we, Jr o 

A .. E .. Johnson 
W. B .. Mifflin 
E. Bo Shupe 
K. K. Hoyt 
J., L., Lamson 
B.. L.. Bigwood 
H .. F. Hill~ Jr. 
S.. Met Currier 

19];/ Drowned. 

July 1, 1919 to Augo 19, 1922 
July 1 to Nov~mber 1919 
July 1 to August 1919 
August 1919 to June 1920 
Nov. 1, 1919 to July 31, 1921 
Novo1, 1920 to June 30, 1928 
Mar. 7 to Oct. 1, 1922 1. 

September 1919 to Maro 3, 192321 
July 1, 1923 to June 30, 1928 _ 
Februar,y 1925 to Apr. 30, 1926 

1920 to Mar. 15, 1925 
June 1, 1926 to Apr. 29, 1928 
October 1920 to Aug. 18, 1926 
Octo 1, 1926 to June 30; 1928 
May 1 to June 30 ,, 1928 
June 4, 1920 to June 10, 1921 

New Jerseyo- When the New Jersey district was established on 
July 1, 1921, 0. W. Hartwell was transferred from Pennsylvania and 
appoint_ed district engineer, with headquarters at Trenton. He estab­
lished a temporary office in .an old residence which had been acquired by 
the State as an office buildingo · The cooperating State official turned 
over to him the records at the 20 stations which had been established in 
1919, some of Which had been maintained by the Survey prior to 19o6 .. 
.These records consisted chiefly of gage heights and were contained in 'W'nat 
Hartwell termed two big black books" Th'e'~~ only station that w.s being 
maintained by the SUI'vey was on the Delaware River at Riegelsville, which 
the author had established in July 19o6o 

Hartwell's first work was to inspect the gages which had been 
established by the Water Supp~ Commmission and examine sites for new 
stations suggested by Ho To Critchlow, the cooperating State official.. Of 
the stations inspected, only four were found to be suitable for permanent 
maintenance and the remaining 16 were dropped and others substituted .. 
Staff gages were utilized at all but two stations at which cooperating 
interests installed recorders . using Survey planso Stream gaging was 
an unfamiliar activity to most of the Jerseyites, and the first 
ob_server employed wante·d to know if it was nanother of those things to 
keep the taxes up .. n~ It is evident that Hartwell had a campaign of 

19jj Letter from Oo Wo Hartwell to the author .. 

education ahead of himQ 

• 

• 

.. 

• 
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During the second year seven additional stations were 
established and during 1924 four more. This practically completed 
the list of stations contemplated at that time. As Hartwell's policy 
was to maintain a comparatively few stations in first-class condition, 
no more stations were installed until 1928, when three were added. 
Only two stations were discontinued, which is an indication of the 
care with which the original sites were selected. The drainage areas 
of all stations but those on the Delaware River were so small that 
85 percent of the measurements were made by wading. 

As funds became available the work of installing recorders 
was started. At first timber shelters were constructed on concrete 
wells, though later as experiments, three wells and one complete · · 
structure of concrete block were used. Still later standard concrete 
she lters were built. By the end of the period 37 recorders had been 
installed. As the streams were spanned by numerous bridges it was 
nec~ssary to install only one cable and one footwalk of 75-foot span 

_suspended on two cables. The one cable was used only a few years and 
then removed. Ninety-five percent of the 39 stations were equipped · 
with recorders in standard shelters, and 12 stations had artificial 
controls. Thus Hartwell's policy of maintaining a comparatively few 
first-class stations was largely realized. 

The range of stage at some of the stations was slight and 
to make the recorders more sensitive 20-inch floats were used on two 
of them . However, as these floats were found to be cumbersome and more 
liable to damage than the regular 10-inch floats--drawbacks which 
outweighted the slight increase in accuracy--the use of 20-inch floats 
was not extended . 

The Weather Bureau had maintained a gage on the Delaware 
. , River at Trenton since 1913 and a start toward rating it was made, 
, .· although at the time it was believed to be within tidal influence. 

Measurements, however, indicated that tidal influence did not extend 
above the station control. In 1927, when negotiations to divide the 
waters of the Delaware were in progress between New Jersey, New York, . 
and Pennsylvania, the city of Trenton became interested in that stat~on 
to the extent of paying for the installation of a recorder in a 
concrete shelter. 

The investigation of ground water in the Atlantic City areal2l/ 

l2ll p. 168. 

involved the installation of a station on Absecon Creek within tidal 
influence. The difficulties were resolved by constructing an 
artificial control that eliminated all but the peaks of the high tides, 
which were easily detected on the recorder charts. In connection with 
the operation of that station it was necessary to measure the loss :.n 
head through a wood-stave pipe 9,800 feet long and 12-inch float tanks 
were constructed at each end, in which natural-scale recorders were 
placed. The loss of head was used as an index of discharge diverted 
through the pipe , line. The rating was determined by making current-meter 
measurements in an open channel at the lower end. 
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FoUr other artificial controls were constructed to _eliminate 
effects of aquatic vegetationo Thus five . artificial controls were 
c~structed by the Survey., Seven other stations had a.rtif'ic'ial controls 
of various types~ constructed primarily for othe:J;' purposes by private 
interests.. · · 

Hartwell was ~ctive in arranging cooperation with municipali­
ties and in seeking assistance by private interests. · During_ .. tpose 
activities heJearned of the existence of several long-time reeords which 
had not been published~ The · city of Newark had maintained a record of 
flow of. the Pequonnack River at the Macopin intake dam sinee Ja,n..l1 1892. 
This station, equipped ¥ri th a recorder, had been· established by J9hn R. 
Freeman, consulting engineer, who had rated it by means ' of a weir · 
installed above the damo The East Jersey · Water Co~· had maintained a 
record of Roc:ka,way River at the intake dam ne~r:Boonton · since Jan" lj 
1906, and the Society for Establishing Useful MBnufa~tures had. m.S.'irita.ined 
a. record of.<'the Passaic River at a hydrooxoelectr).c statio~{near Paterson 
since Augo 16, 1897 o As a ne.tter of historic interest it rpa.y be added 
that, i;.he Socie~y for Establishing Useful ManUfactures had been organized 
in 1790by Alexander Hamilton and associateso The flow of the Passaic 
River . is regulate4, by six storage" reservoirs and reduced_ -by, · diversion 
f'or severai munic ipS.l "trm.ter supplies and for the Morris Canal" Sitice 
records of such storage and ·diversion were available, and Hartwell 
spent considerable time in making the necessary additions to. a.nd 
subtractions from the Paterson record to show the natural flow, these 
·long-term records were published in the SUrvey 9 s annual report~ ' .. 

· , 

• 

. As the chief. value of records . in New 'Jersey re~ted to • 
municipal and industrial uses3 most of the requests for data, came frbm 
those ·sources o However, the reason for one request was most unusual• 
A;marine i:ns.urance company wished to .know ,the probability of floods 
occurring on a; ·:'certain strea.m7 in order to. compute . a rate for insuring . 

. a .. farm :. against damages caused by overflow o Hartwell n s replY has not been 
recorde'd... · · · · • · 

· : . I ·· " ; 

Hartwell. became a loyal Jerseyite and · resentedtb.e · rema.rks ­
about the New Jersey mosquito, remarks which have been made by non­
·Jerseyi tes since the early days of the Republic~ · He declared that much­
maligned insect to be no more vicious than the mosquitoes he· had 
encol.llltered in other eastern States.. These la~:t.er~ of course, may have· 

·been. ·Jersey mosquitoes who had wandered frQm their native heath. · 

The engineering personnel during 1921-28 w.s: 

0" W" Hartwell 
otto Lauterhahn 
J .. w .. Bones 
H .. Co Barksdale 
R o B ~ Letcher 
Walter Voght 
Ro E .. · Marsh 

July 1, ·1921 to June 30, 1928 
Aug" 1, 1921 to June · 30, 1928 
Jano 22 to ~ept~ 15, 1923 
Jano 7, 1924 to Jano 1, 1926 
Febo 4' to May 19, 1927 
June 15~ 1927 to Febo 25, 1928 
Apro 7 ·to· Jurie 30, 1928 

. . , 

Middle Atla.r.ttic States.,- The Middle Atlantic States district. • 
was contracted materially in area during this period and the · operations · 
in that smaller area were carried on intensively o The reduction of area 



• 
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came about with the division of the district into three districts 
and the transfer of the five stations in Kentucky to a fourth recently­
created district all because substantial cooperation became effe.cti ve 
with a number of States. 

J 

In 1919 the district comprised all or parts of the States of 
New Jersey, Maryland, Virginia, the District of Columbia, West Virginia, 
Ohi o, Michigan, and Kentucky, a large region in which some 33 stations 
wer e being maintainedo The district was operated from Washington as 
an adjunct of the Computing Section, and since the stations had 
:relatively stable controls and the available funds were only sufficient 
for the pay of the gage observers, little field work was done o 

The Tennessee district was created in January 1920, and the few 
Kentucky stations were transferred to it. When ·the New Jersey and Ohio 
di stricts were created in July 1921 the lone New Jersey station and the 
t wo Ohio stations were turned over to those districtso The interest in 
Virginia 1 s water resources reached a point where cooperation wa·s started 
in February 1925 and a sub-office was established at the University of. 
Virginia with J. J. Dirzulaitis in charge. The Virginia stations 
constituted a part of the Middle Atlantic district until Mar. 1, 1926, 
when the Virginia district was created. These amputations reduced the 
Middle Atlantic States district to Maryland, West Virginia, and the 
District of Columbia, with 30 gaging stations, of which 7 were equipped 
with recorders. · 

On July 1, 1921, A. H. Horton, chief of the Power ResoU:rc"es 
Division was put in charge of the district. Dirzulaitis, transferred 
from the computing section on Aug. 1, 1922, constituted the field 
personnel. Before his transfer, engineers from the Computing Section 
were detailed to visit the gaging stations once or twice a year. 
After the establishment of the office at Charlottesville, Va·.; in 
1925, the field personnel was W. C. Wiggins, June 3 - Nov. 30, 1925, 
and J. H. Hofmann, Dec. 15, 1925 -June 15, 1926. 

A small amount of cooperation was in effect with the U. S. 
Engineer Office at Pittsburgh for work in the Ohio River Basin inWest 
Virginia. This cooperation was a continuation, on a reduced scale, of 
that started in 1915. A number of West Virginia stations were situated ­
at navigation dams, where the delapidated lock gages . permitted 
considerable leakage. So serious ·was -the leakage at lock 15 on the 
Monongahela River, where it constituted a . large percentage of the low 
flow, that in 1924 B. J. Peterson and. J. H. Morgan devised a volumetric 
method of measuring it l.2.4/which was used by Morgan during the remaind,er 

~ Letter from J ~ H. Morgan to the author. 

of the period. The qrmy Engineer gradually repaired the lock gates, 
r educed the leakage and made it unnecessary to continue the use of the 
method. 

The difficulty of conducting stream-gaging operations in 
Kentucky with the district office at Washington, D. C., is illustrated 
by a trip made in advance of a storm with the expectation of obtaining 
flood stages at stations in the Cumberland River Basin. The storm 
skipped the basin and measurements were made at close to minimum stages 
aft er travelling by train som~ 600 miles. 
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1920 
1921 
1922 

The Survey allotments were: 

$ 800 
1,500 
3,000 

1923 
1924 
1925 

$3;000 
4,000 
3,600 

1926 
1927 
1928 

$3,600 
5,876 

.· 5, 500 

Virginia.- The htstory of the Virginia dlstrict begins on 
Feb. ·21, 1925, "'hen the sub-office v.ras establ:i.she<1 i.n Charlottesville, 
-o;·rith J. J. Dirzulaitts in charge, and Karl Jetter as his asslstant o 

Thirteen stations -vrere in operation, but vli thin · the next seven months 
18 additional stations equipped with chain gages tvere installed. 

• 
.. /-.·· 

The program '\vas one of rapid expansion, to meet tpe needs of 
the' State, and bythe end of the period 58 stations were being maintained, 
of 1.>TbJ.ch eleven were equipped 1v:tth recorders, installed chiefly in 
concrete ;:;heltern. Po\1er companies '\vere naturally interested ·in the · 
strea~l-gaging r)rogrw:n and. contributed to the installation of the recorclers 
and t6 the maintenance of the s·tatj_ons afterward_. One po1-1er company, 
however: C01J~d see no need for stream-flow records '\vhen one particular 
station '\'lc.s established. · How·ever, 15 months later when the increase of 
load on its plant made necessary an enlargement of its facilities, the 
company beco.me so greatly interested that it detailed one of' its ' 
eng:Lneers t o t he district office to assist in -computing the records in 

: o'rd~er that those records m:lght be available as soon a:s possible !'!Jj . 

192/ News Letter Nov. 10, 1926. 

The establishment of the district office on the campus of the 
University of Virginia created considerable interest in the Survey's 
work among the engj_neering students, and Dirzulaitts gave a series of 
lectilres to the seniors. · . 

A special study was made of the rate :·of travel of released water 
in the New River in 1927. The Army Engineers planned to install two 
movable dams on the ·Kena'Wha River and wished to learn the effect at these 
dams of the operation of a storage reservoir for power plants situated 
some · 200 mile's upstream. They installed temporarily six recorders and 
one staff gage (the latter read hourly by a lockmaster). After these 
installations had been made the Army Engineers sought the assistance of 
the Survey and Dirzulaitis operated the stations from August to December 
1927, during which time the stations were completely rated. The records 
of daily discharge and the recorder charts were turned over to the Army 
Engineers for their use in determining the rate's of' wave travel. The 
cost of thi$ study, exclusive of salaries, was paid by the Army Engi~eers. 
A more elaborate study of a similar nature was made after 1929. 

In 1927 Dirzulaitis 'and G. C. Stevens compiled all available /, 
Virglnia records, which were published by the Virginia Geological Survey.?_# 

19!/ \'later Resources of Virginia Bulletin 31. 

• 

Dirzula.itis was in charge of the district from :its separation • 
from the Middle Atlantic States district on lviar. ,1, 1926o He was also -the 
chief engineer of the Virginia Conservation Commission.!s Divisi-On of 
Water Resources and Power, the cooperating agency. 



• 

• 
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The engineering personnel during 1925-28 was: 

Karl Jetter 
0. D. Mussey 
F. C. Christopherson 
M. T. Thomson 
N. lB. tfsler 

Feb. 9 to May 17, 1925 
Mar. 27, 1926 to Apr. 30, 1928 
Apr. 9, 1926 to Dec. 11, 1927 
Dec. 13, 1927 to June 30, 1928 
Sept. 26, 1927 to Dec. 20, 1928 
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South Atlantic ;:,States. - The transfer of C. G. Pau1sen from the 
South Atlantic States district to Boise in June 1919 left an interim of 
about a month With no district engineer before Warren E. Hall returned 
from the Army on Aug. 1, 1919. A. H. Condron was 1n charge during that 
short period!. With Condron's resignation in July· 1920, the district 
again became a one-man organization except for a part-time assistant. 
The creation of the Tennessee district in January 1920 reduced the numbe~ ' 
of .gaging stations from 34 to 17. A year later cooperation with North 
CB.riolina resulted in the moving by Hall of his district headquarters 
from Atlanta, Ga., to.AEheville, N. c. The few stations in Georgia and 
Alabama were transferred to the Tennessee district, and the South 
Atlantic States district came to an end after a :Life of 26 years. 

North Carol:Lna.- North Carolina, which bad been a part of' 
the South Atlantic States df.strict, became a separate district in 
January 1921, 'When W~ren E. Hall moved ,the Survey office from Atlanta to 
Asheville and relinquished to the Tennessee district the stations in the 
other States except a: few in Georgia that were being maintained by 
power companies. Within two years a few stations -were established in 
South Carolina as a result of assistance by ;power companies and that 
State may be considered as having been added to tne North Carolina 
district. Hall re:rnai.ned in charge of the district until Aug. 4, 1924, 
although from January to August of that year he devoted only a part of 
his time to Survey work. E. D. Burchard became district engineer on 
Aug.- 4, 1924. 

The nine :North Carolina. stations previously maintained by the 
South Atlantic States district were the nucleus of the stream-gaging 
program. ·The first year's cooperation ot the Tennessee district with 
the Army Engineers required the esta.bli·shment of 18 stations by the 
North Carolina. district. No other stations were established· during the 
first year. L. R. Hall, a per-diem appointee, who had previously be.en 
employed in Georgia, ~rf'ormed the field work required in the operation 
of these stations. 

The increase in State funds,~ beginning with the fiscal year 
1922, made it possible to ·start on the· State's program. As water power 
constituted the State's chief interest in the program, sites on the 
streams in the mountainous central ;part of the State were selected. 
Beginning in 1926, water supply and sewage disposal problems of various 
municipalities brought about the establishment of stations to meet those 
needs.. The number of stations being maintained increased to 57 in 1926 
and then deereased to 51 in 1928. Of these,) 26 were equipped with 
recorders. 

I_ '"' 
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.Although ma.:oy of the stations were maintained primarily for 
water power; few po~r companies in North Carolina a~sisted in the 
work, as they believed they had sufficient records for their own needs., 
Federal Po~r Commission permittees installed and operated at their 
own expense, under Survey super~ision, four stations during the latter 
part of the peri~do 

One of' the early stations established was on Morgan Creek 
at Chapel Hill which the engineering depa.rtment ·or · the University of 
ONorth Carolina used as a stream gaging laboratory o The recorder was 

.. ,plaeeQ. at an elevation that was well above any existing high-water mark, . 
. but within a year a 10-inch rain ·which fell within a few hours raised 

the creek 15 feet higher than the oldest inhabitant could recall and 
destroyed the station., With that as the horrible e;xample, later 
installations had a :much wider margin of safety o, -

. . 
In 1926 Burchard began the const;ruction of artificial controls 

and installed nine during the remainder o£. the periodlfJ/ · 

191/ Po 74., 

. . In South Carolina cooperation with . po·wer compan~es that were 
permittees of the Federal Power Commission t'esulted in 'the establishment 
of six stations. :·~Bur-Chard established and · ma-intained these stations at 
the expense of the power companies., A.tew of' the Georgia. stations were 
continued · by power companies.. As these·'~were quite ·completely rated and 
were on .streams with fairly permanent controls, li t,tle or no field. work 
was perf'~rmed except during the dro;ught yea:r of' 1925 wen a round of the 
stations was made for the purpose .of obtai~?;~ low-water measurements .. 
The records f'or most of the station$vrer~. e:omputed in Asheville. 

. In addition to Hall and ~e~~ the engineering perSonnel of 
the· district during 1925-2~ . was: · · - ~ . · :·: ~:~·::~~f':-.: · . ' . 

L. R. Hall : (per~-i~ifj, •-
J., H., Morgan .May- : i·t~~:\1:~5~ to June 6,. 1926, 

Nov., 11~: · ·:~92p . 'to May 14, 1927 and 
- ,,, . , .. · Jctne li;:)t.(;f~/~uly ~6, 1927 

·Karl Jetter rJuly 3 ,· ·-1'9?7'7<~9. June 301 1928 
. . "..· ~ -:::_.• "l:~ .J:. 

Tennessee .. - The Tennessee district was .:_started on faith and a 
shoestring when w., R.. King opened the district of'fie~. in Nashville in 
January 1920!?1/ Within eight m~ths coope:z:ation ._:was e~f'ected . with the 

19~ Po 27o 

Arrrry Engineers ~ho were making ·what turned out .: to . be a -water-power survey 
of . ~he Tennessee River Basin a.nd the office was zooved to quarters 
fu:i:"nished by_ that organization in Chattanoogao During the firs.t four 
years · ~he cooperative funds fluctuated widely as State cooperation in-

• 

• 

. creased slowly ar;.d Arrrrs- Engineer funds ·for a eontinua.tion of the work • 
varied between $3, 500 and $12,800 annuall~ o ·so uneert?oin was the f'uttire 



• 
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of the district that in February 1923 King stated it was very much in the . 
balance.l~ During these years of uncertainty King enlisted the support 

192/ News Letter Feb. 10, 1923. 

of private interests, chiefly water-power companies, some of which had 
Federal Power Cormnission permits-. This assistance was not altogether 
an unmixed blessing as it carried with it the expectation by each con­
tributor that the station or stations in which he was interested would 
be the first to have its records computed. As King states:'2f!J 

2!JQl News Letter Dec. 11, 1922. 

This office is having its troubles trying to satisfy all 
of the various interests who are contributing to the support 
of our work. We have 11 such parties and e·ach is worrying the 
life out of us for reports and current data. Find it requires 
more diplomacy to satisfy cooperating parties than it does to 
·get financial cooperation in the beginning. One thing is 
certain, we will soon have to cease field work and spend all 
our time on reports. 

Finally Congress authorized the continuation of the Tennessee River survey­
in 1924, and thereafter Army-Engineer funds i ·n comparatively large amounts 
became available each year. Also, in 1925 the State increased its annual 
appropriation from $4,000 to $10,000, and later to $13,000. The continuity 
of adequate funds placed the district on a firm basis • 

The foundation for the stream-gaging program was the 17 stations 
turned over to the .new district by the South Atlantic States and Middle 
Atlantic States districts. Within the next few months six additional 
stations were established. The .Army-Engineer cooperation resulted in the 
establishment of 33 stations in Tennessee, and 7 in the Tennessee Basin 
in Virg1:nia. Thus by the end of the fiscal year 1921, 43 stations were 
being operated; A few more stations were installed during the next few 
years. Beginning in 1926, when there was a large increase in cooperative 
funds, 18 additional stations were established bringing the total to 61. 
This number was reduced _to 59 at the end of the period. Twenty-six 
stations were ec.tuippe<?- ·wtth recorders and the re.Illl;binder with chain gages. 
Beginning in 1927 the chain gages were ·replaced by vertical or inclined 
staff -~ages~ the latter' anchored to concrete piers. 

. King·•s introduction to his .new field ~f activities was made by 
A. H .•. Condron of the South Atlantic States distric-t who accompanied him 
to the- 17 stations soon after his arrival in Nashville. These stations 
were situated chiefly in the mountainous section of the State, a section 
famous for its moonshine activities and for the natives ~' ihtense distrust 
of strangers who were looked upon as possible "revenoors." Condron care­
fully warned King to avoid trails leadtng to caves in the bills and other 
secluded spots. King later passed along the warn:Lng to his assistants as 
the force was increased, and to its faithful observance may be ascribed 
the avoidance of fatalities. The good roads movement had not reached the 
mountains of Tennessee, and as much of the Survey work was in that section 
it was found advantageous to have one or -more sub-districts, each in charge 
of an engineer. Once a stranger was known to be anything but a·. revenue offi­
cer, the naturally hospitable mountain-folk were friendly and helpful. 
King gives the following side light on work in one sub-district:aJ~ 
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20)/ News Letter Dec .. 11, 1922 .. 

. Mr .. Livingston 'Who has been assigned to the work in the 
Cumberland River (sub) district has a big program. The pEaople 
in that section are trying to assist him to get in a :f'ull day, 
as he reports t~t yesterday morning the people overslept and 
he didt:rvt get breaktast until 4:45 A .. M.. The essential require• 
ments for a popUlar hydrographer in this territory are that 
he shall be -able to chew Browns Mule, drink white mule, and 
_ride any old kind of a mule.. --

Cooperation with power companies . made it possible to install a 
majority of the 26 recorders in· ·operation by 1928. Ten installations were 
made more or less according to standard plans for -concrete shelters, nine 
were corrugated galvanized-iron pipe wells fastened to cliff's or bridge 
piers, and the remaining seven were of miscellaneous timber construction .. 
The highest concrete structure had a 60-foot well, costing $2,300, and 
the -highest pipe well was also 60 feet, costing $1,000o This difference 
in cost explains why standard . concrete structures were not used exclusiv·e­
ly.. At one of the stations, the Ocoee River at Parksville, a Stevens 
long-distance recorder was installed.. An oddity in intakes, brought . about 
through force of circumstances, should be mentioned. A recorder shelter 
on Caney Fork River at Rock Island, 300 f'eet below a power plant, was in­
stalled in an excavation blasted through lo' feet of solid rock,, the trench 

-for the 40-foot intake ·was being-likewise blasted through solid rock .. 
Subsequently the power company 'deepened the station control to lower .. the 
tailrace, leaving the intake out ·of water at . low stages. Rather than lower 

. the intake itself, tqe well was lowered and the outer end .of' the intake 
fi-tted with an elbow and short .. length of pipe reaching beneath the water 
sUrface o In order that the. intake could ac.t as a siphon,~ a. valve to re ... . 
lease accumulated air was also provided o It wa,;s reported that the siphon 
action was satisfactory, ~l but no mention was ma9-e as to the length of 

20 y , News tetter July 10; .1926 • 

. time that it remained satisfactory. 

, · E:l:ght cables were installed, the longest'. of whi,ch was 850 f'eet .. 
202/ This was not the longest cable used, however, as at the station on 

Tez:messee River at Loudon, a ferry cabl,~ 2 1 000 feet long was used to span 
both the main channel and a.n overflow channel. Part of the cable spanning 
the main channel was 110 feet above low water and was supported by chest­
nut poles about 50 feet high·, guyed in three directions.. A standard car 
was · .. placed on the ferry cable. As there was but _little· traffic over the 
ferry,. measurements were usually ma.de without interruption, but occasion­
ally it was necessary to stop and pull back to the' nearest bank to permit 
the hand-operat.ed ferry to cross.2!J.Jj 

roy Letter from Duncan Charlton to the author i> 

. The· first Survey measurement of the lower Mississippi River was 
made by the Tennessee district in .July 1927o As cooperation was effective 

• 
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'\·Tith the Arrrry Engineers, although only in the Tennessee River Basin, the 
Army-Engineers' :Memphis office felt free to call upon .the Survey, 'and re­
quested a measurement at Memphis to check their float measurements. The 
river was at 36-foot stage and as the depths in the main channel -were 
about 125 feet with velocities of 9 feet per second, the available equip­
ment was insufficient to make soundings -and only -surface velocities could 
be obtained. In the overflow channel, however, soundings in water 50 feet 
deep were made by means of 80 polinds of lead on airplane strand c.able. 
The estimated discharge at that time was about one million second-feet. 
Some time later, when the river reached a lower stage, soundings were made 
in the main channel 'Which were used to compute· the July measurement. Two 
additional measurements were made and a provisional rating curve was con­
structed. No further measurements were made .2Jj' 

2ofl/ Letter from C. E. McCashin to the author. 

At the Hales Bar station on the Tennessee River, the nearest 
bridge available was 25 miles upstream at Chattanooga. As the river was 
840 feet wide a cable was not then"considered feasible. The current-meter 
measurements were made from a motor launch held in place by a light cable 
stretched across two channels of the river with the tensionof the cable 
relieved by idling the motor- in the swiftest parts of the channel. The 
distance of each measuring point from the initial point was measured by 
stadia. 

In 1925 King compiled all Tennessee stre-am-flow records and 
records of precipitation. This compilation was published by the State 
geologist~ with the financial assistance of the Army Engineers, to whom 

20?J King, -Warren R., Water Resources of Tennessee, Department of Education, 
Division of Geology, Bulletin 34, 1925. 

the publication was of great assistance. 

The half d0zen stations in Alabama and on the Chattahoochee River 
in Georgia, which were inherited from the South Atlantic States district, 
were maintained by means of either the small State c-Ooperative funds avail­
able or contributions by power companies, as no Survey funds were available 
for their maintenance. Later, F~deral Power Commission permittees paid 
for the installation and maintenance of additional stations which were 
established beginntng in 1922. By the end of the period 15 stations were 
being maintained in M..abama and. 7 in Georgia. The Army Engineers cooper­
ated by furnishing ·a f'ew records. 

Fermi tte·es and licensees of' the Federal Power Commission paid 
for the establishment and maint~nance of nine stations in Florida during 
the last two years of the period. One company proposedto develop power 
by creating a reservoir in the Okefinokee Swamp and installfng power plants 
at various sites on the Suwanee River, one ·of the outlets of the swamp. 
The Suwanee River is fed by large springs throughout its length and the 
Survey made in May 1927 what amounted to a seepage study of the river from 
its source in the swamp to tidewater in order to Q.etermine the flow at 
various possible sites .. · No partie~- 'equtpped with boats and camping equip­
ment were used in maki·ng the study. M. T •. Thomson with an engineer of the 
company and a guide covered the upper r .iver, finding and measuring the 
flow -of every visible spring entering the river, and measuring the river 
itself every few miles. P. R. Speer and P. E. Hanson made a similar 
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investigation of the lower river.. The work lasted about ten days and demon­
strated that the springs i ncreased the flow of th~ river several fold. It 
was later found that during high stages the springs diverted water from the 
river and discharged it into the underlying limestone caves.. The author 
was ctirious regarding the fauna and upon asking one of the engineers 
whetherraany snakes were seen in a region notorious for such reptiles was 
told It Not as many, as we expected •: a. reply not fu14-y enlightening. 

The c1istrict personnel during 1920-28 was: 

W • . :R. King January 1920 to June· 30, 1928 
Warren Withee Nov., 18, 1920 to June 30, 1928 
Reginald WaJ.do Nov .. 5, 1920 to May 31, 1921 
D. A. Dudley Ma.r. 1, 1921 to ~ 14, 1922 
P. E. Hanson July 3, 1922 to Jun~· 30, 1928 
p .• P. Livingston Sept .. 20, 1922 to July 20 ,,, .1924 · 

Dec .. 5, 1927 to June 30~· 1928 
J. J. Clawson July 1, 1923. to Oct. 31, 1926 
J. s. s. Jones . July 15, 1923 to Aug .. 17, 1925 
D. B. Ventres Sept .. 23, 1923 to Mar .. 7, 1925 
E .. H. Morgan Apr .. 15, 1925 to Sept. 15, 1926 
D. s. Wallace Apr .. 15, 1925 to Apr. 7, 1926 

June 1, 1927 .,, to May 18, 1928 
Po R. Speer · Nov .. 27, 1926 to June 30, 1928 
M. T. Thomson June 1, 1926 to Dec .. 12, 1927 
Duncan Charlton 

..__ 
·Nov. 15, 1921 to June 30, 1928 

• 

· Ohio·.- Whe-n the Ohio legislature, in 1921, made a.n appropriation 
for cooperative stream gaging,2JjV Prof. c. E. Sherman arranged cooperation • 

20U P· 28. 

with the Survey and a separate district with headquarters at the State 
University was created.. Lasley Lee was appointed district engin~er, be­
ginning duties in that capacity on July 11,. 1921. 

At that time the Middle Atlantic States district was maintaining 
two stations in Ohio and was publishing the gage heights for ten stations 
that were maintained by the A:rnry Engin~ers in connection with their study 
of flood prevention in the Ohio River Basino2~ The Miami Conservancy 

District which had been created after the disastrous flood of 1913, ~s 
maintaining ten stations and municipal and private interests were main­
t-~ining five stations in various parts of the State o Within a few months 
Lee and one assistant established 26 stations equipped ·with chain gageso 
He obtained the records collected by the Mi~i Conservancy District since 
the establishment of' their stations and the records collected by municipal 
and private interests for the five other stations. The Army ·.stations had 
generally been discontinued and records for only four were available.. A 
total o.f 45 records 1rere thus available during the first year. An unusual 

: 'feature Of th~se . stations, which was due to the fact that topographic maps 
covered nearly the entire State, was that the zero of the gage for every 
station in the Ohio Valley section was referred to sea level datmn., Prof' .. 
Sherman's strong interest in topographic mapping probably inspired this 
actiono The available funds would pennit the establishment of only a few 

• 
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additional statio.ns in 1922.r but with the increase in State f'u:nd$ fo,r the 
fiscal year 1924,a::>j' Lee established 17 additional stations and p~gan 

4t 209~[/~p-.-2-9-.------------------~------~----------~--~-------

• 

• 

an intensive progr8ln' of constructing concrete shelters for recorders -­
a program which cbntinued thr·ou.gh June 90, 1928~21._91 As the · in~rease!· in 

2l0/ P· 67. · 

State funds- · cont·iriued' a few addi tiona.J.. :: stations . -were . esta;blished each year, 
with the resUlt that by 1928 there were 98 _gaging stations, of Which 38 
were equipped with recorders. · 

Beginning in 1922 the stream•gagimg program of the Miami Con­
servancy District was carried on under the Survey's direction.r the District 
furnishing. the gage heights and most of ~he current ... meter measurements.2lj' 

21]/ News Letter Mar. 10, 1922. 

During the later years or the period, Su:r\tey. ,, englneers made ·-~ 1Jncreasing 
number of measurements at those station·s and,· .. in-stalled reaorder.s at several. 

One result ' Of the' close contact ·,wtth the U:o:ivers:;it:; :· ;through 
Prof. Sherman_, .. and the location of' the distriet office in t:hiiver$ity · 
quarters, was the interest in streem _gag!flg .created atnODg tbe '~,; ~i\ril e·ngi- · 
neering students o Lee and his assistants · utilized. the varioUS>bridges in 
the vicinity of Columbus to instruct' studetlts i:n the sciene'e ancl ·art of 
current meter measurements.21_51· · · 

21i] · News Letter Apr. 10, 1923. 

A number of stations wer·e:·toeated ·. at navigation dams where . the 
leakage through the lock gates· wa;.s a· large percentage of' the total flow · 
Qf the . r ,iver at low stages. I.~~ made 1.1se,· of. the volumetric methqd o£.·: 
measuritlg that · leakage as devised by Peterson . a.nd 1Mo~gan in 192_4 f. or -use 
in W:est Virginia. The fi~ld measurements require1d by this meth.od, as used 
in Ohio were made in 15 minutes and· the computations in 45 minutes.212f 

-' . 

21]/ News ·:Letter Jan. 10, 1926. 

Of the :rn.any odd req111ests· receivedby different Su.rvey offices 
for information, perhaps the ~d~es·t was on~ received by the Ohfo district. 
A man jumped into the Olent~ River to save another man from drowing, 
and the friends or the, former, ,ilf:li conne·ction \W'i th a a:aeeommendation .. to the 
Carnegie Hero Connnissi:on7. desired ·to lqb.ow the dept)l and v~locity of the 
~ater at the point where the res~ue· WSis made.'ll!J . · 

211V' News -Letter · Dec ~ 10, 1924 , 

A considerable portion of the energies oi the d:Lstrict personn~l 
was directed to developing and revisilng plan'S for gaging-station structures. 
The great part which' the 0hio district had tn developing and producing 
stream-gaging equipment began abcwt 1928.. It reaehed1 1 'ts full growth dUr­
ing tt:e next period Of thi\S history and Will there· be de·scribed. 
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The district personnel during 1921-28 was: 

Lasley Lee July 11, 1921 to June 30, 1928 
' • V. B. Lallioureu.X Aug. 15 to Dec. 31, 1921 

E. E. R. Dornbach JanQ 1, 1922 to Dec. 31, 1923 
June 1, 1924 to Mar. 18, 1927 

E .. R .. Morgan July 16, 1923 to Apr. 12, 1924 
w. w. Perrin June 25, 1923 to Apr. 12, 1924 
F. A. English May 6, 1924 'to .sept. 2, 1925 
w .. A. Werner Feb. 11, 1924 to Nov • . 18, .1925 
R. G., Kasel July 20, 1925 to Apr. 17, 1928 
w. s. Frame Dec. 2, 1925 to Dec. 31, 1926 
E. H. Markel July 1' 

' 
1926 to July 13, 1927 

J. I. Perrey July 1, 1927 to June 30, 1928 
c. v. Youngquist Mar .. 2 to June 30, 1928 

Wisconsin - Minnesota.-In July 1919 the Upper Mississippi River 
(Designatd:on ,changed: from Upper Mississippi River in 1925) district com­
prised the States of· Wisconsin, Minnesota, Iowa, and Illinois. At that 
time Michigan wa?> a "ne--man·:• s land" and a few records of Michigan streams, 
computed by, private power companies, were sent to the Upper Mississippi 
district for publication.. . 'Eighty-six stations were being maintained, 
chiefly in Wisconsin and ·Illinois. Iowa and Illinois were sub-districts 
with headquarters in Ames and Chicago, respectively. The former became a 
separate district on July 15, 1920, and the latter on Nov. 1, 1919. Th~se 
changes reduced the Upper Mississippi River district to the States of 

,. 

