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FOREWORD

This volume is the first in a series of chronological summaries of the
activities and achievements of the Water Resources Division of the U.S.
Geological Survey. First published in 1939 through private subscription
by interested personnel, Volume I is now available as a public document.
The manuscripts of the following three volumes that cover the years
1919-47, all by the author of this volume, were reproduced by the Division
in the 1950’s for internal use only. Their publication for public use remains
one of the Division’s goals.

Robert Follansbee, the author, was the Water Resources Division’s
district engineer for Montana (1906-8), the upper Mississippi District
(1909-11), and Colorado-Wyoming (1912-48). He completed Volume II
in 1939, Volume III in 1944, and Volume IV after his retirement in 1949.
Follansbee died in 1952 at age 73.

Volume V, which covers 1947-57, by George E. Ferguson and others,
was published in 1990. Volume VI, in preparation, will add an additional
decade of Division history. ,

The volumes have been edited for publication, in accordance with U.S.
Geological Survey and U.S. Government Printing Office standards, by
Sandra Holmes, Water Resources Division.

Philip Cohen
Chief Hydrologist

Foreword v
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ParT I—FREDERICK HAYNES

HyYDROGRAPHER-IN-CHARGE 1894—1902
CHier HYDROGRAPHER 1902-6

Each one sees his contemporaries and
associates in a light that is somewhat different
from that in which they are seen by others,
because his mental pictures depend upon the
reaction of their minds and personalities on his
own mind and personality. To me, Frederick
Haynes Newell was outstanding as a man of
vision, as an organizer of personnel, and as an
inspirer of those who were working with him.

F.H. Newell could see farther into the future
than most men. He visualized the value of water
in the development of a great Nation, and he
initiated and developed systematic studies of
its varying quantities, of its chemical qualities
with relation to its utility in agriculture and
industry, and of its availability for many uses
and in all sections of the country. Working
under the inspiring leadership of Major John
Wesley Powell, he was definitely responsible,
under the general direction of Captain Clarence
E. Dutton, for organizing systematic work by
the Federal Government in the study of water
and in making available to the public the essen-
tial facts related to the utility of water. With
little to guide him, he operated an experimental
camp in 1888 at Embudo, N. Mex., on the Rio
Grande, for studying methods of gaging streams
and for training a small group of engineers.
From this small beginning, he gradually built
up a system of work and an organization of
engineers, inadequately trained as we would
think today but loyal and devoted to the task
of recording streamflow. Methods and
instruments were improved with experience,
and personnel were added as funds became
available.

Edited for publication by Sandra L. Holmes.

NEWELL

It was the enthusiasm of F.H. Newell that
kept the work going during the trying early
days of inadequate funds and of professional
opposition. Many engineers were originally
opposed to the conduct of such work by the
Federal Government, in the belief that the field
should be left to engineers in private practice.
They soon realized, however, the great value
to the profession of systematic records and the
utter impossibility of collecting such records
by any other than governmental agencies. It
was due to the foresight of F.H. Newell that
the work, originally limited to the collection
of records of river discharge, was expanded
into the fields of underground water and chem-
ical quality of water. By 1907, when he became
Director of the Reclamation Service and severed
formal connections with the U.S. Geological
Survey (USGS), he had put the water-resources
work on a stable and recognized basis of con-
tinuity and utility.

Between 1902 and 1907, as chief engineer
of the newly established Reclamation Service,
he had devoted much of his energies to that
organization and to the problems of irrigation.
The Reclamation Service and its accomplish-
ments became F.H. Newell’s enduring monu-
ment. His personality and characteristics,
however, were conspicuous in both organiza-
tions, but they doubtless became more apparent
in the Reclamation Service because it was in
that organization that he did his major work.

F.H. Newell, as I knew him, was outstand-
ing also in his sense of relative values; he was
was not troubled by details but devoted his
energies to the important objectives. He was
not and probably never could have been a
designer of details, but he was preeminently
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an organizer and user of men for the accom-
plishment of definite major purposes. He was
outstanding in his ability to select men, to
organize them into groups for the accomplish-
ment of specific purposes, and to inspire them
with that spirit of loyalty and accomplishment
that gives life to an organization. He was
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outstanding as a man of democratic ways, of
sympathy for his fellows, of consideration for
the difficulties of his co-workers, and of
absolute loyalty to his work and to all those
associated with him in its accomplishment. He
was, therefore, a conspicuous example of the
best type of engineer—an engineer of men.

—Nathan C. Grover



ParT I[I—PROLOGUE

The beginnings of systematic studies of the
water resources of the country and, therefore,
the antecedents of the Water Resources Branch
of the USGS are now (1938) 50 years old. The
men who were active during the development
of the early organization that later became the
Water Resources Branch as we now know it
and were responsible for the initiation of the
investigations have either already passed from
the stage or are approaching the age of
retirement.

A history of the Water Resources Branch is
interesting from several points of view, espe-
cially to those of us who have been a part of
it. It presents the struggle to reach into the
unknown and, by the development of methods
and instruments as well as by the training of
personnel, to create a new art and a new
science, the slow progress of which those who
come later and who have had no similar
experience will perhaps marvel at. It presents
many human characteristics, both inspiring and
amusing, disclosed in the personal attributes
and characteristics of men in their struggles
against difficulties of many kinds to produce
worthwhile results.

History does not write itself. Unless events
are recorded, knowledge of them is soon lost.
Many facts may be contained in official reports,
but many more are contained in official or per-
sonal correspondence and still more are
retained only in the memories of men. The per-
sonnel of any organization changes as years go
by, files are destroyed or lost, and, unless posi-
tive effort is made, the time when the prepara-
tion of a history is possible soon passes.

I have therefore asked Robert Follansbee to
undertake the task of writing a history of the
Water Resources Branch while there is yet an
opportunity to review correspondence con-
tained largely in personal files and to converse
with the men who were active in the initiation
of water-resources investigations. He has
accepted this task with pleasure and during the

last 5 years has contributed many hours, days,
weeks, and even months of his personal time
to its preparation. He has conversed and cor-
responded with many of the men who were
most intimately connected with the pioneer
work in water-resources investigations. He has
been especially fortunate in having had the
active help of Frederick Haynes Newell, George
Otis Smith, Arthur P. Davis, E.C. Murphy, Cyrus
C. Babb, E.G. Paul, Maxie R. Hall, F.W. Hanna,
Marshall Ora Leighton, John Clayton Hoyt,
Herman Stabler, and others who were most
active in the early years of the Branch.
Follansbee joined the Branch in 1904 and has
therefore a background of more than 30 years
in his own right. He has been given the privilege
of reviewing personal correspondence files. He
has studied official files and reports, both
Federal and State, and by many means and from
many sources has brought together the essential
facts of this history. Much that would be of
interest may have been lost, but enough has
remained to give a clear and reasonably
complete picture of this great development.
Follansbee has deliberately included many
anecdotes of men and their actions, realizing
that history is a record of human activities and
accomplishments. He has therefore endeavored
to present sufficient information relative to per-
sons and their characteristics to make the whole
record interesting, instructive, and, I believe,
valuable.

In connection with and as an essential part
of this history, Follansbee has compiled the out-
standing facts related to the development of the
science and art of measuring the flow of water
in open channels throughout the world. Such
compilation has been necessary in order to dis-
close the base from which the Survey
hydrographers departed in their development
of methods, instruments, and equipment; it is
essential to the history because it shows the
relation of the work of the Branch to other
earlier work by many brilliant scholars; it
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emphasizes the slowness and difficulties of
progress in a new field of endeavor; and,
finally, it gives credit where credit is due. The
presentation of information relative to early
work in the measurement of flowing water in
other countries increases also the value of the
history by showing something of its back-
ground in a worldwide setting.

This history seems to me to be quite worth
while as a record of progress in investigational
work; as an account of a step in exploring the
quantity, quality, and availability of water—
the world’s most valuable mineral; as an indi-
cation of the inevitable slowness in making
progress along new and untried lines of work;
as a record of growth of public interest in facts
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relating to water and of public appreciation of
the necessity for reliable information as a basis
for sound national and local development; as
an inspiration to greater endeavor in our daily
tasks; and as an indicator of the debt we owe
to those who blazed the trails that were at first
followed with much difficulty and that have
become the broad highways along which we
now travel with ease.

Follansbee has, I believe, done a good job.
Thanks are due to him and to the many men
who have given freely of their information and
time and thus have made the accomplishment
of his task possible with results that are so satis-
factory.

—Nathan C. Grover



PArRT III—PREDECESSOR SURVEYS

INTRODUCTION

' At the close of the War Between the States
in 1865, perhaps 2 million men, from both the
North and the South, had an outlook on life that
was far different from their outlook before they
engaged in that gigantic struggle. The south-
erners, with much of their property gone, were
anxious to seek new fields and make fresh starts
in life. The northerners had seen enough of
other parts of the country than that in which
they had been reared to bring a spirit of unrest.
Both southerners and northerners had the love
of adventure that had been inherited from their
common ancestors and, like the colonists of the
17th century, they sought new lands in the
direction of the setting sun. The aspiration of
many of those who had taken part in the war
was well expressed in a song of those days that
contained the line ‘“‘For Uncle Sam is rich
enough to give us all a farm.” Thus, the
thoughts of many men turned toward that
Eldorado far beyond the Mississippi River
known as the Golden West. It would perhaps
be more strictly true to say again turned west-
ward because the movement to the far western
part of the United States, which had really
begun in the 1840’s and continued through the
1850’s, had been interrupted by the war.
Prior to ‘‘America’s Tragedy’—the War
Between the States—the Federal Govern-
ment, acting through the War Department,
had made many exploratory surveys of the
West, of which perhaps the most generally
known were the Lewis and Clark explorations
of 1804-6 and the Pike expedition of 1806-7.
After the war, the Federal Government resumed
its interest in the exploration of the West, but
with the difference that whereas the earlier
work had been directed by Army officers as a
prerequisite to anticipated military operations
and assisted by a few scientific civilian assis-
tants, the post-war expeditions were directed
largely by civilians, thus marking a deliberate

departure from the earlier practice. Of the four
surveys authorized within the first decade after
the close of the war, two were entrusted to the
Department of the Interior (DOI) and two to
the War Department, of which one was con-
ducted by a civilian and one was organized as
a regular War Department expedition under
Army officers. These post-war expeditions, or
surveys as they should more properly be called,
differed from the pre-war endeavors in the
respect that they were more scientific in charac-
ter and their members actually mapped
topographically the regions studied. Two of the
three surveys directed by civilians were created
through the personal efforts of men who had
lived in the West and who had developed that
spirit of rugged individualism normal to the
frontier. Because these four post-war surveys—
King, Hayden, Powell, and Wheeler—Iled to the
organization of the USGS, they constitute a
proper and essential setting for the beginning
of this history.