• 

Wisconsin and Minnesota. ' • 

The chief use of stream-flow records in Wisconsin continued to 
relate to water-power development and the recording Of winter discharge 
was an important item in the stream-gaging program. Mindful of an un­
fortunate experience in the district, Soul~ at "the beginning of' each 
winter period con;tributed an article .to the News Letter and its suc­
cessor the Water Resources Bulletin calling_ attention to the ~er 
attending ice measurements. The 1926 warning was a.s follows: 'll.J 

2-i£ .. Water Resources Bulletin Nov. 10, 1926 .. 
. - - ~ ~ . 

·Before the appearance of the -next bulletin the work of making 
discharge :measurements through the ice will be -well under ~ 
in -the northern sta.t~,s. For the benefit of the new melt, we wish 
to call attention to ~he fact that the strength of ice, especial-
ly over floWing witet<~is .. very uncertain~ · · 

.I .' . • . :·::~: ; ~-~;: ::·~ • • • 

Even though a greater part of ' the streams may have ice of 
ample strength there is always a chance that spots are so thin. 
as to be .unsafe. 1m inch of s·ound ice will support a ma.n, but 
the only way to know that you have that inch on an untried sec­
tion is to test it every step.. The w.riter makes a practice of 
giving it a hard stab with the ice chisel every few feet in all 
cases Where the water is not known to be shallow underneatho 

The cons_truction of ne"r wate-r~power plants made it increasingly 
difficult to find sites for stations above the backvrater caused ',by such . 
d~velopments; some established stations had to be abandoned; others had 

· · their accuracy considerably tmpairedQ The station on Red Cedar River 

• 
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near Colfax, Wise., gave excellent records until a power plant was built 
some distance downstream. Subsequent discharge measurements indicated 
that the station was influenced by .the power plant, although there were 
q,uite pronounced rapids between the power plant and the gaging station .. 21_o/ 

21§7 Statement by s. B. Soule to the author. 

One opportunity at least to compare the results of current-meter 
measurements with those obtained by the sa.lt-V'elocity method, originated 
by Prof. c. M. Allen of ·the Worcester PolytechnicaJ. Institute was afforded 
by the installation or new pomtr plants.. This method consfsts in determin"!' 
ing the velocity of flow through a penstockby means· of the reduced re­
sistance of the water to an el&6t·rtc current· produced by the injection or 
a solution or salt.. In December 1924 the salt-velocity method was used 
a.t the FOrd power pl:ant on the .Mississippi .River at St. Paul to "etermine 
the discharge at 17 different gat~ openingso This installation was under 
Federal Power Commission license, and to c~C·k the results of the pen­
stock discharge, Soule and Cbristoph~rson.made four current-meter measure­
ments from a boat in the tailrace about 1,200 feet below the power plant. 
The gate-opening, discharge curve developed from the measurements crossed 
a similar curve developed from Prof. Allents tests and at no point were 
the two curves more than two per cent apart o 2JJ 

21]} News Letter Feb .. 10, 1925. 

An unusual use, 'Whioh is worthy ·of note, was ma.de or stream­
flow records in one instance. . In :L924 the State ·of · Michigan sued the 
State of Wisconsin in the United States Supreme Court for the purpose 
of changing the existing State boundary, :which was the East Branch of 
Montreal River. Michigan conte.nded that the flow of the West Branch 
was larger than that of the Ea.st Branch and hence, as it would be the 
main stream it was .the proper boundary. The. cooperating Wisconsin 
officials called upon the d:istrict to make measurements of b.oth branches 
as no station had been maintained· on either. Dur:Lng the hearings before 
the "Master" the results of the measurements ·were 'introduced as evi­
dence, and as they showed the ·flow ·of the East Branch to be larger 
than that of the West Bra.nch the Court later decided that Michigan had 
no cause for action and the. boundary rema,ined unchangedo 

Deficiency tables were pr~epared ea.ch two . ye·a:rs for practically 
every. Wisconsin stat'ion as .many or the users o£ the records were · i-nter­
ested chiefly in wate·r pOwer s.ad preferred the records in that form to 
the daily · discharge "bab1es.. Ins:tead ot segregating the number of days 
with discharge between selected rates of discharge, the segregation 
was by percentage of time for the p~riod of record, such percentages 
being 95, 90, 80, 70, 60, 50, 40,. 30, 15, and 10 percent. 

Cooperative funds in Wisconsin were practically constant dur­
ing the period, and a.J..th()ugh a few· station$ were est\ablished and dis­
continued each year, the t ,ot&'L.: .. number was graduaJ.ly decreased frotn: 
45 to 38, of which nine were equipped with recorders. An av~rage of 
ten. stations was maintained With the assistance of ·private interests • 

State cooperation With Mimlesot.a,. which had been discontinued 
in 1917, was Te sumed in 19:h9. SOme old s,t&tions were reopened and a 
fevr new one·s , established, chie·fly ., ill e·aoperation with Federal Power 
Commission permittees.. ·An average o£ 12 stati·ons, of which two were 
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equipped with re~orders, were maintained during the period .. 

Wo G. H0yt was transferred to the Washington office July 15, 
1920. On Apr. 1, 1921, So B. Soul~, his principal~assistant; succeeded 
him as district engineer .. 

Other personnel of the district were: 

E. E .. Foster Aug .. 2, 1922 to Mar. 23, 1924 
F. c .. Christopht!rson Feb .. 5, 1924 to Apr~ 6, 1926 
w. J. Pars·ons,. Jr., July i4, 1926 to Apr .. 18, 1928 
Arthur ·Olson Feb .. 1 to Ju;tY 31, 1922 

E. F .. Chandler, who ha.d held a per. diem appoi-ntment since 1903 
maintained several stations .tn' the northwestern part of Mi.Desota.. · 

~ . . 
Missouri .. - The MissOUI"i district ·was created on J"une 1, 1921, 

'With E. · L .. Williams as di.stric·t engineer and Reginald Waldo as assistant .. 
Headquarters were established at Rolla in q,uarters fur~ished·by the State 
geologist.. At first the: district comprised the state's of Missouri and · 
Kansas, but in July 1923 Kansas was made a. separate district.. Cooper ... 
ation With .Arkansas in September 1927 added that State to the district .. 

The only stream gaging in Missouri carried on previously by 
the Survey had been the operation for about three years of s•ven stations 
that -were discontinued in 1906. Prof'. T. J. Rodhouse of the University 
of Missouri, had · maintained since 19i2:two gagiQ.g stations at · which the 
gage heights were obtained by measuring with .Si tape from reference point 
to water surf"a.ce and discharge measurements . IIl&de by current meter. Prof. 
E. G .. Harris of the School of Mines bad be'en making some miscellaneous 
m~asurement.s in the Ozarks ·in the interest · of the water po-wer. These 
records nth the exception re>f those from the tew· stations ·o~:re.ted by 
the Survey betwee.n 1903 ·and 1906, represented .the sum total of available . 
strea.m ... f'low . data in ~Missouri 'When the new distric-t was organized. 

The first year was a ·busy . one for Will:ie.ms · and by June 1922 
he had established 45 stations.. At first he concentrated on the princi= 
pai.·"Water-power streams a.nd established· at least one station on eacho 
Later he ·e'stablished sta.tio:as on streams subject to severe floods, par­
ticularly in the St .. Francis· River Basin. Several large springs in the 
State were of great interes·t.. The State had taken the position that these 
should be State property and had purchased .. them and: turn.ed them int.o 
State parkso A statiO!l was established on each of' these, as by so doing 
the. new stream•gagin:g program was given some · degree qf the desired pub­
licity o The mainte:nS.nce of the st&ticns established during the first 
year was nearly as great a burden as' the available funds would carry~ 
However, during the next few years additional private contributions . 
were received which brought about the e$tablishment of 13 additional 
stations, brin~ing the total to 58 in 1928o Two -were equipped with 
recorders ; two wit h staff gages, and the others with chain gages .. . In 
a:.ddi tion 12 ·Stat ions -vrere ·maintained in Arkansas. 

·High-water measurements were particUlarly desired and an ar­
ra.Dgement was made with the Weather Bureau whereby the Survey, in con;.. 
:nection ·with its regular work, installed about ten rain gages and 
received in return telegraphic notices of 24-hour rainfalls of 2 inches . 
or greater., These telegrams enabled the Survey to obt~in high-water 
measurements which might otherwise 'have been missed., 

• 

• 

• 



• 

• 

• .... 

137 

Some cooperation was in effect with Federal Power Commission per­
mittees, which resulted in the erection of a cable of 800-foot span on 
the Current River near Eminence in 1922, ~e installation of a recorder 
a.t the station on the- Sac River near Collins, and the establishment ·of 
two stations in Arkansas, atone· ot whioh a recorder and cable were in­
stalled. Two stations were established C~Jn . the Missouri River. High;_ 
water measurements at these stations required su~h heavy weights that a 
reel w.1 th boom was devised.2l_o/ . . -· ~ . 

21@ P• 64.-

With the beginning of State cooperation in September 1927,z:j · 

219J p. 34. 

W. S. Frame was detailed to Arlt.ansas. Ten il~'W stations were established 
d'l.tring the next few months. 

As streU'l gagina was a novelty in Missouri during the early 
· years ot the district, two human-interest i .neid.ents deserve mention.. . A · 
forgettul engineer left several tQ:rpt!~o -w:eigbt~ :bn his hotel in a . small 
town which were discovered by the -t'OWD> .marshall Who, ·in his bewilderment, 
believed the statement of the usuail b;r .... stander that they were · probably 
bombs used in aerial warfare. Tber~P<oa the marshall decided that they 
should straightway be destroyed and taking one to a vacant lot he de­
stroyed it by means of a; dynamite cap. The' o~y explosion was that of 
the ·cap itself, but . the we·ight was thore>ughly wrecked., 

· 'l:he· other il).eide.nt was, as usual, concerned With a gage observer. 
To stimu1.81te intereslt ·Williams . ,,~e.nt . a cow of the recently-published State 
report to each obse~~:r. One ·or t;nen1 repl,ied by asking if the . report, 
which was about half · as large a·s all element.aey geography, was the com­
plete instru~tions for read;ng the gage. This, side -light on the ob­
server·' s mentality ·le·d· to the eonelusi<):a th&t. he was unable to read the 
gage Cor.rectly 1 and hiS SUCCess·Or WaS app(l)inted. . 

Williams . resigned on May 31, 1923, and was succeeded by H. c. 
Beck:man, who had bth!n reinstated in the survey. In addition to carrying 
Ol'l; and expanding . the reguJ.ar work Bec·kman compiled the records for all 
Mis·sou!ri st~,ti·o:ns to 1926, inclusive 1 wbioJ;l . campila1;ion was published 
by _the Missouri Bttreau ot ~ology ~d .Mines,,2~ toS'ether with long-time 

~··-~ . ~ ~ 

-~·if # '. 

precipitation ·records .. 

other .personnel itn ·t}le distriet du.r'iq 1921-..28 ~'us: 

Reginald Waldo -
w~ Lo Austin 
W., R. Denison 
W'., s. Frsne 
W.. Ao Werll'er 

' 1 

June · 1:, 19a~ ':to June 30, 1922 
· .J~. l; 1922 to Ju;ne 30, 192$ 
3un:e ·l922 to· March 1923 

, Oct .. _: 3, ·~9~3 . to ·:Nov. 30, 1925 
.·. ~ov. :. 19, .. ·1925 to M&y 2, 1927 

Illinai:s.- Illinois was ·aet\l!f.ll.Y. a 'sepa!i te dist rict during_ 
the'entire period, ·:,wfth hea.d.quarte'Ps i•;~· Ch,ieagch· ir{-\the offices of the 
State Division of Wate~s .... the cooperati~ng State agency o From an 
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administrative standpoint, however, it was attached to the Upper Missis­
sippi River district until Nov . 1, 1919, when H~ C •. Beckman resigned and 
was succeeded by H~ Jo Deano With the gradual increase in cooperative 
funds the number ~of stations was increased from 24 to 34, of which four 
were equipped with recorderso ,, . 

Illinois streams are subject to severe floods which cause heavy :· 1 

damage, and unusual efforts were made to obtain. flood measurements 1 e s- ' · 
pecially as the state Highway Commission s·ubmi tted to the cooperating State 
agency for report as to adequacy, all plans for bridge openings. The 
latter called on the Survey for the.'necessary and avai·lable flood recordso 
At first it was the practice to have observers telegraph when certain 
flood stages were reached, but in 1924 this was discontinued. :As it had 
been sho1.m that practically all storms causing the most severe floods 
came from the southwest, it became the practice· to visit the stations 
in the southern part of the State when the weather reports indicated 
the approach of such storms and to follow the storms to the stations in 
the eastern part of the Stateo By so doing it was possible to obtain 
crest measurements at most of the stations.2gV 

2?j/ Ne,·rs Letter Feb., 11, 1924. 

The good-road·s movement was just getting started in the early 
years of the period, so during the winter break-up (the "season of mud") 
the engineer had his tribulations o Travel was by train and by livery, if 
needed, hired at the point nearest the gaging s.tation. As owners were 
not always will:!-ng to rent their teams when. the roads, were in bad con­
dition, on one occasion when Grosbach arrived in a ,good-sized town in a 
farming community he spent several hours interviewing all owners or re- . 
ported owners of teams vi thout success. Finally after calling on several 
far mers he succeeded. in obtaining a team to d.rive to the station 5 miles 

::;~distant .22_} 

22k/ News Letter June 10, 1924o 

~e differences in discharge at a give.n stage, due to rJ.sJ.ng or 
f~ing stages, w.s observed by Murray Bla.ncha.rd, an engineer of the Div­
ision of Waterways who devised the unit-slOpe method for making adjust­
ments for such changing stages.. To make use of the method at the gaging 
station on the Illinois River a.t Beardstown Grosbach obtained daily gage 
heights from two gages 8 miles a,part .which had been insta.lledby .the Army 
Eng~neers .. 

Not OnlY were the records in Illinois of yalue tor flood pro­
tection measures, but some, at least.;; were of . ~Use in eonne·ction With a.n 
intensive study ma.de by the . .Army Engineers to · determine the ef'feet ·of a · 
proposed additional 'diversion through the · Chicago · Drainage Canal. During 
this investigation the .A:rmy Engineers made & number of measurements 
which did ,not agree 'With those made by . the QhiC.SO ·· Sati ta.ry District 
engineers and the State officials requested Grosbach to make check· 
mea.surementso The results which he ·:obtained were between those obtained 
by ·the other agencies., indlcat~ng his abil.ity and innate diplomacy. 

Dea.n remained in eharge of the· district only ·a f'ew ·!ionths as 
he became ill a.nd the office was left in charge ·of a elerk until· 'H .. . Eo 
Grosbach was appointed district engineer Dec .. ;1, 1920. He continued in 

• 

• 

• 
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that position. Illinois wa.~ a. one-man district with part-time assistance 
in office work • 

1-. 

Montana- - North Dakota.- (Designation changed from Upper 
Missouri River in 1925). Until 1925, when all work ceased in North 
Dakota, the Upper Missouri River district . area. consisted of :·the States 
of Montana {except the small .area in Yellovtstone Park) and North Dakota. 
The period at first was one of expansion followed by contraction in 
MonttUla. due to a subs·tantia.l increase in State cooperation followed 
after several years by a decre~!3~e.2~ The·. decrease in stations wa.s due 

~::it~r' .~ .~ -~ 

. 
. also in part to a decrease in the number of Reqlamation Service stations 
upon the completion of the Indi~ Sertice pr~je·cts which were constructed 
by the Reclamation Service. 

During the period the division 'between the United States and 
Canada of the waters of the St. Ma.;ry . a.Jid Milk Rivers was placed y.pon a 
vrorkable basis. This division was J:tiot onlY an important part of the 
district operations, but also a. unique experience. The stations, not 
only on the St. ViB.ry and Milk Rivers, but also on a.ll the impovtant tribu­
taries in both the United States and Cans.~,. were increased to 24 in 1927, 
of which 18 were equipped Wi:t;,h recorders·: • .. They were operated jointly by 
the Survey and the Dominion Water ·and. Power. ~ureau. Each ,organization 
ma.de current-meter measurementsand in$peeted the gages, and the records 
were computed jointly. The trea.ty provided that the expense was to be 
shared equally and a. t the end of the ye·a.r the books were balanced to 

. determine the cost to each organization. It was generally found that 
the expense to each was within · a. few hundred .doJ;la.rs of that of the other, 
and such differences were off.set in the fol+o'-ring year • 

. . The terms of the treaty provi~~d t~t a divis~~ii.~:?f the natural 
flow of the St. Mary River at the international boundary~phould be ma.de. 
The Bureau of Recla.mation .operates Sherburne Reservoir on ·75,000. acre­
feet capacity on a tributary of the St. Mary River, and diverts water by 
~ ca.na.l from the St~~ Mary to the Milk River. To determine .. the natural 
flow at the boundary, it was necessary' to correct the observed flow at 
that point for water stored in,. or released from, Sherburne Reservoir, 
and for the diversion through the St. lviary Ca.n&l. The necessary records 
were worked up currently and at about 10-d.ay intervals the natural flow 
·was determined. \-lhen the natural flow of the St. Mary River \vas less than 

<:i. 666 second-feet Canada. vra.s entitled- to ·three-fourths of such flow" and 
the United States to one•fourth. Above 666 second-feet Canada was en- ­
titled to 500 second-feet plus one-half the increase over ·666 second­
feet, and the United States to the remainder. The fulfillment of" the 

-·treaty obligation rectuired the regulation of the storage in Sherburne 
Reservoir ·and of the diversions from the St. Mary River, and orde·rs :f'or 

~ · ·: · such regulation were issued to the Bureau of Reclamation by Lamb when 
necessary. Although theoretically the diversion of the flow of all 
tributary streams was also required, the diversions from them was so 
small that little was done· beyond keeping records of the discharges at· 
the mouth-' of each, and of the diversions . above • 

As • aid to the :Lrrigators a. j ·oint sno1; surve·y of the St. Mary 
River Basin, ·a, region of sJ..a.ciers and heavy snowfall in Glacier National 
Park, was . started in 1922-. The percentage method py mea:n..s of .. snow courses 
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as developed by Dr. J. E. Church of the University of Nevada was adopted, 
and six courses located in characteristic parts of the basin were used. 
These courses were visited early in May of each year and the water-content 
of the snovr determined at fixed points on the courses e A comparison of' 
the average of' these water-content valu~s each year with the ensuing run­
off at regular gaging stations gradually established a rule-of-thumb 
relationship whereby the discharge could be forecast with reasonable 
accuracy from the· results of the snow survey each year. For this ·work a 
snow sampler, snow-weighing balance, and camera were· carried. As much 
of the travel 't-ral3 on snowshoes, the equipment was kept a.s light as 
practicableo 

The stations in the st. :Mary River Basin were generally not 
operated during the winter and the difficultY. in finding them in the 
spring is shown by the· following statement:~ 

2?.)} News Letter June 10, 1922. 

In visiting some of the gaging stations at the opening of 
the present season» it was found that our ordinary ·station 
description did not give sufficient data to enable us to locate 
readily the stations under all conditions.. This was found 
especially true of one~ station in Glacier National Park.. From 
the description it is an easy matter to get within 30 or 40 fe·et 
of the gage, but the last 30 or 40 feet was found to be ·prett.y 
hard going. It was, necessary to dig straight down 20 feet 
through the snow to the river bed and then tUJMlel · to the gage. 

. ;t .· 

T'o avoid the difficulty or thawing out intakes when the stations 
. were reopened in the ·spring, intakes were eliminated a.n.d ·open trenches 
were maintained from the channel to the· recorder well .. 

Even though most .or the internationa.,l stat.ions were not operated 
dur'i11g the winter months, winter comes early and li-ngers l~te in north-
ern Mont~ and there are late fall and ea.rly spring blizzards which ere~te 
a . real hazard to field wo~k . in that sparsely•settled reg,io:n. In the lat~ · 
fall of 1922 Lamb started out with a team and buggy t ·o drive ·the 55 ·milt!s 
from Browning to Babb. He had not gom.e very far whe:n slee·t began "bo 
fall and this ttirned into a blizzard.. He could only keep the road· by 
fbllow.tng the· telephone· poles, not losing sight of one until he saw the 
next. Lamb wore a coon--skin ·coat and this was so covered 'With ice and 
snow that wen he finally ·reached Ba.bb' he ·wa,s. unable to move and had to 
be lifted from the buggy. When his ·coat was removed it was so frozen 
that ·it stood upright on the ·rioor.2'§/ 

2 '$} . Statement of A. ·.H •. TUttle to ·the author. 

,•. 

Lamb, W,o ha.d :first used the single-wire meter suspension. in 
1907, continued to be a strong advocate of that ·method· and made it ~he 
standard method f'or the Montana. district· •. Referring to the dif'f'ic~ties 
in obtaining a satisfactory cab1e for the standard return-current method,2~ 

2 21/ P• 60 _ et seq .. 

he stated:2~ 

• 

• 

• 
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This question is not a v.ery vital one in this district for the 
reason that we have been using a single wire and ground circuit for 
the past few years, and have found it to be entirely satisfactory 
in deep and swift streams. 

The number "of' gaging stations increased from 98 in 1920 to 125 
in 1922 and gradually ·: d.eclined to 81 by 1928." · Of these, 38 were equipped 
with recorders. · .- ~~ · · 

Lamb was district engineer during_ 'the period and had as his 
assistants: 

A. H. Tuttle 
L. H. Hershner 
R. F. Edwards 
H. s. Price 

· July 1, 1919 to June 30, 1928 
July 1, 1919 to June 15, 1923 
July 1, 1919 to May 31, 1920 
June 5 - 30, 1920 

C. s. Heidel, a ·state employee, also had a per-diem appointment and de­
voted his time to the cooperative work except during the period Mar. 1, 
1920 to July 1927 ~en he was State engineer. 

· :In. North Dakota an average of eight stations was maintained 
unde~~. ~· F-. Chandler's immediate supervision until 1925, when the stationp 
we~~~J~:Ci; ~scontinued as State cooperation had ceased. 

Kansas - Iowa. -Kansas and Iowa .were in turn sub-districts, 
separate districts, and a consolidated district at some time du.rip.g the . . ·. ··r 
period, and their operations are described together. Operationg\ in both 
States were originally started chiefly tq:r t~e purpose of obtaining flood 
records, but as floods were few and fat' · l)et~een during the period, co_. · 
.operative interest waned and, with it the. s~;ream-gaging activities in . . 
these states declined and fell. The. avail$b1e funds · Were so limited th~t . 
Thomas Gray' s re.rerence to the fl shortf and s'imple. 8.nna.J..s of the poor "~?i:Y 

2?§/ Elegy written in a coun~h~chyard . 

applies to the brief description of the operations in these States. 

The Kansas district continued under R. c. Rice's direction 
until he was transferred to Arizona in April . l921. At that time E. L. 
Williams was detailed to Kansas as Rice's successor, but with the 
creation of t:he Missouri district in Jun~, Williams was made district 
engineer in Missouri, and Kansas was made a part of that district ·. 
H. B. Kinnison was placed in .. charge of. ~he sub -office in May under 
rlilliams • supervision. On July 1, 1923o~~~Kansas again became a separate · 
district and remained so until Decemb€n7_ ·1925 , 'When Kinnison· was trans­
ferred to the New England district as district engineer. The Iowa 
district was then combined with Kansas, and J. B. Spiegel moved his head­
quarters from .Ames , Iowa, to Topeka. Spiegel continued as district 
engineer until the lack of cooperative fun¢ls made it necessary on June 30, 
1927, to close the district. He then became a State employee and main­
tained a limited number of stations in Kansas during the remainder of the 
period • 

In 1919 eleven stations were being maintained ·and during tpe 
next two years six addi tiona! stations were established. When Kinnison 
took charge he received private assistance chiefly from sand and gravel 
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companies operating in the river ,channels and increased the number of 
stations to 30 the first year. DUring the last. two years of the district 
wh~~ the only support came from private sources,2~ the number of sta-

222./ p • . 34. 

tions was reduced to 24, of which, eight were equippe·d with re~corders. 
The funds were so limited. that onl.y routine work wa~ carried on. 

· In 1920 Rice compiled all records for Kansas streams from 1895 
to 1919, which were published by the Kansas Water Commission.23_o/ ·: 

23~ Surface Waters of ~sas, 1895~1919. 

Kinnison continued the compilation through 1924, Which was also published 
by the Commission. 23_}/ . . . . , 

23]} Surface Waters of Kansas, 1919-24. 

Until Sta~e;:.:,~~operation ceased in 1925 attempts were made to 
keep an assistant, ,'but',':the attraction of outside employment was strong 
and of the four ass~stants attached to the district successively, three 
resigned and the other vras transferred. Those assistants were: 

E; L. Grant 
A. K. Go~s 
w. R. Denison 
Reginald!Taldo 
G. H. Barger 
J. II .. Hofmann 

July . . 1 
Dec. 21, 
May 1, 
July . 1 
Oct. 1, 
June 25, 

to Dec. 31, 1919 
1919 to Apr. 12, 1921 
1922 to ·Ma.r. 10, 1923 

to Aug. 5, 1922 · 
1922 to Mar. 15, 1924 
1924 to July 18, 1925 

In 1924 permittees of the Federal Power Commission were required 
to establish and maintain four stations in Oklahoma. As Topeka was the 
nearest Survey office, the supervision of that wor~, which continue4 for 
one yea:r, was delegated to the Kansas district. 

The Io"Wa sub-district under the Upper Mississippi River district 
was created in April 1919 with E. D. Burchard in charge and 24 Iowa stations 
previously operated from the Madison office . were turned over to it. The 
supervision by the Madison office was nominal and consisted chiefly in one 
inspection or the stations made by the district engineer in company with 
Burchard. When W. G. Hoyt left the Upper Mississippi River district on 
July 15, 1920, Iowa became a separate district. Burchard was made district 
engineer of Hawaii in March 1922 and was succeeded in Iowa by J• :B. Spiegel. 
The funds were so limited that only four additional stations were estab­
lished, making a maximum of'' 28 stations in 1922, of which, three were 
equipped 'With recorders . 

By the end of' .1925 the available funds not only for Iowa, but 
also for Kansas, were so limited that the two districts were combined with 
headquarters at Topeka ~ Karl Jetter, a junior engineer, was left in charge 
of the Iowa work and remained until cooperation ceased in June 1927. The 
stations were maintained until the end of the water year~ 

Texas~-This period was one of rapid expansion for the Texas 
district. This expansion occurred chiefly in two successive years, 

f. 

• 

• 
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during which 99 stations were established and was accompanied ·. by a cor­
re·sponding expansion in personnel • 

Until the large increase in State funds in 1923 2~ only 11 

23J} P• 36 o 
. a:~ ' 

t 

additional stations were established, ·brins:Ulg \C tJ:te-' t&tal to :· 5~, $Ud the 
. operations were chiefly routine in cormect:ton W::lththeir maintenaaee6 
~e increase in State tunds from $14,000 to $63·,~,. effeetive'·Jul.)' .11 
1.923, however, caused a radical depart"U:r'e 'fr'om 'the. routine. character of 
work.. Texas is so large that the existing· stations d·id n~t cfier the' 
State even · thinly, and .there were large areas, parttcUlarly ~ the 
eastern part, 'Which Ellsworth had never visitedo Few topographic maps 
were . available in that ~ection and it was necessary to make a :Personal 
reco·nnaissance not only to.- : sel~ct sites for the new 'stations to be 
established. but to learn the characteristics of the streams themselves, 
as these characteristics would have an important bearin.g on the operation 
of' the new stations.. Ellsworth spent the first ~ months ot the new f'is ... 
cal year in extended reconnaissance of the Sta~, d\lring which time he 
travelled 8, 000 miles by .. car, accompanied dJ,~rilng part .of the. titne · by ~he 
chairman of' the Board of Water Engineers.. Althougl,J. a few of the sites ­
were favorable, he concluded that most of them·· would be extrel!,.!Y .diffi­
cult to rate on account of flood plains" Sites for 99 s·tatio~~'were 
selected, of "Which 74 were established dUring ·the next _ few .1r10nths and 
25 during the following fiscal year. Practica:lly aJ..l · were equippe~ ·. with 
staff gages • 

When the enlarged program became effective_ fie~l;d b:ea~qua.rters 
were established at s-even . points throughout ·.· the· State o ~ of the 
streams were subject to floods of short :J~~~tio~ and it wa;s only by 
having engineers stationed in t ·he vicillitY1~:~ J·n . :th~ -Texa,s. se-nse . .. th~t 
flood measurements could occasionally be' obtaine(l. · · A:lso~; .the shiftfilg· . 
character of the beds of some of the stre~ at least, made ' i't necessary· 
to obtain frequent measurements.. A eondi tion· t}l~t.: has· not been noted 
elsewhere in this history was reported by the observer in the Prairie 
Dog Town Fork of the· Red River (a name that suoc.inctly describes the 
character of that part of the state) who w.r;ote ~:2?JI· · : · _.' 

23"}) News Letter Apro 10, 1924" 

Sometimes sand will be under -the ' gag~~. in:· the '' lliornillg'· -
and in the afternoon the sand·· Will not ~be tlier:eo Wind -
changes the gage height very much. The I"ive;- ··can pe _ ~loWing 
at a good rate - a strong wind Or sand st.Orm C·Omes.· Up and 
the river will not flow" The · sand .will cover ·up . ,the : water; 
when the wind . stops the river starts to flow again. 

In co~enting on that letter Ellsworth stated that the . e,ngineer , in 
charge ·· of that sub-district had his headquarters within an . hour's drive 
of ·the · station and that he had only four stations to maintain. -- For­
tunately tor the accuracy of the records for the two worst stations, 
they were dry for several months each yeara 

During the busy period of' rapid expansion the ·· American member 
of the International Boundary Commissionrequested ·the Texas district to 
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reopen some of the Rio Grande stations,2~ and as a result the Survey . 

~ .. 

reopened the stations at Langtry, Del Rio, and Eagle Pass, and tp.a,t on 
the Devils River near Del Rioo One of the .seven field headquarters es­
tablished was at Del Rio. At one station the . gage was on the Mexican 
side of the river, but the American obserV-e~ :'read it from his own side · 
by means of a telescope. . The stations at ·· El .. , Paso and below oJ:d Fort 
Quitman, formerly maintained by the American st·ction, were not taken 
over , as the ·former was being maintained by the BUreau of Reclamation · 
and the latter by the · State engineer of Colorado, who was investigating 
the water supply of the ~ Rio Grande. 

After two years of prosperity the stat.~ appropriations were 
cut in half or less during the remainder of the period, and the mnnber 
of stations was reduced to 10'5 from a maximum of 148. The necessity for 
expanding the work so greatly . during the two prosperous years had not 
made it possible to instal.l · :r~corders generally, nor would the avaUable 
funds permit. Thirty-six stations 1rere equippe(\ With recorders and the · 
remainder with chain or staff gages. Seven stations were equipped with 
cables~ two of Which had 850-foot spans. 

The series of seepage measurements on certain streams, which 
was started soon after the district was· created, were resumed in 1925. 
At that time funds were available to make these measurements which 
answered many of the · 'iilquiries received from water users and others 
interested in the Texas . streams. In all, 29 series, principally on the 
Rio Grande, Nueces, and. Devils Rivers were .mtd~, during the period 1925 
to ._ June 1928, covering a total of 2,165 miles. · 

Some of the Texas streams are subjec.t to severe floods, when 
stages of 40 feet or more are reachedo 'Whe'n :the reconnaissance for the 
enl.a:rged program was ma.de in 1923. all available high-water marks were 
noted., · and an analysis cf these high stages for 70 s~tions showed the 
.following maximum stages: '232/ · . 

·. -~ 
If-, ·~·., ... 

232/ News ~tter May 10, \:1923 .. 

Number of stages Range of stage 
7 less than 15 feet 
5 -- 15. ·to 20 feet 

24 • -- 20 to 39 ~eet 
17 ·- 30 to 40 f'eet 
17 greater than 4o feet 

Ellsworth, confronted with. such flood conditions, found early in the 
period that the available field equiptt,.ent was insuffiei~nt. Not only 
did he experiment first with airplane wtre· and later with stranded cable 
to suspend the heavy weights required, 2J!/ but he developed ~so a reel 

' , . ;.. ' , I 

23!j p" 630 

and boom for handling them.. The first reel and boom consisted of a home­
made reel fastened to a 2"x8" timber, 8 feet long, having a puJ.ley at the 
o·uter end to guide the meter cable o This boom was leaned against a.. bridge 
rail, with the outer end over the streamo One measurement as described 

• 

• 

• 
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below, made with thi's ree·l and bo·om on Trinity River ~t . Dallas, conve!ys 
an idea of the size of 'Ee~s streams' in flo:od. ''Dhe· ei ty engineer's de· 
partment gave co Eo Mea~ shin two men to help w1 th ·the measurement. '.rhey 
starte.d out about· 7 in, the morning., but at H tll.e men we·re recalled for 
emergency work ~ls.ewl'!e~,$, lee.ving McC~sh:Ln to make the measurement alone, 
using 9C pounds of !eacle :He worked !tl1 dayJ; and '~s 'the viaduct was a. 
thoroughfare, he had &• COD'tinuous gaJ.lery. Tb.:Ls ~~ not .altogether e :draw .... 
back a.s someone was . al-& r~~dy to help' })_~_· mO,ve · ~be equ!~nt from ~one 
-measuring paint to' the .!lle:xt. ·About· dark the · m•asurement was supposedly 
finished and McCashi~ ·:tetturned with· the· eQ)uiJpntent. Jie then learned of 
two . addit·ional. ona.nne.l .s· al)out 8,\ ~i~e 1'bl!y0ft~ 't]+e,: ~~fi. 'channel~ and there­
upon chartered a taxi11- . pl~t:f!d ·· tlle .:ooom ~~s~iW'i.se ·of.tthe ear,. _~which had 
both. doors ope·n to pe·rm~t :ent;s, sad bast-ea. oaGk tlm0ugh traffic to the 
newly-di$covered cha~e:ts. ~()l't~tely tlle. ~:f;raftie ·_ ::police were _not on 
duty and so \McC~shi.n, ~d~ 'bbe ~o~ti8y .. wdrbl\l~uit. . :in\ter;r.upt:ton and imeas~ed 

· the add-itional ehal'llle]js.: ll>'Y '·&':tdl cl£ .the . ~ign~$;7:01i_;;:~1le .¥i:a:d~Gct.2~ .· 
. . ': _· ;; ..... . _;'''\_·· .. ·." · '; .. · .. ·: J - . · . 

Jj:B 1922 tae·.·re4er!ll~·::t: r,._,.,, Qmll'td:&a~ •/pe~:tt covering 
the develQpment Qf power :Lt.{ ~,~~'S.~a.1l$: .. :1 ~/:~~~ ·¥:~~~!J;t: J'l~,tstr:ilct· maintained 
three gaging s·tations for streams ilivolved. 

·The district personnel durfng 1919-28was: 

c .. E. Ellsworth 
C. E. McCa.shiB 
A.. K. Gowa3!s 
H. B. Kinnison 
D. A. Dud.'tey 
Trigg Tw:i.:eh~ll 
W o E. Armstrong 
J. w. Bones 
A. G. FiedJ..er 
E. H. Mcttgap 
H. c. Pri tchet·t.. . · 
T. A. Sltt.e:k . . . 
D. s. Wal.laee 
J. L. Saunders 
R. G. West 

s. D. ·:BreeddJng 

July · l~ 1919 to .June 30, 1928 
J\il.y · .. 1, . 1919 to June 30, 1928 
July .~ 1 . to Dec* ··20, 1919. 
J¥Ly . ·~-, qlQlQ ... to . June 7, 1921 
J~ .~4.1~~~ -~'t:o ~· 1, 1921 
JulY 12; 1922'{ to June 30, 1928 
septol$,· ~923 .:to .aune. 23, 1928 
se:,Pt.lo,··, 1923· -to Aug~ 31; 1925 

, Sf!pt~16, · l923 ·· to .· Jw.y · 4, ·1925 
· Qet •.• · 23, . 192·3 te Apr .• . · lG., . 1925 

· JUil.Y; · J~, :.19,23 to J~e 30l1 11928 
· S.pt~. 1, ·1922 to ~ ·- 3.1, (h925 
JuJ.y 91 1923 to Apr o J..()), 1925 
Ju:Qr 1, 19?4 to June 3~0, 1928 
AU'g. 16, ·1920 to ·JalDW!bl"Y 1923, and 
·M&;-. ·.· 2Q' . .,: 1924 ·te IM&'ro 31,. '1926 
May · 1, ·'1924 to June 30, 1928 

· Colorado ~ Wyranlng ·(:oe.signat1<m changed f'rom Ronkv Mountains 
in 1925) • -With the discontinu&ee of -t:WG) s'tations i1l OklahOJD& in 1919 
and one station in South D~a~·:tn: 19201 the activities (?Jf .. t~ Rocky 
Mountain district were 1lim1ted t~ Coloredo at!d:,WyomiDg. ' ::, ~, 

In Co1.orado·, as · a resu:bt of sradUAl reduction· ~d :tinaJ. dis­
continuance of Forest Service· Coo.perat:llC>n :tn 1.925 and the reduction of 
State cooperation 1n.1925 to the. furnish:Lng of fie~ld data for a. :f'ew 
stations ,.23§/ the BU.rvey Oper~ti(!)nS · -were re·duced by 1928 to· the .maintenance 

23]/ P• 37 . 

of six sta.tionso 

Cooperation with Wyoming continued. The cooperative and 
Federal funds fluctuated dur:Lng the period and With them, the gaging 
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stations, 'Whieh varied from 60 to 36 in number., Certain base stations 
on J'che principal streams were maintained uninterruptedly, but stations 
on the smaller streams were changed to meet the requirements of the suc­
cessive State engineers whose major concern relate·d to stations in the 
sections of the st.ate nth which they WtY ':"e most familiar o The Indian 
Service cooperated i:r4· the maintenance of 'five stations·, and the .. B1:Jreau 
of Reclamation furnished reeords for an average of· seven statio~er~" Fif­
teen stations were equipped :with recorders)) the . remainder with st~! or 
chain gages.. During 19:20 a · -series .of ·seepage measurements was . : .~ ··on 
streams in the Big Horn Ri1f.er ... ~~~ ... and on str·.eams· ·in the northe~ 
part of the State., A total o:fi:('ij2$]:' lniles was co·veredo · ,,,,._,::<~;w · 

·· . · ··- · · };(,:?;' · . · . . . . ~~il~Iz~' _ 
In addition to the a.u·thor j who was i~ eha.rge of the dfs~rict 

during the peri·od, the pe:tsonnel list was .~ 

Po V., Hodges 
J.,. B .. Spiegel 

. M., Bo Arthur 
Po S .. Parker 
Jo Wo Mangan 

1919 $7,000 
. 1920 7 p375 
1921 8.9000 
1922 7,500 

July 1, 19i9 .. to June ·30, i928 
r1uly ' 1, 1919 to Mar 0 2, 1922 
Apro 11; 1922 to April 1923 
Ma;y· 17 to A\tgU'i:ft' -'·~923 - ~ 
Sftpt .. 17, 1923 ·to Oct.; 15, 1924 

1923 $7,500 
19~4 7~000 
192:5 5 j ·;oo 
1926 .;,ooo 

1927 ' $4' 700 
'·i928 3,900 

. Idaho = :Soise o -The ~reation ·of the ·IdAho Fa.lls district in 
May 1919divided ·the, I~o operati®ns betweentw"distriets, :Boise and 
Idaho Falls.. · 

• ~! ·., . 

0.;;11 June 20i 1919@ C~ Go Pa:ulsen · bec~e- district engineer of 
the _old Idaho district .with' headquarters at BC>ise ... and including all 
stations except 25 stations in the upper Snake.i River Basin 'Which were 
turned over to the IdSho Falls distriet.. At that time about 50 sta­
tions were being maintained, in~luding a few in Yellowstone Parko 

The period .was one of :Lntens1v-e irrigation activity in Idaho -
an. activity perhaps greater thall that in a¥(1 (l)ther :western Stateo It 
was also . one of' a.cti vi ty in wter..,:powr development o Mindful of the 
lean years before· 19199 1\ib.en St.a.t~ eooperatiGn ;w8.s st-Qpped, Paulsen de­
voted .eon~i:derableJ time to famUfarizfng the~ public ' with the Survey's 
work and the need for it· as the 'basis for ·inte~l,igent design and opera"" 
tion of :i.IT:Lgation and po¥rer proje¢ts.23 .J ~IB this ':he was aided materi• 

: : _ .:rt~~~~::~~~~¥~ ~ ~ _ · 

232/~ ~ews L~~~er Ja.no 22, _1920o . __ 

ally by the influer1tial Idaho Re~lamation Ast;o~ia.ti·on. and . the p:rovisions 
of ~he recently ena.c;t~d Federal Water Po'Wr .Act., 

The· ·increasing· interest in stream. gaging, wich led to a. res= 

• 

• 

toration of substantial; State cooperation, re·sulted in a.. rapid expansion '" • 
in the wrk., ,Many requests Were ms.de ·by irrigation dist,riets, .power 
companies$ etc .. , f©r additional stations,.\} m.ally' ef which were established 
in resi>onse tG $Uc;b. requests and some' ~re installed without cost to the 
distri~t. except fu£' supe:rvisiono ~ rtJf ~he 53 reeorders installed in 
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the district dm-ing the period wre ·,placed at such stations, and the 
shelters were erected by cooperators·;· rgenerally in accordance W1 th 
more or less standard plans. By 1928 the number of stations had in­
creased to 103 exclusive of stations installed in the spring of 1928 
for a special investigation in the Kootenai River Basi~o The 103 
stations included five maintained in Yellowstone . Park.~ Cooperators 

249./ P• 49. 

installed artificial controls of var:Lous types at te.n stations. For 
economy in operation, 12 stations in ~northern Idaho ·"Were operated by 
the Washington district for the Boise office and at the latter's ex­
pense. 

A special investigation of Mud Lake w.s made jointly by the 
SUrface Water and the Grotmd•Wate:r Divisions in cooperation with the 
State. The nec·essary stream .gagd.ng and detailed . surveys relating to 
the vork were conducted by ·L. L. ~an. Th-is investigation was started 
in March 1921 and the stream gagfng connected with it continued for 
many years.2~ The State Commissioner of Reclamation call~d upon the 

241/ P• 167. 

district for much special work in connection with investigations of 
Carey Act and other irrigation projects; the special wrk ranging from · 
determination of earryi.ng capacity of canaJ.s to complete reports on 
projects .2L:3J · 

2h:(/ Statement of C. G. Paulsen to the author. 

The intensive use of streams brought the inevitable disputes 
over water rights which sometimes ended in lawsuits. On one occasion 
Paulsen was subpoenaed to verify oertai·n records published in water-
supply papers which were to be introduced a.s evidence. He was not 
called upon, however, as the court ruled that all data contained. in SUr­
vey publications were to be considered comparable to law books for ready . . 
reference.~ · .. · 

242/ News Letter May 22, 1920. 

Two experiences with observers were unusual. At the beginning 
of the winter season Paulsen sent the usual notices to observers request• 
ing, in addition to ice notes, sketches sho:w.Lng actual conditions. One 
observer replied by sending in carefully taken photographs with apologies . 
that he was unable to draw a.ce'tlt'a.te s·ketches. The other experience was 
'W'ith a totally different type of observer. A temporary staff gage was 
installed at a new station located a qllarter of a mile from the observer's 
house. To save him.self thfs walk, he moved the gage to a point directly 
back of' his house and continued to send in the readings without mention 
of the change.. He was evidently sharp enough to set the sta:f'f to read 
nearly the same as a.t the original location so the cha.nge _wa.s not detected 
until the station was again visited by e.n engineer. The gage was moved 
back and installed so se~urely' that it c,ould · not be moved again. 

During the last year of ~h<t period plans were made for an 
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intensive study of the Kootenai River, an international stream, to be 
financed by the State Department. The investigat.ion was st~ted at the 
end of the period., · ·. 

''· .·. Paulsen eo:m:~lntled a.s district· ~nginee~- dUring _the period, ~d 
Mi~s . . E·~ Hazel Jiaugse, .·the .district elerk, s~rYe,d in -~ way.s as the · 
of'f'iee engineer~ · ·· · · · 

Others in the district were: 

A~ G.. Fied!er .· 

L,;· L. · :BrYan ·!(i~*f;/. 
Berkeley Jo~san 
K. N. Vaksvik. · 
-c. L, Batchelder 
F. M. Veatch 
Ro Go. Kasel · 
w. · J. Parsons,· Jr· .. 

. . ·:ic. K~ HoYt . 

.I .• ·• 

July :· ~, 19J.9 · to Apr, 30, 1920 and 
Oct, 1, · 1920 to Sept • . 14, 1923· ·: 
Mar, 1' 1920 to Apr. 30, 1923 
Apr. 16, 1921 to .June 30, 1928 
Apr.. 29 • to Nov. · 1~, 1924 
Pee~ 12, · 192:3 to June · 30, ·1928 
July 17, 1923 to June 30, 1928 ' · · 
Apr.· 19 to · June 30, ·1928 
Apr. 20 to ·June 30; 1928 
May l t~ June 30, · 1928 .. . 

. '. . . . Id.a.ho ... Idaho Fa.lls. -The . duties ·Of the new:. distric~~,-,~der the 
eooper~tive agreement Jn8.ae at the end of the ~re.;,io~~ period~· required 

.,.;;, ._-

'24Y} EOllansbee.9 Robtoj >ff~st, (jf WILBr. to: Juile,rjO'; · 1919:~ · p: ~· ;;4Ilo · 
'. ' - - . . '. ,;• . . - - "" ...:..-- ~ -· . . . - .·'· .... -- - - ')- ·· •. ~- ... - . - . . ·,_ --- ... '- . - . .(·_: - -~ -- - - . - -

a ver:r considerable . o:rs&nization to segregate _,,the ru..tura.l flow. ~; the · 
snake· River. from the ·stored water released from Jackson Lake; to· deter;.. 
mine th~ transportation losses applicable to the .latter; and to allocate 
the. na.tlll'al and stored 11ater to the many canals .. in the upper Snake River 
Ba:si11·~ ·· ;. 'tJtlder the State la.w the expense or· a.dniinistering the water laws 
mus~ i:>e· bOrne by. the ~ water user.s of whieh th~ Recl~tion . Service vas 
one~ rn· order .to. assist t)le water users in. ·tinancirig the project the 
State C~missioner ofRecla.toation proposed that a. special deputy COlrl­
mission~r tcp admiDis:ter the water rights be ' statiotle~ at Idaho Fa.l.ls e ·· 

As ' ~ intensive stream!*'~ program w.s the 'basl~<tor such &dmiriis­
tra.tion, he further proposed to divide both State and_ ~ey . cooperative 
stream-gagil1g funds between the . existing Boise .. dist~:tet and the proposed . 
Idaho Fall.s ·distri~t, sueh division to be prop#t.'-onately to the nlimber 
of generaJ...>interest gaging stations that each VbUld·: ~rate.. ThiS' pro~ 
.posal .Jfa$ ,a.e:eepted . and_ G. Co Baldwin, :CormE!riy .tn · eh.a;rtge of the :Boise 
distri(!~, 1ias app~inted . speelal deputy ~ommis·s:toner "for the. State. He 

<was also tl;le SU:rvey•s district engineer in charge· of streem ga.gillgo 
' ' . . ' ' •' ',·' ' ' . ' 

'fhe· rda.ho .Faiis office was opened on May 22, 1919, with To R:c 
· '-''Newell and· Eo C. H0ward a.s· aesista.ntso IB addition '~to operating the 25 

stations 1Ji the Silal£e River Basi:n between the south .?ou.ildary of YellOW.i.. 
stone ·. Park in Wyoming and Milner dam, about 100· stations were established 
and ,operated on canals to show the diversions from the Snake River a.na.: 

·its princ'ipaJ. tributar·ies o .. After one season r s opera.tion3 the need ·tor 
addftional stations was apparent, and · foU:r ·more were established · on 
tributary streams in ·1920: . . · · · · ·. 

DUring each irrigation season the amount of storedwaterl';e­
leased from Ja.ekson Lake· .was reported daily to , the Idaho FaJ.ls office, 
together with the daily stages at the river and ·tributary stream sta"" 
tions: and, the amounts diverted by eac~ ca.Dalo From this information 

•• 

• 

• 
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daily 11run sheets" were prepared showing the discharge ·at each river 
station, the estimated transmission losses, and the proportion of natu­
ral flow and storage flow available for diversion. On the basis of this 
information the various canals were regulated. 

At the ve·ry beginning of its existence the new organization 
was called upon to function during the year of lowest flow known and had 
its hands more than full in administering the water rights under; excep­
tionally adverse conditions. This test, which was successfully met, 
justified the new plan. 

In the beginning of the administration by Baldwin, the trans­
mission losses were based on those determined by the investigations 
made during 1916 and 1917, but the routine data collected during the 
first few years of operation indicated that these values should be 
modified, and special investigations for ·that purpose were conducted 
during 1922 and 1923. During the latter year R. I. Meeker, a former 
member of the Survey, was engaged to make a report on the methods used 
in determining the transmission losses, and, inter alia, he recommended 
the establishment of two additional gaging stations on the Snake River. 
These were installed in 1923, one of which required two recorders and 
three separate cables. No additional river stations were established 
during the period, as the existing stations were found sufficient. 

In 1923, as an economy move, the positions of deputy commis­
sioner of reclamation, and water master were combined in Baldwin and 
later other administrative duties were added . . As a result his title 
became "deputy State commissioner of reclamation, special deputy in 
charge of Jackson Lake, Twin Lakes, Market Lake, and American Falls 
stored water delivery, and water master of District No. 36." Baldwin 
was extremely fortunate in having a strong physique that enabled him 
to bear such a long title. Each year in his report of operations he 
stressed the fact that the stream-flow records were collected in 
accordance with standard Survey practice and this assurance was suffi­
cient to quiet any doubts regarding their accuracy. A small force of 
engineers was employed during the entire year, augmented by several 
hydrographers during the irrigation season. 

The full-time personnel was~ 

c. G. Baldwin May 22, 1919 to June 30, 1928 
T. R. Newell May 22, 1919 to June 6, 1923 
E. c. Howard May 22, 1919 to Mar. 31, 1921 
L. 1. Bryan May 1, 1923 to Oct. 10, 1926 
c. A. McClelland Sept. 17, 1924 to June 30, 1928 
M. H. Coffin, Jr. Dec. 16, 1926 to Mar. 30, 1928 

Baldwin's administrative decisions were sometimes questioned 
by disgruntled water users, who on several occasions brought suit 
.against him. In each case he was upheld by the court, thus indicat­
ing the essential justice of his decisions. Another difficulty with 
which Baldwin had to contend was expressed by him,_ as follow's ~m/ 

2i±2/ Trans. Am. Soc. C~ E. volo 94, p. 299. 

I t is often said that in an irrigated country an otherwise 
upright man will not hesitate in times of drought t o steal water 
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and that the . most peaceable citizen ~de~::, ord~riary circumstances 
~, quickly become one of the_ most v;pl~~l:~:.~£,-.. ~e thi~_ his ~ter 
·:t;ights are being attacked or infr,.nged inr·.:atJ¥,:· ~Y• · · · . --~ '. ' ' . . <. . f ~: ' ·~ ·. · . < . . ' ·. . . . 

.. . _ . . _ The. completion ~f a channel r~sel:yo~':r:;~J~.t'; ~!!r.Jcan _Fe.lls about 
1926 · ea.used a new com.pl:l:cation _in the &~tri,:t§~~~tto~·~;~~ , the;~ ·ator~d ·and 
natural flow waters. of the :Snalte River·. ·. Th~':·~:(f·~,y·ef-~\~~-red bY . the~· r~ser-
voir vas one in 'Wh~ch spri~·s ·., :having a flo:W ~-- ~,~::· 2_·,ooo. .. se~conci~eet, 
entered Snake Rive17, ~d tlte effect of . the ·~ ~~t~''· ' ~_;;~,:

1

~h~:·· . :~es~:~ ~D 
the flow of thes·e springs w$._ .problematic~~ - ·.'.:t§~- 9;eqrmine this, ' s;teeia.l 
:tnves~igations ~re made,24!/ both by ·t-he :B~ea,~F~#:; 1t~cla$atii:>n·:"enghleers 

.•• ··J.· . • ~:?y- . ·->~-_-:t~~ : :- ·_:; ·~ -~ j_A_.~r~--~~'-: ,,. -~ ~- \ .. ,~· .... ;. , -

. 24§/ Statement 9f G. c. Baldwin· to ·the author ·~ - ,;i,.~,; ;_,, · ·,·.-
• • I • ' . • ,·. . ' ! . _; . >· • -.; . -{ ';· of>,••, •- _.,_:_ •• , ' •' 

a.nd by Te~ R" Newell, who· was . employed by the T~~t'erJ:Js'ers for that pur­
pose .. . ·Another effect of the ; American FaJ.ls~- Re.servoir. was the. gro'W'tih of 
aquatic plants on the rocky- str.eam bed below.· t~~ ~a:m-, due to the cla.ri~ 
f'ication and warming of the · riyer water during:,_ }ts'{ <P"-8f3a.ge through the 
reservoir.. · ' · '.· ' '>·.f :,; · · • · 

. . ' . . -. ·' .. ::-'.:t ,' . . 
The Snake River is r~ely subject ··to~~ias:U{!;<ie-n floods, so wb.en 

the news was received in May 1927 '· that the ta::t·~-Qreflor:~' ~ .. natural daJfl on 
the Gros Ventre River, . a. triblitarY. stream; in. WY -. ·~'· ····~,'{i:j~Iow Jackson Lake; 
had _ suddenly releaped· a large. --~~tity _or· :ate :··· ' <.'.r,/~:tP.e ·citizens 
along . the lower snake .. Riv~r;;.-~re· '~ea~~ .:~;t·.: - ~·:" .. : .. %s.-,! t'.h J~tn.!tW . 0.~ ·· them e~d 
on .t}le hill·sides all .n:tgbt.i,;: :.~qu1rie$: pottre~1·~: ·· ·- . · <~;Qle ~;<U\s~rict Qff:Lce 
so fast that Bald"Wj.n· kept -~he.\~r:tiee ·oPe.nfi~~: f'·:_: .. ~~·:,;;Wa.s ·. on .. duty him-
self fot; thirty~siX h()yrs tb :. ans~r · tb:e qui$t ...... ~ ,~~fii~t\inS the d~e 
do~e .. and the· proba.ble -· he:t~t ~~~, t~~ tlooa 'tat .:· t~~':.·~~ious· points. ~ One 
meul ~ ·ted to . know: if }le sl\9,liid~inove b:i·S· Qe:~sJ~;~·q~'th~#·.· i_(· he shOuld move 
a .·sto~ek of pianos which he ;~d- atored ·tn a:~\:baselierii! ~r-in . IdAho · Falls~ 
Fort~tely for both,· BaldW!li' ~l)repor:ts f~o1n~· tlP,$ti:~~,.-. stations where · 
engilieers were stationed:; ~,nabi:~·a: him, to .~ a~·sur,_e 1~n~;,: tlia.t ' the' flood 
woulct .reach neither · the··bees· 'lior .the :·:p'ia.nds~ . His assurance was proved 
valid·~ · . . .. ·. . ·,~;t!iili~;- -.. 

Bac~ter caused by ice. was an unknown phenomenon to one gage 
reader _ in the district, 'Who repc>rted that the l:';i.ver at his station was 

·· froze.ri and that the gage_ read 3.-12 fee;t. ';l'h~s . was so much higher than 
during open wat~r that he a.dde¢1. "but i;~at eah't be.·" · ·'· 

. Utah :..; Nevada (Desi~t-ion c~e~, ~~m:.'Great Basin 1rll9~5).- . 
The e.rea, ·.of the Great·· B~_sin district,, . coJnirist~ the :Btates of Utah and 
Nevada, remained uncha;nge'd dur:big 1919~~8. '" ·>t'·\~~.. . . · . 

1n Utah the s~cial Sevi~r Ri.ier: ti;~~'tigJ'tions~ wer~ dis-
. . ' ~- ~- -< . . .~_ ,~ ·~- ~-; .- . _._ ~ '::.<:_.:{~,~:;;~;· .t.'-. ·._·. ··~:; .~i? . . -

. •' ' . . . ·: j' '<; . . . . .· ·.. .. :( '} 't]~';· . ~, . . . . 
c~ntinU:ed at the end_ :of· the water-year ')~919. <·a#~: 47 $tat,ions, _chiefly on 
c8.nals, were closed. Thereafter, with '·.'no addi~ional. inves.tigations, the 
dist~iet operations continued on what may; be t~rined ~~ stable b~sis .· --
the nmber of stations :were decreased from·· 58\·):n:, 1920 to 49 ~ in 'r924 and 
increased to 56 at the end of the period. with'· ·a.ifew . changes ·. in stations 
ea.e},l, year. Of the 56 stations, 31 -wet~ :'equipped,:' with recorders ~ The 
increasing interest in the ·Colorado River 'resUl.ted in the reestablishment 
of one base. st~;tion .each· on the ColoraclQ, .:¢feen:, -·_ and San J~ Rivers with 

' ' ' ·~t ~· ,.c: ~ 

• 

• 

• 
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oo·opera:t:Lon' trotn seve:r:al: sources. The Utah Power ood Ligh't Co. contin­
ued its ·strea.m•gagd:ng pragram and furnished the St.Jr'Vley wi thl all' or ~ost 
of the. field . data for 11 ·stations, o.f which t:wo were in the Bear River 
Basin in ~Idaho· . 

P:n ~unusual c;a·s&· of i.nteresrt. o:n the part ot a. former observer 
occurred.· at the San Juan station near Bluff. Alth'G'UGh th:Ls st&t:i:on ·had 
been diseon1U,.nued . in 1917, the f'ol"m.er ob·server · no't:M'ied -the d::tlstriet 
office fiv-e ye.ars lat~~ tba.t the rive.r was at th'e. !l:owest stage in ·some 
20 years, ~d: the follOWing year sent. in c;· re·P,Qrt Gt ·gage hei·gbt for 
the greates·t flood he had seen at that po~nt.~ 

24§/ News Letter OCt. 10, 1923. 

Th~ ·number of ·Stations in Nevada. increased from 2~ 'eo 29 in 
1922 an& 1923·, then decreased to 15 in 1928, due~ to reduct:tori; ·iii avail­
able funds. seven s:ta:tions were equipped with recorders. ,Private in• 
terests~ rendered assistance at about half these stations. 

A. B. Burton co·ntin.ued as district engineer d.-w:-ing the pe'riod. 
The rema.i:nimg personnel 't,J3 r.~: 

J. w. Bones 
W·. E • . Dickinson 
R. R. Rowe 
B. ·A. ·Rowell 

I 

M. '1'. Wilson 

July 1,. 1919 ··~ :Mar. 31, 1920 .. 
July 11 1919 to Nov. 24.,- 1923' 
Apr. 20, 1920 · to June 30, ·1923. 
Aug. 1· to Sept·. !12,, 1923·-. 

D. M. Corbett 
J. w. ·Mangan 
J. J. Sanford 

Dec. 3, 1923 to 3~e 3,0, .lQ~e 
oct. 16, 1924 to Jan. 27 ,_ 11928 
Oct. 10, 1924 t,o ·Feb. 26, · ~9?P 

(per-diem) Jan. 1, l922 ~· June 3~, 1928'. 
· ·i' 

Arizona.. -Al'izona was part of the Ca:li'forfi'i:a :dis~i'e:t unti1 the 
spring ·Of' 1921. 3 • . F. Kunesh, from headqua.rters·_:~t ' 'fucso11, '(moved from 
Phoenix i ·n 1918 ', carried on the :f'ield work under ~Glas~ • s supervi• 
sion. At the same t:tnie· Prof. G. E. P. Smith,. irr:tga~ion· engineer of 
the State Agricultural Experiment Station, the cooperating state agency, 
was conducting the field work at 10 of the 23 stations tha,.t -were be~ing 
maintained. These 110 stations were situated chiefly in\ the southeastern 
part of the State, while those being maintained. by ~he Survey were ~mainly 
in the v,pper Gila River valley and were continued from work previously 
carried on ·in cooperation with the Indian service.'242f 1Kunesh resigned 

July 15, 1920, and as no experienced engineer wa.~s a:<tai·lable at~ the time, 
the Survey discontinued its field work temporwily. The .office equipment 
and records were s.tored with the cooperating state official pending !"e­
sumption of :work. The State continUeci its wrk and the 'lndia.n Serviee 
and pr~vate, interests maintained several additi'ona.J:. stations. The S'QrV'ey 
had been maintaining the Topock statio.fi, on the Ool'ora.do R~ver. The local 
observer, who had been making frequent measurements, cont·inued to operate 
that ~station • 

, , Bec·ause interest in the utilizat':i)on of the Colorado Ri:ver was 
mounting rapidly the n:edessi ty for addt t .ional stations was so apparent 
that it was deeided to establish a separate di·strict in Arizona. Before 
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~~ments e.oul.d be .perfected it was felt that ~be Survey ~~hould have 
·a representa;~.ive i!o. Ar~z()na. who could keep in tou~h · with the various 
interests an.d, aJ.so.9 dOJ';'a limited amoun.t of fi~ld i~k~ · ' Jo B~ Spiegel, 
who had been conne~t~d ·'With the Arizona work. trom '1914 to 1917, was 

· l . detail~d from the l)e~r\f'er _district to. Al. ·~zona~ .and ~e:ma~d there from 
.: ear~ Jap.~ - w latt~ ~©h .l.92lo !he separa~ : dis~~~ct ~~ create~ . 

:A:Pr:U:·)t~<- i92ls with Ro Co J;lice as district eng~~o-_; ~e - l);'t'Uiza .... tion 
of the! . ColoradQl Rxtrer 'WaS an interstate probl.eia ·-with·. w ·. . hious . 

, g~erlmlen't agenc1:.~s:·.&llil ~!va:te orgatiizations 'Vere cone~lJ. ·and those 
·interests eontrib~- to ~he support ·of the. ~.l"Oratio Bi"er "i!Crko255J . 
. . . ·~ r::.> ·-- (. -~:~f\ ">> . , 

._. ,,\:iri.ik'-i·-'··: :Our:mg the f~st yt!&t' ··~tee ha~ but -one &Ssisttu,J.t_,:. ·· J.o Ho 
~Q:~r, . who was ·a .state employee unt~ .. {Si~~~ ·a ~tvil:o~e~ appoint..­

. tttent on Get o 1, 19~o Rice devoted a l.a;r.1ge; part ~ ·o:r: bi1& ,; OW'1tl· time _to the 
,· · · . .. ··colorado River~ and · the· State mel Indiait Se~AC'e _ ·conttaue~ . to furnish ~ 

the -~eater part of t~e ' fie:~d ·aat~ . tor thef ~~-~~ns ·. in 'Wbieb they were 
.pa;rti¢'tll.arly ,~.tert:sted·-o · .a,n Mq 1921 the ~~erD., C·atif'Ornia Edison ,; , . ' 
.Coo •·• :tnstaUe.d' gages - ~t tl:).e .. I.ifes··Ferry .station, &na .. ~.- th$ eolle~tiOl · · 
ot .records ·wiae~r SUJrVey supervis·ifsb2?J/ 'l'lif:·· -following , -jear it was 

. : · . -- · - .> .. ·., ... _ :_ .... ~ . _ _ )~'L. -: L _:r~:: .. :_. · ... · .... - ~ 

found necessat"7 'ba) haVe a ~e$.id.e~t. : ~Diue~r. · . at ::'.tli~ : T'e>poek station and 
n-~ A~ ~ey- · ws tratislerx;~d' :~tr(l)lir thfi . ehattanoO',_ ·~istri~t t,n ·. May 1922 
for ~i pu:t"pQseo . ~~the' t .a.U:·.:.dr: tti&t : ~ar:~~ .::~ey·~ eonstructed an 
e~tir'ely · nev- ·statioil:: a.~·· a site about··,2 mi:le's d~~e;tre&tn.& . A si-te for 
~ stat:t\ln was selee.ted ~u .the Grd~- C~n ~f&:~t·r~~ ~s· borrowed from 
the Califomia distrie'1f to eonstruet · th1s · sta:ti~~:':-'~it.C,· the t&ll of' 

1922. '' ' . ,, ·'; >· . ",, .. · ..• ·~l~f~,t~~/;·· '• .. ···.. . .. .. 
; .. '_' . i'he State J&~· . C()tJmissi~:m.er - be~.-.::-:,tlie ·; c®perating offic_ial 

on , ~illy 1, 1921, and, .¥~'·1U!~ :_~S, ~h;en, ~o~eti}e~ ~~Jl t~e. ~~er r1gb.ts 
of Which an adjudication was to be made it:t ··the· Gila R,iv-er B$Sin, 11 
additional ·· stati~nsi clliefl;r on eana:ts, were established 111·· tbe.t basin 

' .. during .1921 and 1922 0 ~ of ~hese stations had. beeti maintained in 
· co~ection With the s~~itd Indian Sezov+ce ,~esti~~ions · ~uring th~ 

. prev:Loo.s j)eriOdo2~ :Be~~-, .. ~ 1921 :the, work was -~ ca.rried on 
. .· ,:•i -. ... ,· -. . • ' 

. 25?} JJollansbee_; Robt.,) Nt.st~ of Wate'r Re s., ·Br ., to J~e 30 ·.~~ 1919 , .. p~ .. 346': 
~-: ' ', - , _ . - - .'- - • • . . ' - . ..... <;.· --~ ·;t .. ~-;·· :..~ ·- . - '·! .. ' . - -~ - ., . .... ~- . _ .. .... ...;,.·. ~, -~,i< __ :_,..,_ . .,..".-- ·.- - •. - -· . - _.., --

- ,~· _ _ ,·':-._ - ~ 

A'···ae:r. su:Xv~ supentsiou ex9ept t~r a few stati-ons near Tuescn, whi~h 
- Prof' 0 &nith continued to maintaino·, .- . 
. ' ·' .. .. •. :. ' . 

: . ~ ;'\. . : . . •' . \ ' ~ . -~ . ' . . 

< -'· ,· .· .. · .·· . ·. ,:_: ~~:·; iaige >tncreetse ,irl: State appro])rie.tio~, 'be~irm~g . vi th · 
'• the· 'ti·s~al; ' YEf&r. :·19~4, . ma:<W~ i:t: posslble for th~ survey to install aduo 
._:ctitiollaa\.·st!tt:io~ i .. re~equfp ~xisting :stat :ions:, and ·ipa:r a ·l&rser share 
·<of': the ~-o~t : of\-~n.~ta_~ ! resi~-t engtneers at· eaeb.·" Colorado R~ver 
· · stlt:tio# .. ·,x_;.,.~~.:·.~he)~jid::_\~f_ : th~ P!riOd., !Ji3 . stati:tons.fwere· be~ mailltained, .. 
or which 1~/•r~ ;_;~q'Uil>ped Witli reeort!ers. .. ·:, . · · 

: •• • I •, ''• 

-.;, · . -
'' ' -. ,..·· 

• 
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• 
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Like other western streams, those . in Arizona. were subject to 
6loudburst floods, the type of flood that ·c~~~n cannot be reached 1n 
time· to be measured by current meter • . ::a~r, .. ·Gard:Lner obtained one 
measurement of tha~ type of tlooct on the Gil1a. River at Kelvin.· He was 
:Ln :that vicimty when a :flood occurred fl.l ·tile · ,1-ght and by the 1P,um1.­
nation afforded 0, -the· spotlight· .on his For~) -~he was able to make a 
eurren~·meter· meas~ent .'0]/ , .· :~~t . 'if:•·: . · :~·;'' . ' . 
t ' .· . . . _-·~~,_::.·';•' .. ::>;·:'. . : 

": · ·"' /\.-·: . ___ . . .. ,,,,ru~t- · 
The ~~~~~~~d locati~ns ot ~- .s.~t+o~s afforded vandS.ls an 

opportunity to ye:~t:.· their sp1 te agaip.st tht!J~~~jtisting order. A parti ... 
cularly aggravatltd ca~e occurred at the' st.~~:tom at the San Carlos dam 
site. Shortly a.rt~r ~hat station was . eolliPl~~~<i·. some person unknown 
thr~w into the · ri~r every item of equi~J\t'f::W,}ifch . could be pried 
loose. Float, _CGunterweight; and "C!!oc~.i~-t'' cables had been cut 
loose at each ~nd' tied together and . str~:t.~lt~d along the trail leading 
to the station. " . ··Tile gage-height book wa~ -.-~ipved . from the locked 
house, slashed. ~th a. knife, and tnr~wn . ciei>~· o~ the trail. · For some 
~own reason __ ~lie r.~corder itself was ~o~~ ~~~~ted.25!f 

- ;_ . ~. ' -~.~-~0:~ .;) 

... ·.. ~ :-- ; .-::~: - ?-~ .. ·; ·-:, 

Dr. lfewell~s spelling of "gage"' ld~~out the "u''25J had a · 
-· . -~ >>_c~;~t;-:/ _ .. . ··.~ ~;.;:; ''1\: ' 

I ' . 

r~percussion, _ re~J;.~ from Arizona., some~ .'tJii~~y-odd years later. An 
i t:Lnerant printer -Wa,ls .: given some eopy in ~1:~fi the word "gage" oc- . 
c~.ed. Thinking to ~orrect the misspelle~ - ~~d, he inserted the "u'', 
and the proof was'. r~turned to him with hfs 'acldtt·ion deleted. Two 

::c-;~inutes later he rushed · i-nto the edi t·ori~ .a:.bOin . a.:f'ter a conference ·with 
. ::the proofreader antfl·;~ved the orre:riaH.ng pr'o6t >t.n front or the copy . 
reader. •-• Such a ~en of l;>~s I n~~~r seen, -~~ ·-·· be wailed. "T~~~, . a 
man• s ed-ucation aYfSi from h:im! I've spent fifteen years in printing 
shops, trying to l~arn on which side of the "~" to put the "a" and flOW, 
dern you, you mark ~ t _ out on:. me o "'6!1 . , ·. . 

25§./ News Letter Feb. 10, 1923. 

Rice resigned on Dee. 31, 1923, and was · succeeded by w. E. 
Dickinson, -who· came to' the district Nov. 23, 19~3·, and continued as 
district engineer during the remainder of the ;Period. Others in the 
district ~re: 

J. H. Gardiner Oct • 1,, 1.921 to .Jtme 30, 1928 ... 
D. A· Dudley May 15, 1Q22 to Feb. 6, 1928 
B. s. Barnes Apr. '10, · 19~4 =to ·Dec. 31, 1926 
R. G. Kasel .Apr. 10, 19?4 to ·J'uly 16, 1925 
J. A. Ba1llllgartner Oct. 23, 1924 to June 30, 1928 
w. E. aoae June 16, 1926 to June 1, 1928 
K. c. McCarter June 17, 1926 to Jun~ 30, 1928 
A. H. Williams A pro 14,- ;,192.7 ,to June 30, 1928 
H. s. Leak Apr •. 2,. to June 30,. 19~.8 

,. 

~ 
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, ,Washi~tono.. Water power continued to .create the (lomin?.nt 
interest in the· ·.Y!~ter resources of' Washington~ _!hi9}} ~s·· ' :acce,ntu~ . 
ated by the nat;ion~wide interest -in water powet:~~y:r:;i~ the periodo · 
.Ari average of 46 . stations was maintained west .. of ~li~~~Cascade Mo~tains, 
of which all of the records were of pri.,~ary value ·fop power. East of . 
the Ca~cades an average of 23 stations was ma.i.ll.t.:tined, or WJ:lich tl;le . ~7 
primary value was about equally divided between power .and irrigation.,:J 

25]/ Letter from G., Lo Parker to. author o 
: . . . 