KiNG SURVEY

The King Survey was brought about by the
personal efforts of Clarence King, a young
enthusiast in geology. In 1866, after several
years as a volunteer assistant with the Geolog-
ical Survey of California, King conceived the
idea of connecting the geology of the East with
that of the West by means of a geologic and
topographic survey across the Cordilleran
system at its widest part. At that time, there was
no authentic map showing the topography con-
tinuously from California to the Great Plains
(Clarence King, 1870-80, Report of the geolog-
ical exploration of the 40th parallel, U.S. Army
Prof. Paper 18, 7 vols., 1 atlas). He felt that the
time was opportune for presenting his project
to the Congress: Its leaders were directing their
energies toward binding together the various
parts of the country after the war, especially
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toward bringing California more intimately into
national affairs because, during the war, there
had been considerable apprehension lest that
isolated State break away and set up an indepen-
dent government. To this end, the subsidizing
of the Union Pacific and Central Pacific rail-
roads was one of the first steps taken by the
Congress. It was believed, however, that
national unity would be strengthened if the
characteristics of the intermediate region were
known in order that its natural resources,
especially its mineral wealth, might be devel-
oped. This could be brought about by scientific
exploration only.

Thus was the stage already set when Clarence
King, a young man of 25 years, appeared on the
scene in winter 1866-67, armed, as Samuel F.
Emmons expressed it (Clarence King, Nat. Acad.
Sci. Biogr. Memoirs, vol. 6, p. 27-55, 1909), with
only a few letters of introduction from his old
college professors and friends in California. By
his winning personality, as well as the merits of
his project, he enlisted the support not only of
leaders in the Congress, including the senators
from California, but also of General Andrew A.
Humphreys, then Chief of Engineers, who, for-
tunately for Clarence King, was much interested
in scientific exploration.

It was much easier then to obtain legislation
that involved no direct appropriation. A.A. Hum-
phreys made possible the diversion to the pro-
posed survey of an unexpended balance of
appropriations previously made for the survey
of a military road across the continent. Accord-
ingly, on March 2, 1867, the Congress authorized
the geological exploration of the 40th parallel by
the following Act (14 Stat. L., 457):

And be it further enacted, That the

Secretary of War is hereby authorized

to direct a geological and topographi-

cal exploration of the territory

between the Rocky Mountains and the

Sierra Nevada Mountains, including

the route or routes of the Pacific Rail-

road: Provided, That the same can be

done out of existing appropriations.
Clarence King was placed in charge of this sur-
vey with the title of United States Geologist.
Although A.A. Humphreys was its sponsor and
its finances were obtained from the War Depart-
ment, it differed from previous War Department
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explorations in the important respect that it was
conducted by a civilian with civilian assistants.
The only military aspect of the Survey was the
Army escort of about 20 soldiers and noncom-
missioned officers needed for protection in a
region occupied by Indians. A.A. Humphreys’
instructions to Clarence King required that he
examine and describe the geological structures,
geographical conditions, and natural resources
of a belt of country extending from the 120th
meridian eastward to the 105th meridian along
the 40th parallel with sufficient expanse north
and south to include the line of the Central and
Union Pacific railroads, and as much more as
could be done with accuracy and proper
progress. Clarence King was also instructed to
collect material for detailed maps of the chief
mining districts, coal fields, salt basins, et cetera,
as well as for a topographic map of the region
traversed, and to conduct systematic observa-
tions of barometric and thermometric changes
with constant study of the atmospheric condi-
tions bearing upon the subjects of refraction and
evaporation (ann. rept., Chief of engineers,
app. V, p. 866, 1867-68). The first problems to
be settled related to the method of mapping that
formed the basis of the geologic work. This
method was described by Clarence King in
Appendix Z, page 1028 (1871-72), as follows:

The foundation of our explorations
has been a continuous system of
triangulation carried from mountain top
to mountain top, over the whole extent
of our work by the theodolite observa-
tions, upon stone monuments. These
triangles have been located geographi-
cally, and their distances computed
from a base and check base, and a sys-
tem of astronomical stations. Within
the primary triangles, a large number of
secondary triangles were located, and
from these, always working inwardly,
a thorough system of minor triangles
have been measured and the topog-
raphy filled in by compass and gradi-
enter, basing the system upon 300-foot
grade curves (contours) located
approximately by the barometer.
The scale of the maps was 4 miles to the inch.
The field work was started on July 27, 1867,
with a force of 11 professional men, consisting
of four geologists including Clarence King, four



topographers, one botanist, one zoologist, and
one photographer. In addition to the military
escort of 20 men, there were the teamsters,
cooks, laborers, et cetera, necessary for the
camp equipage, transportation, and subsistence,
and last, but by no means least, medical
attendants.

The field work was discontinued on Decem-
ber 15, 1867, and resumed the following April
for the open season of 1868, and similarly for
the open season of 1869, when the 3-year
period originally contemplated came to an end.
The work outlined was not completed,
however, and without Clarence King’s solici-
tation or prior knowledge, the Congress made
an appropriation to continue the work for 3
more years (biographical sketch of Clarence
King in USGS 23rd ann. rept., p. 202, 1902).
Field work was accordingly resumed in 1870
and continued during the open seasons un-
til November 13, 1872, when the regular field
work was completed. During most of those
6 years, 1867-72, the field work was
conducted by three parties led by Clarence
King, Arnold Hague, and Samuel F. Emmons,
all geologists.

In 1873, Clarence King alone conducted a
field geological review of Archaean formations
as well as a classification of the important min-
ing districts visited. Until the final closing of
the King Survey early in 1879, King was
engaged in the preparation of the reports that
were published as Professional Paper 18 of the
Engineer Department, U.S. Army, in seven
volumes under the titles of (1) Systematic
geology, (2) Descriptive geology, (3) Mining
industry, (4) Ornithology and Paleontology,
(5) Botany, (6) Microscopical petrography, and
(7) Odontornithe. The last volume, published
in 1880, was not really a report of the King Sur-
vey because its author, Othniel C. Marsh of Yale
University, had not been a member of the
Clarence King Survey team; the volume had
apparently been financed by other War Depart-
ment funds. Marsh stated (Geol. exploration of
the 40th parallel: U.S. Army Prof. Paper 18,
vol. 7, p. xiii, 1880) that his report was the
result of 10 years’ investigation in the field,
during which time he ‘“‘had the continued
assistance of Generals William Tecumseh

Sherman and Philip Henry Sheridan and many
other Army officers in regions made dangerous
by hostile Indians.”’

The publication of the Marsh report in the
series of those of the King Survey was due to
Clarence King’s donation, for that purpose, of
the balance of funds unspent at the close of his
own work. At the conclusion of the work, the
many collections in mineralogy, paleontology,
and other branches of natural history were
deposited in the Smithsonian Institution in
Washington, D.C. The original field and
manuscript records remained in the files of the
Chief of Engineers.

The total appropriation for the King Survey
until the close of field work in 1872 was
$386,711 (45th Cong., 3d sess., H. Misc. Docs.,
vol. 1, no. 5, p. 22), which did not include the
funds necessary to complete the office work.
The total direct cost of the King Survey and the
resulting reports was, therefore, probably about
$400,000. There were other costs of unknown
magnitude, such as those of the military escorts,
that are not included in these figures.

In describing the work of his Survey,
Clarence King said (USGS first ann. rept., p. 4,
1880) that geology was the sole object of the
Survey (Clarence King felt so strongly about the
importance of geology that, in this statement,
he ignored the fact that he also made baro-
metric and other observations in accordance
with his instructions), and that 1867 marked
the turning point in national geologic work
when that science ceased to be dragged in the
dust of rapid exploration and took a command-
ing position in the professional work of the
country. For the first time, a government
geologist was in independent command, able
to guide the researches of competent profes-
sional assistants. Geology had been tolerated as
a hindrance rather than an aid by the leaders
of previous explorations charged with definite
missions and had thus been made a sort of camp
follower. In summing up his work, Clarence
King said (Geol. exploration of the 40th
parallel, vol. 1, p. 4):

Readers are recommended to bear in
mind that this is not a geological survey
but a rapid exploration of a very great
area in which literally nothing but a
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few isolated details was before known.
Unmapped, unstudied, it was terra incog-
nita; and if in our difficult and arduous
campaign we have done no more than
outline the broader features of the
geology, we have at least accomplished
that, and have laid the foundation for
those future slow and detailed surveys
which we hope are sure to follow our
pioneering labors.