These:).atter stations .did not . inc~ude an a~erage of 13 stations main­
tai~d by the .. Bu.re·au of Reclamation:, the records for ·which "[ere .. 
furril'f5hed for ·publicatipno Thus, 80 percent or niore of the stations 
maintained by the . district :were pri.ma.rily in. the interest of water ·: 
power. : Water-p6wer i'llt·erests, both municipal/. and priyate; assisted .in 
the ma:intenance of many of\ the stations and filrnishe<d 'not only gage~ . 
height records, but also discharge measurementso Much of this as- ·.· 
sistance was related to the Spokane River and i _ts tributaries ·in 
vJashingtori and . norther:n · Idaho, where the Washington Water Power Co. 
operated~ The Company installed the recorder stations and detailed 
an engineer to the field. wor"k, who fo/ni.shed most of the field data. 

i 

1-1arry o:r the stations in the .State were at -isolated sites· in 
the mountains and their ins,tallations were not only difficult; but re­
sulted in unusual experienceso Perhaps the .outst~ding experience was 
that of _ Lasley Lee in the installation of the station on the Suiattle 
River near Darrington .. This site was in the most isolated . sectionof 
the State and· Jnate:rials and supplies could ofily be transporte4 by 
means of . pack _horses from the nearest town, ~8 r,niies awayo During the 
period·. of construc.tion rain or snow fell a.imc::>st ' · ~ont:i:nuously o Shortly 
after the exc(l\yat·ion was started Lee fractured a · rib' a.nd ·the two 
helpers, who :\.ref~ :-:~;t;p,thers, were .· called horoo. by : ~?erious illness in the 
family _le~ving:'~ri~:§i~ene· for . three days ' wh~~e .· he-.. n~sed· his fracture' . 
rustled wood an~?~~~~~; ~d CO()ked his own 'meaJ.s~ ' Upon the return of 
the helpers, he ·.·c.etfl~~-~~¢d~_- ~;tle installation and made three measurements 
of discharge befq~t~~~~etl;lr:rifng ·to civilization .. 25!J'. · ' . . 

. . . - -;~:~4~~:-;~;-~~":~~--~£:~: - -. ~ ' ·. 

25V News Letter Jano-' 25, 1921 • 
. . -·~:- .;;_ -~ ~;_f:·~: 

One of the most e~;;~sive stations constructed by any 
dis'trict 'during the period was that on the skaiit River near Concrete, 
whete ·tbe · 49-foot concrete well 't5JJ and th~ ;.pable of 820-foot span, 

-:_:; ~;-s·ii:;~::>~~ .. ). 

25J/ I?~ 6'8·. ·, 

anchored to reinforced concrete deadmen cost about $3,500j part of 
which . was for the purcha_se ·Of about · 3 acres of right-of -wa:s- by Skagit 
County, which furnished the funds for the .station. Another notable 
instal;Lation was that of the cable of 11 5.38-foot span ~cross the . · 
Col~bia .River at Kettle Falls J2fq the longest span constructed by the 

. . :· :\~ .. ' . 

260'/ .- ·;_ 7, ~ : 
':.J p ~' •· 

I 

Survey up to that, time., Construction was active during the period and 

• 

• 

iw• 

• 
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25 recorder installations were made,, of which 18 were concrete 
structures. Twenty-three cables were erected and~,.~·.· ne artificial con-
trol \vas built. '26JI !1 

26!./ p. 77. 

Unusual conditions pertained to three stations situated on 
streams having great fall. The. riwer banks, wh~,re the recorders were· 
installed, were sealed off from the river chanhel with the result . that. 
vThen the intake became clogged (as intakes have a habit of doing) . th~· 
water in the well drained into the soil. 

The recently-devised Gibson method of measuring the flow 
through a penstock with a high degree, of accuracy a.fford:ed a means ·or 
checking the accuracy of Survey records. In 1926 il?arker made com­
parisons at two stations where there were favorable measuring con­
ditions. At one station the Survey records for one month were 3.1 per­
cent higher than those obtained. by the Gibson method and at the other, 
4.9 percent highero25~ Later tests showed agreement within about 3· 
percent. 

26'ij News Letter Jan. 10, 1927, 

Of the seven projected reports covering water power in the 
Cascade Range, three had been published during the previous period .and 
a fourth was published early in the prese,nt period.2~ These reports 

26~ Water-Supply Paper 486 . 

had of necessity been predicated on meager base data and additional · 
data had rendere'd them obsolete. It therefo·re appeared advisable t6 
Parker to discontinue the series and to expend the district's funds in 
obtaining more complete base data .26}1 · 

26k/ Statement of G. Lo Parker to the authoro 

Although no additional water-power reports were prepared, 
Parker compiled all records of Washington strea;ns, not only to make 
those records more readily available for re,ference, but also to pre­
vent so far as possible the use or earlier records which had subse­
quently been revisedo At the same t:Lme he warned that some or the 
records in that cotnpilation might themselves be rev'ised at a later 
date .26J This compilat.ion, which contained all available record·s to 

26~ Water-Supply Paper 492, p. i, 

1919 inclusive, vTas published in 1923 as Water-Supply Paper 492. · . 

.Although water power was the chief inte·rest in Washington, 
investigations of the vast Columbia Basin irrigation project were 

/ being carried on during the period.. Preliminary steps were taken in 
1919 when the Governor called upon the State geologist to assemble all 
available data, and as much of the information Wa.s in the Tacoma office, 
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Parker. was not o11ly called upon to furnish. it, but also to search for 
other informationo A special State commission made an investigation 
in 1919 and 1920, and published a reporto During 1923 and 1924 a 
special Reclamation Service Board made further investigations and 
Parker was detailed to that board for seven months for the ~pose of 
making water-supply and storage · studieso26j' Intere·st in the project 

26§./ ·. ]>~o 4~ • 

, continued to grow and in 1927 the State entered into negotiations with 
_Montana'. a.nd ·Ida.hofor the allocation of the waters of' the Glark Fork 
and }?enCJ. Oreille Rivers and Parker was called · upon to make storage 
s~udies · of Flathead·, . ptiest, ·and Pend Oreille. resE7rvoirso26!J .· .. 

26IJ ' T.;etter from Go L. Parker to author 
'·. ;. 

. . The ubiquitous bystander appears in the annals of . the 
Washipgton districto An ol.d rancher was watcl'!ing _an:.: engine~r make a 
lorig and tiresome measurement from a highway .bridge at one: of the 
largest power sites in the State, a.nd asked the usual questions re­
gardin,g the reason for the work and its value .. ·' ·. Having received courte- · 
ous. ~a complete answers, the bystander started aW!J.Y with · t.l:le remark, . 
"'l!here · are · a. lot of ways _or. making a. living_ Without' w-orking. n26j' 

' • ! ~. 

~ ~ ~ . 

, : At the end. ·of the period 66 sta.t·ion~ _were being operated, of 
which 48 were equipped with recorderso ··Four stations in _southwestern 
WasJ;d.ngton were maint~ined :by the Oregon district at the expense of the 
Washi~on districto Not included in the _al!)qve figures were 12 stations 
·in . northern Id.allo ma~ntained by the Washiilgton /listrict . at the expense 
of · the. ·Boise · distril;t. · 

·.· · . G. L.. Parker continued as district ~ngineer .during the period 
and had the follo~ng assistants~ 

·. Lasley Lee July 1, 1919 to July 10, 1921 
Do J., Fo Calkins July 1, 1919 to June 30, 1928 
R., Bo -Kilgore Apr • 5; 1920 to June 30, 1928 

.. John McCombs Jano 23, 1920 to July 19, 1922 
Ho Wo Newton June 22, to Nov .. 15, 1920 
J. Eo Stewart July 25, 1922 to Mar., ·17, 1923 
Jo So Gatewood Mar., 1, 1923 to :May 26, 1928 
c .. Co Osborne May 1, 1923 to Nov· .. 29, 1924 
K. N .. Vaksvik Nov. 16, 1924 to June 30, 1925 

· Oregano- The division of work b~een the Survey and State 
engineer 'bf Oregon which occurred in 1924~ reduced the number of 

stations actually. o~rated by the Survey by slightly more than half. 
H9w~ver, .the Survey conttilued to make occasional measurements at· the 
State-operated stations and

1 
during the winter inonths detailed an 

l \ 

• 

• 
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experieticed engineer to the State engineer's ·of'fice to supervise and 
assist .itl the computation of the records •27'lf 

27~ Letter from G. H. Canfield to the author. 
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A considerable number of stations both on the natural streams 
and on canals were required for the administration of the water rights 
i n the Rogue River Valley, . in Jackson· county, one of the most important 
irrigated regions in Oregon. The stations on the Klamath Indian Reser· 
vation· were re·adily accessible to Medford, the qo1mty seat of Jackson 
County, as were also stations required under Federal Power Commission 
permits. It therefore appeared adv'isa:ble· to have a sub-office in 
Medford, and beginning May 10, 1923, ··..racks on Co~ty, together W1 th the 
Talent and Medford' irrigation districts, and th~ ,Rogue River Valley 
Canal-, contribut~d toward the maintenance of that· offic:e about $2,000 
annually. 2!J . . . · · .. 

' . ; 

27]/ Letter from G. H• Canfield to the a.tl.thor. 

. . : 

. . K. N • . ~lllips was · detailed t .o the Medford office during the 
~~mainde'r of the peri ocr; a:nd · mai~ta.i;ned .Son{ average of 30 stations. 
~e · Cotinty f'unds contributed ·wer~· not included in State .. cooperation • 

...,- . . ·-. ' . . . . . : • . . ' . ; ' ' .' ~; - ·. -·--: . _:··: ~~ .. ' . - .. . 

·: The mueh..,used records of . th~ . Co~umbia River . at ,The Dalles 
were s'Ubject to fu.rthe·r study d~ing these years. The special Recla­
mation Sef.vice Boalrd. investigating the Columbia Rivei:,27!f made a study 

27Y P• 48. 

of powe~~ possibilitie~ at Umat~.lla Rapids; tor which the only stream­
flow reeords were those at The .. DSJ.les. The lo:w· flow 'MaS of especial 
importance and the existing rating curve was based on current-meter 
and floa t measurements made by the Army Engineer s in 1903, two current­
meter measur ements by J. C. Stevens in 1907-1908: 2T}/ and three current-

272J Follansbee , Robt . , Hi st. of - - pp. 282-3 , 

meter me.asurements mad~ above the mouth of thee Snake River in 1913.2~ 

274j op. cit. p . 421 .(Hist. of --). 
- . -~ l ·_ ' 

The Board ~es'ired: ·a · t#her ·check. ODl "Ohe lower part of the curve and 
requestedJ;lE;!nshaw· tQ-·,.~~i¥' ... anothe\r curre.nt""~eter · measureme·:nt at The 
Dalles. ·. A.eeordingly ·; l'<i d November 1923, eafiftield and Dawson made a 
rneasurement with the $.id :of a boat held· in pls.ce by a quarter-i·nch 
cable. The single-'Wi.re suspe•msion· -was used, and as the velocity was 
only a littl~ greater than 1 foot per second, a 30-pound weight was 
sufficient to hold the meter in place. ·The meter and weight were at­
tached to a 1/16-inch.1aeroplame· strand and handled by what was de- · 
scribed as "a simple .wood lift _reel. n 'This reel was marked u.s.a.s. 
No. 1 and was ~sed · in measuring the Willamet-:te .... River in .January 1912 

ci, .; • •. •.. ' ,:,·'_,;· : 

i '• 
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and the Columbia River in 1913o2~ The width of,. the river was 1,020 

272/ News Letter Feb" 11, 1924o 

feet an~ the maximum depth 76 feet~ Six vertical velocity curves were 
obtained from observations made 1 foot below the surface, 1 foot above 
the bottom, and at interv·als of' one-tenth the deptho· Those curves 
indicated a coefficient of Oo94 for velocity 1 foot below the surface,. 
the ·.point at which . the meter was held except when making the vertical 
velo,cit;r curvesc'lljj Six hours ·were required for the measurement • . A 

27~ ~tter from Go H. Canfield to the authoro 

second measurement, using the o2 and o8 method, was made at a slightly 
lower stage in Ja.nua.ry 1923o This measurement required only 2~ hourso 
As a result of these measurements and of one made somewhat later the 
rating curve . below 100,.000 second-feet was revised but the revision 
was so small that the long-time record beginning in 1878 was ·not 
changed o'll]/ 

A gaging station situated below a power plant made it possi­
ble to compare the Survey records with those computed from the 
electrical o'utput of the plants o • During the low-water months of 1924 
this comparison showed monthly deviations of ..-. o4, - .. 2, and -1.4 per-
cento27!/ . .. . . 

27~/ News , Lette~, Maro 10, 1926o 

- ~ ~ome of the station installations for Federal Po~r Com­
mis'si¢?n. permittees in Oregon were at i$Qlate_d .. sites, as they were in 
Washington and California" A noteworthy installation of that type was 
made by Canfield in 1927 at a si.te in> a rugged} and heavily timbered 
regio.n, reached by traveling 14 miles over a forest trailo The re­
corder well was a 12-inch pipe 10 feet long, set in a protected .niche 
in the banko The shelter .. ' was· constructed of cedar "shakes" · on a · · 
platform supported in trees along the banko A tree was felled across 
the 70-foot channel to serve as a foot:walk f'or making measurements e A 

· log cabin.7 ·· 10ix14 w :i ·was constructed for use by the field man,· and was 
'stocked with bla~ets, s-t;ov·e_, and provision~ .. 2~ 'Whet):ler. the pro-

.' ••• '' - .~ ~ . (!\. . .. 

27Ji Water . Resour9es·: BUlletin, Nov.. 10,. 1927 o 

visions were always . t,~ere when needed has not 'been reported. 

_ Oregon" may well la:,y ciaim to having · had the prize observer o 

He was ·an old· German with characteristic Teutonic thoroughness .. 
During one flood -~he recorder , was not irr operat,i6n. and he watched for . 
the pea$ of the flood and ref'erre·d it to · the gage datum by means of a . 
level., ~- He would also make a float measurement on .liis own initiative 
whenever· he ·thought a 'change'· in the stage~discharge relation had oc­
curredo As Henshaw· observed.,2~ 

I \, 

• 

' . 

• 

• 
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2~ News Letter, Oct. 24, 1919 • 

He was once a German, but is now 101 percent 
an American observer. 
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The· total number of gaging stations remained·. fairly constant 
at about 90 during the period. Of these about 50 were operated by the 
State engineero Fifty-one stations were equipped with recorders by 
1928, of which 29 were installed during the years 1919 to 1928. 

Fo F. Henshaw continued as district engineer until May 1, 
1928, vrhen . he was tr;tnsferred to the reorganized Federal FoW.er Com­
mission. Go H. Canfield, who had bee-n in the district since August 
1921, succeeded him.. Other district personnel was: 

R. c. Briggs July 1, 1919 to Dec. 31, 1920 
J. J. Dirzulaitis July 1, 1919 to May . 11, '' l920 
J. Wo Bones Jan. 1,. to June 30, 1921 
K. N. Phillips June 23, 1920 to June 30, 1928 
w. Dawson June 20, 1922 to Mar. 10, 1925 and 

Dec. 27, 1926 to June 30, 1928 
E. o. Hokanson July . 7, l924 to Aug. 20, 1927 

California.- Until April 1921 the C~lifcrnia district com­
prised the State·s of California and Arizona,. but with the creation of 
a separate district in Arizona, the district activities were confined 
to the State of Californiao It was in general a period of intense 
ac.tivity, due not only to the Statewide ·development program which in­
cresed the already widespread interest in California's water resources 
and resulted in a substantial increase in available State . funds,2~ 

28]! P• 43. 

but to a much g-reater extent to the passage of the Federal Water Power 
Act which resulted in the expenditure of about $100,000· annually by · 
Federal Power Cormnission permittees or licensees under the supervision 
of the district office. Additional cooperation with municipalities 

8 increased the available funds by several thousand dollars annually.2 :_)' 

28!} P• 44. 

During the first two years the number of stations was re­
duced slightly with a reduction in funds, but beginning in 1921 the 
increasing demand for records and the larger amount of funds available 
from all sources resulted in an inc·rease in-·the number of ·stations 
from 153 to 193 followed thereafter a gradual increase to 225 in 1928. 
The Federal-Power Commission work accounted for the great~r part of 
the increaseo Much of this work was required by permits issued to 
the larger power companies who had their oWn engineers experienced in 
stream gaging. Therefore, the Survey's participation was confined 
chiefly to selecting the gaging station sites where the permittees 
constructed the stations and maintained them, and to supervising their 
operationo 
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Ebert selected the sites for several stations on the head­
waters of the San .Joaquin River, Where natural solid granite controls 
formed pools in which the recorders were to be placed. The company 
engineers who were to install the stations trustingly turned over to 
their foremen the construction worko These foremen, knowing little of 
the purpose of the structure, decided that the work could be done more 
easily . if the pools were drained, and dyna.mi ted a trench through each 
control. Fortunately the controls could be repaired by means of a 
small amount of concrete. Cf3}/ 

28]/ Letter ~rom R .. C. Briggs to the authoro . 

The Survey usually inspected the stations at yearly inter­
vals. Some of these stations were in isolated regions where the materi­
als had to be packed by burros and mules over mountain trails. Per­
haps the most inaccessible location was that of the station on the 
South Fork of the San Joaquin River near Hoff~ Meadowo The materials 
for the concrete shelters were hoisted by tram from Big Creek to 
Huntington Lake, a· rise in elevation of about 1,000 feet, then packed 
30 miles- over Kaiser Pass, rising from 6,000 to 10,000 feet in eleva-:;., 
tion then descending to 4,000 feet, again rising to 7,000 feet and 
descending to the site at an elevation of 5,000 feet. 

The Southern ·California Edison, one of the permittees, not 
only maintainE;d resident hydrographers throughout the year, but being 

. concerned about the winter flo'\? of the streams in the high Sierras, 
maintained during the first winter two hydrographers at each of sever­
al stations, who made a number of discharge measurements each week. 
The winter flow· was found to represent so small a proportion of the 
annual flow that in .succeeding years the winter p:r;ogram was consider­
ably reduced. Life in the remote areap of the high Sierras was con­
ducive to unusual experiences for the hydrographers~ As R. C. Briggs 
writes:26JY 

They saw great extremes of temperature, and came 
into contact with many wild residents of the Sierras, 
including bears, mountain lions, wolverines, coyotes, 
lynxes, ·wildcats, martens, deer, skunks, and rattle­
snakes o Be·ars caused a great deal of trouble by 
breaking into cabins to get food. 

' . In. a few instances the Survey 'not only installed the req_uired 
stations, put also operated them at the permittee's expense. In 1922 
Leidl ·installed a group .of 10 stations in the basin of the South Fork . 
of the American River and maintained them for a year from headquarters 
at Plac·erville o So great was the interest in power that the larger 
power -companies maintained gaging stations by means of their own engi­
neering _organizations. In addition a few irrigation. districts main­
tained stations of va~ue for irrigation, and the City of Los Angeles 
m~intained five stations in Owens Valley in connection with its water 
supply. For some of these stations the base data were furnished, and 
for about 40 the complete records were furnished. Construction work 

• 
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constituted an important part of the district activities, and 73 re­
corders were installed, of which 50 were in concrete shelters. In 
addition, 66 recorders were installed by cooperating interests.;_ The 
stations in the Hetch Hetchy Basin, maintained in cooperation with the 
City of San Francisco, were continued by C. Je Emerson with 
headquarters at Groveland. 

At the 'Qeg:i~ing of the period the cooperative work with Los 
Angeles County was performed under Ebert's supervision by Q. W. Sopp 
who had been transferred! to the Fore1st Service for · that purpose. On 
July 1, 1920, the Forest · service withdrew from active participation 
~d the Survey assumed complete charge of the investigations·.283f 

282/ News Letter June 24, . 1920. 

Sopp was retransferred ·to the Survey and' continued to operate the 
stations until December 1920 ·"When he was detailed. to assist LaRue in 
utilization stud·ies. The Forest Service then detailed H. J. Tompkins 
to the Survey to operate the Dos Angeles county stations. Cooperation 
with San Bernardino, Riverside, and Orange counties, effective in 
February 1919 ,28_§1 required the installation not only of 15 permanent 

stations on streams at tbe base of the mountains to determine the 
recharge of the gravels from which vrat·er was pumped for irrigation, but 
also of three stations on canals. In addition records from three 
existing canal stations were utilized. This work was started in 1919, 
and J. Oliver was detailed· to it with headquarters at San Bernardino. 
There were no unusual features connected with this work which continued 
during the period. These two investigations were conducted from the 
sub-office in Los Angeles. 

Toward the end of the period cooperation between the Survey 
and t):le East Bay Municipal Utilities District required both surface 
and ground-water investigations in the ·Mokelumne River Basin.2E5' The 

281/ P• 170. 

former involved the establishment and maintenance of 11 gaging stations, 
in addition to the maintenance of three existi·ng stations. This work 
was started in March 1926 when B. S. Barnes was detailed to it with 
headquarters .· at Lodi. He collected. records also of some 50 pumping 
plants located along the river. 

As the publication of the annual reports were several years 
in arrears, McGlashan, in0rder to meet the numerous calls for records, 
prepared. blue-print st:mnnaries· for about 75 stations for which records 
vrere in greatest demand and dd.stributed them as reque·sts yere re­
ceivedo 'He also .published as contributions to hydrology 258/ monthly 

28!}' Water-Supply Papers · 597, 636J; 637 .. 

summaries of the California records, together with the maximum and 
minimum discharges at each station. 
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H. D. McGlashan continued as d;Lstrict engineer throughout the 
period with F. C. Ebert in charge of the _Los Angeles sub-office. 

Other personnel of the San Francisco office was: 

Charles Leidl July 1, to Dec. 31, 1919 and 
July 11, 1922. to June 30, 1928 

Wm. Kessler July 1, 1919 to Ju11e 30, 1928 
T. G. Bedford July 1, 1919 to :VJ.ar • 15, 1920 
c. J. Emerson July 1, 1919 to June 30, 1928 
K. M. Kelley May 10, 1920 to Dec. 31, 1925 
R. c. Briggs Jan. 3, 1921 to June 30, 1928 
J .· .A.rnold July 27, 1921 to June 30, 1928 
B .. c Barnes Jan. 1, 1926 to June '30, 1928 ........ 
A. c. Swanson July 15, 1926 to June 30, 1928 
G. H. Taylor Sept. 8, 1926 to June 30, 1928 

That of the Los Angeles office was: 

c. H. Sopp July 1, to Dec. 1, 1920 2~ 
J. Oliver Sept. 15,1919 to June 30, 1928 . 
H. C. Troxell . Apr. l, 1921 . to Aug. 12, 1925 

282) Forest Service employee prtor to July 1, 1920. 

Haiiaii.- Prior to 1919 stream gaging .in Hawaii had been con­
fj_ll:ed to the islands of Kauai, Oahu, Maui, and Hai.Taii, but a t the 
beg~nning of . the period it was extended to 1-1olokai. In his annual re­
port . the Governor of Hawaii stated, that at that time the Territory 
had under consideration an enlarged homesteadi:ng prog-ram on MoloJ.r~i, 
the success of which depended upon the water supply of the streams on 
the windward side of the island. Referring to the stations -vrhich i·Tere 
estab~ished, the report went on to state:~ 

299./ B.ept. Gqv. ·. of Hawaii, 1922, pp. 36-37. 

few people ~eal~ze the inaccessibility of most of the 
. stations and t he personal hardship and hazard engineers en­
counter ' in rnaintaining this i-lork 0 

Like _ the other isl ands in- t he Ha1-raiian group, Molokai has extremely 
rugged topography, ·. particularly on the north or 11ind~rard s;ide . . Re­
ferring to this side of the island, Ste\vart states; 23/ 

29]} News Letter July 24, 1919 .. 

· 'He would--enjoy taking sonie · of ~ the mainland engineers 
· along · (this.} coast; as sorhe of the best, 'Vlildest~ and most 
. _ pi9tur~sq_ue S9?n.ery ip. the islands is. to be _fQWld there; 

waterfalls 500 to 2000 feet higP,~ palis (cliffs) 2,500 to -
4; ooo -feet high, · caves ·and arche s at · t he base ~ of··sea cliffs: 
et c. 

. < '· 
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Reconnaissance for the proposed stations was made during 
·July and August 1919. The trip in August was made by a Japanese 
motorboat, known as a sampan. The reconnaissance itself, made by 
three engineers, required four days, during which five proposed sites 
for gaging stations were visited. The rains had begun and one night 
was spent with no blankets or food on a ·50-degree slope at an ele­
vation of · 2, 700 feet in the rain 1vi th the temperature reported to be 
ne'ar freezing, although Hawaii .is in the tropies.2~ Construction 

29l} Nel<Ts Letter Oct. 24, 1919. 

work was started soon afterward and as few whites live in that section 
the construction cre1v consisted of eleven HaW'aiia.ns, one Chinese, and 
one Japanese, only one of whom could speak English readily. The lack 
of English-speaking laborers was due to the isolation of this region, 
in which few whites lived, and in which there were no schools to teach 
English to the natives. The installation of stations on Molokai was 
completed with the construction of two stations in Pelekunu Valley. 
Supplies and equipment for the 1·rork were brought to the mouth of the 

. valley by sampan, which departed after delivering its cargo. When the 
construction was completed,. B. F. Rush, in charge, could not return 
until his crew spent 3 weeks building a trail out of the valley to con­
nect with another trail leading to the side of" the island where there 
were s·ettlements and where there -v;ere means of transportation from the 
island. 

It must not be infe,rred from the foregoing account of the 
work on Molokai that all Hawaiian field work was strenuous, as some 
stationswere accessible by automobile. The greater number, however, 
could be reached only by trails. Some of these trails were used by 
the natives, but others were cut by the Survey engineers before ~teri­
als could be carried tothe station sites, and the only means of carry­
ing the materials was by man-power. The trails used only by the Survey 
re-quired clearing at least every third year. The expense of clearing 
trails was sufficiently great to warrant a; separate item for that 
purpose in the Territorial appropriation.29}' 

2 9}/ News Letter Aug. · 11, 1923. 

The inaccessibility of the stations led to the installation 
of recqrders at every station. FUrthermore, to avoid the . trouble 
experienced in having natives change the weekly charts, Stevens continu­
ous recorders were installed not only at the stations established · 
during the period, but, as rapidly as funds permitted, they also re·- . 
placed the weekly re.corders which had been installed originally. To 
expedite this procedure the Hawaiian district offered to exchange six 
1918 Gurley 8-day recorders for two Stevens continuous -recorders of 
1918 model or later.29j/ The success of this effort was not reported. 

29~ News Letter May 22, 1920 • 

By the end of the period the recorders with but few exceptions were 
operated by Survey engineers, insuring much better results than 
formerly. . · 
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Rainfall at the higher elevations on thw w~ndward side of 
the islands. is almost unbelievably high during the rainy season, reach­
ing in one instance during a construction job, 40 inches in three days. 
Such heavy rains cause sharp floods, generally of short duration, _ and 
as many trails crosse.d the streams by fords, travel was frequently 
hazardous during the rainy season. R. H. Remington, junior engineer, 
was dr.owned while attempting to ford a stream in flood, and several 
other engineers had narrow escapes. Not only did the heavy rains cause 
floods which sometimes destroyed gaging stations, but they ·also caused 
landslides in the precipitous valleys, and on one occasion, at least, 
a landslide destroyed a station. The station on East Wailuaiki Stream 
near ;Nahiku was particularly ill fated, as a new recorder a.nd shelter 
were destroyed by a flood in January, and another recorder placed in a 
shelter built at a more protected spot was destroyed by a landslide in 
the fbllowing ' lvlay. · On the smaller streams the · flood flows were of such 
short duration that it was almost impossible to rate the gaging stations 
by meter measurements. At three stations established in' 1926 weirs ·were 
installed for measuring flood flows. i1n orifice a foot long and six 
inches high -vras placed in the weir pelow the crest for measuring the 
low flow·. 

Although the rai:nfall stations had been turned over to the 
Weather Bureau in 1919, some of them were at such isolated sites that 
it '\,ras necessary for the Survey to resume their operation. In 1920 a 
station ,.,as installed on Mt. vlaialeala at an elevation of 5, o80 feet. · 
This mountain is situated on Kauai, the most northwesterly island in 
the Hawaiian group and receives the full force of the trade winds with 
their accompanying rainfall, which is very heavy at that elevation. 
As the Weather Bureau had no means of installing this rain gage, it fell 
to the Survey's lot to do it. The station ·was to be visited only once 
a ·ye-ar~ and as the · rainfall was known to be very heavy, the rain gage 
vlaS de signed·' to hold 900 inches. It was undoubtedly ' the largest rain 
gage in <the ,.,or ld .29Y 

292( News Letter Feb. 24, 1920. 

The supervision of artesian well oper~tion on the island of 
Oahu, which had been given to the Territorial Division of HydrogrSJ_:>hy, 
practically the Survey's Hawaiian district, was greatly reduced auring 
the years 1919 to 1921 and discontinued altogether :from 1921 to 1923, 
as :funQ.s for that purpose were not available o29j/ . In 1923 the legis-

29!:/ Dept. of (Hawaiian) Public Lands; · Geol. and ground-water 
r.e-s·. of the island of .Oahu, Hawaii, 1935 o 

lature made a special appropriation for the supervision of the artesian 
1-rater .supply o:f Honolulu, and John McCombs was appointed artesian :well : 
engineer. He continued the use of a current meter in detecting leaks 
iri- pipeS, a U.Se "'Y-Thich had been started in 1918, and· devised a method 
of repairing leaks. in- such wells.29]/ Following a suggestion made by 

29J1 Water-Supply Paper 596, ppo 4-24. 

Meinzer, a water-stage recorder was placed on a well in Honolulu in 

• 

• 

• 
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March 1925. The chart from this recorder indicated that the head on 
the well reflected rainfall, pumping draft, barometric pressure, and 
tidal stages.29_o/ During the remainder 9f the period six additional 

29§ News Letter May 11, 1925. 

recorders were placed on artesian wells. McCombs resigned in March 
1926 and was succeeded by Penn P. Livingston, who in tur·n was suc­
ceeded by K. N. Vaksvik in May 1927. 

The number of gaging stations was very nearly constant during 
the period, increasing from 76 in 1920 to 83 in 1928, except during 
the fiscal year 1921, 'When a reduction in available funds made it neces­
sary to reduce the number of stations to 64. Private assistance con­
tinued to play an :Lmportant part in the district's operations as a · 
third of the stations were maintained with some degree of such· ~- ~:t ..• ~;g"";,.::-r ·' .. ;:;;·c-t'J>:c,-•:>~, · " 

·sistance. 

J. E. Stewart continued as district engineer for the Survey 
and chief of the division of hydrography for the Territory until Mar. 
21, 1922, when he returned to the mainland and was succeeded by 
E. D. Burchard. The latter remained in charge until June 18, 1924, 
when he likewise returned to the mainland. At that time M. H. Carson · 
became district engi-neer and chief of the division of hydrography, and 
continued in those capacities throughout the remainder of the period. 

The district personnel we.re: 

J. E. Stewart Aug. 1, 1918 to Mar. 15, 1922 
E. D. Burchard Mar. 21, 1922 to June 18; 1924 
M. H. Carson Sept. 21, 1919 to June 30, 1928 
H. A. R. Austin Apr. 1, 1914 to July l5, 1916 and 

May 21, to Sept. 9, 1919 
John Kaheaku Sept. 1, 1919 to Nov. 3, 1923 
John McCombs July 19, 1922 to June 30, 1925 
B. L. Big\vood Feb. 23, 1924 to July 6, 1926 
Karl Jetter Dec. 14, 1921 to Nov. 5, 1924 
Penn. P. Livingston July 30, 1924 to May 21, 1927 
K. N. Vaksvik July .15, 1925 to June . 30, 1928 
J. H. Hofmann June ::;S'A);,~Il926 _to June 30, 19~8 
J. ·L. tam son Aug. '20, 1926 to June 30, 1928 
K. M. Kelley Oct. l 

' 1927 to June 30, 1928 
J. F. Kunesh Sept. 1, 1927 to June 30, 1928 
Reid Jerman Dec. 16, 1919 to Aug. 21, 1920 
E. M. Pickop Jan. 18,, 1921 to Aug. 21, 1922 
M .. H. Merry June 21, to Aug. 31, 1920 
F. K. Walker July 1, to Oct. 31, 1924 
w. c. Renshaw Dec. 20, 1920 to Dec. 17, 1921 
s. B. Hall Dec. 7, 1921 to Sept. 28, 1922 

!n addition there were a number of te·rritorial employees • 
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DIVISION OF GROUND WATER 
. -

The period 1919-1928 may be termed one of expansi.on and develop~ent 
for the Division of Ground Water, chiefly through i'ncrea.se in State coop­
eration. As contrasted with the previous period, when 'cash.cooperation 
was effective with California "and Connecticut ·only, and cooperation of 
service -vri th ~4ontana and New Mexico, cash cooperation with ten States-or 
subdivisions and one territory was effective during some _years of the 
present period. This cooperation was as follows: 

State cooperation 

.;yt;~: .. 

Year Conn. N. J. Penn. N. D. Ida. N. M. Ariz. Calif. Tenn. Hawaii Total 

1920 1005 $1,005 
1921 365 625 7500 8,490 
1922 200 J~710 1,910 
1923 I 1601 2600 4,201 
1924 5084 800 923 850 7,657 
1925. 6560 6,560 
1926 7383 400 5515 .1950 15,248_ 

1/ 2/ 
1927 7878 1684 2963 3423 15, 9L~8 

595~ 2/ 
1928 1585 433 9169 538 17,681 

1/ Including allotments by Cha~es and EddY Counties. 
gj East Bay Municipal Utilities District. 

.. 

Note.- The cooperative funds "fq~ Idaho are not complete as the Surface Water 
Division furnished a now:_.;~nown amount from cooperative State funds. 

~ -~~? ~ . 
.. ~ ' . . 

It was -possible to increase very materially the use of the quanti­
tative methods of measuring ground water developed previously~ and to 

292} Follansbee, Robt., H{st. of - ..:. -

develop a new method by using types of desert plants as indicators of 
ground water and as measurers of recharge. The use of quantitative methods 
brought about the installation of water-stage recorders on wells, which 29 
were used during the period, and the development of a current .meter to 
detect leaks in artesi~n wells. A hydrologic laboratory was established 
to determine the permeability and specific yield of various types of water-
bearing materials that , were being investigated in the field. .,. 

The increasing stress laid on quant:ttative methods which'required the 
application of hydraulic principles is shown by the change in the character 
of the personnelo In 1919 the personnel consisted of seven geologists but 
by 1928 the seven geologists had been augmented by four hydraulic engineerse 
Close contact was maintained with the . water-well drilling industry t:b...rough 
cooperation with recently organized state and national -well-drillers 

• 
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associations. Areal surveys were continued and many brief investigations 
were made for other government organizations to help tbem in the dev~lop­
ment of water supplies from wells. The necessity for geologic examinations 
of dam sites by geologists familiar with the occurrence and movement of 
ground water was recognized, and consid~rable work of this character was 
performed by the Division. .. }f.~-~~;. 

Quantitative investigations.- Investigations by quantitative met:hods were 
conducted on a more extensive scale than during the preceding years; 
extensive not only, as to character but also as to the number o They are 
described herein in chronological order. 

Idaho.- In the spring of 1921 the State of Idaho, through the Bureau 
of Mines and Geology and the State Department of Reclamation, entered 
into cooperation with the Ground-Water Division to make an investigation 
of the Mud Lake area. Between 1908 and 1914 the lake level had risen 
5 feet and during the heyday of irrigation expansion water filings on 
Mud lake for the irrigatioi} of more than .l50,000 acres bad been made. No 
thorough investigation of that. region had been made and~, uone~~ a protection 
to the prospective settlersand investors, was necessary to show the annual 
water supply available and the amount of land that could be irrigated. As 
two Carey Act projects were included in the filings the General land Office 
was interested in the investigations and cooperated to the extent of paying 
the salary and expenses of H. ·. T. Stearns. The investigation included both 
ground- and surface-water studies. The former, conducted by Stearns, were 
supervised by 0. E. Meinzer, Chief of the· Ground Water Division; the latter, 
carried on by L. L. Bryan, were supervised by C. G. Paulsen, then _Surface 
Water district engineer for Idaho. 

Records of precipitation; temperature, wind movement, transpiration 
and evaporation from land and lake pans, stre8J11 flow, seepag~ . losses and 
gains, pumpages from the lakes, and water levels of Mud Lake and several 
smaller lakes in the vicinity and about 400 wells, were obtained. Plane­
table traverses were made of Mud Lake and' ~adjoining lakes and swampy 
areas, from which contour maps of the land and the water table were 
constructed. By means of this information the source, movement, and 
disposal of the ground water were determined and an inventory was ·made 
of the total water supply of the basin. Field work was started in March 
1921 ~nd 1va.s actively continued through the sunnner of 1922 o . Additional 
investigation was made and meteDr·olog~cal records and records of stream 
flow and lake levels, and water levels of wells and pumpage were obtain­
ed during l ater years. A preliminary report of the investigations was 
released in mimeographed form in June 1922, another was published as 
Water-Supply Paper 560d in 1925. Reports emoodying later data were re­
leased in typewritten form in 1930 :and 1934. The final report was 
published as Water-Supply Paper 818 in 1939· 

Three minor investigations were made in cooperation with the Idaho 
·.: .- Bureau of Mines and Geology. The ~ults of these investigations were 

published in three State bulletins~ 

Jrj)} Piper, A. M., nGeology and water resources of the Goose Creek basin, 
Cassia County, Idaho:" Idaho Bur. Mines and Geology Bull. No. 6, 1923. 

300 / Meinzer, 0. E., 11Ground water in Pahsimeroi Valley, Idaho:n Idaho 
B 'ur .· Mines and Geology Pamphlet No. 9, 1924. 
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300/ p'$.,6,~r , A. M., "Geology and 1vater resou1'ces of the Bruneau Rive~ 11asin, 
Owyhee ·county, Idaho: Idaho Buro Mines and Geology Pamphlet 'No. 11." • 

Connecticut.- The quantitative study of the Pomperaug River Basin, 
which harl 1)ccn . startect ~by 1A. J G Ellis ,Y:i~!J iTaS ·interrupted by the war and 

30]/ Follansbee, Robt., His'tbry of the 

later by his death in 1920 and was cor:rfinued in 1922 by Norah E. Dowell, 
-vrho ·spent:. a few weeks in that ar~a and made an exhaustive study of the 
data in collaboration with Meinzero The . next year. H. T. Stearns completed 
the geologic rnap. The resulting report, -vrhich contains a monthly' inventory 
of the water supply of the basin for a period of a little 9ver three years, 
was publishe~ as Water~Supply Paper 597. 

Ariz'ona.:... In 1921 the Survey started a cooperative project with the 
University of Arizona, whereby Go E. P. Smith and: Kirk Bryan we:r~to . make 
a quantitative study of ground water in the San Pedro Valley, using among 
other methods the . method d.evised by Smith for . ·determining the . rate: at 
which water is withdrawn from the zonE; of sattiration by vegetation~ Both 
deVoted considerable time to the project during several _ ye~s, · but the 
investigation was not completedo A by-product of. ·the investigation was 
the drescovery of many mammalian fossils, one of which is . on exhibit in 
the N8;tional Museum. 

New Jersey.- The increase in population in densely populated sections 
of New Jersey, which relied upon ground-water . supplies for domestic and 
industrial uses, made necessary a knowledge of the B:¢iditional safe yields • 
of these supplies. In the spring of 1923 Dr. H. B. Kummel, State geplogist, 
entered into cooperation with the Survey for an investigation of the ground-
water supplies, and David G. Thomp~on was assigned to the work July 1, 1923., 
with ]:lea.dquarters .at Trenton. 

Emphasiswas placed on observing the fluctuations of the water levels 
in vrells and on a study of their.: relation to the fluctuations in the rate 
of pumping. As an aid to the determination of the rate of flow through 
the water-bearing formations, samples of sand obtained from the drilling 
of wells within the areas investigated were analy~ed for porosity and 
permeability in the hydrologic laboratory of the geological Survey in 
Washington. To obtain continuous records of wate~ levels in observation 
wells, Stevens continuous recorders were operated on eight wells for 
varying lengths of time. This was the first use by the Survey of a vrater­
stage · record~r on a wello The investigations vter~ carried on under the 
imme~iate supervision of 0. E. Meinzer and H. T • . Critchlow, chief of the 
Division· of Waters qf the State Department of Conservation and :Pevelopment, • 
of which the State geologist's office was a unit o . The work was :continued 
by the Survey until July 1927, when it was taken over by the State and 
H;o .. C. Barksdale, Thompson's _assistant, was given a .State appointment. , ... 
E. W, .. Downs, junior engineer, -vras Thompson's assistant from September 1924 
to November ·1926; when he resigned and was succeeded by H. C. Bar~sdale • 

. - ···The investigations in the Camden area, started in 1923, and: ·in the 
Atlantic City area,. started in 1924, were the most intensive .and were • 
continued through 1928. · A syste1natic progrrun of obtaining records of 
pumpage and water levels in differ,ent parts of the State was continued 



• 

•• 

• 

169 ' 

through the rest of this period. Reports on the various areas were 
prepared by Thompson and published by the Department· of Conservation and 
Development .30J/ .·: 

1 

30JV Bulletins 30, 35, 38, and .39, New Jersey Dept. of Cons. and Develop. 

Utah.- An investigation based on the transpiration by plants and 
evaporation from soils in determining the ann~al yield of ground 'water 
was made in~ Escalante Valley near Milford from 1925 to 1927. This was 
the only quantitative investigation made witho:t:It State cooperation. 
During the surmner of 1923 Depue Falck and Walter N. White of the ~~ 
Classification Branch made a · ground-water and soil survey of Escalante 
Valley for the purpose of classifying the public · lands. They discovered 
that in a part of that dese~t: , .. valley alfalfa seed was being_ produced 
without artificial irrigatiotl": .l;>y means of sub-irrigation from ground 
wa:ter. Meinzer recognized th~~/possibi.l:ity of obtaining.~an estimate of 
the annUB:l yield of groundwater from_ g_a~ly water-table fluctuations 
and measured transpiration of alfalfa.'·.,~;: When ~erman . Stabler detailed 
White to the Division in 1925 Escalante Valley was chosen as the site 
of a new type ·of quantitat~ve study, suitable for a closed basin from 
which little or no water, e~~r .surface or undergroUnd, could escape. 
Here the ground-water recharge is from mountain streams, and is about 
balanced by the average annual loss by evaporation and transpiration 

. : f~om the areas of shallow ground water. Therefore a measurement of 
· 'these losses is a close approximation of the water entering the aquifer. 

G- >: .E. P. Smith had suggested the idea in 1922~ ·anQ. Meinzer had devised 

301/ Jour. Wash. Ac~. ·seHonce, vo·l. 14, p. 160 . 

the method~ to be used • 
.. . ·,· 

. -~ , ~ The work vras sta,rted in July 1925, when four wells were dtig to the 
·water table near Milf"ord in areas covered by various' types .of vege~ation 
obtaining water from the stlallow aquifer. ,Later, additional wells 8~ 
·inches in diameter were bored with hand augers, ·bringing the' total' number 
of o(>servation wells to 90, all being less than 25 feet de~p. Mqst of 
these wells were equipped with water-stage recorders for ·varying lengths 
of time, six Friez instruments being in use. A few wells were also 
bored in valleys of a similar character in Utah and Nevada.. The well 

· records showed marked 'daily fluctuations of the wa.ter table in the ru,:-ea 
of growing plants, a fluctuation which ceased when plant growth ceased. 
In orde;r to make practical use of the field data it was necessary to 
interpret the fluctuations in terms of the 'amount of water used by the 

·plants, and for that purpose an experiment station was established • . 
Cylinders were driven near observation wells, enc~osing columns of 
undisturbed soil in which the rise and fall of the water table was noted 
after adding or subtracting measured quantities of .water. Ground-water 
plants were raised in four tanks provided with measured water supply. 
Two tanks were filled with bare soil to determine the evaporation loss 
alone. . Surface evaporation pans and meteorological instruments were also 
installed. The investigation was continued until the end of the growmng 
season in 1927, and the results were published in Water ~Supply Paper 659a . 

California.- The only investigation in California was carried on in 
cooperation with the East Bay Municipal Utilities District and the 
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California district of t he Surface. Water Di vision. In the fall of 1924 
the East Bay Municipal Utilities District, comprising bhiefly the cities 
of Oakland, Berkeley, and Alameda, in a quest for an additional water 
supply, proposed to construct a 325-foot dam on Mokelumne River ·above 
the alluvial cone where the ground-water reservoir, is replenished, in 
part, by the river. The ground water in this area was pumped for the 
irrigation· of al;)out 40,000 acres of land. As water was to be ·-.rted 
from the river an application for such diversion was made to the State 
engineer's office. It was certain that there was a su.rplus of unappro­
priated 1-rater in the river, but it was not certain what effect this 
diversion would have upon the ground water in the valley below the d~. 
Therefore, as it appeared reasonable that ' the Utilities District should 
provide whatever data were ne'cessary to show the effect of the proposed 
diversion upon the ground-water supply30~ the following clause was 

304/ Letter from Deputy State engineer to the author. 

i nserted 'in the permit authorizing the d~~ersion~3~ 

3C'~ U. S. Geol. Survey vlater-Supply Paper 619, p. 4. 
'"' ·, 

In order to determine the extent of prior vested., rights 
to the use of Mokelumne River water which percolates into 
or supplies underground basins, penni ttee shall conduct a 
study of the replenishment and draft upon underground -storage 
supply from Mokelumne River as to determine with reasonable 
c.~rtainty the effect of the propos~d diversi9n and st.or~ge 
upon the underground supplies and shall file . such information 
as a matter of public record wi.th the .. divisi9n of ·water rights 
from tim~ to time and at any t~me upon demand by the said ~ivi­
sion. 

At that time A. P. Davis, who had left the Reclamation Service in 
192.4, ~,ras chief engineer and manager of the District. He came to see 
McGlasnan and explained the kind of investigation which he considered 
necessary. As this investigation · included both surface- and ground­
vrater studies, cooperation was arranged with ,both surface- and ground­
water divisions of the Survey, the District paying most of the cost. 
The ,surface-water investigation con~isted in the establishment and main­
tenance of gaging stations at short intervals alpng the ·river from the 
point where it leaves -the mountains downstream to the point where it is 

"'\ 
affected by the tide. Three stations were being operated in this area 
and eleven more were esfablished for the investigation. All were 
equipped '\lith recorders. The construction work was performed by the 
Utilities District, under McGlashan's supervision. Work was started in 
March 1926 and has been continued until the present time ( 1939). 

The groun~-water investigations were started in April 1926, with 
H. T. Stearns, geologist-in-charge. He had as an assistant T. W. 
Robinson, engineer, and in September 1926 G. H. Taylor, engineer, was 
employed a!so as assistant. lliintng the first year records of water 
elevations in nearly 500 wells were measured monthly after which the 
number was reduced to 125. Recorders were placed on 8 representative 
wells. The amount of rainfall reaching the water table was studied by 
means of recorders on those wells that showed the effect of rainfall 
upon the water table in areas of shallow ground wat.er. Tests were also 

• 

• 

• 
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made to determine the recharge from irrigation and the specific yield of 
the material in the belt ot annual fluctuation of the water _ table. Nine 
rainfall stations were established. A canvass of well owners in the area 
irrigated was also made to determine the quantity of water that was 

· pumped from wells~ This investigation · continued after 1928 and_. the results 
obtained q.uring this per'iod were published in Water-Supply Paper 619. 

N~w Mexicoo- Ground Water is an important source of water .supply in 
New Mexicoo The State legislature made various appropriat_ion5,. to enable 
the State engineer to Iilak.e ground-water · investigation~ These appropria~:"' 
tions were made from the Water Reservoirs Revenue fund derived from the 
proceeds of' a special federal land grant. 

Tn planning for the ground~water investigations, the State engineer 
. stated:JS.§ . ; : . . 

30§) Seventh Bien.. Rept. 1925-26, · p. 19 ~ • .. 

·It has been the policy of the State engineer's office to 
solicit and to extend cooperation i:n .all possible cases where 
it can be do~e under a strict interpretation of the laws 
governing those cases.**** 

.·, 

In conformity to this policy the government departments 
have been invited to participate in the special invest.igations 
that have been provided fo:r. As a. re.~ult, · there have been · 
secured *** the expert services of men iong trained in their 
particular line of ende~vor, ****· . 
An investigation was proposed in Estancia Valley, but a reconnaissance 

by Charles H. Gee proved that a. detailed investigation was. not warranted. 
The qua~titative investigation in New Mexico was confined to the R!~Swell 
artesian basin,- where an areal survey had ,been made in 1904~5 by C. A. 
Fisher.30~ About 60,000 acres were being irrig~ted by some 1,400 -wells 

~ . 

30Y Follansbee,''· Hlst. of __ ..;. p. 175. 

! and the artesian flow 'had declined so alarmingly that very considerable 
additional areas of land once irrigated had to be abandoned. This 
situation affected the entire community and: the Roswell Chamber of Commerce 
urged the legislature, at the 1925 session, to make a specific appro­
priation to investigate . the cause of the decline and to determine the 
remedy. The legislature appropriated $5, 000 to the State engineer and 
under the ensuing agr'eement, t~e Survey allotted ~ like amount • The work 
was started in July 192-5 with headquarters at Ro~well by A • . ,G. Fiedler, 
engineer-in-;-cha.:x"ge, and B: C . Renick, geologi,st o · 

The objec~ ·of. t'he investigation was to dete~ne (1) the W;derground 
leakage, (2) the quantity actually withdrawn for . ~rrigation .and ·· the 
relation between. draft and.;declilie in head, {3) t~e · · safe annual .yield, 
and (4) to. recommend a prpgram of conservation. ·~e first · step ··in the 
investigation was .to inspect the wells to ascertain their condition 
with a view to co:p.trolling the artesian flow all:d also to determine , 
whether the wate:r; )Wa,s being used .e:fficiently for irrigation and other 
purposes. In 9rl~r to cooperate ef:fectively in the investigation the 
County Commissioners appointed a well superintendent who inspected 



172 

about half the wells. 

A deep -well meter3k&:.:,~t"JFumeaaur4:~:: l'~ageL:ftliomt ~tsitt·~C~'iells was ' . !:..}' ;>;.~ • · · ~· 

30 P· 

especially designed for this investigation. It was used in 6o wells and 
attempts were made to use it in many others, but these latter were so 
seriously obstructed as tomake use of the meter impossible. The dis- ­
charge at the surface from the wells was measured by means of we,irs and 
current meters except that from wells pumped by electric motors, which 
was generally estimated ori the basis of electric power consumed. In 
orliter to obtain timely information on the status of t}le ·S:.rtesian head and 
to study the fluctuations in head due to various causes, ·;'-:four Au drtllll 
recorders were operated on representative wells in di:ffereD:t ·· parts of the 
area. These representative wells were abandoned ones, situated a co~sid-

-erable distance· from wells in use. ~,e a year more than 200 wells 'were .. _ 
measured to determine the position of the artesian pressu!i~{\3urface through!!i-'' ~, 
out the artesian area . . The pressure surface thus defiri~d lo(as compared 
with the original pressur~:· ... s:urfa..ce as indicated,J:>y Fisher's earlier work. 
On the flowing wells .the. : :_~ti~s'Ja.n head was 'mea·s#i:ed by use of pressure 
gages and on the noFl!owing· wells the distarice'·-t \o the water level in the 
wells was measured with a tape. _· · · : · · .-: . . \: . . 

, • ! ·, 

The intake · area for :the ~_testaii .~~basin, ~s defined during the co~se 
of th~ investigation, _was determined to be ·a strip several miles wide 
paralleling the area of artesian flow and situated in the limestone up­
land to the west of the flowing area. Seepage ~uns made along the 
tributary streams crossing the intake area showed considerable loss of 
water in the section comprising that area and confirmed the geologic · 
evidence with respect to its position. · . 

{ 

c 
At the end of the first year ;-Chaves County c9ntributed $3,000 from 

the county artesian-well fund to continue the inv~stigation and Eddy 
County contributed $1,500, with the understanding that the Geological 
Survey would contribute equal amounts. Addi tiona). State funds became 
available in 1927 and $4,500 was allotted by the State for the fiscal 
year 1928,3~ which in turn was matched by nearly, an equal amount .. 

30 J/ Statement of A. G. Fiedler to the'. author. 

provided by the Survey. 

The investigation was continued until 1928 with Fiedler in general· 
charge of the work. On Nov. 10, 1926, Renick resigned and was succeeded 
by S. S. Nye, also a ge~g~t. When the cooperative agreement was 
renewed in 1927 it ·provid_ed that at the end of the investigation the 
Survey was to leave with the State engineer three recorders, which were 
continued i~ . operation on representative wells, and a deep-well current­
meter outfit. 

At the end of· the first year of the investigation a preliminary 
report was published in the Seventh Biennial report of the New Mexico 
State engineer and recommendations were made for a conservation. program. 
New legislation was recommended to prohibit further irrigation develop~ 
ments with artesian water except as it was shown that such development 

•• 
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would not injure existing irrigators. Such legislation was subsequently 
enacted and formed the basis f or ultimately making the . use of artesian 
water in the Roswell artesian basin subject to appropriation. The 
application of the doctrine of appropriation to the use of artesian water 
was one . of the outstanding accomplishments of this investigation. · The 
report on the Roswell studies was published as Water-Supply Paper 639. 

Use of current meters in deep wells.- The necessity for detecti~ leaks 
above the artesian horizon in wells brougnt about the use of ' a current 
meter. The procedure is to lower the meter in the well and observe the 
velocity at various points between the bottom and top. The discharge at 
each point is obtained f rom the observed velocity and the diameter of the 
well casing. · Comparisons between the results at each point indicate not 
only the presence of leaks, but the amount lost. This.,"method was 
apparently first used in 1918 by R. D. ~lise in studying the artesian 
-vrells of Hoq.olulu. A standard Price meter was used, with a wire gu~d 
to protect the cups, and with the yoke fastened rigidly to a length of 
3/8-inch p~pe. In this position the meter rotated with its ax·is hori­
zontal instead of vertical, as in stream gaging, and was therefore _ less 
sensitive, also on account of its size it could not be used in wells 
having a smaller dia.nieter than 6 inches. The need for -a meter smaller 

; than the Price _was recognized, and in 1920 Kirk B:ryan · conferr~d :with the ~ 
makers of the Price meter and l~ar~ed that a screw ~eter having four 
curved bla¢ies inclosed in a brass cylinder 6 inches , in diameter was being 
developed. :· It ·trias decided, however, that the meter needed .should not 
have a greater diameter than 4 inches, and no .further steps were taken at 
that time. .. . 

The _investigations of the Roswell area, · started in 1925, required. 
the use of a meter capable of being used in wells smal~er in diameter 
than 6 inches and up to 1,000 feet deep. As no meter of that t~e 
existed, the task of making one was given C. H. Au. He devised ihe so­
called Au deep-well meter, which is of the screw type having three 
curved aluminum blades revolving on a point bearing, · the meter· 'mounted 
in a cylindrical brass case suspended in a 3-inch pipe. An inter­
changeable commutator head similar to that on the . Price meter is 
attached to the upper end of the brass cylinder. < The sensitivity 'of 
the Au meter. ~s ;·.such that at a velocity of 4 feet per second it rotates 
three time~ -; ~s _. fast as the cups of the standard Price meter.31_91 

31Q} U. S. Geol. Survey Water-Supply Paper 596, p. 26. 

As used on the Roswell investigations the intiial equipment consisted 
of a section of 3-inch pipe.~-,containing the meter, which was fastened to 
1,400 feet of 3/16-inchJ\:-?:; x 7, wire cable wound on a reel mounted on .the 
back of a-:' Ford trU.ck. Th complete the electric circuit a separate in­
sulateq wire cable was attached to the meter and wound on a ·second reel 
on the same axis as the reel for the cable suspe~ing the meter. The 
latter reel was belt-connected to the odometer on. the rear wheel of the 
truck which was jacked up during the measurement, allowing the -whe.el to 
turn. A special cable containing an insulated co~e was later used in 
place of the separat e insulated conductor, and this cable therefore 
made it possible to handle the equipment on one r~el instead of the two 
formerly required. The distance the meter was lowered was determined 
from the odometer .3Jj' The · accuracy of the . current -meter method for 
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31}' Op. cit. 

determining leaks in wells was proven when a well casing v~as removed and 
found to have corroded at the points where the meter had indicated leakage~ 

312/ Water Resources Bull., March 1927. 

The meter just described could not be,used in a well having a 
s~ller diameter than 4 inches, · and for use in small wells, Au spent two 
months during the spring of .l926 · in developing a similar meter which 
could be used in a well of 1~ inches diameter. ~his latter. meter was 
used in Hawaii., . b.eginning in 1926, displacing the Price meter which had ­
been used until that time. Beginning in 1928 a meter of the first Au 
ty-pe was also used. To determine the direction of flow, which, under 
certain conditions might be downward, the Hawaiian district in 1938 added 
a reversible dog to the small meter which allowed it to tr~n in only one · 
direction. The engineers of t.he Hawaiian jdistrict, adapting methods used 
in meast~ing streams, suspend the meter by the regular. meter cable ·ap.d 
have a commutator on the reel~ giving a cont~nuous connection between · 
the headphones and the meter .Jry . 

313/ Lett.er from M. H. Carson to the aut];lor • 

. Areal and other surveys.- Systematic surveys of the ground-v-rater 
resources were continued dvring the period, chiefly in cooperation with 
Hawaii, Pennsylvania, Idaho, North Dakota, and Montana. 

Salt Water Investigations.- ·Cooperation ' with the State Geological 
and National History Survey of Connecticut, started in 1911 and inter­
rupted by the war,· was resumed in 1919 and continued until 1922. 
During the summer:,or 1919 John S. Brown made an investigation of ground 
v1ater in the Nevr Haven area. Because of the difficul-ty experienced in 
obtaining water suitable for domestic and - industriaJ.ijuses from wells 
close to the ocean, . he made ·a study of <:!Oastal ground water and investi­
gated the reasons for and ·the causes of contamination of wells by salt 
water, and possible remedies. In this connection he made a search of 
foreign literature ~or data. This '\-TaS the first intensive study made 
by the Ground Water Division of the relation of sea t.vater to fresh 
ground water. It was the beginning of intensive researches of .this 
kind of problem to which the Divi'sion has given much attention in 
recent years. It introduced the Ghyben-Herzberg principle into the · 
_ground water 1-1ork of the Geological Survey. The results of these in­
vestigations were published as \.Jater-Supply Papers 537 and 540. 

!la~,ra.i,.i_ .- Although the Territory, through its Division of Hydro­
graphy, wrlich was also v;:the St~vey' s surface-water district. of Ha.waii, 
had been makirig inv~st::Lgations of ground. \vater in the vicinity of 
Honolulu, chiefly th:cough '··a study of the artesian wells, a );)roject 
suggested by Mendenhall while chief · of the Division of Ground ·vlater, 
and it vas not unt:il 1920 that that Division entered into cooperation 
vrith Ha\vaii. 

Prof. H. E. Gregory, .who had cooperated with the Survey while 
State geologist of Connecticut and had also carried on a nmnber of 
investigations for the Survey in the vrestern States, became director 
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of the Bernice P. Bishop Museum in Honolulu. Onua visit to the Island of 
Hawaii he saw in the Kau district an opportunity tor a detailed geologic 
and hydrologic investigation in an·area lying on the slope of Mauna. Loa, 
an active volcano covered with recent lava. He interested public-spirited 
citizen.S in the project with the result that the governor:, in-Auiu.st 1919, 
made a request of' the Secretary of the Interior for a geologic su.:rvey of 
the Territory of Hawaii with especial ref'erence ._to the ground-water 
resources. The Secretary referred the request :to t .he Survey and it was 
accepted. Meinzer, with w. o. Clark of the Dtvieiiop, and L. F .. · Noble, 
Survey geologist assigned to the investigation.{ az:riv~d in Hawaii · in 
February 1920. They spent three weeks in rnaki,pg·;.: li reconnaissance of the 
Iau district. Noble spent six weeks in studyinef.'the geology, . all the 
time he could spare from his work in the Geologic Branch, and Clark de­
voted his attention to ·a ' detailed study of .. high:.:.lev~l ground water until 
he resigned on Dec. 31, 1921. 'liis resigna.tion·:_<l.ef't the investigations at 
loose ends, as but little detailed 'tvorlt had be~_ii :;done on the geology, and 
it was not until May 1924 that the investigati<:)r{'.was resumed, when H .. T. 
Stearns, .\•ThO had a background or three years' ' e~rience in ground~wa.ter 
work in lava rock in Idaho, was detailed to the \ii~vestigation-. · ·He 
finished his field work in November ·of that y~a,;r-~_ ~pd· returned to ,the 
United States via Japan, Chosen, ; the Philipp:i_~e~(, _ ' Java, and Italy, 
visiting the volcanic regions of those countrie$: ~0 increase his know­
ledge of volcanic processes. Stearns complete-~ li~~s report in February 
1926, and it was published as Wa.t_er-Supply Paper ·:' Pl§• The Survey paid 
all expenses of the investigatio~ · when it was ~ r~s~ed. in 1924. 

In 1920 an investigation of ,the hig}) levJf ~ciund water in)-~~r;;, · 
Honolulu area was made by It. s. Palmer, under ·.the direction of Meinzer 
and a report based on this· investigation vras i::ran~mitted to the City of 
Honolulu. , . -

North Dakota.- The .North Dakota Geologica! S~v:ey in 1911 had· · 
begun investigation of the occurrences of_ i,rourid . wat~r, and H. Eo Simpson 
devoted several weeks to the study during the .f)ummers . of 1911, 1912, and 
1913. During t.~e next :few:_ years detailed investigations for various 
cities were mad'e but the general study ~was not -:r:~~wn-ed. Ground water is · 
the most important source of water supply in North Dakota as 90 percent 
of the populatio!)., both city and country, is dependent upon it. The 
hydrostatic pressure of the principal artesian aq~ifer in the south­
eastern part of the State, which had been observe9; ,since· the late eighties, 
had declined so .seriously that in 1921 the Legislature enacted a · law 
directing the State geologist to effect the conse:rvation of the artesian 
waters of the State. As a result, an inventory of all f;towing wells and 
a general ~urvey of six artesian basins in the Sta.te were made. .The _. 
only cooperative feature of that investigation wa$ the· collection and 
analysis of 200 water samples in the Washington laboratory ·or th~: 'S.#.r.:vey. 
The results were published in ~ater-Supply Paper 598. · ... <:'.\}i/> .... 

Pennsylvania.':" The Pennsylvania Topographic and Geologic survey·· . ._-_ . 
entered into cooperation with the Geological Survey in 1925 for a,: ·s.tlr;y:ey· · 
of the ground-water resources~o:f the State. · This investigation consiste·a . 
chiefly in collecting well data, interpreting the occurrence, head; · · 
quantity, and quality of the wa.te:r with respect to the rock formations · 
and stry.ctures, and studying "the best method of constructing .Jvells and 
recovering the wa.tero The first work was done in. southeastern Pennsyl­
vania, including Philadelph~a, and G. M~ 'Hall spept the summer of 1925 
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i D: that region·o .. Sa.m.pl~s of water collected from wells and. springs we:re 
analyzed in the quality of water. laboratory of tbe Qeolog·ical SiJrvey~c'-'in .· 
\fasnington, D .. Co .· The information obtained was supplemented by. addi­
tional observations -during brief trips in AlJ.gu$t 1927 ~nd June ~ l.931~ 

.· The .second .. tirii~ of: the .investig~tion wa$:i'assigned to ·A~ M. -~ ~iper, 
who made ·a field ,study of southwesternJ?enns.ylvania, · inciuding ·Pittsburgh, 
from August to November · 1926 • . · In addition to the geologic s~ilQies: lie · -: 
collected water samples from 89 representative. wells .an,(t, ·,r _or . . purposes of 
comparison, th:rtee samples from surface strea.mS'o · · · ~ · 

- . 

The ·results -~f :thesE! t'tro· investigati61ls · w~re publi~h~d - ?Y t _he · 
· State.,3JY 

~fi! ' ' . ' 

311{ Penn. Geol/S~ey . 4t~ Series Bull .. ·vl .. . r·, 193~ -aild. if .. :2, .• 1934· ... 

New Mex~co ~ ~ Coopera.t:ton . ,.,i th the State ·e~ii1~er o£ _ New }4ex~~d ·_ in~ 
eluded not oply-the quantitative study pf the~_:.~Q.swell area, but: also 
four .areal ·surV;eys, the most extensive · of wh{~h-; was that - in· western 
Sandoval _.county ~ · ·· · · l 

· At th~. request o:f ci,tizens of Albuquerque~ ·.. . . . R~nick, ·. in ~924, . 
rn.ade a pre;L:i.minary ihV,estigation of western S!.'tndoval C?un~~; vrhich 
showed favorable &'iiesian .conditions"' . As ~ a result the:·~legislature .: ma.de 

· · · .. ·. -~t:.~~:,••'r .~ ~. · . . ·. : c . . . • . . • • : • , . . . • . . ·· .•. '· , .. . • • 

an appropriation for .~_a· ~ore · c'omplete investigation and Be~r).tc}<. spent three 
months ~dttring the_. summer and fall _ ·studying! the feasibility of . obtaining 
water ,for · irriga.tion from artesian wells in the .S?-n Jose and Rio PUerco · 

· Basins·. So serious was .·.the water shortage ,that settlers on the plateau 
:t~~.-l-rest of Cuba. found ,it necessary in' S()me irislta.ncesi·. to haul water many ' 
.. _;_;l~fPn~les for dome~tic . us eo ' A: sma.ll amount of · field work was perf.ormed 
· \;t::during -the · sUiilmer· of :1926 and in a preliminary report of the Stat-e 

engineer Renick ·reconmiended _that the State drill .' t.hree test w~ellso · The 
:final report --~P __ publ:ishe<i ··as ~later~Suppl;y. P?-~er · 6?P .~ - . 

. · ··.,. •. . .. . ' .. i,· ·. 

' On a·ccount of· over , expa.ris_ion the water supply of Hope c.ottrmuni ty.; 
an agricultural .''settiement ' deriving its. :water, supply' for irrigation'_·_ 
:from the Penasco River, was very seriously deficiento The Bureau of i 
Reclamation, 1.~1923, made an investigation of storage possioilities, 
but found that none existed where water could _pe ~tored economically.; 
The o~ly other possible source of an additional supply was the ~ound 
wat~r, . and .in 1925 tp.e legislature made 'an approp:r~ation for ·an . in- . 
vestigation to determine .. the possibility _of increasing the .water supply:·._ 
by means of ·artesian. wells.. Renick spent two periods, Aug.. 4-20, and,. 
Deco 4~12, 1925, studying the geology and ground..;, water , cond~ tions, and 
made a report . which · was published in the Seventh · p~ennia+:- report< of the 
State· engineer.. s. s. Nye made a study or' the_ geology .of· - ~he Cactus 

:.Flats re-servoir site near Hope and aiso prepared . a; report ~hat 't-Tas 
-released in typewritten form" , · 

~ Another appropriation for ~ound-wat·er investigations' maa~7'by the 
legislatu;re in 1925~ w~s · ror the purpose of determining the :feasibility , 
of supplying wat.er for irrigation :from artesian ·wells or pumping plants · 
on State lands ,in Socorro and Torrance Counties., · Kirk Bryan spent the 
period June 26 to J:uly 9, 1925, in making a -reconnaissance to determine 
the nature of' the study required in .the large area designatedo A report 
qf this reconnaissance was made, to the State engineer .. In 1925, ·the 

• •• 

·4 .' 

• 

• 
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State. T8.xpayers ~sociation brought suit to prevent the use ,of the land.~· 
grant funds for that purpose' ~la.tming that . s\lqh ., us~ . was . improper 'under . . 
the terms ' of the grant • . Al~hough ' the col,lrt later ·held .that appropriations 
f'or ground;water · illV!estigati~s ,w~re pr.oper; : wii";pdra~ls froni tbe, fund 
for that · ptll"pose w~re susp~nded during· the:. intez.:im • .3Jjl . As th~ St~~e. · 

315/ Letter . :from a. ; former State .e!lgin~er ·to : t~e. \ :~~~~bro 

funds for the investigation in s~c~;ro ·and·. ·~r~a!lce CoUnties were thus 
"tied up'i the investigation itself was not . #8-<le . .'' 

A reconna.issan~e investigation or ·~the:. grou.Iid-water area of the 
.Mimbres Vall~y ~ Luna ·County ·was made by. Fiedler' in August. 1927, and the 
report thereon was · p~blish~d in the Seventh ·Biel;Ulial report ·of the State 
'ngineer. This . invest.iga;ion: actua.l:.ty repres:ented the beginning of . an 

. intensive investigation . that lTa.S subsequently ' eonducted by "Walter N •. 
White beginning in the ; Sunttner Of ·1928., ·: . . I 

Still ·another approp~ia.tion :for ground~water. investiga.tionw,;p made 
in 1925 for ·work . in DeBaca dounty~ Bryan spent - t~ee days in making a 
reconn~issance, but as t~e . funds for this e~nation were likewise 
"tied up~' ~othing more was done. · · . . 

--!' 

, .:,i<t·-:::~:. :i·:; Terme9see;.- In -1921 the Division of Geology 9r .tne .. Tennessee Depart­
l ,D;le#t . of< Edp.~~:.t·ion desired a study of the ·· pri)lcipal ground -water resources 
· ·of -the ~: et:~;~: ~~~ meet . the growing · needs of city:, rural, and industrial 
devel;qPln;¢1it,~~tH.FCooperation· ·was arranged with ·the ·survey and. A. M. ~j:per 
made · t.h~ ,:· :~#·~$· :unit. investtga.tion, covering· -~~punties of the North~ · 
Centra.l·,. part_ 9-r the State •. 'The result·s were: .. :PJlblished :· as Water-Supply · 
Paper 640. , ~:~~.nv~stie;atipn _: qt +1 counti~s ±:a tb~ $outhwestern . part 
of th~ · Stat·e ~-'W$s\ started byrFrail¢is G.; vlells ibnt _ ~s not completed until · · 
the following ~ year, which i~ · covered by the ne.X:t J?eriod of this history_. ·· 

. . .. . '• . . ' . 
. . . 

. MoJ;lta.na.~ 'Tl+e investigations of ground ~ter: . in Montana, started . · 
in .the previo•: ll~ri()d : and ·~i:sdq~tinued il119J£$h~~ ~ere . resumed :in :1921·: 

:" "•\<;. -=,: 

3l§Z Fol~nsbee; ·_ Hi~t. of' - - ·~. - . . p~ 435: 
. . -· . , . , I 

.. . . ' .. ··. . · .. <. . . . 'r·· · ~ . ·. .. 
when 'G" .M. Jla.ll made a study of .. the ground water .. ~ Yello~vstone., Treasure, 
and Big ,Horn co~nties, ·.a part o~ which area had., 'been covered by a .: .r~con-

. · nais~a.nbe by A • . J •. 'E,llis in 1915· and 1916. The J;"~pdrt coverlng · Yellowstone 
· and TX-,eastu"e Countie~:r' ~s published , as Water.-StippJ.y- faper 599 o As the Big . 