Haypen Survey

The Hayden Survey had the distinction of
being the first government exploration of the
West authorized to be made wholly by civilians
under a civil branch of the government. Nebraska
was granted statehood in 1867. In the general
legislative act approved March 2, 1867, the act
that authorized the King Survey, was the follow-
ing paragraph (14 Stat. L., 471, sec. 2):

And be it further enacted, That the
unexpended balance ($5,000) of the
appropriations heretofore made for
defraying the expenses of the legislative
assembly of the Territory of Nebraska is
hereby diverted and set aside for the pur-
pose of procuring a geological survey of
Nebraska, said survey to be prosecuted
under the direction of the commissioner
of the General Land Office.

Dr. Ferdinand Vandiveer Hayden, a graduate
of Albany Medical College, had become inter-
ested in geology during his college years. While
exploring for fossils in the great region then
generally known as Nebraska (it included not
only the present State of Nebraska but also parts
of adjacent territory), Hayden became so
interested in the region that he determined to
devote himself to the exploration of its
geography and geology. During this work,
undertaken first in the middle 1850’s, he traveled
at times with parties of the American Fur Com-
pany on their annual trips within that region (F.V.
Hayden, Nat. Acad. Sci. Biogr. Memoirs, vol. 3,
p. 395-413). Because of his investigations,
Hayden was called on to serve as geologist and
physician for the Warren and Raynolds
explorations of the War Department, the first
made in 1857 and the second in 1859, under
authority of the Congress (of several expeditions
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to the West sent out by the War Department,
they had no direct connection with the predeces-
SOr Surveys).

At the close of the War Between the States,
Hayden, who had served as surgeon in the Army,
was appointed professor of geology at the
University of Pennsylvania. His chief interest con-
tinued to be in the exploration of the West, and
his hope of resuming it lay in obtaining govern-
mental aid for that purpose (W.H. Jackson,
Hayden Survey photographer, oral commun., ca.
1938). Hayden’s natural diffidence, which
characterized his early years, prevented him from
putting himself forward, but, fortunately, his
work in Nebraska Territory was known by the
Secretary of the Smithsonian Institution who
recommended him for the new survey that was
authorized when Nebraska was admitted to state-
hood (G.P. Merrill, The first one hundred years
of American geology, p. 715, Yale University
Press, New Haven, 1924). That official succeeded
in having Hayden put in charge.

Accordingly, Hayden, with one geological
assistant, Professor Fielding B. Meek who
had previously been associated with him,
proceeded to conduct a geological investigation
of Nebraska. Following the general practice of
those times, Hayden was authorized to purchase
subsistence stores from the Army. The Nebraska
investigation, which should not be considered
a survey but rather a geologic reconnaissance
because it was not based on a topographic
survey, was completed during the first year
(1867). Of the $5,000 appropriated, $2,000 went
to Hayden for his salary, $1,000 to Meek, $700
to collectors and laborers, $300 to chemistry, and
$1,000 to general expenses (Merrill, p. 509).

The next year, Hayden was given an additional
$5,000 and directed to extend his geologic
explorations to Wyoming. In Cheyenne, Hayden
organized a party of nine and conducted investi-
gations in Wyoming territory during summer
1868, similar to those conducted in Nebraska in
1867.

To show that disbursing officers were as slow
in the 1860’s as in more recent times and had
the same lamentable effects on field men, it is
only necessary to quote the following, written
by Hayden on September 25, 1868 (U.S. Geol.
Survey Terr., p. 88, 1868):



No draft has yet come to me from the
U.S. Treasury up to this date. I have bor-
rowed money from the bank at 12 per-
cent discount and drawn on my friends
until I am very much embarrassed.

The report of the year’s work, like the one for
the previous year, was made to the Commis-
sioner of the General Land Office.

In 1869, the Congress increased the
appropriation to $10,000 and put the Hayden
Survey under the Secretary of the Interior who
instructed Hayden to pay especial attention in
that year to the geological, mineralogical, and
agricultural resources of Colorado and New
Mexico. With the enlarged appropriation,
Hayden organized a party of 11 including,
besides himself, a managing director, a mining
engineer, an entomologist and botanist, and an
artist. The greater part of the outfit was fur-
nished by the quartermaster’s department of the
Army, and supplies were obtained from mili-
tary posts en route (U.S. Geog. Surveys west of
the 100th meridian, vol. 1, p. 700, 1889). The
work in 1869 may be considered to be the real
beginning of the Hayden Survey, the work of

the previous seasons having been little more-- -

than reconnaissance. The appropriation was
increased to $25,000 in 1870, and Hayden
increased the party to 20, adding a naturalist,
a meteorologist, and a geologist. In that year
(1870), their activities were in Wyoming.

By this time, Hayden realized both the mag-
nitude of the task involved in conducting a
geological survey and the need for adequate
maps. Accordingly, in spring 1871, he laid
before the House Committee on Appropriations
a plan for the geological and geographical
exploration of the territories of the United
States. This plan contemplated the gradual
preparation of a series of geographical and
geological maps on a uniform scale embracing
each of the territories. It met with Congres-
sional favor and his appropriation for that year
was increased to $40,000. The name of the
Survey was then changed from the U.S. Geo-
logical Survey of the Territories to the U.S.
Geological and Geographical Survey of the
Territories because of its new mapping feature.
With the augmented resources, Hayden con-
ducted topographic mapping in connection
with the geological investigations. The plan

adopted, according to George M. Wheeler (U.S.
Geog. Surveys west of the 100th meridian, vol.
1, p. 701, 1889), was that of a topographic
reconnaissance of the immediate line of march
and of the country in sight from it, controlled
by compass courses and odometer-measured
distances, all to be checked by sextant latitudes.

The size of the party was 36, including for
the first time two topographers and other
investigators with additional expertise. An
escort of soldiers accompanied the party. The
work was conducted in Montana and in Yel-
lowstone Park. One important result of that sea-
son’s work was the creation of Yellowstone
National Park. A.C. Peale, an associate, stated
that the idea originated with Hayden and that
the law creating the park was written in great
part by him, and its passage was due largely to
his personal efforts (Merrill, p. 514).

Hayden’s years spent in the West had dissi-
pated his natural diffidence. He became so
frank, forceful, and direct that he had the
western people heartily and unanimously sup-
porting him and was able to obtain larger
appropriations for his work. He was greatly
aided by the personal friendship of some of the
highest officials of the government who never
failed to support his surveys strenuously and
successfully (Merrill, p. 526).

Thus Hayden obtained in 1872 a fourth suc-
cessive increase in his appropriation, this time
to $75,000. During the remaining life of the
Hayden Survey, the annual appropriation
remained at that amount, except for 1876 when
it was reduced to $65,000. The great increase
in the work in 1872 made it necessary for
Hayden to resign his professorship in geology at
the University of Pennsylvania (Merrill, p. 525).

With $75,000 at his disposal in 1872, Hayden
organized two complete parties for work in the
region of the headwaters of the Snake and
Missouri Rivers. Hayden was in charge of one
party and James Stevenson, his principal assistant,
the other. The topographic mapping was
strengthened by the addition of a system of tri-
angulation.

As a result of the work in 1872, Hayden be-
came convinced of the necessity for improving
his topographic methods and obtained the serv-
ices of James T. Gardner for the 1873 season.
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Gardner had been chief topographer of the King
Survey, the field work for which had closed the
previous year. About this addition to his per-
sonnel, Hayden wrote (U.S. Geol. and Geog.
Surveys Terr., p. 10, 1872):

To render the organization more per-
fect so far as the topographical portion
is concerned, J.T. Gardner, so long
favorably known as the chief
topographer of the King Survey, had be-
come associated with me as chief of the
topographical staff. Mr. Gardner thus ex-
presses his conception of a true
topographical map for geological pur-
poses. ‘It is necessary to carry over the
country a systematic trigonometric and
topographic survey checked by astro-
nomical observations.” The work of the
survey as contemplated by the present
organization demands the very highest
order of talent.

A base line between 6 and 7 miles long was
carefully measured, chiefly along the tracks of
the Kansas Pacific railroad near Denver, Colo.
(U.S. Geol. and Geog. Surveys Terr., p. 7,
1874). From this base line, a system of trian-
gulation covering the entire area surveyed was
gradually expanded during the ensuing years.
Thus, a triangulation net now superseded the
route-reconnaissance method previously used.
Latitude and longitude were determined astro-
nomically by personnel of the U.S. Coast and
Geodetic Survey (CGS).

Because of the hostility of the Indians in the
Northwest, work in that region was temporarily
discontinued in 1873, and activities were
shifted to Colorado where they were continued
until the end of 1876. During those years, the
work was conducted by three parties. So
thoroughly had Hayden been converted to a be-
lief in adequate topographic maps that a
topographer with a geologist as (possibly) prin-
cipal assistant were generally placed in charge
of the parties.

The Colorado work having been completed,
the activities during the remaining 2 years of
the Hayden Survey’s existence were transferred
to Wyoming and Idaho, beginning at the north-
ern boundary of the King Survey. That the
Indians were still a factor with whom to be
reckoned is indicated by the fact that one party
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was robbed of its animals and a portion of its
outfit, and at least half of the most valuable time
for one season’s work was lost.

The total appropriation for the Hayden Sur-
vey from its crude beginnings in 1867 to its
close in 1879 was $690,000. In addition, a
small appropriation was made for the comple-
tion of the office work; there were doubtless
other costs, such as those for the military es-
cort, that are not included in the total shown
(45th Cong., 3d sess., H. Misc. Doc., vol. 1, no.
5, p- 22). The personnel, including camp assis-
tants, increased from 10 in 1867 to 62 in 1878
(W.H. Jackson, oral commun., ca. 1938). The
total area covered was 107,000 square miles.
Of the territorial maps to be published as a
result of the enlarged program, only that of
Colorado had been completed by Hayden be-
fore the end of his survey, and only the map
for that State (its status was changed from ter-
ritory to State in 1876) was published at a scale
of 4 miles to the inch with a 200-foot contour
interval. A strip 36 miles wide along the north-
ern part of the State, which was surveyed by
Clarence King, and a strip 25 miles wide along
the eastern border of the State, which was sur-
veyed by General Land Office personnel, were
used in completing the Colorado map.