Horn area contained als:o resoureee;·':· in coal, oil;,· _t;J.n¢1. gas, these resources .. 
were ·studied by~b~rs of the Geplogic Branch, -a;p.a .a · combined report ;yms · 
pubiished ·as Geo~og:tcal ·Survey ~il.eti,n 856 o . . . . . •. 

In 1922: .and ·i923, . George ML · ]hlJ:J~ade a:· grd~fwtiter survey of Fergus 
. Couuty~ The result~·ng report was relea.s'ed in typ~writ.ten formo : Bo C . . 
Renick made a similar_ survey of the c·~nt:rt;l.l and s9uther.n. part of l~.osebud 
County in 1923,1 the·· re~sults of W.hich were published. -in Water-Suppiy 

.' Paper 6oo. · · · 

In describing th~ Montana \.rork,:~-Jbli~~~~s:t;at~d:3l J' 
' ·, • t·' - -. ...... 

· 311/ Wai:;er-pupply Paper 599, p. vi .. 
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· Thus a . c·onsiderable :- part of eastern and central .Montana. ~s been 
-covered l;>y ground~water :surveys·, . the results of · which should ·be of -: much -
pra.ctic;aJ.,. value _. in:);olving the inniunerable problems: of water supply_ that 
Will .. C~~t_ai:iJ.y arise in thiS . region in future years~ _ The .large 8Jll0Unt 1 

_ of ::eairii:: O:etailed: work.. ·was: ·made : po~sible · oy· _, the .ra;ct · tp.at t}le ge-olC?gy . 1 

of mo.st<ro;f __ ~he ·l:'egion.· ha.d 1>r~v~ou·s·ly "been mapped by · the · Geological -_ Survey- . 
jand tha~' -_ th~refore ·:the_ · :f"i'eiq. : T.(or~ in, these :proje·c·ts :· c.ould be devoted:·; : · :···. 
iarge~y;. t<:;i hydrologic -_-:-interpretat'ions of the stratigraphy and rdck · 
structure~ - ',·' .. . ·, --~ l , . ; ,. . •. c ; . • .· .. ·. : . .. ·" ' .· · .. ' '.. •' . . . 

. . ·. :~-'-: > 
• . : [ :: ~-d .. ' . . ~ . 

.. J:dahO.'- Cooper~tlgn· wi~h . th$ .;I,daho· Bfu.eau·:_.pf.~Mfne~-· ~nd. _Geology was 
effecttv~ :>frorri. ·1922 .. t .o. ··1928,'/ · ~.:t~g-__ 19g2 .. ariel J-923 ·-.q~ntitative . inv~sti­
gat ion :9f the · Mud . ~~,:.~~~-;ton. . was ~ae;Jlff · a.I.JA ~h~;r;~a,:rter:. :a.. number or · -

• ·\,_~· ·.- •. ·,. · •• ·.~[·,·:· .. · '1'·)··_ •. ·.-· .• ::~:·,:: .. , :··~ .. ·· l .:. · .. .. ··. -·: ··:· ... .,.. -:. :·, .-· ~- .. ' ··.;:: '-. ·_~,::,.:·· .. ·. ' .. . ·. ·<-~ ... ·. ': .· . 

. ·'• . ,~-,: ... " 

· ..•. ·.········ ;:~~:;e:ri:1~f;;:J~~~!!i::X~5Iu;aepak;~:.'•·Be\. ot ··~hese, were .. 
" ,·312/ Pfp~r, Ao M.,_: :'·'G~ol~gy : . and ~ter reso~-q~~ :::of ·the G,oose Creek _.~sin, 
. . · Cassia c6linty, ~d~hp~-i ~ ~· : Idaho -Bur ~· Mines ·· aQ.ci' -'- ~qiogy . Bull. -·. No.-:;.6:; ~9~3~ 

,·. ,. . ' r . . - : -... ... • .. • . ·,. r:. . . . .. - ' 

·· · -~~~=:~~~s;~[~~,,~~· :t-~~,'t~;;~j~~~~~ V.~f~r .r ano!" .laa)io ·Bur • 

. - , . \,c :~~;~ ·,_'':-_ . . ' ·: · /_;~· •. ::.! ·· .. _' >'-:' ·: . . . . . t ;-•'. · ... ·::·';.:·· ·. ' 

· ··<·- 1't~~1b ·: A. ·.·· M~-, ·- "c;eo+ogy.'._ a~d·tW:at~r · -resources··· ot :tt1e·: .. Brun~a.u _. Rtver . basin,· 
Otwn~>¢6Urity; .. -. Iciah'a: ,., ····iiaaho B.u.r .~ :-Mi-nes:· a.n.a ~: de·ologr -'·Pamphlet ·No. 11. ·-

. . :··>;;'·'\,:;-~~i·-;:::· ~;_ ~---~ ·,· · . ' . 3 • ';,:_._ .·:; ,;.·-.·. ·'· ·_ •• -···· .• 

:~-.-_··,_'A _ppgper~t~:{e : sthdy:of t~e ~eoiogy :· ana_ ·' wate~ ·<s.uppli~es .of-the -CJ;aters 
i of , the -· ~66n ·· Na.tlo/al• · Moriumerit ·_ was ._- ·made:· i :n · ~bi<:h' Jr~·-.,: T· .. ·-• S~earns ·· s-tudieq.: the 

.. ·!~;~;~~!i~~~~i{~;~g~i~e t;o~:~~~~~fr!:!i~i~i~~'t:~ a 

. '. . •. ·;:;:,; \. . '" .... 
f : ' .. _; · ,,. . . . . . "·· 

·,':_>Federal cd()p~f,a;{ttd.hi ·~ ·: Duri~ ·tlie ~r -.ye~rs . Fe~eral . cooperation was 
con:(iped Ghie:fly tp that with the Arirry and Navy ip . connectionwi;th .water 
supplie$ · ror ~-- yar~0,11s ;:est~bli-shments,_ -but ·during tlifs _period investigations 
were .made··not only • :for,··tfi~ War '·.ana -Navy bepa,r~ments ·but ·alsq; ,:f.or· a number · 

. of ·other 9-epB.!tmerits - ~~d - bureaus-~ · inci~d~)lg_:; t'lj\e _ B~~au . .o:f Reclamation; 

. Public _ HealtR- :.ser.vice~ - ·.ve,terans' Burea~:,: ;_::~~~t.me,nt~ - of' J1:1s~ice, ·: Park 
S.ervice, For~-st · 8ervice~ ---- ~£l.n4 I'ndian -ser-iflde"~ t:: 7·,' ,$alar~es ·and e?CJ)enses o:r . 
tbe :• Su.rvey. pel:'sonri;el " ~~~ipg _ the . ihve$tigations · m.o~t· ·of' vhichwere brief, .. 
were >pald: by ~:he cooperating·agenciesQ , .. .-. 

-··.W~r ; 'D,eptfrtJri~nt s· ~ ··'Melrizer/~.iihile ·in ._H~~it;·_. i~ · l920 irivestigat~d . with . 
G • .K. _ iarr1s6n, ~~-_·£:fien .- ¢ivi;Lian enginee-r " for t}te War :bepart~ent, wat.er- · · . 

. supply problem.~ .Qf _the Army -and .Navy on . the:. l:$lan~ O.o~ Oahu~. ·_ . 

.. ·' •• -~ ... , " • f · I . 

' t\Ureau of' Reclamation.- In geologic examinations of dam ,and reser~ 
; voir Sit~sone. _ ci'-ffie-chie:f considerations was th~ exclusion of ground 
water,. w}1iCh required .a knowledge of ground-wat~r movement •. _ .. Therefore; 
when -the · B:ureau of Heclamation reque.sted the ~ssiptance ·or Survey · 

. . ~ 

"' . ·.• . 

.... 

•• 
. ~ '\ ....... 
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geolb~i·sts _in such · e#minatio~s,· ·· ~ii£·~~J~ssistanc :e was rendered by the 
Ground-Water Divisiox):~·:;.: .. \In 1923;.;.. :_ .. ,,.·~-. ;ress authorized . an. :i.'nvestiga.tj_pn of 
the -· columbia River ~rig~tion ·: .. ;P. .. . ·:Jb,_;_.w;l,lich contemplated the :irrigation.· 
of 1,750,000 acres, and Kirk ~~t\ ·~a·~ ~;~~~~ igned to that work as . geologisto 
The work la.st·ed from M:t.y 1923 to . January:· ··l9?4 o l>tn1;l;o.g 1924 Br~an made an 
investigation of the proposed sites :ror a - salt-wa.te~{ .. pa,rrie~ on the lower 
reach· of the· ' Sacramento · and Sa:n ·. Joaquin River's ·in , .. Ca~if:9rnia. ' _He a.lso · 
eXa.m:Lned d.am sites in Wasnit1gton-am Oregon at variotis 'times o ·In 1927 -· he 
investigated the Avalon ;reserv9:i,..r : s:tte ne{3.r: Carlsb%!~~~~ew . MeJCi The . results 
of these examinations. were ttansmitted to the Bur~tt~~~o:t Reclamationo 
Bryan prepared a . paper deal:i:~ w.iPh·.geoiogic: e~inat'ions . of · dam and 
reservoir . sites, as ,a ·gp:t,de t'br iV.~ute: ex~nations of that character, 
which was published as :W~ter'•Sttpp~y: -·:Paper: 597a~ . . . 

. '. ' ' ' .. . \:" . . . ' . . ; .' : .· ·. . . ~ . . . ' :·' O:." ;;f '. .. ·,.. ' 
. H. · T. Stearns made an investtgat:t.on 'ot ' a. <iam· site -on;;:~1t . .-l' ,Dubois 
I project' . Idaho, in 1923, and Mein~er', Bryan, arid. Renick of. a " r;~servo:t..r . 
site on the .Carlsbad proje;ctJ New Mex.. The resulti3 of the .,,,L~tter .study 
were published in . Water~Supply Pa.per 5BOao The .need for · ili~tion . 

. . . - ' . . ' , . .. ' . - ' . . - :· .- . . . - . . _· . . - ~ · ··':?t' ··~ .. · . . . . • 
regard~J?S ex.arnina.tio!19 of ,this t¥Pe was· felt not · ~nly· in the\ United · ~· 
States, . but in for~igli countries ana ·11Water and Water ·Engin~ering", a. 
leading-British Journal onthat .subject, abstracted .Water.;.Supply .Pa;per 
580a and published it as the leading article in the issue o:f . Feh • . _21, 
1927·.3~ -i ' . ' .. 

3 2Q/ . Wat~r R:eso'E:c~s ·• Bullet~ri,. Mar~- 1(),, 1927-~ 

· .. ·Public. ·Hea.lth Service.~' Fo~ inves.tigations were '·mad·e: Jot .. the 
Public Health Service ·between the years 1920 and 1924 .. · Three were 
br,i~f examinations ··of . a. 'more or less· routine . character' but- th~ fotiJ:th 
wa~:;:mor~ ·elaborate~ This wa,s ~~ i;nve.stiga.tion at ·Fort Caswell, N. :C·., . 
to ·· determine how•_ far ·typboid bacilli cduld .travel· in gro~nd wat.er .. ~ . · 
The J?q.blic Health Servi~e ;bad, .been ma.k;Lng $ . series of tests for . tP,a.t · · 

. purpose and in April -1922 Meinze~ · was calied. upon to inspe~t wor~ being 
. ·~·'flo~e. · He recommen<;le.d ·further .te$,t :s 'tbat sho~ld be made, .ana. in. :May 

·, ;- ;:_deta.ile:d· Norah E·. Dowell to ma.k~~:~< geolqgic . ~nd hydrqlogic • study of the · 
· (ll'ea . . "lt~.r report ·was published_.;;B.St:: the PUblic Health Serv~ce )~--

.· 3'2Il H.ygenic lab. Bull o 147, · rr'Jb;;; :~. ~ :- 'Public Heal ~b . Service .. . 

! 

. . D~partment of Just:i'oa,- i\ro inv~stigations w~re •made to determ~ne . 
feasil!ffulitY,: ;'·of additional wa:ter:# supply for prisons, one by Bryan, the· 
othe~ by Mein~er. Regardi-ng the latter, the Wate:r ·Resources Bulletin~t}' 

,32§ Mar. 10; 1927. 

commer1t'ed as follows: 
... '·: .' ' .;, ' i ~ ~ 

Mr. Meinzer recently had the thriii 6f a 'if:fe , time as a · · 
result of the uncanny demonstration· o:f his ·skill a.s a 'lw'dro­
scope a For six months digging and drill·lng operatiOI;lS had . 
been. going on at the farm unit of the Federal>Pri$on for 
Women at Alderson, ·w. Va., 'without producing more than an . 
~nsignifi~~~:t- .yiel<J; _of>_ water. At last the Superintend.ent 
telegraphect~~:t,o Washi:w&tbn and·. the Department of J1.istice .· 
called upc1(the Geological Survey for advice. · On Sunday 

" .. .:.'t' ;' 
. ~ •" . .' i." . 
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ni ght, January 30, Mr. ·, Meinzer took the train for Mderson, 
arriving there the next rlay. He spent a few .~ours ~!,~on the 
ground and., i n conjunct i on vr:l th the construction engineer 
he selected a site for a new well . . He took the train Monday 
night and vras back in · his office Tuesday morning. . On . 
Wednesday ¢lrilling was begun at · the spot designated; . on . 
Saturday a strong .flowing well vras brought in, and by the . 
following Monday· a plentiful supply o~e go'od Wa.ter was . being 
delivered.. · · · 

· · One more service which .was rendered .the De.partment of Justice could 
hardly be termed an · ~nvestigation. In the ·chicago . Drainage case being 

. hep.rd in 1927 before ... Charles · Evans Hughes, spec.ial master for the U. S. 
Supreme Court, Meinzer was . subpoenaed to test:ify as a friend of the court. 

Other bu.reaus.- Four in"~restigatioi:is for vrater s~pplies at Veterans' 
· h9spitals w·ere made for the Veterans ·' Bureau; ·four for water: supplies in 
national parks were made for the Park Service, . one for the Iridian Service, 
one :Lor the Federal . Land . Bank of Berkeley, · Cali:f. i one for .. the Land · 
Classifi~ation Branch, and one for the Federal Power Commission. The 
investigation for ,the .Federal. Power Gomnl.issionwas in the Deschutes River 
basin by H. T. Stearns. The results -vrere pubiished in Water~Supply ·Paper -
637d. In addition an investigation of ·dam sites· was made for the Di vis i on 
of land Classification.3ry _ · .· · . . , . 

3?jj p. 
---~.--~·-·· -- .. ··-···-""''""''~~-·--··-... ·-·-

Hydrologic laboratory.- \·lith greater stress· being plac~~~':i~~r,, quant:t~ati v~ : 
methods, the desirability was apparent for a hy'drologiC'?J~.~boratory i,n . 
Which quantitative data, :SUCh as the permeabi:Lity.and specific yield of 
various types of soif and .rock material, could be obtained. \fnen the 
New Jersey investigations were . started this beca.rne a rte.c .. e\~sifty· and a 
small laboratory was -installed in Washington with Norah E ~ · Dm;ell. in 
charge. As space 1ro.s at a premium no definite location could be a.ssignecl 
and the . laboratory was rna.de sufficiently small to · be moved whenever 
necessary. Finally, in April 1925, a definite room was assigned to ·it .. 
The methods for determining periileabil:Lty were ;developed by . Meinzer. Mrs~ · ·,. 
Norah Dowell Stearns resigned in . March 1926. In March ~ 1927- A. M. ·Piper 
was placed in clfarge o:f the laboratory. · · - ·. 

A description of the apparatus .andmethodf) ·and ·results of tests on 
various water-bearing materials were published in \-later-Supply Pa~er . 596f. , 

vlell drillers . associations.- . Meinzf!r' with his . scientific mind,· realized i . 
the neecl! ·.f'or better · technizue in the drilling of wells in ord.er to' reduce 
the waste of ground water -through leaky wells, and bec~e much interested 

· ii~ ·the well ?rillers ' associations as a meanS ·.ot_0 that end. · 
.· i 

. . . 

Prof'. H. E. Simpson Df the ·:University of ' North_Dakota, who 1-iad begun 
a study of the ground \vater in North Dakota in 194-1 for the State 
Geological Survey, had come into .close touch with, the well drillers who 
were actively drilltng wells in that State and · t~ough _his. :efforts the 
North Dakota ~fell Drillers Association vias formed · i-~· 1915. Its object 

••• 

• 

• 
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was _to> improve well drillirig through: ::::~·\t~t~er , knowle~ge of the oc~urrenc~i~- ,: ' 
and . ch~acter of the _ ground _ wate~s ~nd th;r:'9Ugh -bette~ methods of. re- · _ .. 
cover~·ng - :tlie;n~~~~ . _Anriua.l: conventiQns were' held/ at:_whioh lectures w~re 

• • . ~ .t . • ' ' 

321/ U~ . S _. Geol. · surv~y Wa.ter..;Supply Paper 598, p. J. 

given . to achieve this · dbjectfve _~ :_. · 

, ,: -;.:<Ji.:, was not . unt'il ~ 1922 . th~t- ·the Groun(l~W~ter Division made dire-ct 
--cq+lt~4,:t{ with the Associ~tiOn, wh~n : the :conv¢ntion ·held in . January was 
~a.t:eeria~d . by 1-ieinzer. -' It "tas -a - tbre~-:d.ay :S:es~ion . that wa's :consi,dered a 
schoql,~-~p,_ which_ the members were _ .iri.strtict'ed :·in t;he .element~ of geology, 
sanit'ati0ri, ~d - tecfuica_'i' methods related .to well 'drillingo . 'Meinzer . 

~:~13si~r~~~sbft!h:s~i~!ti~~~~!~~~~ire~~~~~t~ln~et~:soda- . 
I • ' • ~ ' ·, ' , ' - ' , ' ' - , 

3 25/ May 10; _1922 . ' 

.. following: · , · 
. ' . .. 

. ' 

_- ."'If you_ .want .'to· succeed' in your life ·work, . young man" 
: exclaiined the -Chautauqua ).ectur.er; "begin- at the . bottom and 
w~rkJ up!. n . . .. 

;'I.'ve ·tried. ir, _rr s~ou~~a· ·· ~ · ~n · in ... the ;audience, :"and 
didnlt . su'cceed~ r' .. 

' ·, .: 

"What .business are yo~ ·in?r' ·a~ked the lecturer o 

"io/~11:.· <lfiilirig, :~~ - - -~epli~d- - · the/_ man . 
. - ' - . , ,· ·-· · . • ' ·.- . . ' • · ·.-. ' 

.So -successful was the NorthDakot~ .associati6n . that ' associations 
were formed in. Minnesota: and Illinois; · ~nd . Meinzer . contin~ed his policy 
of _ attending some Of: ::the · arm.~al CO]lV".entionf)· • . _ In' January 1924 · he gave a 
series of three lectlri:-es :_at :. the- second· .·annual ·cqnvention of. the 
Minnesota Well-Drillers :Associat:ldn . and ,in . J~nuary i925, two lectures 
at the North Dakota conve.ntion, during which _-he -supported Prof ·• Simpson's 
prqgram of aftesian .water ·conservatibnas :&f"easible and hopeful solution 
of the artesian -water : prob~eni ··in Nor.th, Dakota.3~/ In January 1928 ~e · 

3?-§.l News Letter Jan-.i 10, . 1925_. · 

gave an illustrated -lecture on "artesian well problems in different parts 
of . the United States n before tpe .Illinois meeting in Urbana and the 

· Minnesota meeting ·in Minneapolis_ .. 

SpecUtifi1;b,]tep·dJ:rts~-: In :~dition ' 'to th~ . publi~ations . containing _the results 
of the several irivestiga:~ions,_, ~inzer prepared. three reports of a . 
gen~ral character. The first was "The· occurrence of gr()und water in the 
United States·, with a discussion of principles," which was published· as 
Water-Supply Paper 489, and embodied the material.:- of his doctoral thesis 
at the University of Chicagoo· It was planned to be the :first of a series 
of six papers· dealing with: (1) occurrence, (2) origin, discharge, and 
quantity, (3) movement and head, (4) quality, (5) recovery ar...d tuse, and 
( ~) ground-vrater provinces 0-. · 
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· ... ,' . 

. . -·. '.: ~b~·_::.~eccm.d. ~eport 'dea.lt \vit.h 1·arg~ · springs . ·in the Unj.ted states and 
was ;: a i1:>~-~pro4\ict .' of ,th~ ···f i r st. -• Sir{ce . there .is · wiCie-~spreaQ.:. :i:nterest in 

· spr-~:nsS.' ... t .:pe ~eport ·-vre.s e:.t:esigned to. answer '' the :Populal'" . qtl-estibns .: ·. V.'hat 
.. ~·e .·.:~lie:<·~a.t£Sest·· springs ·in · the United· States,· how much water do they · · 

-~:· ·a~s·c~rg~.,·.·. ~nd: what ·geolcpg_tc' conditionS , _prqduce_ .tlf;~~?. · . Mein~er enl~sted 
;the· cooperation of the distric~ eri.gineei"S·'·and: others · iii ·the 'Brfl,riCh<.in . · 

-·. · oht~~,~ipg~:~ ~t·i..: r.e~ati v~:-· to:··large - scpririgs tQfaulihotit .. the cod1try ~- · •. · !Ie . 
''cla;seiU'~.~a .l~ge · springs ·' according to ' th'etf,.'4'-'scbllrge ' ·and. ' c~lled · those 

,•,•.': ,.:,1 ·' ,L·.-:;~·_,,V·~ ·t ;· :;_..- ·'• · •1 •' '; . .' . . . . ·' '• .· ' /. '·. ·,,•··---~-~\ ·-:J ~-'.1 :-(lo;..:_._ : .. ··· '. ~ ., .:. ' . ." .. · ' ··'·., '. . ' 

· h.a.v_t.pg :.-~n<?v:erag~ _-- discharge .· qf . 100 . secop<l71~~~ '· or -~mo:re i'·_. springs of :the 
i -~~·~·~t:· ;:Ibr3.,gi;ii~lfde. ·· .... He. ~.ound :~ 6~ :. ~ucl1 spr~:~~~i~:(,;;:·}~~9~. ·.:~~~~t?.P.~ ·. r:ocks_ .. or . ;. ~ 
I Flq:r:t;~~ , ;p;rodl;l.ce:·: lo, · _ap.d .. tl:lose .. ~n the ·Oz~J.g· ::: :r.egl.o;n;d.:IQ ~.· s.pr:L~s ~ ·of< the . :fJ.rst ·~ ... ,.. . . . -:- . . , :.,: ::· .. '·· ' ...... , ... :, .. . , ..... , .... _. . ,,_ . . : . • . ·._ , - .. · . . ,. : . . . . . ·• . ·- ..... ·.· ··,_ ., . .... ' . _·.. ,· . · ·~·:_' t·''."·.-~r,- .. .-•· •,. :·: .. •· ·. . :_-. . . . . . . , , . 

·.·:.;ma~{;\ffi~·~(i~i.~ .. :, -~P.e·.:;J~~-a, i"p~ks ··Jn the S~e . ~l-v:.er ·¥~~.f.ij.'·.' in Ida?~ :produce 15 
. ··-_.: f:~F~~.i;)~~-~~t~~~~~~~ti$~;) ;•::t~e . Sa~r~e~to_ }ii~~~ ;~.~~~fi. : ;,~-~ _Cali~~rnia,1~;?.nd . ' · 
' ,·.the.T~~9ch~t .. e.&, .. R.ltrer ~~n .+n ; ~egon., 8 ... eaqp. . ft. few large ~pr;lngs are , 
i . I'ound.. .. ~ ~#:.<qt;~~r ·· pa~ts··: oi'.: the · coliri~ryo __ ·The ·r,~po*t . was .pub~ts:~~-d as _water~ · 

~~Pf?:f!:;._:~~p:~:r>.:~-?7 °:. · , . . .. :- ... . · ·:·, .. _( · · _· ·. ..: .. ;· . ·,... . --

... ',;f~/~~~,~li$,1:~ ;r;ePort, "0\ltline or ~ound"~te~ ~eolqg,tn l.f._,?.P; 45)4, · .• 
1 . .· mG~i:t9~~·~(.'#~·;-:J:Pli~ ;.:_liis'to~y _0f ·· .the :p~r.iod . pr:~6r, .: ~o _· ·~919 • :in . ~ouiwetfon _ -vTith 

ih,~r;~21f~~~1~~,;~~;-~~E!IJ te~ :?2}} · , .;\ /}:· ./ : , ~ > .. ·. :, · . .· . 

. \ 3.~JFJ,i;!?J:.t~P:~b.ee.1 .~obt,_ ·-a~k:i. ,. of p · •. 1~_39 ~>;-·. :; · ··. ·. . . . 

. .,., :, ;;t\\;W:i~:-;,1_: )i:: "' . . .;'. '. . . . · · · ....... ··· . . .... ··. . . 
: P.~i.#1§~~~:~ ;~_ .;·.~~~.~:''.~f:e'J?:~hir,4ivisions,_ ~ ·pt ~c~e ' Bra~~tf;_ :~~~ -· piv~si~n ·of _ _ • 

. . G;-p~~;"'~~~~~r1 :;::~~~::~~~!1~~~d· ~~ ~ t~ <pe~so~?e.+: by, t~:e; 1~re of . out ·~1.de employ-
:_ · m.ent : ~·\ .:;.;·,~y:' ~}#e_e-'·: !p.~pfilr~;, _ Me·~nzer, Thompson, _ land J?ry-an1 _ - cont~nu~¢1 

:·,.au;_~:#lt?:~~}?.~· :· ~nt~~e ·· ·J:)~r~P.4, ··· put : Brya.n ._ wa,s.·.·:gi~en -· a per ·· diem _appO.intment 
Sept:~·:' J;6i; 1:926;;, · ~na tber~a:rter ·devoted· only :a p~r.t . . <?f _·n.is time . to . the 
Div.isio~<:-' :-:Tlt~., ·co~ple'te ' .Pers,onn~I -Iist~-. ;wa~ .: · : . : .. : · ... · ·. · . · · . . . . I 

·:_>;_·_<, ·~ ;: ·~ : ~~:~nk~~ .. : :: . ;~;_y 1;]91~' ~~:;~ 3o, · 1~~ 
• •• •• ) ' ••• • ' • ~ > f ;'. 

1 ',II • t;' 

-. :;,;0;.':.,_:/·:·~~:r ... ~:·.:·:.~~~~.$ ::. . .·, 
( ' • \., >\':- · ·' '• 

' ' 

. ·. --... Q ~-',~·.$-·.·J:i~8~:s":;>: 
'·/ t :• ' :· 'j:~i ...... . . '· .. : .~ •. ;·'.}:.'~ 

. ' : ;c w~;~~oi~~~ o~f~~J!) · .. 
.' .. 'i ~ .. *. ' , ' .:: .. ' 

~.r;:·. ,~ ; -" 'steaitis 

Ren1.ck 

' PoWifS 

Hall 

·.Jt1rY::r i,· i9;t9 "tci ,:.JuiY: .. z3, -- 19~0 :y -; 
.July lj 19i9 ··tb :·.J'till,e ~ 30, · 1928 . · 

_July r;'. l91~ - tqnrq. 31, i92t.· 

J~1y_ l; ·i9~?1 to Sept., 16, . 19~§ _y: ,: ; . 
July 11 'i919 'tb A)l;<i. 3~~. 1920 · 'd 
J--tiry 1.: · ... · · :~to :Dec~ 31, ·. 1919 

.t · . 

Apr. J., 19gp to June ~o, 192~ 

July ,1,,· 1923· to Nov. · 10:, ~ 1926. · 
.. .... 

Sep~~ 2, 1924 t9 :1Nov. 30, i926 

June . 2i, ... 1921 to June 30, 1928 

I' 

• 

• 

• 



• 
• 

• 

• 

A. q. · Fie.q.ler 

w. N, . wi;i"t:~ ·.-_ . 

T. w. :·Robinson 
''',·'•· ·. ' 

A. M~ : Piper 

S • S • _ frye ~- : · 

G. H. Taylor 

jj Deceased. 
\ -, ~ . 

J~~y · 5, 1925 to June 30, 1928 

J~~~:. ~6, ,1925 to June 30, 1928 

Apr.· · ~~' 1Q26 to J;une 30, 1928 

.. ju.~Y:. 20; ··• 19?6 : ~o ~une · 301 · i928 . 

· Nov~ · . l, · i926 to Jun~ JO; · i928 · 

Aug! 1, -1927 to June JO, i928 

to .Iiaiti. 
1 

Allotments.'- ~he . annuar ex:pendi tures· .from Survey funds; · as - show . b:y · 
Division's : led.g~;r, . :wer~: i · ·_ · · · · · · 
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1920 . . $i8;oqb 
1921 :· 20;539 
1922' :_ ·_ 19,$84 ' 

' 1923 .·: $17;915 
19g4 ' 20,255 

.·1925 .. . -.19,'700 ' . 

1926 
i927 
'1928 . 

$24,892 
23,440 

' 25:,178 
I , -. -.. . ... · -.· . . . . . .. .· .-•·-
The $1,!+00, ~ontribut~on to .the coastal plains .investigation, which is 
included in the .• ex:pendi t~es · :ro~ ~: 1920, : m:t.s .' discontinued thereafter as 
that._ investig~tipn : ha4 .·been substant~~lly , completect~328j . ; -

, . ., · . ·. <. ·- ·. · · I · . · :.·. '· . . ·. ··: . .. · ... ·:•·_... '·: ,- ~.··. : , 

', ' • • ' ' • ' , , o • '_ • •' • '· : ' • :' , ' , • , ' :, ~ L , .< - : -. ' 

: "' 

· _ With . the 1 . cqrnplet~on or- its : laboratory in,.l918,3~ the Division of 
:. ' ~l:'!' . . . ·.. - " ' . . :. ' . . ~ ·. ~ ' .. l i\ 

- Quality of ~ter : resun1ed the -analysis . of the inineral content of :v1ater 
Samples from both SUrface ancl<underground sources, · not only for the 
Divi_$ion 's . o"t-m investigation~, 'but also . for :the Division of .Ground Water 
anq: ::~{?:t; · the ;eologic :aranc};l.' ·. The ·"field kit 11 developed d11ring the days 
of t~ef Hydro.:.'Economics Division, th~ progemtor ·.o:r the Quality of Water 
Division, wa;s brought in~o play when Kidwell made :field tests of w·ater 
vrhile on>a trip to Missis'si:ppi in -1919 . . In connection with the analyses, 
studies of: methods: w~re made and,'changes introduced from time to time- in . 
the methods t~t haq ,beeri_''used. ~ar lier in t}1~ .studies of river waters ·.J~ 

' - . . . ' .. ~ } ... . . . ~ . • . 

The ·number of analyses made annually·\iar:i.ed from 275 to 819, with ari 
annual average of 4 77 -for th~ period. · · 
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Shortly af ter · Coll~ns became chtef tn .1920 the · many inquiries. for. 
information about the hardness of water led t,~··. the preparation of .an 
article on nHardness of surface ~ waters ·or the: UI).i ted Statesn: which was 
published iu. the Journal of Industrial and· Engineering Chemtstry, Decemb~r 

I ·.· . . . . -··. . ·. . , . . . · .. 

1920o _ This article was based largely on tl:l~·':-'~lyses · iii the _series of · 
Pl3.Pers ·on· the quality of surface waters, - S~p:plenientedbi ·other availa'Qle 
analy9eS e It was nec~ssarily very g~ner~l ~n 9COpe •. ' 

1-

Persistj:lnt riquests _for more,· spec:ific;:.· ~ntonllCit:tpn . as· to the chemical . 
charact'er of the ' waters actually ·used::; in n9lJl~s an.d factories t _htbughout 

. the States almost -forced the prepara~ion·-. of .. a repp;rt .on·· ''The. industrial· _ _ . 
. utility of public water su~~lie:~ - 'in · th~ . U~t-e<l,> 'st,ates"'.:pubJ.i¢h~d __ in 1923.~ 

. . . 

_3 31/ U ~ · S e Geol o Sur;e~ . Wa. ter~.Sup:piy ,l'~per:: 4~$:=~ '. :._- · :. 

This contained the ·results of 64 ·s~rie~· 'of ana.lys~s, .·190 . sl~le :q()~P~~te', 
and 74 single partial analys~s rru;tde not on,ly1 by the $urv~y lril,.t ,S.,lsq: by: . 
State or municipal w~te~or;ks . ana commerctai; lB,bor~torles .. ,These- analyses 

<repre~e.nted \vater . supplies :for 287 c.~t~'es.,: >:each ba,.ving a: popula.tfozi in . · 
exci.e..$5 of 25,000~ __ Iriorder that ,each. Sta.te;,·inf.ght b'e represente(l ·by at 
least· two cities, ·a.naiyses for '2o-~~J.+·~r .. ~ p;tac:es· i-lere · al-s.'p give·n: ' · 

. . : .. ~-----an attempt· to·. cS~lze·· arid· ·gene~~liz~. the a~lytlc~~- ··resul.~s fn 
Water ·~$*J?:ply Paper· ·. 496,:.·~- mp· wa.s ·.··pr$pax~ti- 'b.~ed. '-·oil . the· .. :weighte<i average 

. , · hardn,.e~~~-~> by States., qf the ~ter: SUJ?P+~~~ .'fP: cojw.ume.~s. _in the cities-
. .... inc~uded in the . re,p~itt 0 Foqr '·r~nge~:., of{'~e'f)s we~e ' inqica.~~Q. PY di,f-

.. :fere!f~ §);,f~ingso ·.".- Tl1l:5, uhar,qn~:;s . maP"~,:~~ aJ .Ia.~er .. :r~vi~:t~Qn have. been .. ·· .· 
widely··x~S.~4, generally· with a9~ow;Ledgni~l!~e~ 9i''It~e ~so~c;~.;-' in ~azine · 

· . artic·l~:s;/ in books; .. and· i .n adveiti~i-M_':.·iit·~r,~t,t¢e '~~elatitig to 'productB 
.. whose distribution ana..•.ru;e· B,.re !, ~~fect'ed .. hy;;{t.Ji~i:hardri~ss ·~ oi- water·. · . . . 

. . , . _. _ ;· _· -.. _ . · .. ;·?::~r;!¥.~'~l;;{. . - . . · .• · _ · -. 
When F. H. Neveil,'. who . had l~ft tne ~.·f{E!:~'l~tion Service · in 19'15 and 

,WaS engEJ.ge9- in private ptt::act:f.C~j .waS Jlre.pari~~-~. ·report pn ·the ~er_ 

... ::~;r~~\~!t!~~r;~~s~ ~ht~dii!:Ti~~=t~!~:~:z~! ~he • 
available 0 The efficf~lify dr ' ~-- .. stea.rrl tU:rbine '•'is' notai>ly affe'cted by tbe . 
last inch of vacumn;'.':Yrhlch in t~n is dependent.· on the temperature '6-r ·· :. 

1 the . condensing _ water • .. · ~·1.in plants of ·.mod.:erate effi~tency 600 t _ons ·of 
1 · · · I: wayer . are pumped per. [t.o~ . of· coal: cons~~~~::sucih : pl~nts· must b~ _: ~ocated 

_close to rivers for the-ir wa,~er. supply . . New¢11 came to Collins for · 
_data and from ~terworks ·Offici~~S th~ Ja;t.te±- Ob.tai!led recorq.s Of . 
·t 'empera.tures of 1surface waters at 21 -:points.; ~ ·I.t is· obvfous· ,that daily · 
and hourly fluctuations of .air temperature. :·(fre;·. not :_ followed -absolutely 
by equal changes ·'of sur:fa.ce...:~ter .· ~ temper$;~\ll":e · . ,, ~an:~: monthly_ tempera;.:. 
tlires of air and -water might J;>e comparable, ·and. :collins :found·_ rea.son:.. 
ab,le a.greemerit betwee-n them.· . He .aiso '·co:mpiled (]a.ta on grourid~water :. 

- .temperatures,-·. :many.-or whi.ch ·- liad1 ·be¢n" ·0-qtai~ett:1n::· d~ep ' -vrells ; .oy -·.c~: , , E. 
· Van Or strand p:f · -the Geo;togic . Bra.ne;h··. · _ . Fr:()±n ::~: "St.t14Y o:f. ~more :·than 3, 000 . 

records Van orstrand eoncluded that - til.1deri~·norma1= cond.itions- the .· .. · 
. t,emp~rature of grounP. water I obtaine·d.· ·at· a - ·~epth of: 30 tO. 60 feet will 
generally exceed. -by 2° or 3o tl1e ·niean:amiual· air- temperatur·e. · Thes.e 
data ·were published in 1925 o 3~·. . ·. · , :· . · 

33](J1_:. "~~> -!J~~.o~+. ~.-. - ~yrvey Vlater~Suppiy Paper 520-F. 
~-. -.--... - -... . . . ' 

• 
1. . 

. . 

• 

• 
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State and other -agencies were also rn8.king -m'iner~l analyses of -water, 
the results .of' which were scattered through various Sta.te ·publica.tions 
and technical journals. · A knowledge of these analyses iuight, as Collin.S 
vlri tes ,332f save not only the :expense of col~ection and analysis of a ' ' 

33J/ u. s. Geol. Survey Water-SupJ;>lY Paper : 5§<'·C~ :P· 54 • . · 
' ' 

sample,' but also i;.he time required to make~ an ana+ysis; which : migllt be -a 
fe'tv days . or a . few weeks. vlitl:i' 'this · thoUght- in ·mind he . compiled an in~e~ 
of analyses of natural waters in the · U~i ted Sta-:f,es, ·which was published 
in · 1925 .333f 

33&/ Op. cit. 

By 1928 there wa.s · very considerable -demand for information relative 
to the analytical methods _ used. ~ Collins ·described these methods -in -detail 
in a re1;ort entitled 11Notes on practical water analysis, n which was 
published in 1928.3~ The :report was · conf:i_ned to the methods regu.la.riy 

332/ U. S. -Geol. -Survey Water-S\1-P:Ply Paper 596-H. 

used in the Water Resources ~boratory and did not include many methods 
that were. used ohly' oc~asionall~. '' 

__ Otper reports published,: usually · as contributions to byclrology ~ 'tvere 
"Chemical character of ground waters of -the Northern Great Plains,uj~ . 

. . . . .. - . ' 

33§../ U. s. Ge~l. Survey \vater-Supply Paper 560-~B • 

rrQua.lity of "t-J.ter of Pecos :River .in Texas, . '~- nQual;Lty of the surface 
waters; of New Jersey, u and · uChemical c?aracter C?f' waters of Florida. "3"-EJ 

331/ U. s. Geol. Survey Water~Supply Paper 596·. 
j 

The latter was 'a revival and extension of tvork perfonned b~ £ole in 
connection 1.rith the preparation . of vlater-Supply Paper 319.J3j' 

338/ Letter from W.D. Collins to lfihe author. 

, In addition to preparing reports for Survey publications, articles 
'dealing with particular phases of the quality ... of;..water investigations 
were published in the technical press. 

During these years increasing at,tention vras peing · given to the study 
of the flow of the Colorado· River and its utilization.: Storage reser­
voirs were needed and the heavy se_diment load carried by the lower ' 
Colorado River had an important bearing on the life of such reservoirs. 
In -1925 Herman Stabler ·suggested the desirability of starting a study 
of the sediment .carried by the Colorado River and offer~d to finance ­
from funds ·of the Land Classification Branch a trip to the lo-~ver 
Colorado River for that purpose. -c .. s. Howard made th_e trip in May 1925 
and arranged with Di ckinson to have the resident ~ngineers at tne Topock · 
and Grand Canyop:r,~g~ging stations obtain :sa.mples fpr determination of 
sediment load and --- dissolved mineral matter. He a.;Lso arranged- with the 
Reclamation Service to furnish sa-mples from the : Yurna stat fon for analysis 



. )86, •, ' . ·I • .. • 'c', ,; ·. , ~·· ·. '·•j., / .:;, 

· · · : 9f'\ 'hl;! i~sdoiv~d ~inerb.:li~tt~r. •·· .. Sampi~i£, {oi' , e.~lySi~ were coi1~~ted 
· ·:' ·<tiily ill' 4-ouncc ·, .. hott~es iat · ea.~li":· s.tat:i.qn; _:~·-Rpf.· the. ~opock and ·Gra.rid· : . 
· .. -.:.¢~~YP:r1>:s:ta.tiqns a_·:.~ed~~ent ~·a.mp_ler : !!~s·;. q.e$i-{~~~d : by: Au.: :to· be:.att_ached. to 

. ~/~t~~~~;:~ti~~r!i~5t~~~~it!~~~~!~t~~~[~~e~~::!:f~:~1~~ 
· . : · ~:~~· ; ~ip.e , ·unt J.l ·. ~t :' stru~!t tt1e· :. top pa.~t ·,of . "Yh~: s~p.~er.: arm, .· for~ ing · · kn~f e 

·-.• :~~~ti!¥;~!~~~~~~~~;f~n~~~~i.~~~~~;~~~Js~~~1;r~!:rrc 
·.i l ,:,: ;f'q~~i{be~ .. Ovl tlie S,urfa.C~;, : :WhE;!~e: ·.the'<b~Yt~le v{~S . '; he)~4 >unt;il . f .iJ).ed,, arid a 

_ .. s().~c.~lf$d _ ave:rage ::' sarii!Jle):·.:~whe:re. ·:the' · ~ott~~ -. w~sy 1ow~~e.d. :~() ': ~h~. bot:tom,: 
: ·. t}i~ :··:?aJ? 7::Pt1UC~h~.<;l, ~ .. a,nd · th<e . b.qttl~;. · 9f~WT!l;\UP .~ct ,·. E)UC.lr rate· ,that: ;it ·was .· . 
. f'~l~~~~::._w~~n.~ .. t11;~ ;·:· s~t~c~ ·-.::~~:_·:,;-e.~c~~.cl;;;:.:::~~~---~:~.~iy~E!s:j : ':bpth .. :r9r:: · dissolved 
mi-nera.l ~pnteut -- :a.n.Q. \ s:edime'n;t :cbnte!lt·; <:~1er~.:: 11lad~ ·in·.- the ·washing~on .. . . 

... .. ~ci~· .. -.. t9\ g~t ~·~·:~ough _-~·cl~~ · of -~~e ~o~t · ~~: ·· .th~··· ~ed.·· load, de~cribed _ by 
! , ''ij~d !!.,~ ,. fo;t;LoW~:~ : > · <; ,_ · , ';·::·}/:. . .. · 

··-•·•·ir"<:~~? .. ~:~?~;~i~~~i;f~~~:;i:ci~nili.;~;~;M~~~r~t~~~a;~f~•-• ·· .•.. 
' ;·,,; ;?rtiie ~~. $a.mpJ;er . iri ~ such.~:a.·: JknD.e:t ·,:that-;the·· 'l>ot'ti.fes :'would be near··,.;· 

· s~ples c()ll~cted in ·bo~tle'8 : heicl :±n :a.h. ~pright position, in. 
the sample.r ... Tb;e samples . were > in ,the :~rater f'or about 30 

. seconds 0 • • • • • 'c,' , " ' '' . 
~ :. - .'· . ' 

.; ~ . -~ ' 

,, ;;'. ;, ·' '],:lie ~ea..ti:lts ;_6r:: .th~ aririlys~s of -.tll~,·':aiksolv~d nii.neral matter made 
crtu:;:rhg 1925 a~a .19~6 l;~~re _ pub.+ish~·a tti .··_r92:§3Bt .. ~na· the results or the 

· . · J~'lj (,~,;'{$. •. Geol; 5~u#v~ij \;at er ~sllp~J.Y 1PaP~~. 596~i .. :· .·: .··· · ... · .. · · · . 
·., ••.· ... ;~;g~f:~·:~~~~~~~; *\)~;'tl<~. ~e~~S}925~;~·; ri~~ ~~~?;•~hb~ishe~ ini92S.343 

· J!!§ u:~ ··, s· .• ''Geoi>" st&.v.ey·:water~Supply , Pa:Per -·636~13~ : ·· -
· · · · ~·· · -W.ri·.:.-··. ··• . . : - · · _. ,· .. 

HoW.~f~ :· Wc1s . iri 'd{recit -;charge ·o:f·· ·i;;hese ._ :tnves·tiga;ttbi1~~ . 
,, ,· ·· 

. . , . _: ,~ . . 
..... · ·' ,, , 

.. ' · .. 

~: . . . 

• 
.. 

• 
. ~ . 

• 
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. :During the' ; early -years of the period ' the lure of p~i:V:ate employnient 
.. was so s.trong .that .tpere was a rapid .t~nqyei> ~n ;the Divisio_n personnel• 
l A. : A~ - Chambers, who WaS ·chief of :the . Divis ion, .· resigned on c:J;~y 31, • 1919; · 
·· and. .. was succeeded by C •. H.Kidwell, who in.turn ·resigned ori ·May 18, 1920. 
Stabler, as a former . member. of the predeces-sor ·Hydro...;E·conomiqs Division, 
was acting _chiefl\ tntil \.f. · ri. Collins wa~ transferreO: from the .Department 
of Agriculture, . Bureau of Chemistry, and appointed: : chie:f' Ju;Ly ·10, 192Q. 
Collins likewise had been a .member of · the, ·Hydr,o...;Economics Division., but 
had transferred to .the Bureau o:( Che,mis~ry. in ~998 when .. the reduction in 

· the appropriation had -made: necessary· a :drastic 'curtailment of the Di vi.-
sion' s activities.. · . 

The rapid turno~er i .n personnel ext-ended.: tb the other positions in 
·. the Division,· and it ._ was found . during those : early years almost impossible 

to obtain sui table _ch~mis:ts ~v~n thou.gp . the ~ntr~nce salary wa~ . $600 
. gre~ter tha~ before the ! war • .'Ji_J :: · . . . . . · :. . . . 

345' News Lett
1
er- March 1920, • 

·! 

. . ~ . 

The foilowing l~st of : P~~so~el stiows · t~~:·:·effec_t oi :· ~h~ mariy· . 
resignations: 

·,' 

A. · A. Chambers · 

. C!. H. Kidwell 

. ·' . 

-. ·. ,. 

July ·l ... 3;1.,1919 

July , 1, · ·1~19 .· to May ia, 1920 · 
. Miss Margaret · D. Foster · July 1, 1919 to June 30, 1928 

Miss Addie T~ Geiger 

Nathaniel Fuchs 

. H. B • . ;Rif:fenburg . · 

W. D. Collins 

S. K. Love 

July ·1 tc:> Oct .. _ 9, ··1919 

sept. · ?2 to . J?ec~ ·31, 1919 

~a.y,29, ·1920 to J~e 39, 1925 

·. June 14, 1920 to _June JO, 1928 ._. · 

July 10:, · 1920 to June -30, +928 · · 

June 22 - 30, 1928 

The · ~rork of the Divtision was carried on' aL"llost .entirely by mean,.s . 
of the · Survey allotments, whi~~ were: 

., · 19~0 ': $ 7,(?50 
1921, · .. 13~·000 .. 

· · 1922 - . 14 ,DOO 

1923 
:1924 

. . 1925 . 

$13,000 : 
. .13;5.00 . 

~14,400 

1926 
1927 .. · 
1928 . 

$11,350 
'12,000 
12,60() 

The · only stat.e cooperation listed in the Director·'s .An,nualReports . 
was that w~th Florida in .. the .amount ·af $18o6 during 1924. Concerning 
this cooperation . ,Collins 'tiTi tes :Jl# · 



·. ·:. ·! 
•-: 

. ,1.88 : 
I . 

. . · . . ·: . . •. 

34:9 :.-~tter ·to authbr·.:. ~ · 

'The 9.o6p~~a.tion i * .. *. *· rras enttre~y: infortt1S.t' . and i :n'lfoived , 
· · . ·· no. de.finite , a.mowat . o:r :f'urids·. * * :~ · ~angeme.nts wer~· made With . 

· ·the ·stat.e ~ B.o~d . 6£ · Hea:lth which c6;i.l-~cte~:: the" samples· and · · ... · 
paid· ·ror their :tralispdrtation to ···wl:siti.nitoil~ · : ~ .. .. · : · 

• • : • • ·• . • . • • • •• . • • ' ' • • • . • "ll •• • ' • • ·: • •· .• • ,• • • ~· •' .•. ' • 

• ' ,·, 
·, .. : : ;: .. : ~ i. ;· 

. ;' 
·.,.: 

:· D~,j.f~~~O..ri of Power ;Besolir~es:: . 
, . . ... , f·.:.' 

. ~ : 

· · ·The wo~l of : col~ect~ng a~d - publi.sb.~~'~mon~~i . a~d -:abnual 7eport~ . of 
the · protiuction· .. of electr.i¢ity anp. COilf>~~l,.on of .~el by publ:ic ·util:L~ty 

: plants, ··started _ P~ : the, S~ey _ in _ Jarl.u#i:.: l919,3~ continued dur.ing _the .. 
• ·. . ,_ ,: ' 

.. 

P.~.~ '1t5o.<" 
,;.t _; ·. 

period and was the ''ehi,e:r· .. activity of. the ·&ivi·sion qf Power Resource~~ . · 
Classe.a.· as pub lid. ut.i:li'ty plants were central s~ta:tions, municipal plants, 
electrt~. r~ilway . J>lants, · pi~ts operate<f by .s'teain. railroads generating 
elect~i~.ity · for tra.ctA.qn~ · ~eau . of Rec~ti:oi{p;tants, and · manUfacturing 
plant.s ' which ·so·ld; a; ._. portion · ~of - their power output · for ~·public .use. . • 

: • ' .. • • ; • - . • . • • • ' - ' . ' : • '• • . • . : • - .. • . · ~ . . • : <' 

vihiie ·the wo:r;k :· ~s being· · g'ar!ieq · . on . ·by-'the ·. ru~l Administration . ' ,, 
durtng tg.e . world ·w~ .. v,e~kiy 1 ~reports had b.e·~n . recelved .. from public ._ utility 
power·· cbmpani.es, "btit ~·~h~n the work was tat<~Jn ov~r . by the· Survey monthly 
reports. O'nly .'were.· · reqUe~"ted •. At:. t~~~t.~e ''reports . o:f' : output . were requested 

. ot ... all ~. puhli1c ·-'U.:til~t~r' -· com:pa.nies . · trresp"'ec~tve .. ·of : s}~ze of . plants . .. •· The 
tot;al numbe:r; of pl.an:t~ : of :~ll siz.es wa_s ~bout : 5,600. I-t} was soo.n d~s.;. . . 
covered that many ~mall p+a.nts .. w~r.e >so .slow in .:ma.lt~ng re:ports that prompt 
public.a~ioil Of the' .. JIK)P.thlsr '·: reports was imp09Sible :~ .An analysiS Of' .the 
output .Qt .. pla.nts . bavi~ ·a ··gapac'ity Of 100 . kiloliiit~s or :tess · showed that · 
their ·· ~ot,~.l ou~put ·~$. .less t.h~ 0.25>perce~ · a~ ~h~ tota;L. A :monthly 
~ut:put, ' of . lO,OOQ .. kilo..t-:t~hour.s · ;was· considereq. .equivalent to a. capacity 

;of 100 k'ilowa.tts and ·:p+a,nts of .lesser . capacity were eliminated; re-
. ducing the. list · of .. reporting plants to · about! 4,job at . the beginni,ng ot1 
the monthly publica.tfo~ :o-r :re;p~:rts in 192.0.~ .. 'The absorption of · ·· 

30f U; S, ;(J€ol. Survey lfat;er~Supply P;>.per 579, 1?; ;1.21. 

municipal -p~al1ts py publl~ utllfty companies, .. eo~olida:tto!l of COJllPanies 
ap.d ·tl:le -~bando~ent of' SlJJL,\.~.l i ~nd ob.solete .plants·, re:pl.S.ced by>:larg~r and 
more efficient p;La.nts, 'gra,d.ually reduced: the : nilmb~r or. plants untii :±n 
1928; some I, ~0: compante.s ·.wer~. operat ~ng :a.bo:lJ.t 3,:700 pla.nts • .. 

; . . ' . 

. The publi~ation . of tJ+e ·.mont.hly reports of output began . in. '19:,t9 ~ ·· ;. · 
Reports :for that year were 'published for February, Marchi :A:Pr.il, · ~July, . 4~ 
Sept:emberi · and October, :arid for ·each . mo,nth begi_nn~ng with January 1920: ·t 
The relatively small ·output . was estiJna.ted ;for those plaAt~ on ·the list . ~··' 
whqse reports were ia.te, so the f:i.gures· as publttP.ed represeq.ted ~ t.he 
Dutput of all plap,ts .,requested to report. · The monthly : reports included 
separately by $tates -:t}lj · kilowa.tt~hotir output by f,he ·use · qf water pO\>{er 

•• • . i 

I . 

.. 

• 

• 



• 
• 

• 

• 
J . 

, ' ; .. · 

and by the use of fuels., also the consumption of coa.l-1 :fuel oil, . and ·· 
natural gas, expressed in the usual units • 

Each monthly report contained :the fig\lres for ·three· consecutive 
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. months. Therefore, the figures for each month were . published . three . 
times, permitting revisions by the substitution qf actual: reports :· for · 
1the :estitpated figures for those plants whose reports "Were not a:t. · hand 
when the. monthly figures were first published. For . compar~tivc: purposes 
the total output each month was compared :with that .for the corresponding 
month of the previous year and brief comments were made as to the 
monthly trend in output and the relative outpp.t by the use of water 
power. Y~arly sumnia.ries of . the monthly figures were published t\.S an . · 
annual report, .which permitted a final revision of the monthly figures 
of output. The monthly reports were mimeographed and about 1,300 copies 
distributed to individuals, companies, and financial and other newspapers. 
The annual reports -vrere sent to · all cqmpanies . which . had furnished records 
of output and fuel consu111ption Of their plants. · 

The publication of each annual report was adver.tised .by a press 
bulletin distributed to newspapers. , In these bulletins special attention 
was directed to the improvement in the ·efficiency.in· the use '· of · fuels in 
generating electricity for public use~ From 1919 to 1929 the average · · 
consumption of coal and the coal ~ equivalent of oil and gas per kilowatt ... · 
hour decreased from 3.2 pounds to 1.69 pounds, a reduction ()f nearly 50 
percent. It is considered that the marked, increase each year following 
1920 in the average fuel efficiency in generating ele<?·t .ric.i ty by public- · 
utility power plants was to a considerable extent brought about by t _he 
publication and comment on the annual improvement in'' efficiency and 
resulted in substantial savings in fuel resources and in the. reduction 
of millions of dollars in the cost of fuel .:for generating electricity • . 

. ' . . 

The growth ·of the electric power industry during this periQd is 
shown by the 100 percent increase in tot-al output from 4 3, 600, 000,000 · 
kilowatt-hours in 1920 to 87,800,000,000 in ·1928. During these ··years 
the development of water power by public utility companies kept pace 
with the total power development, as the output of electricity by the 
use of v1ater pm.rer maintained its r~lative position during ·this per~od 
of rapid increase of power production. 

Since the Survey's first census of developed waterpower in 1908no 
attempt had been made ·to keep this inf'ormationup to dat,. · In 1921· the 
Division of Power Resources started the compilation of the amount of 
developed water !power in the United States. The district engineers were 
requested to obtain information reiative to each developed water-power 
plant of 100 horsepower capacity or .greater in . t ;heir districts on forms· 
which had been prepared. States in which no stre?J!l gaging .was being 
condticted were assigned to the nearest . district office in :order that the 
entire country would be covered. These lists were kept up to date and 
press notices giving the installed capacity by States were. iE)sued in 
November 1921 and yearly beginning .with 1924. In 1924 the ~estimate of 
potential w·ater power inade in 1908 was revised on the bas is of more 
adequate stream-flow data, additional topographic .· maps' river surveys' 
and special power investigations ma¢le by other Branches of the' Survey • 
The figures represented 24-hour power available 90 percent · and · 50 percent' 
of the time with an over-·all efficiency of 70 percent at the sites. 
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In 1919 the preparation of maps by States on the ourvey's base maps 
of 1: 500,000 scale, showing the location of power plants and transmission 
lines used in public service, was started and continued to 1921, when tbis 
work. was discontinued for lack of funds for that p1.u·pose. Maps were ;·pre- · 
pared and published as of the year indicated for the Ste1tes of New York · · 
(1919), Pennsylvania (1920), Massachusetts-Rhode Island-Connecticut (1919), 
New Jersey (1920), Vermont-New Hampshire - (1919), Maryland-Delaware-District 
of Col1~l.mbia (~-920), Virginia (1921), Indiana (1921); Maine (1919 ), \'>lest. 
Virginia ( 1921), and Kentucky ( 1921) . 

A. H. Horton became chief o:P the Division July 1, 1919, and continued 
throuf) J.out the period. Other members of the D:t vision \f,~re: · 

: I 

G. D. Thomas July 1, 1919 to June 30, 1921 

A. D. Morehouse Sept . 2, 1920 to June 30,- 1921 

J. T. · Mo0r'9 ·' ~·: Jr. January to June 30, 1921 

· Miss B. B. Borst July 1, 1919 to June ~o, 1928 ·. 

Miss H. G. Broughton July 1, 1919 to June 30, 1928 

Mrs. M. M. Allen Augc 24, 1920 to June 30, 1921 

Miss J. B. H~rden Aug. 18, 1919 . tp June 20, 1921 

Miss E. M. Klenun July 1, 1919 to _ Oct. 7, 1920 
.. 

Miss M. ~~ Baker June 21, 1920 to .June 30; 1921 '' 

-M~ss ·H. L. c. Connolly Apr. 1,. 192·~ to July 2.2, 1922 ; 

. ·. 1--:lrs. L. F. Havell May 24, 1920 to Se.pt. 16, 1923 ·. 

.Miss L. k. valtshire · July 1, 1919 to Oct .. 7, 1920 

'lne annu;3.l allotment s to the Division 1.rere: 

1920 
1921 
1922 

$14,000 
25,000 y 
10,000 

1923 
1924 
1925 

$8;500 
. 7 ,ooo 
'7' 700 

1926 
1927 
1928 

$7,700 
4,tl·55 . 
4,500 

];../Allotment included t.n that · for the ·Su.:perpow~r Su.:r.·v~y: · . 
............ ---,. _, ..... ___ _.. ... _ . ..__.., _____ ..... -··-··----~·· .. ,__ ~ .. ,..-,...,_· ........... _ _._ .. .... -~--... .......... -_. _ _._ ..... _ .. __ ._ ... _ ~- ,. .,.,,_ _______ ...... ---- .. --...._----·-

• 
• 

• 

• 



• 

• 

• 

l$1 

Division of I..a.lld-Classification Investigations 

' . 

F~eld tnvest:i.gations ·required in the · cl~s.siftcation of· the public 
lands ~ for designation under the e·nlar!ed a!}d stoc~-:rai.sing h9me~teaa· · 
acts, . which had ~een_ st_a.rte~ il;l l917, q} c·o~~i.nu~~ ·~~·. the <!h~Ed~! ~ct'i vi ty 

;.:.f ,;::·.\ 

3 41/ Follansb.ee;~~:~~~9:t., Hist ~ o:f - ~ ..: · :P~ K-45 ~ 
. '~:., :n.>' . . . . , . , . . . 

of the D1v:i.q~~·c11, 6f ·Bnlar-ged and St·ock-Raising Hame.st€ap;s, with ·H. ~.q. 
Cloudman as . chfef du:ring the . firs~ year· of the . period.· . . Beginnine; w~th 
the fiscal .'year 1921 a general appropriatiorL for· the · classi~i¢.ation of 
the public lands under. the . various acts {including those for the hpnie­
stead entries) was !l18-de by Congr.ess and, a·s . th~ ur,gency for. the .. ~xami­
nations of lands r:or· designation under the eri.larg~d and stp.ck-raist~ 
homesteads had been ·met in large measure, the ch~ef activi~y o:f'. the · .' 
Division became the examination of lands u.ncler the vario-qs wat.er-povrer · 
and irrige.tion acts. Private interest in water' povrer was . increasing 
rapidly as a result of the enactment of the water-power ·ac:t, While 
interest in irrigation was decreasing. Cons'equently the chief work was 
concerned with water power. Less attention: was paid to the homestead 
acts and the number of land classifiers employed was greatly reduced. 
Cloudman resigned on Jan. 30, 1922, and therea.fte;r. Nath(3.n C. Grove~: took 
direct charge of. t!;le .Division. He changed its name to that · of land- . 
classification i .nvestigations, as being more 'descriptive . of its actiyities . 

The functions of the Land Classification Branch (the name having 
been -changed f:rom Board to Branch Nov. 25, 1922),3JW 1-rere gre~tly en-

34_8/ .The .allege(i reason :·for ·the change was that bo~rds are often narrow 
and \fOOden, \{hi.le _branohes· are alive and grOWiD:g-. · · 

l-arged by the ad~ition o:f t~e Mineral--Leasing Di~1sion o:f the Bureau: of 
ttlines, which was tra;nsferred to the Survey · by exe.Guti ve order Qf June. 4, 
1925, and on ;July _l, 1925, the name of the enlarg~d branch was changed 
to the Conserva;t~~:· Jl~ancb. · Theretofore · ~he ·La,rul Classification Branch 
had been strictly · an: office organization:, 13.s Dire·(!tor . George Otis Smith 
had insisted that ,~}le.:· necessary field ·work ~shoulQ; be ,Performed .by: ·other 
appropriate br~nch¢s.· of the Survey. The new q.uties, ·however,, !required 
field . work ~hich •. could . best be . performed ·by the trained personnel of". the 

. Mineral~Leasing l;>ivi,~i'on, and thereafter the Dtrector was willing to: 
have the Conservati~i,t. :f3ranch perform a part of its·. own field ·work. 
Major field investigat~ons for classification plicyoses, :however, we.:r.~·, . 
still perfo;r!4ed by t;~e ,: appropriate branche~. Ou Jup.e .: 1, 1925, home~~~ad 
classifiers were t:r~~terred to the La.nq. Classification Branch thottg}l · 

. their :field work · _was ~ - p~rformed under. the auspi-ees .. Of the Water Resources· 
l Branch jfor aboU;~ 6 mont~s longer. Then' .all· 'work ' of exa.tniiling public I • • 

land for uses other tba.n water power and ·irrigai;fi9n w~s taken· over· by! . 
. the Conservation Branch:. At that time the number of ·homestead cla.ssi~ 
fiers had been reduced from 32 in '1919 \~0 9. :·· . . . ' 

Dm"'ing theqe yea:rs '~ .: change was ma~e in the chief of' the land 
Classification Branch. ' W • C •. Mendenhall, who. had been· chief since jan. · 
1, 1911, was rnade Chief Geoiogist of. the Geologic Branch on Nov- 16 ,' 
1922. He w-as succeeded as Chief of t.he Land Classification .. Branch by 
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acting 

. Herman Stabler, . his pr.incipal 'assistant, and ·one-time/chief of the Quality 
·of vlat.er Division ,'(May - July 19~0) o · 

. ··:· ., : ·.·.· . . Field wqrk .of classifying the puplie .·lands for· water power and irri­
.-. ·· gation. and ' the preparation of the necessary reports, which had been per·" 

f()rined by the old Water-Utilization Division, had been cQntinued on a 
· ·· ·· .· ··linlited. scal,e durii1g the years v:~:nen .,the classir'ication of lands under the 

. homestead adts ,}as ti1e chief acti yi ty., Field \vork in connection with .· 
,{ater power and irrigation be¢ame ·the sole function of the. Division after 

. about' Jano 1, 1926" . Heretofore, ~11 f~eld work,: 1vhether .performed by 
members of the Water. Reso'ltrces Branch :or of · the .Conservation Branch; ·had 
been ·under the direction of the dhiefdfthe : DJ..vi~ion and had all been 

. here· considered as members of the Division. During the remainder of the I 
· ·per.iod., however, the memb~rs of · the · Conser"'/ation·· Brancih 1.'1ere not detailed . . 
1 
~9 the Division hut · operated under th.e supervision oi' ·the Conservation 

· \Br'anch although engaged in work similar to ·t;hat continued by the Division • 
. : ... At that ·-,time E'o. c~ laRue, R. R .. Woolley,. E. E .. Jones, : w. N. \fuite., and 

~ . , · . 'E. Co · Mu:rphy constituted the field personnel of. the· Division. I.B.Rue 
· ·~ · · :resigned .on July 25, i927, anP. White' was --transferred :to the . Ground-Water 

D:tvl.sion on June 16, .1925.. ·Murphy was retired. ·oct • . 16, 1926, lkaving · 
Wool-ley ·and Eo E~ Jones· the· sole engineering 'representatives of the , 
Division at ·the e.nd of · the periodo 

• . . j 
- . . ' . . ·, . . . . -. . . . ' 

. ... :Funds ,fbr. ··.·the Divisiori ·were allottea :. by: the q·onservation Branch or 
1t·s ,.-predecessor, the ; land Classification Br~nc·h, as · follows: 

• ' - ' I ' .··• '• , • 

.1920 
1921 
1922 

$118,500 
106~ ,000 

:~5,: 50Q 

expenditures. · 

,• :'. 

1923 . . . $67, 8691/ 
' 1924 ·. 71,4271/ 
1925 75;233!/ " 

·- 1926 
1927. 
1928 .. 

$55;9181/ 
41,898"1/ 
22,633]/ 

, . Th~· orily water-pqwer ·work during the first year ·or the period :was 
performed by E., c·o ~ IaRuej who devoted ·his entire time to it, a¢ by 
Ro··.R. Woolley and Eo · Eo. Jones, who had entered the S:tirvey soon after 
the .organization of the Division of Enlarged and. ·· st·ock-Raisirig Home­
steads, ·and they divided their time between· water-povrer and elh~ged-
homes~ead -vrorko IsRue was detailed to make a . power-site examinat~toi1:}.t 
of the Orego~ ·ap.a. California ·Railroad grant lands and · those granted:·:~fb .. 
the Coos .Bay ·Wagon ·.Road, both of which had reverted to the Unite.d Sta.tes 

· and were located in .the Coos Bay region of weste·rn Oregon. . The General 
Iaild Office made! $2,000 available for . this examination. ' Woolley was '' ' 

· .. ·engaged on the ~xa.minatiop. of homestead and • power~si te lands in Idaho, 
. "·' . : . '• .·• J . . 

Uta~, Nevada, and .Arizona.; E. Eo Jones performed similar d.uties in 
Wyoming and Colorado. . . 

.. AiJ an ald to the field, work in investigating water:-power si t 'es j ·. 
t~e .. land Classification BoBrrd, in July 1,920, when the general appro-
priation becameavailable, :arranged with the Topographic Branch to 
finance river shveys . . The Topographic Branch had been making, by 

··;· 
• 

•• 

. means of it$ own f'unds, river surveys since 1911 when the vrork · \vas . • 
. started in the State of vlashington~ To bring out the necessary hydraulic 
~eatures these surveys had been based on recommendations of the district 
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• 
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engineer in whose district the work was performed. Under the a1:o:range­
ments made by the Land Classification Board in 1920 the Topographic 
Branch furnished the:services of a topographer and necessaryequipment 
for each survey party, and the Land Classification Board made an allot­
ment to pay all expenses. The Division of Enlarged· and Stock-Raising 
Homesteads furnished a hydraulic engineer to designate the dam and reser­
voir sites to be surveyed in detail. The streams surveyed under this 
arrangement were sufficiently large to require transportation by boats, 
and each ;party, except:.':{h~t for the Colorado River during 1923, consisted 
of a topog:capher as ch:l:¢f .·of party, t\vO or three boatmen and rodmen, and, 
in so!:1e respects the mqst. i mportant , a cook, in addition to the hydraulic 
engineer.. Mal)ping waf/ ;·~i:one by plane-table and stadia on a sca~e of 2 
inches to the mil y , \fith 5 -foot contours on water and, in general, 20-foot 
contours on land, excET;fre: on the Colorado River, "rhere 50~foot land contours 
w·ere used. Main-line . l evels w·ere made by direct level readings for all 
turning points and cheeks for elevation '\vere made. wherever bench marks 
were available. Side ': traverses were made at all places which could not 
be covered from one s4~up on the main l:t,ne. A:llotments for these surveys 
were made through the fiscal year 1927, when the ;·gradual reduction in the 
appropriation for the .Gonserva~ion Branch became so great that it was 
necessary to discontim.ie them. 

The first river survey under this arrangeme:o.t '>vas made during 1920. 
It covered . the Snake Rt:Vt=r between Huntington, Oreg., and Lewiston, Ida., 
a distance> of 188 mile$::9'. and. w. G. Hoyt, who had. recan:bly been trans­
ferred from the :Ma,disoh~/district, was hydraulic engineer. In 1921 a 
survey was J!lade of the ~·:?;,olorado River from the mouth of the Green River 
to Lees Feri-y (216 mile~;); one of the San Juan from Bluff:, Utah, to its 
tftouth (133 miles). These 1921 surveys were made in cooperation with 
the Southern· California :~~dison Co., but as LaRue was -attached to them 
as hydrauli<;: : engineer, i't is considered an activity of the Division. 

The years 1922 to 192'-~ constituted the most active period of these 
sitrveys. In 1922 a reconnaissance of the Colorado River from Halls 
Crossing to Lees Ferry, a~'.di.stance of 120 miles, vras made with laRue 
responsible f:or the hydrS..q.lic features; of the Green River from Green 
River, Wyo., ·to Green River, Utah, 387 miles, and Blacks Fork in 
Wyqming for a dis:tance of ,j3 miles above its mouth, with Woolley as 
hydraulic engineer; and of 'the Yampa River in Colorado from Morgan 
Gulch to its mouth, 111 miles, in cooperation with the Utah Power & 
Light Co. , with ~varren Oal~ey as hydraulic ·engineer. River surveys made 
during 1923 included the extension of the 1921 Colorado River survey 
to . the mouth of the Grand Canyon, 24 miles above Pierce Ferry, 253 
miles, with LaRue as hydraulic engineer; of the Rogue River and tribu­
taries in Oregon, 341 miles, in cooperation with The California Oregon 
Power Co. with B. E. Jones and 1{arren Oakey as hydraulic engineers; of 
the Klamath River from the extension of a previous survey near Scott 
River to Keno, 88 miles, with G. F •. Holbrook as hydraulic engine.er; 
and of streams in the Uinta Basin, Utah, with Woolley as hydraulic 
engineer. These latter surveys were continued during 1924 and a 
total length of rivers surveyed in that year vras 154 miles. other 
surveys during 1924 were the Payette River and South Fork of Payette 
River in Idaho, a total clistance of 125 miles, \vith ~f. H. Hoyt as 
hydraulic engineer; of the Clearvrater River and tributaries in Idaho, 

. about 400 mj.les, with Oakey as hydraulic engineer; and of the Umpqua 
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River. in Oregon, . 44 miles, with B .. E~ Jones as· hydraulic · engineer, ' and ' 
South Fork of Coquille River in Oregon, 46 miles, · with ·¥L G •. Hoyt as· 
hydraulic engineero Supplementing the Colorado River survey, · made in · 
1923; an examination and survey of promising dam sites, a 1oo.:.mile . 
~ection· of . the Colorado from 10 miles -above Pierce Ferry to 'the ;Eldorado 
dam. site ~ras made o As · t.ras usual with Colorado River · surveys, IaRue was 
detailed to this survey .. 