Unlike the leaders of the other predecessor
surveys who published reports by subject and
frequently years after the field work had been
completed, Hayden published 11 annual
reports, each covering a season’s work. He
worked to make these reports available to the
Congress at the earliest possible date. Immedi-
ately following the close of each field season,
the scientific staff would gather in their winter
quarters in Washington, D.C., in an office build-
ing on the site now [1938] occupied by the
Washington Star newspaper to prepare reports
on that field-season’s work. [Ed. note: The Star
ceased publication in 1981; the site is now
(1991) occupied by the Washington Times
newspaper.] Subsistence was not furnished to
members of the Hayden Survey while they were
on assignment in Washington, D.C., and some
members of the party slept on cots in the office
(W.H. Jackson, oral commun., ca. 1938).

When the Hayden Survey was abolished
in 1879, much material still remained



unpublished. Hayden was appointed geologist
in the USGS in order to prepare this material
for publication, and a special appropriation was
made for that purpose. In 1882, when that fund
was exhausted, five volumes of the geologic
report remained uncompleted. At Hayden’s
request, the Secretary of the Interior commit-
ted, to the Director of the USGS, to the publi-
cation of those volumes (U.S. Geol. and Geog.
Surveys Terr., 1878, pt. 1, p. 18, 1883). (The
unpublished data on natural history were not
inherited by the USGS.) In closing the work of
his Survey, Hayden wrote (U.S. Geol. and Geog.
Surveys Terr., 1878, pt. 1, p. 18, 1883):
The Survey does not claim that its work
is absolutely accurate in detail but rather
preliminary to the more thorough study
which is to come in the future.

PoweLL SURVEY

The initiation of the Powell Survey, like that
of the King Survey, was the result of the per-
sonal efforts of one man—Major John Wesley
Powell who was destined to be one of the
prime movers in the creation of the present
USGS and its second director.

In 1867, Major Powell, a veteran of the War
Between the States, was appointed professor
of geology and natural history at the State Nor-
mal University of Illinois, an institution created
largely through his efforts. With an annual
allotment of $1,000 for increasing the geo-
logical and zoological collections and
supplemented by a part of his own: $1,500
salary, Powell made a trip to Colorado in sum-
mer 1867 with volunteer assistants, chiefly
students. He was in Colorado again in 1868
with the same financial backing to which was
added 2 small allotment from the Illinois Indus-
trial State University (IISU), the predecessor of
the University of Illinois.

Most of his party returned east in fall 1868,
but Powell and several hunters and trappers
crossed the range to White River and spent the
winter near a camp of Ute Indians. He then
returned to Illinois and obtained permission to
again divert his salary and other funds to the
western work. The IISU allotted him $500 and
the Chicago Academy of Sciences contributed

either $250 or $500. Small additional amounts
were contributed by personal friends. In the ex-
plorations of 1869, the proposal was that col-
lections in natural history were to be shared
with the contributing institutions. Powell had
in mind, however, the examination of the ge-
ology of the courses of the canyons of the
Green and Colorado Rivers involving the so-
lution of the greatest remaining geographical
problem in the United States (biographical
sketch of John Wesley Powell iz USGS 24th
ann. rept., p. 275-276, 1903). The descent of
these rivers was made that year. Although
Powell succeeded in traversing the combined
waterway from Green River, Wyo., to the
mouth of the Virgin River, a distance of 1,000
miles, much of his equipment was lost and the
effort was only partially successful from a
scientific viewpoint.

Although Powell did not actually explore the
Colorado River until 1869, he was considering
it in spring 1868 as shown by the fact that on
June 11, 1868, the Congress passed a joint reso-
lution authorizing the Secretary of War “‘to
issue rations for 25 men of the expedition en-
gaged in the exploration of the Colorado River
under the direction of Professor Powell’’ (40th
Cong., 2d sess., J. Res. 34, p. 253, June 11,
1868); during Powell’s Colorado River work,
subsistence was furnished under that resolution
(43d Cong., 1st sess., H.R. Misc. Doc. 265, p.
27, May 2, 1874).

Realizing that a successful exploration of the
Colorado River required greater resources than
had previously been at his command, Powell
appealed for aid to his associates of the war
days who were then in the Congress and, in July
1870, the Congress appropriated $12,000 for
his use in exploring the Colorado River (16 Stat.
L. 242). With this fund, he continued his
explorations, devoting the energies of his party
(himself as geologist, one geographer, two
topographers, and five camp assistants) to an
area in northern Arizona and southern Nevada.

The next year Powell addressed a letter to
the Secretary of the Interior requesting an
appropriation of $12,000 for exploring the
valley of the Green River, the most accessible
approach to the Colorado River. This appropri-
ation was made (16 Stat. L. 503) on March 3,
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1871, its stated purpose being ‘‘for continuing
the Survey of the Colorado of the West and its
tributaries by Professor Powell, under the direc-
tion of the Smithsonian Institution.”

Although the Powell Survey was thus placed
under the direction of the Smithsonian
Institution without its solicitation, the Smith-
sonian gave attention to the plans and execu-
tion of the work (43d Cong., 1st sess., H.R.
Misc. Doc. 265, p. 1, May 2, 1874). It may be
assumed, however, that Powell was given free
reign in planning and conducting his field work.
On May 22, 1871, the party of 2 geologists,
4 topographers, 2 photographers, and 17 camp
assistants left Green River, Wyo., on Powell’s
second voyage down the river, and reached
Lees Ferry in northern Arizona in October. The
winter was spent in surveying 12,000 square
miles in Utah and Arizona. The appropriation
for 1872 was increased to $20,000. The descent
of the Colorado was resumed in August of that
year, but the water was so high that, on reach-
ing the mouth of Kanab Creek, it was decided
to suspend the river work. Topographic, geo-
logic, and geodetic work was continued in the
region, and 8,000 square miles adjacent to the
Grand Canyon, chiefly in the Henry Mountains,
were surveyed.

In transmitting to the Congress a progress
report of the Powell Survey, the Secretary
of the Smithsonian Institution stated in 1873
(42d Cong., 3d sess., H.R. Misc. Doc. 76, p. 1-
2, Jan. 31, 1873):

In view of the results obtained at a com-
paratively moderate expense, I would
respectfully commend the application of
Prof. Powell for a renewed appropriation
for continuing his exploration and
surveys.

The professor has furnished a minute
account of his method of carrying on the
topographical survey, from a critical
examination of which I am convinced
the work has been done as well as the
amount of the appropriation would
permit, and the wants of the country at
present require. The work is much more
than a mere exploration, since it is
founded on a system of triangulation on
a base line of nine miles accurately
measured.
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In this progress report, Powell stated that the
base line in the valley of the Kanab was about
49,000 feet long and was measured by using
wooden rods leveled on trestles. From this
base, a system of triangulation was expanded
to cover the area surveyed, including secondary
triangulation points for topographic sketching.
The emphasis placed by Powell on the topo-
graphic mapping is indicated in that four
topographers were employed for every one or
two geologists.

The appropriation for 1873 was reduced to
$10,000 and was made for the purpose of com-
pleting the report (the Congress evidently
understood that the survey of the Colorado
River should be about completed by that time).
With the lesser funds available, Powell’s party
that year consisted, besides himself, of a geol-
ogist, a geographer, two topographers, four
general assistants, and several temporary
helpers. The area covered was 6,000 square
miles in southern Utah and northern Arizona.

In May 1874, Powell presented to the
Congress, through the Secretary of the Smith-
sonian Institution, the results of his work dur-
ing the previous season, which completed the
field work on the Colorado River. In describ-
ing the area covered, he stated (43 Cong., 1st
sess., H.R. Misc. Doc. 265, p. 27, May 2, 1874):

The territory as a whole presents more
obstacles to the explorer than any other
portion of the United States, as it is
traversed by deep gorges and set with
long lines of cliffs, in many places form-
ing impassable barriers to travel; much
of the country is also arid and destitute
of vegetation.

Powell also suggested the propriety of a
further appropriation for 1 year to enable
him to connect his surveys with those of
Clarence King on the north and Hayden on the
east. His plea was successful and an appropri-
ation of $15,000 was made and the title of
‘““Geographical and Geological Survey of the
Rocky Mountain Region’’ was given to the
Powell Survey in recognition of the expansion
of his field of activities. The stress laid on the
topographic work apparently accounted for
Geographical preceding Geological in the title.
So, the 1 year of work originally suggested by
Powell (1874) stretched into 5 years: the



Congress appropriated $25,000 for 1875,
$30,000 for 1876, $50,000 for 1877, and
$50,000 for 1878, the last year of the Powell
Survey. Beginning with 1874, the appropria-
tions were expended under the Secretary of the
Interior, following the precedent set for the
Hayden Survey, and the Smithsonian Institution
was no longer directly involved with the
Powell Survey.

In 1874, the technical personnel consisted
of two geologists, one geographer, and four
topographers, and an area of 15,000 square
miles was surveyed in Wyoming, Utah, and
Arizona. The increased appropriation in 1875
permitted an increase in personnel to four
geologists. Two of these later filled important
roles in the present-day USGS: Grove Karl
Gilbert, who had formerly been the geologist
for the Wheeler Survey came to the Powell
Survey in that year, and Captain Clarence E.
Dutton, an officer in the Ordnance Corps with
a love for and a knowledge of geology, was
assigned by the War Department to Powell’s
work. Both geologists remained with Powell
until his survey was superseded in 1879 by the
present-day USGS. In 1876, the number of
topographers was increased to seven. In that
year, the name of Almon H. Thompson, who
also subsequently played an important part in
the USGS and who had been the geographer
since 1870, was missing from Powell’s person-
nel list. During the years 1874 to 1878, about
10,000 square miles was surveyed each year,
almost wholly within the Colorado River basin.