The survey of 't}le .· Colorado River during 1923 was made by a party 
c·onsiderably larger than the other river ·paxties, owing to the length 
o:f the survey and the difficulties to be encountered as · it· would · be · 
through the most inaccessible region of the . count.ry.. As it · was the 
outstanding river survey a description of .it i ,s warranted. ' The interest 

··. in ,the . development of the lower Colorado River, stimulated by the ·- · 
Colorado'River Compact, ma_de it advisable to make an· actual survey of·,-· 
the c·anyon se'ction from Lees. Ferry to a . point near the mouth of the 7 

• 

Grand Canyon, a distance of '253 miles' and there connect -vti th ' a SUrvey: 
made"·for the :Reclamation Service in 1920o · This was the only .unsurveyed 
secti6n ·of the· river as well ~ as the section having the greatest p·o,.,et · ·, 
possibflities. _The great depth of the .canyons and. steepness ·o:r 'the' . < 

walls made the fiver' inaccessible except a:t a feiir points. The . oD:ly···: , .. 
means by vrhich i~t could be stu:"ve,yed '~~_§.;,bY .. ,boats and the heavy- :fall of · 
the, ·river concentrated in many rapids~~~de· ''the undertaking· a hazardous 
one. Po\rell ·had made- two r~connais~·'::,"'~, .. ~~Jtrips .t;hrough al~· or part of' ·-~. 
thi$ sec'tion in ' l869 and 1871-72,~9,, __ .. t no real survey had -: ever' b~en 

. ' ~ . . ~:t~·~-·/;,;;~~lf~'· . ' ' . 

349/Foll~nsbee, . Robt .. , :S:ist , of pp· .. 'l~2·z _' · ij~ 
' s. ,-,, 

. . ~·: . : ' ~ . 

::· ~: . It. ~ias ·tlierefor.e-decided in 1923 to su.rvei this. section; ·and C. ' ilL 
·- Bir~s~ye} c:p.ief of the Topographic :Branch, · took per~onal ·charge of the 
.• proje?to : LaRtie; who ' rn9re tha~ anyone el,se .ha.d: /been concerned ~rith . ' 
surveys··: on Colorado River,- WaS ' the hydraulic eOg~n~er ·o ' 'Birdseye organ~ 
ized ·. a.· party · consisting of. ·R. W;~ ·Burchard, . topographer,' :R • , C ~ Moore ·o:r 
:the University of ~nsas, :.

1

geologist, ·E. c .. K6lt)~ ·· hea.d boa.'tman, 1. It. '. · 
Freeman, Leigh Lint, a.nd R. E. Blake, Jr ~, boatmen, F .. . B. · Dodge, roa.man·, 
~nd'_Frank Word (Lees Ferry to Supai. Creek) and. Felix· Koms (Supa:i ·creek · 
to Ne~dles),' cooks. FoU:r ,.Colorado River.:.type boats, ·decked over ex~~:Pt 

.. f'Or .a .cockpit in the center for the oarsman1 . were provided, one peing ., 
' co.nst:ructed by the ·Stirveyo ,The party .was ·equipped witp. ·a special cradio 
r~ceiving set and arpangement.s wer~ mp.de with (h~ Los· Angeles Times to 
b):-oa.<tcast :items of special interest to the pa,rt.y which would otherwise' ' 
be- ·out of · touch with "the· world for weeks. at a '··tme. Paqk trains. with . 
suppl~e.s ·1-rer'e .: to · m.e~t ·the party at the .few a.cces9:ioie points. Tnese, :.- . 

. . · pci'ck .. trai'ns_: and. the fUrnishing of supplies :· wer.e it): . charge of Roger . . __ 
. Bird~eye, ·a cousin of Co H~ Birdseye. •·Herman· ·stabler, vrho as chief o:t 

·the Ian.a·.· Classi:fication Branch. initiated the stl:rY~y.t: ·prepared a guiding 
memoranduril containing all . known facts regard.i:ng . various rapids an.¢1 . the · 
distances bet'tfeeri them" · , · 

' ,,_ . 

.. . 

•• 

• 

., 
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_ _ _ _ --~~ par~y left Lees Ferry AUgust 1, .1923:, p~cking _up the 1921 
survey which1 had been made from _the m,outh of .Green River to ~hat point~ 
The survey was carried · through the canyon sections without serious. . 
mishap,-~ · and reB;ched _the moutll·~ of ._. the Grand . ~an;Yon October _ 16, lvhere_ it 
"tvas connected with the , survey ·'brought to tha·t ·. point ·in 1920. · The_ 

-_ closing --level error _was -4 -_:reet· in 2-53 miles, which was ---remarkable.· con:-
sideririg the great diffictllti.es tmaer which the SUJ:'Vey was made. ___ At-
Brig}?.t J'{ngel Trail the party -was • joinecl -by l(errrla.n St~ble~, "tv}+o -_ a.ecom: -· . 
panied· it to Ne.edles, ·about 200 miles doWn6tream from the mouth of the 
Grand Ca.Dyon, where the party: diapanded Octpber 20• · The Survey's boat ' 
was shipped to Washington where it · was . placed · on .exhibition in front of -

_ i the _Interior Building, and laterdepo~ited . with the _Smithsoni:s.n Insti-
l tu:tion. Dam sites were :r;urveyed anq. suffic~ent informat-ion, . was obtained 

t,o show· the feasibility of a . compreherisive .plan of development of the 
entire canyon section by .a series of clams e.na. reservoir~ which wop.ld 
also control the 'floods. 

By -means ·of ~he ra.di.o -.- the . party was kept in:f"orlned _ of world events 
and received the n~ws of Pr~sident _· ~ding' .s deat}l45 minutes after it 
occurred.' _ One d.ay' s · rest .s obse:r-ved out of respect to his memory. 
When . the party ·reached the s.up:r)ly train· a.t. :Hance '!'rail word of the 
safe arrival at that point wa.s .. sent out, ~· later the :I>a.rty heard 

.· tnat message broadpa.st, as ~eat int¢;t'es}i,; iq; -the survey had bee.n shown 
thr9ughput :the __ -colU1try;. _:· -_. · APpl?eh,e'+$ipntVa~: ~fe:J_t- -· ~h.~n ·it, .. was -._ known-_that 
-a _ sever~ flood} .. originating on 'the polpra.d9 :: River, would _ overtake :the 
. Party-:- ·'the _ main river, -. and. . -_ warnings ___ were . b,:ro~dcast '~~ _it. ---·-- These. 
war:~iugsweJ:e n?t received as the'party'sO, :ra.dib' wa,s temporarily _out of 
commission; and · the ~ty va,s. ·caught: ·at: one of' the . ~ost precipitous 
tap~<ls. _- The :f:lqo(i Ca.tU:~ ~n the ev~11ing~ the first WS!rnj_ng being the 
ve::r-Y rapid -rise, wl:lichf'a.mounted: to· 21 fee;t ... Jn· 2·4 ,-h9urs .. . _Fortunately, 

- the party was able to d,rag . its . equipn'lent ~:far enough V-P the canyon 
sides to . ef:)cape :.; -_ -_ The'. fle><xl ·-.sa:ve th~ .- P~ty_ ·ti· thre~-day rest in .what 
_ was termed~_- the - :f~ne,st · camp~I,l&, place in, tb.e c~nyQno ___ 9?he -_ only-spec~ 
tl3.~.o:r:;; wh~ch t}l~ 'par·ty ~~- w~ at . qr~d 9~11Yon, w]lere· a :-•'gallery" . 
·composed of. ~he · gue,sts at El 'l.'ova,r ·v;atched. them -traverse: Hermit Creek 
R'ap.~~, : ' th~-. oE}y · la-r~e , rapi.d -; ln . t~t .sect~on~ _ A_collm1~rcial-news reel .. 
1vas,~'prepared from moving pictures ta.ke.n on the river in, the · vicinit:y· 
.of El Tovar. -

' ~wis. R. Freeman, an author _attached to the party as-- boatman, 
wrote · ~h interesting account of the party's experiences, which was 
published in the Nation~l ~ographic )lagazine, }.;lay 1924. 

, ~eginrii~ ii1 1925 the practice Of detailing hydraulic engineers 
to the _ topo$I'ap11i.c parties \-laS discontinued _ as the large rivers had: ' , 
been sufve:y-ed' and hydraulic ~ngineers were not ._-ne~ded to work on· .. tQ.e 
sma~~er st;-eams. '.As later ;f'ield work on some ,of the streams so sur-. 
veyed was perfprmed by members of the Divisiqn a l~st of these sUrvey~ , 
follows. _During the years ·1925 t ·o _ 192T the fo11mrlng streams were · _ 
surveyed: 1 Clark Fork in Idaho, Crooked, McKenz.ie, Siletz, East Fork 
of Coquille, a.nq. Middle Fork of Willa.mette Rivers in oregon, San 
Raphael Ri:ver in Utah, and the 'North and. South Forks of Stila.guamis:h ' 
River in Washington.. . · · 
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··In addition · to the surveys made by :the Topographic Branch, which 
were · cbie:f'ly of . streams haying sufficiei,lt size . t .o require tran.Spo;r:tation ._. 
by boat, reconnaissance s.urveys ·of smaller streams which in. general did . W' 
not require .such tra!lportation w~re made .by the :. riivision, ~ generally .with 
2-nian :Partieso In ·1920. LaRue · investrgated stre~ ·· tnnQrthwestern · 

. :·California:, . arid Eo E~· Jones, · S:Weams : in Color~do~ :. These, however, were 
··. not stirveys ·Of continuous stretches ·. of . the streams, : but only ~ qf those 

sect.iC?ns lla.ving , the greatest power . 'vaJ..l.le o , . .. • · · · · 

. · In 1921 . a survey requiring boat transportation on the Big Horn' 
River was made by B .. Eo Jones~ ·a¢ David :J .. · Guy, the ·latter detailed by 
the Federal Power Commission.. The c·ommissiqn had received .arcappli­
cation to . develop pow·er by .means of. a ··storage reservoir. in the Big Horn 
·canyon. i n ~~Y~ming . and Montana. · This canyon~ is lnac~essible except by 
boatS, as the .'river fills the· gorge which has precipitous sides from 

· 1000 to 1500 feet higho TbTough this canyon the Big Horn River falls · 
450 ·feet . in 50 miles. · Bo . Eo ·Jones .had ·. two flat. boats built .. at Lovell, 
each boat sufficientiy la,rge . to carry · two per:s9ns and: the .nec€1ssary 
provisions ~nd equipment., . The boats · we~e - trarisport~d to the' river _by· 
trucks ·and the party started their :trja> at Kane e?rly, in AugtJ.st, a<rcom­
panied by two · boatmeno The heavy· fall . through th~ .cany.o:q and ·the ~ny 
large poulders in the chaimel made ... the trip :a . haZ?.rdous .one.· On~ : boat 
was _capsized·- and· a ~ortion of . the provisions lost';· but the .. factor of 

. safety ' em:P:toyed in purchasing :provisions had been .. sUfficiently. lar'ge ·to 
·provide ·· for the re~inder of the trip in spite of the. losso: The trip 
laste·ci 10 ·. days during which a redonmis.sance o~· d~.,:sltes was . made. 

. . .. . , .. · I ,, . . " . . : ·~ .. ." " ·~ . : 

··./.'::< •. Beginning :in ;1921 Eo ·E .. Jones' ~ aevoted'r~~-st· of · h~s. ' time to. the . ..... . . . . .,, . '· .. ... .. · . ' . . . 

. ··· reconna;Lssance ·surveys ·· of. Gontinuous ·stretches: of · ·. several~ streams ·and · 
' that 'year . covered'~ tbe ·Arkansas· River in Colorado· frorri it's headwaters · 
near Lea.dville . to Canon·: City~· ~ Th~ next ·year. he-swveyed · the· South .. 
Platte River . in . Colora.a,ci·~;, . lri 1923 he .made a short survey ·of Encamp­
men~ River, ·wyoming, .. :and.Jn 11924 surveyed .the ·TayJ;.or, : ~unP,ison) ·.Blue, · ·· 
.Roaring Fork, Eagle, ·Dolores, and. San Miguel· Riye;r_s .: in Colorado~ · ··:.From 
1925 to 1928 he investigated. the streams . arai~ing the :Olympic Range·. in 
:Washir1gton and ·some other .streams :i..n that State .. . J. F. :,Deeds ana :w. -N. 
Whit¢, in 1923, surveyed the :upper Missouri. River an¢1 prin~ipal · tribu~ 

· ta~ies - in Montana." for bot}l power and irrigation and tbatsa.me year · 
W. G~ · Hoyt investigated .various · streams ·in Wyorning ,and Ida.ho .for· power 
.and irrigation . . In 1925 he _in\resllgat-ed· streams k IetahOc · That , same · 
year LaRue and Holbrook made .surveys of streams ii:l the San Jua.n River · 
Basin: in Colorado, ·New Mexico·, andUUta.h, . :pay:I.ng particular 'attentto~ 
to the possibilities of, water-po-vter development o ·· · · · 

. . . . ~ 

. ·The first investigations were concer·ned with spe_cific power~site . 
w:i:thclra-vrals, . bti.t with the increasing '- interest· in··_water power, the ·scope 

· -of ·the work was: expanded to cover a plan· o:r' power :development· for the 
· i eD;tire s t retch s:t'udied . of .' each river. Such a plap,~_9' · . . .. . . .. . · ·· --~.:. 

3i(/ Uo· So ; Geol" ·:·~urvey Hat~~fSu:p:ply Paper 636f:, p. 223. 
___ ... .:.,..:·;..!.,--

. ;~-..~ :~-~~~.--~·-·. . ~- , ··;.~· .... ·;· 

;. '·~ . ' 
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. ' .. 
must .be reg~ded ~s . tenta.tiv:e :i~ .. Q.'eta.i~ . and . sub.Jec.t _to·: 
modification in the light' of. ,fUr~h~r arill more . int~n5lye 
stu.o.ies made as a prelimi~ ·~~:6 > ·~6ris~ruct~on, · su~h· ~ · ·. · 
tentative plan can be used ;'w{tb ? iissura.nc~ as~ a ba:sis ·:. f.or 
estimating the ·potential · :QOy~.:r ., ~t; the :J:-iver, :tor 1ocat~:qg · 

· the principal concentrations 9f- :· ~~:rb.Eint1:~L povrer, .:a.n4 .. . :f'9:r. ; 
guiding further. studies: ·~<le~t:~~n :f.o:r ·· the purppses f' 
actual development. · · .. u.:'•· 

In ·the later investigations . in Oregbn seg_;togfc exa.mlna~:io~s :of .:the . . 
proposed dam and reservo.ir sites were:' .ma(le ·byoH• T. Stearns·:· of ·the · 
Division of Gl .. ound· Wate.r. · .·· . · . . ·: '" · ··. · .· ' · .· : . ;.· ,: . . • 

19'7 . 

Reports on the power resources of .~~:,:, streams · inve-stigat·ed were• 
. . prepared primarily for use of . the Col:l~t1oi1 Bra;nch 1n c~ss~fying th~· 
. :public lands involved, but also to a~d,}~:~!"~J..q~ent~. To mt4(e ~b.~ infer-
. mat ion available to the public it -was de~~ , ~yis;able ·t:o; ; ~tiblJ.sh rrany 
of. them. This was done either by pub;J,:l,~~t~t~~p.~m:-·as wa~.~r:+is~ply Ji)apers, 
or by filing in the nearest district of~~·~·~:~ ~tco:py for ;pub~c :use. The . 
reports general~y contained data on.: g~'1~t~~~: get:?logy, p~si;Ography,351 · 
water supply, r1ver control, water-po-w:t;~~-· ;;:~it:~·S ., and market .:for pqwer .• . ;y 
· . · . . ·· ·. ' :··;t:'~~±,~.; .. u,:;. . ·, · . . · ' . . · · 

351/· 0p. cit. : ,·_i).~~~: ·Lm ,,' : ;: 
. . . . ·. . . . :; ~: :i:J\?ti'2': c..:t · ·. ' . .. ; ·. '' 

;~ .The published reports were: Water uti;l.~~~·$.oh ; in the ·snake Rfver Basin, · 
by r.v. G. Hoyt;3~ v!ater-power ;resour·ce~):~j~tfplpqua Rive.r,· (?reg., by ·B·. E. 

. . . . . ' . ·,j·;·~.3f:}?, f\';;i:· . . ·. . 
35_i U. S. Geo1. Survey vlater-Supply Pa;p$~li6$~~ 

Jones and H. T. Stearru;;3~ W~ter-:P~~~~6es o:f t)ie 1-fCt:elliie River 

353/ · u. s. Geol. Survey Water-Supply Pap¢r7<~~~·:; , ·· 
and its tributaries, Dreg. ~ . by W E; : ·;~~·;.; H. T. S~ei.rns ;3?!( Water~ 

351!/ U. S. GeoL Survey Water-Sup;ij, l'ap~~ ·~~~/ _ , 
·': 

, , . __ ..... : ... -.; -.. -- .-._ :- > ->· -~ - r 'J 

power resources of' the Rogue River DrafJ¥tg~' :~sin, Oreg., by B. E'! J'~nes, 
Warren Oal<:ey, and H. T. Stea;r-ns;3~ Wate·r, - ~?~~r and irriga:tion ·in ~he· 

! . .• ·, ~ 

35f}} u .. s. Geol. Survey ~1ater-Supply Paper . 63~.;. -

Madison River Basin, Mont. ,3~ and Water ·pot-Ter a..n.a irrigation' in the 

356/ u. s. · Geol. Survey \.J'ate~-Supply Paper ~ .. 56oa} :· ' .·. 

Jefferson River Basin~ Mon~.,J-5' both by J •. ·}i',. :Deeds and W. N." :White; 

357/ U.S. Geol. Survey vlater-Supp1y Pape:r '58o'b • . •. ' 

t.Vater po1.rer of Great Salt La..l{e Basin, by R. R. Woolley;3~f}' The Green' River 

358 U S. Geol. Survey h'e,ter-Supply Paper 517'. 
t'· 
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ana. i t s- utilization b;t .R .• 'R.: WoolleJf;?~ and. lastly', Water power alld. 

• "352/ ·u .. s~ · Geol .. sl:trvey· Water....;su:ppiy Paper : 618 .. 

~loo.d _· ctontro;L of . C~lqf~~:·;~·~_ve;; : b~low.·_ q~een R~~er ' ·. by E. c. : La.Rue.3f/ · 
. . . . . . . . . .. . ' ., . ~ . · .. ,\ ~,·.· ~· .. ·. . . .· .. . . . . . . -;'.. . . 

36o/ U, s. Geol. Survey Wat.er'*Sri.pply '])8:per 556 . . ··.:·;. · · .':' '}>.;· ,':··. :. 

This litter vTa.S by f8:1J thE: m.os~ c·omprehensiye/o:f': all /.t he reports .S,nQ. . 
;represented the culmination ·. o:r · LaRue's m.a.ny· years' .· study of. the Colorado 

.River .e;id. its pr()blenlS. ~· .· -~o : important did tne:' f).ooP.-control · features 
appear that Secretary ·w~l7k wrote a fqrewo:r:d ·to the report, stressing that 

· · phase of the . problem.~ · · 

1aRue 's repor·t ·edvE!fed th~· ,lowe~> Colpradq> .:R:l>V:~~ ·, and Woo~ley ·-~ r:~port 
the G~een River • . To - ~q~~~7~~ · the s~;l}Q:ies ... in _ ~~~- . 'Qo~o~S.~o .. RivFr · Ba.s~~' . 
the. 'writer wa.s reque~:t~Q. .• 't~Y; prep~e a. report:.:On, ·the·:<VPP.er Colorado, R1,ver 
which included a precid.~itat·ion map, and ·was , published _as · Water~Supply . 

· Pape~~ 6.1.-7· As practica~%.: no p~e·eipitation ree•S:r~E? 'except . ~PP.W.r:$ca~e ... 
reacl.ings;. were availa;b:l¢ ·~Qr 'the , higher: elevations where the precipitat ion 
is highest, :Lt WB.? . ne~es~ary to eomput¢ tOO;t· preeipitatioD by adding to · 
:th.e lrnqwn rU:noff 7-n .. dt}pth ': J:n· .inches, :t-5 'inches to :rep~e~ent the losses 
betwe'en, ·precipitation and. 'rU.no:f"f; . Eich a.tili~e .a~ea ·waa analYzed . ,by ,: 

.·. p¢t~ent~ges .betwe_ep;· ~~h:·,:Jooo.:.root contour:.:'a~c1 ~ t}?.~ .. jne#· c.ompu:ted pre-
cip~.tati6n , for tp~ a:r~~ *t~d B;~Co~dipg ~q . ·rhat ~.nal;ys'is · _ . . . . 

}"': __ ,. . . .. .. ·' ·. -.. ' . ·: 

Another · ac.ti yi ty-· sh:P~rvtsed~;,by, the ~l;>Hri~i6n of <. tand~c.;tassificat~on 
Inves~igations pe:rtai~ed .. to· those Federal Pow~r·_ CdmmiJ~sio~ investi- : 

. gations which wer~ - r~ferred to the Conservatio~ · Br~nch. These in turn 
, were referred for e~1,natiom· ·ana report to the di.strict engineer in 

· · whose ,4.ietrict · the prpspect'Lv~ d.evelopmc=nt ~s i9ea.ted.;· 
. ' . : . ' - -~~~; : .'. ' ~-: ·, ~ '.... . .. 

. ··- 1 ;: . ; . '" 

. eup~tp~wer Slriov'1 .'· 
. . . . ,· .- ;~- . 1·:.. ··::_:·· <. -~ .'\. . : :{ ; ~ -~ ;;- .. : 

AJ.;though t~ ~;~~:tP~~}~;ury-:1;\ia~; mad~ bi 11- ~p~o~r groUP ot . ·· . . 
engin:e.e~s . organized ·f:or ·'f}t!iat ' '·~oseJ ·~d .. re<?~ite~ 'largely out's~de the 
Survey, .the work w.as:,~ · ·~~i~tered . a,s ' .. a unit. P!: the Branch: · The only_ 
Federal funds . to~ the :~o+~ ·· w~re provid~d by' ·a:n. item in the Survey • s · 

· app:rop~iatton. ·. G1·ovet'''~s ,.·:~t· iJl~b.er of. the.· sup~r;Po"'er surv~f·•· s .engi- .· 
neering staff. ' . •' ·i • . • .. . • . 

~ • • • i_~ •. • • • ' {· ; ~-. ' i; ' 

' . The economic·-Va.l\u~.~ ot· · iut~rconn~ct.ing · pQwer pl;,a~t:s to . :ro~·· lar&e :· 
. systems, . with ·res'tllt1ng ') .. ,6w~r posts:~o~·· -operat.ion ·: tll.rotigh ' ni~er e(fitt- .. 
: iency, had lorig been re<!'cign~,z~d ·:by "the' ,.,.~ctti~,- po~er itldustry, but. the 
· popW.a.r fear .tbat ·· such. inter·eoD.!lection Jdu:J.d ;)..ea.4 ·ta: pow~r r monop.ol-7 'had 

tepded. to ·delay such pro~-~~ and: to~' prevent ' it · fr.oll}· ,becoming ,vt.d,e- ··~. 
· spread; In order to me~t ::'-~:~a~J)~tage .' during th~ ... war, emerg~nc'Y 

i· int·erconnections were made in some instances which :fulJ,y demonstrated: ·. 
the economies that could be '~btained, and the public :rcr~f.~~ed dimly · .· . 

- that the economic value o:f interconnected power systems·.:~ght outweigh 
th:e ~ngers of monopoly ~3.3', . . . . -.. . . . · · '"' ... · jy; · ' 

3 61/ Lette·r from George Otis Smith to the author. · 

• 
·~ : . 

•• 

.-. 
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. . . __ rn ·necem.ber 1918 ·w .. .. Spencer Mtirray,··: a : cons~lting .engineer · of New 
: York City, urged ()Il Dir,ert'or . Sraith anq 9 .~~;-,etar:( Lane a survey of power 

sou.rces . in New: Engla!l4' and along :_the Atl~_nti~ seaboard as , fa:r soutl:f as · 
W~shington~ in, orde~ 'tha.t w~t ~e. ca;~lle~ a. ;$u;Perpower system for that . 

· region might· b~ ,des¢61l~d. ,, . Il} : J~n~ry· ·-+919· t);ie :S~cretary sent tq, :.Congress . 
;a · x-eeomme~tiori . t9r. - $2oo·,ooo •· t·.oi:.-~e·.Ji~is:, ~~yey.: during th~ :tiSc~l year 
. 1920 0 ' ~ ; the Geo:t9s~,cf4::~;St£ryeyjY~t~O{fg,!1:; .P~~::;:D:Lv!s ibl1 of : Power 'Resources 
of. tae . Water . ~es·aute~;$ ~·13;-anqp, \48,s·: alre$ay ~~ns a statistical study :or 
_the cpuntry's power ~~so~ces·, ;' it. :: was ih.e ;. l.c)gi·~~l . bureau of tbe,; Interior 

. Department for· aclm~ll.~~~~ri~: ~uqh' a -~t,1i:dy~~ - · <~t~ough th~ Appropria~i.ons 
·_ C.ommittee ·of t~.e H6U;~e -. held hea:ri~s . . on· t~fs . i~~m;' -·during which consid­

era.b1e inter~st wa."s s·po~, this :Lnterest_ wa& not S,l.lfficientiy eviAent to 
immedi~te action. · · 

Dul""ing 19l9 the; subject was· pre·sente~ J:>e.fore ~ngineering, . trade,. 
and commercial orga.;nization$, , ~Pd . Am.eri.can_·]!ri.gineering Council appointed 
~ committee of eminent ~engi_D,~ers~ .of -vrhich ~ray'. Y!as f;hairman,- to 
a:Q.V}ocate the project• before .the . .A,.pprQpria~i·.on~ · committees _at the next _ 
sessi-on of Congress. · Tbe in~erest _ so.._ ai-.oused, ._oroug~t apout anappr~pri - .. 
a.tion : of $125,000 to th¢ Survey for 'UE?e duripg the · f1.s.cal year 192l.YJj' 

. ' ' . . . . .. ·, 

36.J. ~undry civil act •. 
I' 

. _ For the survey . of powe:r. pr.Odtlctton· a.nt{distribution 
·in· th~ United -$,tates ;· . 1..n,c:l.udtng ·:the ··.9tud,y, of -. methods for 

-~he :furth.~r . ut(Llz~t~on--;of · VJ"ater.'.'power, ·. ap(i · the special · 
:f.rivestigatio·n ~···or·. the 'P9·~-sible' ec·onorni: .of :f-q.el~-•-·; labor; -and 
ma.t_¢rials_ ~esul t ing from -:the_· u_s¢ .Jn:.:,the. Bost<?n~Washington 
tndust:ria~ r~gion ·:or .a c<:>p1prehe,nstye.. sys~.e!\1\· f'or the ,gen­
eration a·fid,·. d1..'$t.!-~lJu:t -~qn t;>.f.:·; elef;~~i.ciFY :.;;:to: ~ransport·~t.~on 
lines ap.a, inQ.q.¢;tries'; ). ~lid : tn~,::' P,re!>~~ttqr.~, :Of · J;"eports .th:ere:.. 
on, 4>'125_,000. ··;'l'~e ·.f?~~Jt~taJ:tr: . of·<~pe · <Intetj.or · is'~ authorized 
tp rec~$.ve acy-.. s~:· W'h~.'c,4 }infl.y bf,}.fcontr~bu~ed. · for this· pur­
pos~ • . Stie}l slim~ ~·;~~;ll:· 'b·e depo_sfted in .: the Treasur~ and 

· cr.edi ted to t~~ ·~PPr(?pr-ta.t.i.o~ her~.in: roo..de and be available 
for · expend.t ture for·· the: purposes thereof:.· . 

For the . complet:Lon ()f. the ; eJ.?.tire · investigatiop., an additional. $2:6:,000 
.was needed <and this .was.' c'ontrfbuted by, pu'J:)iic utilities and manufacturers 
-yrithin th~;' z:egiqn; of. tJ.i~·-· :;;t~p.y ··which co~tained 2.2 · P,ercent .of the . · _ · 

· COll;lt;ryts ·. ~Ptil.~tioQ. :~nd. : p;rod1J.ced 24 percent of the. electrical :power 
. that was generated. by pl!P.lic utility plants.36Jl · . . ·: ., .. . .· .. 

! • . . ~ ;· l . . ' _· . • ' . . . . ; . - . : . ' . ' . - . . ·. ' ! • • 

.;·_-,, 

36)} : Ne~.rs +e~~et ·'; ~ept /', f4}_ ~1929·. · · 

. ~ ,e£il~~-,,~i~i~1~~:h~~~f/~~=~~~~ie~ . 
• 1Yor,k City:. ,: £~i~:~ ~b~ : p.o}lelf·i;:~~~et ~o.- "6~ ~erved ·:: woulQ. be· .furn:L$htld by 'tpe 
.. -electri:- ut;~t:i~s-~ . rA~il~~~.d~;·. and ~ ~ious · i~ustrial e~tabl~~#~~~pJ.~, 

three d:tv1$:tazi. <~Dg:Lneers·.:,Yfet:~ ·· appo~nted to heOO. the d:Lvisions•: ~t pow~r 
and transmission;·l. :railroad~:;·: and iridust:r;ies. . Grover was 'detatle(\. for 
advisory seryice'·: on the ~~in~ering ~· staff oi' which Director Smitb '"Was 
an active .member. An advisory. board of .13 members representiDgo·(tbe -'. '• 
s evera l interests ai':fected was als o appointed. The ' division ~ng1rl.ee:rs _ 
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had ~ight, Jis·~istants vThose duti.es - ~ere , as Murray s~id,3~~ so shifted 

J6..!J/ Murray, w. s. and others , A s~;~~ewer system :rcr. t ! e region ;between 
Boston and Washington: U. S. Gecl; ,eurvey Prof. Pa:eJ!r 1231 p. ,g'l. < · · .• 

. ·. ;, . ' ' : t.~ ' ; ~~.:': . . , 
as to .maintain the highest engineering load factor in the work.: ' Among 
these assistants ,.ra s B. J. Peterson, who uas detailed from <t:he -~i~f?hington 
office. In addit i on there -v;ere 20 expert's who, realizing t.he ~:t.ional 
importance of the problein, contribuft~d their experie,nce to the:'tullest 
practicable extent. The study required data from the lead'ing· ptospect_i ve 
users Of the superpovrer system, and Murray listed'149 engineers ·and . 
business men who vrere conta ct ed and. furnished the desire.d information. · 
Among these, A. H. Horton a s chief of the Division of Power Resources, · 
furnished a list of the publ ic electrical power conipan~es in th~ · super ­
polver zone. To carry out t he survey · of power production and distri~ . 
bution as specified in the appropriation, $25,000 was allotted to the 
D.i vision of Po-v;er Resources. 

The conclusion ·reached at the ~nd of the survey} which was ' termi ­
nated June 30, 1921, was that by 1930 the pro:posed: .coordiriated ;power 
system could supply electrical energy at an annual c.ost of $239; ()00, 000 
l ess than by the uncoordinat ed system in use at that t).]le. . The ; results 
of the study were published by the Geological Survey.3~ Although the 

:/:J SJ Prof. Paper 123 . 

proposed superpower system did not materialize at once, it deve~oped 
more rapidly than was antici..:pated. The economies of large systems 
demonst:t~t.e.d. ;;by . the · study unaoul5t~d.J::ycpr6mated the movement toward 
consolidation of sr.1all systems into l~ger ones .; many of its recom­
mendations were ad9ptedj superpow·er . stations were constrr cted and 
interconnected'; and the movement gained . remarkable headway_ d.ur--1~ the~ 

ni neteen-twenties. 

Evaluation of the Period 
by 

Nathan c. Grover 

· The . yeaits 1919 to 1928, called by Mr • . Follansbee 11years .q:f i n-. 
creasing cooperation", constituteo_ a period of great discouragement 
pe~ause of the progressive d-vrindling of Federal app:r;opriations for t he 
\fork of t he Water Resources Branch, repr.esenting an apparent .(but J}: .. > ... 

certainly not real) lacK of appreciation of' its V?-lUe in .,both . the ,'r~~ 
'Bureau . of the Budget and the Houses of' Congress. The pf· . :essiv~' cP.;>~' 
ting of .appropriations that -vra s, of course, also ·t~king p'Iace thro{tghout . 
the- ,.,hole Federal service,

1 

was explainable on the grounds of an ec6homy 
that was planned in a dras t i c prograrn t o reduce. the public debt and so 
was not an a t tack on any one . appr opriation item. However, · expla~tions, 
though.valid and understc;tndab le, do not serve .to offset t he depressing 
effects of gradual r eo_uctions in· appropriated. fulld.s . .. 

-.!: ; ... 
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Instead of stressing this disco~aging p¥se of_ ~he _ ~er~,od_; .Mr. · 
Follai'l.Soee has properly selected the more, encp\,1.rf±ging as~ec~ and. has 
emphasized. the gradual and encpu:ragmng iricre.~E?e ~11 cooperation through­
out Federal, State and municipal services, al1¢l: _contrj_butio~s by in­
dividuals al.ld. private organizations that Wa.s tr,uly representative of an 
appreciation of the value of the work among .~ll water user$. The 
increasing support received by cooperatioria,;ldcontribution served.two 
very important purposes: (a) the increases· -in cooperative and contrib­
uted<1 :funds exceeded the decreases in the Federal appropriations and so 
served to keep the 'Branch growing not only in funds a.nd activities _ but 
also in personnel, and (b) the group of exp~:i-i,enced engineers was . 
thereby generally held intact and its excell~;nt. morale maintained • . 
These great values · should not be overlooked; .since they constitute, in 
my opinion, one of the conspicuous aspects 9f. ·the period. In fttut.ure 
years the· Survey personnel should not forget the debt they owe ~o the 
cooperating State, rnunicipal and Federal agen9ies, and contributing 
individuals and private organizations that ca;-ried the Branch through 
this period which) otherwise) would almostce;rtainly 'have so qurtailed 
and enf'eebled the organization that it cot+ld not have cax:r±ed w'ith 
relative ease and success the greatly expande(l pr.ogram of sub_sequent 
years. 

The increased cooperatiqn had other. va.~p.es also. It brought nel<r 
and important problems. It opened up the -:(~t~:rnat ional contacts along 
both the Canadian and Mexican borders \-lith th~ wide diversity in 
:problems arising between the United States aii~f: its northern and southern 

- neighbors. It led to consider~tion of tn~ : ~<f&,!!omics of agriculture,.~ by 
irrigation and of the industrial uses of ppW:er·; . to realization of. the 
importance of water in the generation of . ~t~~n~fpower as liiell ~s of' water 
:pot·rer; to recognition of the prob,lems of · ~t·e~·.:_·.p.ollution by industrial 
plants and municipalities and. of the-steps~.,t~en to control pollution 
in order .. that the essential ·purity of the :s~t~~e and ground waters 
shall be preserved as a valued heritage of ;;:rq.ttire generations; to · 
considera~ion of the problems of flood and e~o:~ion ·control whether by 
vegetal cover, levees or reservoirs; aridto ~ll.~ - necessity of reliable 
and continuing records of water as it consta.iitly moves, constantly -
varies in quantity and quality, and constantly controls the activities 
of man along all lines and in all parts of the:; country. 

~lith the growth in cooperative efforts new problems have been 
solved. Of these, the development of suc'cessful methods :for eva,lu­
·ating the recharge and. perennial yield 9f ·groli_nd-water sources and the 
improvement in instrUm.erits and . equipment f()r measUf:j_ng the discharge . 
of large rivers are, perhaps, ·. outstanding a mong . many developments and 
improvements. I would place first, hc:i,vever, at all times and under · 
all circu.rristances, the improvements in p~rs'onhel, because, in the r-;nal 
analysis, it is the per:sonnel that counts for most and is of' the 
greatest significance in any organization. . Improvements in instruments, 
equipment and methods, important though they ~lways are, have no ireat . 
or lasting value without . a wtde-.awake, well .... trained, mature and 
scientifically sound personnel~ 
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To me, therefore, this period is chiefly notable f9t the maturing 
of a care~ully-selec~ed1 well-organizedj well-trained P,erso~el w?ose 
guiding star was and is··:the ®biased collection and recording ·of tacts 
related to the q'.,lantitYr ;.chemical quality and utility of :.~urface ~D:d 
ground waters in relation .. to the many problems of their >·eontrol and 
utilization. · · · · · · 
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