Just as Powell’s interest in the Indian caused
him to include ethnology in his activities, so
his interest in the West and his broad vision in
foreseeeing the reclamation of the ‘‘Great
American Desert‘‘ led him to include a classifi-
cation of the public lands for determining the
extent and location of the irrigable, timber,
mineral, and waste lands. In reporting on the
arid lands, he suggested conditions for making
them available for agriculture and grazing. He
included also a statement on rainfall in the
West, and reports on irrigation.

The area covered by the Powell Survey
during the years 1867-78 was 67,000 square
miles (U.S. Geog. Surveys west of the 100th
meridian, vol. 1, p. 713, 1889). The total

Federal appropriation for his work from 1870
to 1878 was $224,000. The amount of funds
contributed by scientific institutions prior to
1870 is unknown, but the fact that Powell went
to the Congress for sufficient funds to conduct
his work adequately indicates that any such
amount must have been small. In addition to
the Federal funds that were appropriated for
field work, the Act of March 3, 1879, that creat-
ed the USGS carried an item for $20,000 to be
used by the new organization in completing the
reports of the Powell Survey.

The results of the Powell Survey were pub-
lished in eight volumes, the first of which
described the exploration of the Colorado
River. Of the remaining seven volumes, one
dealt with the arid lands and six with the geol-
ogy of the area covered. These volumes were
issued at intervals between 1875 and 1880.
When the Powell Survey was superseded by the
USGS, all material (except that on ethnology,
which was turned over to the Smithsonian In-
stitution) was deposited with the USGS (letter
from Major Powell to Senator Allison én U.S.
Geog. Surveys west of the 100th meridian, vol.
1, p. 717-718).

WHEELER SURVEY

Early in 1871, the War Department resumed
its work of exploring the West, which had been
interrupted by the War Between the States. As
stated by Wheeler (U.S. Geog. Surveys west of
100th meridian, vol. 1, app. H, p. 761, 1889),
the origin of his survey was the outgrowth of
a legitimate need by the War Department for
topographic maps of the vast area west of the
Mississippi River within which military move-
ments were constantly required. The survey
was considered to be a continuation of the dis-
connected topographic work that the War
Department had begun for special reasons be-
fore the war. The region designated for the
work was the area west of the 100th meridi-
an, an arbitrary line, and the survey was known,
therefore, as the ““U.S. Geographical Surveys
West of the 100th Meridian.”’

Wheeler, an engineer officer who was put in
charge of the survey, had been previously
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instructed to prepare himself for surveys and
explorations in the interior as a general duty
to be conducted as circumstances permitted.
Although the Wheeler Survey was limited to the
region west of the 100th meridian, it was hoped
that eventually a complete and connected topo-
graphic survey of the whole United States
would be made (U.S. Geog. Surveys west of the
100th meridian, vol. 1, app. H, p. 763, 1889).
The Wheeler plan was therefore, more ambi-
tious than that of Hayden who contemplated
only a survey of the western part of the
country.

In his instructions for 1871, Wheeler was
directed to obtain correct topographical
knowledge of the country south of the Central
Pacific railroad in eastern Nevada and Arizona.
He was to observe, so far as practical, every-
thing relating to the physical features of the
country, and also the number, habits, and dis-
positions of the Indians, and the facilities
offered for building railroads or highways. In
the following year, Wheeler was authorized to
make a detailed topographic map of the entire
region west of the 100th meridian.

This was primarily a topographical survey,
unlike the previous War Department explora-
tions, and the most important problems related
to the method to be used in making the maps.
The problem presented, as Wheeler wrote (U.S.
Geog. Surveys west of the 100th meridian, vol.
1, app. H, p. 331 et seq., 1889), was to prose-
cute rapidly the field work needed for accurate
topographic maps that would be useful in mili-
tary operations and administration over a vast
area with a minimum expenditure of time and
money. The problem was solved by a system
of surveying designed to cover the entire West
with sufficient accuracy to be shown on atlas
sheets at a scale of 8 miles to the inch. Main
astronomical stations were established on
telegraph lines for ready comparison of time,
and check belts of triangles were measured at
intervals of 250 to 300 miles using the highest
available grade of field astronomical instru-
ments. Near each main station, a base line was
laid out for use in checking and expanding the
primary triangulation system, which consisted
of triangles quadrilaterally connected with sides
from 20 to 60 or 70 miles long, that covered

14 WRD History, Volume I

the entire area. The field sheets were produced
on a scale of 2 miles to the inch with a con-
tour interval of 200 feet.

The personnel of the Wheeler Survey, in the
order listed by Wheeler, consisted of officers
both of the engineer corps and of the line, med-
ical officers, those in charge of escorts, soldiers,
and technical civilian assistants (U.S. Geog.
Surveys west of the 100th meridian, vol. 1,
app. H, p. 762, 1889). In the parties used dur-
ing 1871, three engineer officers and one
civilian were astronomical observers, seven
civilians were geodetic and topographic assis-
tants, and two privates and two civilians were
barometric observers. After listing the topo-
graphic members of the party, Wheeler added
1 geological observer, 1 assistant geological
observer, 1 zoological collector, 1 photo-
grapher, 2 surgeons, 8 clerks, guides, et cetera,
6 noncommissioned officers, 26 privates, pack-
ers, camp assistants, et cetera, making a party
that must have numbered 70 or more.

The relatively minor part that geology played
in the Wheeler Survey is obvious: of the 15
members engaged in different phases of map-
ping, only one geological observer and one
geological assistant were employed. Of further
significance is the fact that they were not called
geologists but merely geological observers.
Fortunately for the geological results obtained,
the geological observer was Gilbert, who
remained with the Wheeler Survey until 1875
when he became associated with the Powell
Survey.

Wheeler has described his work in great
detail, but as it was chiefly a geographic sur-
vey not merged with the USGS, it is sufficient
for the purpose of this history to add that field
work was conducted each year from 1871 to
1878 and covered 333,000 square miles in
southern Colorado, New Mexico, Arizona,
Utah, Nevada, and California.

The cost of the Wheeler Survey was
$691,444.45, exclusive of Army salaries
($85,129.11) and engraving and printing the
maps ($87,080.14). The grand total was
$863,653.70 (U.S. Geog. Surveys west of the
100th meridian, vol. 1, app. H, p. 763, 1889).

The field work of the Wheeler Survey was
terminated by the Act of March 3, 1879, which



abolished the territorial surveys as of June 30,
1879, and created the USGS. As a result of
this change, all records were deposited in
the archives of the War Department, and
nothing was turned over to the new USGS (U.S.
Geog. Surveys west of the 100th meridian, vol.
1, app. H, p. 726, 1889). The final results of
the Wheeler Survey were published by the
War Department in seven 'volumes. Seventy-
five topographic atlas sheets, chiefly hachure
maps, were also issued (USGS Bull. 222,
p. 60-62, 1904).

In writing of his work, Wheeler showed
plainly that it was primarily a topographic
survey and that in his opinion the methods used
were superior to those of other western
surveys. He stated (U.S. Geog. Surveys west of
the 100th meridian, vol. 1, p. 451, 1889) that
the King, Hayden, and Powell Surveys were all
controlled by the theoretical considerations of
the geologist. His Survey, as he expressed it,
‘“proceeded from the almost diametrically
opposite standpoint’’ giving due weight to
astronomic, geodetic, and topographic
observations for the purpose of making maps
showing all natural objects, means of
communication, et cetera. The geologic and
natural history phases of the survey were
treated as incidental to the main purposes of
producing reliable maps.

To show how strongly he felt on this subject
as well as on the discontinuance of his survey,
Wheeler’s exact language is quoted (U.S. Geog.
Surveys west of the 100th meridian, vol. 1,
p. 451, 1889):

The latter [Wheeler Survey] may be
considered as the only organized
systematic general geographic and
topographic work (both scientific and
practical) ever begun by the General
Government in the interior of the
country. Geology in organic form was
established in the Interior Department,
but the vastly more important work of
topography was disregarded and experi-
enced Government engineer officers thus
lost for this latter duty, resulting in a
direct and positive step backward,
without precedent throughout the
civilized world.

IMPORTANCE OF TOPOGRAPHIC MAPPING IN
PREDECESSOR SURVEYS

As indicated in the foregoing brief descrip-
tions of the activities of the predecessor sur-
veys, the emphasis in the earlier surveys was
placed on geologic work rather than topo-
graphic mapping, but much greater emphasis
was placed on topographic mapping in the later
surveys. In the 1860’s, no mapping of large
areas comparable with those areas covered by
the predecessor surveys had been done and
methods adapted to such work had not been
developed. It apparently was not fully realized
at the start that adequate presentation of geo-
logic information required good topographic
maps.

Hayden and Clarence King began their work
in the same year (1867). Hayden had only
$5,000, which enabled him to make merely a
geological reconnaissance. Clarence King was
given sufficient funds and he was able to make
adequate plans for his work from the start.
Clarence King’s experience in the California
survey had demonstrated to his satisfaction the
necessity for an accurate topographic map;
in developing mapping methods, it appears
probable that he had the advice of A.A. Hum-
phreys, under whose direction he operated. As
Hayden’s appropriations were increased, he
also developed a mapping program and his
work lost its exploratory character and
approached more nearly a real survey. But the
methods he first used were unsatisfactory and
when the opportunity arose, he obtained
Clarence King’s chief topographer. Powell’s
early surveys were undoubtedly of the recon-
naissance type, but had greatly improved by
1873 and were based on a system of triangula-
tion that was believed to be adequate. This
improvement probably occurred in 1870 when
the first Federal appropriation was made for the
Powell Survey. Clarence King had then been
conducting his work for 3 years, and know-
ledge of his methods was available to Powell.

Wheeler started his work in 1871 and pre-
pared an elaborate system of triangulation con-
trolled by astronomical stations; he was
probably influenced by the methods of the CGS.
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His topographic expression, however, was not
up to the standard set by his control system,
probably because the engineer officers
connected with his survey were chiefly
interested in astronomical observations that
required esoteric mathematical computations,
which appealed to them as mathematicians and
astronomers, and had not developed the
technique of contour mapping. Wheeler also
used the European system of hachures instead
of contours in delineating the topography. As
geology was a minor objective to Wheeler, the
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need for adequate topographic maps on a suffi-
ciently large scale to be of real use was not
appreciated and, as Powell stated after he
became Director of the USGS, the mapping of
the greater part of the area covered was on too
small a scale and was too inaccurate to be used
as a basis for geologic mapping. Thus it appears
that to Clarence King, rather than to the other
three surveyors, belongs the credit for initiat-
ing the methods of topographic mapping that
were gradually developed into the present-day
practice.



PArT IV—INCEPTION AND EARLY YEARS OF THE

GEOLOGICAL SURVEY

EveEnTs LEADING TO THE CREATION OF THE GEOLOGICAL SURVEY

By 1874, there were three separate
surveys—Hayden, Powell, and Wheeler—
engaged in broadly similar work in the same
general region being conducted by two separate
Departments, War and Interior. The King
Survey field work was completed in 1872. The
work in the three Surveys overlapped in many
places. The rivalry became so intense that the
influence of one party with the Congress was
used to curtail the appropriations for the others,
and there appeared to be grave danger that the
Congress would cut off all government
appropriations for work of this character
(Clarence King, Nat. Acad. Sci. Biogr. Memoirs,
vol. 6, p. 27-55, 1909).

The rivalry between the Powell and Hayden
Surveys was particularly keen because they
were very similar in character. There was also
a conflict of interest between the Wheeler and
Hayden Surveys because both had been author-
ized to prepare topographic maps of the
western territories. Clarence King’s influence
with leading scientists and his tactful handling
of the situation before the Congress averted the
threatened cessation of the western surveys
(biographical sketch of Clarence King in USGS
23d ann. rept., p. 203, 1902). As a result, the
House of Representatives on April 15, 1874,
passed the following resolution (43d Cong.,
1st sess., H. Doc. 612):

Resolved, That the President of the
United States be requested to inform
the House what geographical and
geological surveys, under different
departments and branches of the
Government, are operating in the
same and contiguous areas of territory
west of the Mississippi River, and
whether it be not practicable to con--
solidate them under one department,
or to define the geographical limits to
be embraced by each.

In response to this inquiry, the War Depart-
ment expressed the conviction that economy
and efficiency would result from the consoli-
dation of all such surveys in that Department.
The Secretary of the Interior replied to the
inquiry by stating that he believed all surveys
of unoccupied public territory, except those for
military purposes, should be consolidated in his
Department (Herman Stabler, History and pur-
pose of land classification in the Geological
Survey, unpub.).

To settle the rival claims of the War and
Interior Departments, the House Committee on
Public Lands, reporting to the House May 26,
1874, set forth the following conclusions (43d
Cong., 1st sess., H. Doc. 612):

That the surveys under the War
Department, so far as the same are
necessary for military purposes,
should be continued; that all other
surveys for geographical, geological,
topographic, and scientific purposes
should be continued under the direc-
tion of the Department of the Interior,
and that suitable appropriations
should be made by Congress to
accomplish those results.

The Congress did not act on this resolution
and the surveys continued as before with
unabated rivalry. Finally, the controversy
regarding the methods to be used and the
agency to execute the surveys of the public
domain reached a point where the Congress
was unable to reach an agreement. Again
Clarence King’s advice reinforced by Powell’s
suggestion (biographical sketch of John Wesley
Powell in USGS 24th ann. rept., p. 277, 1903)
prevailed, and the Congress requested the
National Academy of Sciences (NAS) be an
expert referee to make definite recommenda-
tions. The following rider was attached to the
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Sundry Civil Act of June 20, 1878 (20 Stat. L.
230):

And the National Academy of Sciences is
hereby required at their next meeting to
take into consideration the methods and
expenses of conducting all surveys of a
scientific character under the War or In-
terior Department, and the surveys of the
Land Office, and to report to Congress as
soon thereafter as may be practicable, a
plan for surveying and mapping the Ter-
ritories of the United States, on such gener-
al system as will in their judgment secure
the best results at the least possible cost.

In order to lessen the rivalry between the
Powell and Hayden Surveys, pending the report
of the NAS, the appropriations in the same bill
(20 Stat. L. 230) limited each survey to separate
areas as follows:

Under Prof. F.V. Hayden . . . . $75,000

Provided: That the money hereby
appropriated shall be expended only in
prosecuting said survey north of the forty-
second parallel and west of the one hun-
dredth meridian.

Under Prof. J.W. Powell ....$50,000

Provided: That the money hereby
appropriated shall be expended only in
prosecuting said surveys south of the forty-
second parallel and west of the one hun-
dredth meridian.

Before formulating a plan as directed by the
Congress, the NAS called on the Secretaries of
War and Interior for reports of the survey
activities under the direction of each. Most of the
information received related to facilities for con-
ducting the work and methods used, but Powell,
with his usual breadth of vision, transmitted a
lengthy report discussing the purposes to be
served (Stabler, unpub.). He summarized his
report by stating (45th Cong., 3d sess., H. Misc.
Doc. 5, vol. 1, p. 21):

It will be clear that a proper scientific sur-
vey embracing the geography of the pub-
lic domain with the parceling of the lands,
and the geology with all the physical
characteristics connected therewith, is
necessary for the following reasons:

First, to secure an accurate parceling of
the public lands and enduring boundary
lines.
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Second, for the proper administration
of the laws relating to the public lands.

Third, for a correct and full knowledge
of the agricultural and mineral resources
of the lands.

And, fourth, for all purposes of abstract
sciences.

These considerations are ample to
secure from the National Legislature all
necessary financial endowments for the
prosecution of the surveys. It should be
remembered that the statesmen of
America who compose and have com-
posed our National Legislature have not
been averse to the endowment of scien-
tific research when such research is
properly related to the industries of the
people.

A committee of the NAS, consisting of
Othniel C. Marsh, James D. Davis, William B.
Rogers, John S. Newberry, William P. Trow-
bridge, Jr., Simon Newcomb, and Alexander
Agassiz, an illustrious group of scientists, con-
sidered the problem and on November 26,
1878, recommended to the NAS (1) that the
CGS be transferred to the DOI and, in addition
to its former work, be charged with the prepa-
ration of a geodetic survey of the whole pub-
lic domain, a topographic survey comprising
detailed topographic mapping and rapid recon-
naissance, and land parceling surveys; and (2)
that the Congress establish, under the DOI, an
independent organization to be known as the
“U.S. Geological Survey,”’ to be charged with
the study of geological structures and economic
resources of the public domain (45th Cong., 3d
sess., H. Misc. Doc. 5, vol. 1, p. 21). Although
Clarence King does not appear to be taking part
in the deliberations of the NAS, his biographer
states (biographical sketch of Clarence King in
USGS 23d ann. rept., p. 203, 1902) that the
recommendations were along the lines laid
down by him.

This report was adopted and transmitted to
the Congress by the NAS. The proposed spe-
cial legislation embodying the recommenda-
tions of the NAS was divided into two parts:
first, an item in the Legislative, Executive, and
Judicial appropriation bill creating the office of
the Director of the USGS, providing his salary,
defining his duties, and specifically terminat-
ing the Powell, Hayden, and Wheeler Surveys;



and second, an item in the Sundry Civil bill
appropriating $100,000 for the new USGS.

Although both items were passed by the
House where apparently the supporters of the
NAS were in the majority, a protracted struggle
took place in the Senate. Here the partisans of
Hayden and Wheeler proved to be ‘‘last-ditch”’
fighters: Realizing that only through united
action could they hope to defeat the proposed
legislation with which Powell was identified—
and the Wheeler forces, apparently realizing
further that of the two, Hayden was in the
stronger position—Powell’s opponents threw
their support to Hayden. As a result, the item
in the Sundry Civil bill was amended in the
Senate by the addition of the words “‘of the
Territories.”” Other amendments offered
changed the Sundry Civil bill item to provide
specifically and exclusively for the continua-
tion of the Hayden Survey, and it was in this
form that item was passed by the Senate. All
reference to the new organization was deleted
from the legislative bill. The final struggle
occurred in conference. The bill died in con-
ference but, in the closing hours of the session,
the conferees on the Sundry Civil bill assumed
legislative powers, and transferred from the
dead legislative bill to the Sundry Civil bill all
of the language that constituted the ‘‘Organic
Act’’ of the USGS. When the conference report
reached the Senate for ratification, this unusual
and high:+handed proceeding was roundly
denounced; however, after a brief debate in the
closing hours of the session, the Senate on
March 3, voted to concur in the conference
report (G:O. Smith, A century of government
geological surveys, Am. Jour. Sci., vol. 46, p.
184-185, July 1918). The law approved March
3, 1879 (20 Stat. L. 394) embodied the recom-
mendations of the NAS to the extent of abolish-
ing the Territorial Surveys and creating the
USGS, but took no action on the proposal to
transfer and enlarge the scope of the CGS. This
law contained the following item:

For the'salary of the Director of the
Geological Survey, which office is hereby
established under the Interior Depart-
ment, who shall be appointed by the
President, by and with the advice and
consent of the Senate, six thousand
dollars: Provided, That this officer shall

have the direction of the Geological
Survey and the classification of the pubiic
lands, and examination of the geological
structures, mineral resources, and
products of the national domain. And
that the Director and members of the
Geological Survey shall have no personal
or private interest in the lands or miner-
al wealth of the region under survey, and
shall execute no private surveys or
examinations for private parties or cor-
porations; and the Geological and
Geographical Survey of the Territories,
and the Geographical and Geological Sur-
vey of the Rocky Mountain Regions,
under the Department of the Interior,
and the Geographical Surveys west of the
one hundredth meridian, under the War
Department, are hereby discontinued to
take effect on the thirtieth day of June,
eighteen hundred and seventy-nine. And
all collections of rocks, minerals, soils,
fossils and objects of natural history,
archaeology, and ethnology, made by the
Coast and Interior Survey, the Geologi
cal Survey, or by any other parties for the
Government of the United States, when
no longer needed for investigations in
progress, shall be deposited in the
National Museum.

For the expenses of the Geological Sur-
vey, and the classification of the public
lands, and the examination of the geolog-
ical structures, mineral resources, and
products of the National domain, to be
expended under the direction of the
Secretary of the Interior, one hundred
thousand dollars.

In a period of 5 years, the haphazard policy
of the Congress changed from one involving
several independent surveys under different
departments with no definite uniform objec-
tives to one of concentration under a new
organization with a definite goal. The Congress
realized the scientific nature of the problem and
appealed to the highest scientific body in the
country for help in reaching a solution of the
question.

Of the four heads of the surveys that were
abolished by the Organic Act of March 3, 1879,
Hayden, Clarence King, and Powell, were
civilians and, on their records, each was eligi-
ble for appointment as Director of the
newly created USGS. Of these three, Powell
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was outstanding because of the active part he
had taken in the earlier surveys, his absorbing
interest in the possible development of the
““Great American Desert,’’ his vigorous charac-
ter, and his influence in persuading the Con-
gress to create the USGS. The intensity of his
struggle for the creation of the Survey,
however, had unavoidably made enemies for
him in public life. Powell realized that if he
became the first Director, his effort would be
thought to have been made primarily for his
own aggrandizement, and he refused to allow
his name to be considered (F.S. Dellenbaugh,
The romance of the Colorado River, Knicker-
bocker Press, 1903).

Hayden, on the other hand, felt that he
should be in charge of the new organization and
that the appointment of another would be an
unjust reflection on him (F.V. Hayden, Nat.
Acad. Sci. Biogr. Memoirs, vol. 3, p. 395-413)
because he had been authorized to make a
survey of the entire West, whereas Powell had
been limited to the Colorado River basin. His
funds and personnel also had been considerably
larger than those of Powell.

Clarence King, however, was confirmed as
Director and took the oath of that office on May
24, 1879. That he was not particularly anxious
for the position is indicated by the statement
of Emmons that Clarence King accepted the
appointment with the distinct understanding
that he should remain only long enough to
appoint the staff, organize the work, and guide
the forces into full activity (Clarence King, Nat.
Acad. Sci. Biogr. Memoirs, vol. 6, p. 27-55,
1909).

It is within the province of the historian to
look behind the scenes and determine, if
possible, the motives that inspired different
acts. It is plain that Powell desired the director-
ship of the new organization eventually. Having
eliminated himself from consideration for the
position at the start, the choice narrowed down
to Clarence King or Hayden. Of these two,
Clarence King did not care particularly for the
position, while Hayden was perhaps as interest-
ed as Powell himself in surveying the West and,
if appointed Director, would probably retain
the position indefinitely. Powell’s hearty sup-
port went, therefore, to Clarence King for
appointment as the first Director (biographical
sketch of John Wesley Powell in USGS 24th
ann. rept., p. 277, 1903). In his support of
Clarence King, Powell was greatly aided by Carl
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Schurz, then Secretary of the Interior, who
opposed Hayden’s appointment for reasons not
now known (Merrill, p. 550).

RELATION OF THE GEOLOGICAL SURVEY TO
ITS PREDECESSORS

Of the four surveys that were discontinued
when the USGS was created, the field work of
the King Survey had been completed and the
results had been or were being published by
the War Department; Hayden was given an
appointment as geologist in the new USGS in
order that he might complete his reports for
publication; the unpublished results of the
Powell Survey came to the new organization;
and all records of the Wheeler Survey remained
in the War Department. The USGS, therefore,
was the direct successor of the Powell and
Hayden Surveys. Geologists and topographers
from the Powell, Hayden, and King Surveys
formed the first staff of the USGS.

ORGANIZATION OF THE GEOLOGICAL
SURVEY

Crarence King, DIRecTOR

One of the first tasks of Clarence King as
Director of the USGS was to select the techni-
cal staff on which the success of the new
organization would so largely depend. The
appointments were divided into two classes:
first, those of the regular or permanent staff
who were nominated by the Director and
appointed by the Secretary, and second, those
who were temporary and were appointed and
revoked by the Director. As this was before the
days of the Civil Service Commission, the
Director was free to nominate whom he chose
and he made his selections with the greatest
care (USGS first ann. rept., p. 13, 1880). The
requirements for regular appointment are
shown in the form letter sent to applicants:

Sir:

Your communication of - - - relating to
a position for - - - upon the staff of the



United States Geological Survey has been
received and placed upon file.

Your attention is respectfully called to
the following Bureau Regulations con-
cerning appointment:

The Geological Survey is divided into
two independent divisions. These are:
1. General Geology, 2. Mining

Geology.

Applicants for appointment under the
Division of General Geology will be
required to furnish proper evidence of
a good working knowledge of mathe-
matics, physics, chemistry, geology, and
mineralogy, such evidence will consist
of the degrees of universities, or the
testimony of experts in the required
branches, or the result of a written
examination.

Applicants for appointment under the
Division of Mining Geology must furnish
equivalent evidence of a working know-
ledge 'of mathematics, mechanics, min-
ing geology, chemistry, metallurgy, and
the mineralogy of economic mineral
products.

You are requested to comply with the
above requirements and present your
scientific credentials.

Very respectfully,
Clarence King, Director

The first technical staff consisted of Samuel
F. Emmons, Arnold Hague, Grove K. Gilbert,
Ferdinand V. Hayden, Raphael Pumpelly,
George F. Becker, and Clarence E. Dutton,
geologists; Charles Doolittle Walcott, A.D.
Blair, and J.P. Kimball, assistant geologists;
Allen D. Wilson, chief topographer; and
F.A. Clark, Sumner H. Bodfish, John H. Ren-
shawe, R.U. Goode, Philo B. Wright, and Gil-
bert Thompson, topographers. The staff of nine
geologists and seven topographers was indi-
cative of the importance that topography was
to play in the new organization, as was to be
expected since Clarence King had from
the beginning of his own survey stressed the
importance of topographic mapping. The
methods developed by Clarence King had later
been adopted by Hayden; those methods had
doubtless influenced Powell also, particularly

when he began his general surveys in 1874 after
the completion of the Colorado River work.

The technical staff connected the USGS with
the predecessor surveys even more closely than
did the inherited field material. Emmons and
Hague, who had been geologists of the King
Survey, headed the list of geologists. Gilbert
had been geologist first with the Wheeler
Survey and later with the Powell Survey.
Hayden had been the director of his own sur-
vey and had been given the appointment in the
USGS for the chief purpose of preparing for
publication the reports of his own survey, 2
specific appropriation having been made for
that purpose. Dutton had been detailed by the
Army to the Powell Survey and was continued
on detail to the USGS. F.A. Clark had been
topographer in the King Survey, Wilson in both
the King and Hayden Surveys, Renshawe and
Bodfish in the Powell Survey, and Gilbert
Thompson in the Wheeler Survey. John D.
McChesney, the chief disbursing clerk, had been
a clerk in the Wheeler Survey.

The law creating the USGS specified two dis-
tinct functions: (1) the classification of the pub-
lic lands, and (2) the examination of the
geological structure and mineral resources. The
first question of policy confronting Clarence
King related to the classification of the public
lands. He was of the opinion that the Congress
intended to have a rigid scientific classification
of the public lands for the general information
of the people of the country (USGS first ann.
rept., p. 5, 1880), and not for the purpose of
aiding the General Land Office, since he
deemed it to be impractical for the USGS to clas-
sify lands in advance of sale without seriously
impeding settlement.

The second question of policy related to the
region to be covered. The term ‘‘national
domain’ specified in the Organic Act was
ambiguous. It was apparently supposed by the
framers of the law to apply to the entire United
States, but, on the other hand, it might be held
to refer only to the region of the public lands.
With the small appropriation available for the
beginning of the work of the Survey, Clarence
King stated (USGS first ann. rept., p. 6, 1880):

I considered it best to confine the oper-
ations to the region of the public land,
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concerning which field there could be no
question as to my legal authority. In the
case, therefore, of the uncertainties aris-
ing from the language of the law, I have
chosen the conservative side, and have
neither invaded the functions of the
General Land Office, nor placed my field
parties outside the area of the public
lands.

This restriction of area was not approved by
the House of Representatives. When the House
Appropriations Committee was informed of
~ Clarence King’s decision, a resolution extend-
ing the field of the USGS to the entire United
States was recommended and promptly passed
by the House. Action was delayed in the Senate
and, in advance of favorable action, Clarence
King adhered to his decision.

A third question of policy, although a minor
one compared with the others, related to head-
quarters for the field parties. In remembering
that much valuable time had been wasted dur-
ing his own survey because of late appropria-
tions and having headquarters in the East when
the field work was in the West, Clarence King
decided to have permanent field headquarters
in the West. He divided the region of opera-
tion into four divisions: the first under Emmons
in Denver, Colo., the second under Dutton in
Salt Lake City, Utah, the third under Gilbert,
also in Salt Lake City, and the fourth under
Hague in San Francisco, Calif. (USGS first ann.
rept., p. 6-7, 1880).

In planning the first field work, Clarence
King adopted the principle that the USGS
should be distinguished by the emphasis laid on
the direct application of scientific results to the
development of the country’s mineral wealth
(biographical sketch of Clarence King in USGS
23d ann. rept., p. 199, 1902), a principle that
has been a guiding one to the present day. He
planned further that the field work should be
such that the results could be published within
2 years, thus making the results available
promptly. He established a laboratory of
experimental physics for determining the chem-
ical and physical properties of rocks and rock-
forming materials under extreme conditions of
temperature and pressure. The cost of the
expensive equipment required for this labora-
tory was paid by Clarence King from his
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personal funds, and he obtained the services of
the most prominent young physicists of that
day for its operation (p. 205, 1902).
Clarence King resigned March 11, 1881. In
his letter of resignation, he stated that the work
of the office left no time for personal geologic
work and he felt that he could render more
important service to science as an investigator
than as the executive head of a bureau (USGS
second ann. rept., p. 11, 1882). Although he
was director of the USGS somewhat less than
2 years, he perfected its organization and
established its policies. The work was confined
to the public-land States until specific authori-
ty was obtained from the Congress, shortly
after Powell became director, to extend it over
the entire United States (22 Stat. L. 302-329).
The policy in regard to the classification of land
was continued by King’s successors until 1906
when the pressing needs of the Department led
to an active awakening of the previously dor-
mant function—not by superseding the
machinery of the General Land Office, but by
cooperating with it (Stabler, p. 17, unpub.). Per-
manent field headquarters were continued for
some years, but finally were abandoned in favor
of general headquarters in Washington, D.C.

Major JoHN WesLEY PoweLL, DIRECTOR

When Clarence King resigned, John Wesley
Powell, then Director of the Bureau of Ethnol-
ogy, evidently felt the reasons that prevented
his acceptance of the directorship of the USGS
in 1879 no longer prevailed. He was appointed
to that position almost immediately and sworn
into office on March 19, 1881. So short was the
time between King’s resignation and Powell’s
appointment that the stage appears to have been
set in advance. Powell indicated his interest in
topographic mapping as an adequate base for
geologic work by bringing additional
topographers to the USGS, notably Almon H.
Thompson, his brother-in-law, who had been
on the Powell Survey, and Henry Gannett, who
had been on the Hayden Survey. Charles A.
White, a geologist on the Powell Survey, also
was appointed.

The first major change in Survey operations
under Powell was the expansion of coverage



to the entire United States. During the first year
of USGS existence, the House had passed a reso-
lution authorizing such extension, but the
Senate had not acted on it and Clarence King
evidently had not pushed the matter, being con-
tent for the time to confine activities to the
Western States. Powell was apparently not satis-
fied with this restriction, however, and in the
appropriation act for the fiscal year ending June
30, 1883, the USGS was required to make a
geologic map of the United States (USGS fourth
ann. rept., p. xiii, 1884). The preparation of a
topographic map, the only adequate base for
geologic representation, was involved in this
requirement.

It was proposed to publish this general map
on a scale of about 4 miles to the inch
(1:250,000) in atlas sheets, each covering one
degree of latitude and longitude. In order to ex-
pedite the work with the greatest economy, ad-
vantage was taken of all work previously done.
The mapping by the King, Hayden, and Powell
Surveys was used, but of that by the Wheeler
Survey, Powell wrote (USGS fourth ann. rept.,
p. xv, 1884):

(It) embraces an aggregate area of
several hundred thousand square miles.
A large part of this work was on a scale
too small, and was done by methods too
inaccurate to be utilized for the purposes
of the Geological Survey; but an area of
about 115,000 square miles was surveyed
in such a manner as to be available for
the present work.

Henry Gannett was put in charge of the topo-
graphic mapping. There was at this time no
authority for the publication of topographic
maps as such, however, so they could only
be produced as bases for the geologic and
economic maps that illustrated the resources
and classification of the lands (USGS seventh
ann. rept., p. 7, 1888).

Powell was particularly interested not only
in topographic mapping but also in the recla-
mation of the arid lands of the West as evi-
denced by his numerous writings during the
late 1870’s. His interest in reclamation also con-
tinued after he became Director and he said
that, although the immediate purpose of topo-
graphic maps was the presentation of areal
geology, they might be useful for many other

important purposes including the study of the
great subject of irrigation. He continued, there-
fore, to press for national aid in irrigation. Dur-
ing the first years of Powell’s directorship, the
activities of the USGS were devoted to general
geologic studies, chiefly of outstanding mining
districts, to compilations of mineral and min-
ing statistics, and to the production of topo-
graphic maps on which the geologic and mining
information was presented.

Following the authorization to extend the
USGS activities over the entire United States,
topographic mapping was greatly expanded
and, instead of being supervised by geologists
to meet their own needs, was directed by Henry
Gannett. Work in geology was separated more
distinctly into geology and paleontology, and
physical researches and gathering of statistics
on mineral production continued without
change.

The appropriations for the USGS were
increased from $106,000 in 1880 to $156,000
in each of the two succeeding years, and there-
after by annual steps to a maximum of
$635,240 in 1888. During the same period,
other scientific bureaus, notably the Signal Serv-
ice (the predecessor of the Weather Bureau) and
the Hydrographic Office of the Navy, likewise
had their appropriations greatly increased. In
1884, Congress, perturbed over mounting
costs, provided in the Sundry Civil bill for a
joint Congressional investigation to ‘‘consider
the present organizations’’ of the bureaus men-
tioned ‘“‘with the view to secure greater
efficiency and economy in the administration
of the public service in said bureaus.’’ There
were numerous hearings during 1885 and 1886
at which Powell appeared on behalf of the
USGS. Questions were raised as to the value of
the small-scale topographic maps, the slow rate
of progress in completing the geologic map of
the United States, and the propriety of the wide
scope of the USGS scientific investigations and
publications. Powell met these questions so
successfully that a majority of the committee
members reported that the USGS as a whole
was ‘“‘well conducted with economy and
care, and disclosed the excellent administrative
and business ability of its chief”’ (The U.S. Geol.
Survey in Service Monographs of the U.S.
Govt., no. 1, Institute for Government
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Research, p. 15-16, 1918). Thereafter the
appropriations were increased annually until
the depression years of the early 1890’s when
they were drastically cut to a low point of
$488,000 in 1893, after which they were gradu-
ally increased again.

The USGS was first housed in a suite of office
rooms furnished by the Smithsonian Institution
in Washington, D.C., and in laboratory space
furnished by the Smithsonian and in the Ameri-
can Museum of Natural History in New York
City. During 1884-85, the USGS offices moved
to the new rented building at 1330 F Street
N.W. in Washington (Hooe Building on a part
of the site now (1938) occupied by the National
Press Building), but the laboratories remained
in the Smithsonian.

During the 1880’s, Powell was pressing for
national aid for irrigation and conditions were
ripening for action by the Congress. Irrigation
development had reached a nearly static stage
because the settlers in the arid region had
irrigated nearly all land within easy reach of the
streams and, in most places, had used fully the
natural flow of the streams during the irriga-
tion season. Therefore, any considerable expan-
sion of irrigation involved storage of water in
large reservoirs, the reclamation of lands far
removed from streams, and costs far higher
than settlers could provide even when acting
collectively. Senator Stewart of Nevada, an
active champion of irrigation, returned to the
Senate in the late 1880’s after an absence of 12
years, and resumed his efforts to obtain national
legislation to promote irrigation development
(official report of the Irrigation Congress, Salt
Lake City, Utah, Sept. 15-17, 1891, p. 19). With
his powerful aid and that of other western
members of Congress, the Senate on March 27,
1888, passed the following resolution (USGS
10th ann. rept., pt. 2, p. 9, 1890):

Resolved, that the Secretary of the
Interior is hereby directed to report to
the Senate what appropriation is
neceasary to enable the United States
Geological Survey to carry into effect the
joint resolution ‘Directing the Secretary
of the Interior by means of the Geologi-
cal Survey to investigate the practicabil-
ity of constructing reservoirs for the
storage of water in the arid region of the
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United States and to report to Congress,’
approved March 20, 1888, and the sever-
al acts of Congress requiring such Geo-
logical Survey, under the direction of the
Secretary of the Interior, to classify the
public lands and furnish a map or maps
showing the various divisions of the
public domain suitable for agricultural,
mineral and other purposes; and partic-
ularly to segregate the lands susceptible
of irrigation, where irrigation is required,
from other lands, and designating places
for reservoirs, canals, and other hydrau-
lic works.

Powell reported at length and recommended
an initial appropriation of $250,000. It was not
until the Sundry Civil Appropriation Act was
approved October 2, 1888, however, that the
following provision appeared (USGS 10th ann.
rept., pt. 2, p. 9, p. 16-17, 1890):

For the purpose of investigating the
extent to which the arid region of the
United States can be redeemed by irriga-
tion and the segregation of the irrigable
lands in such arid region, and for the
selection of sites for reservoirs and other
hydraulic works necessary for the stor-
age and utilization of water for irrigation
and the prevention of floods and over-
flows, and to make the necessary maps,
including the pay of employees in field
and in office, the cost of all instruments,
apparatus, and materials, and all other
necessary expenses connected therewith,
the work to be performed by the Geo-
logical Survey under the direction of the
Secretary of the Interior, the sum of one
hundred thousand dollars, or so much
thereof as may be necessary. * * * And
all the lands which may hereafter be
designated or selected by such United
States surveys for sites for reservoirs,
ditches, or canals for irrigation purposes,
and all the lands made susceptible of ir-
rigation by such reservoirs, ditches, or
canals are from this time henceforth
hereby reserved from sale as the property
of the United States, and shall not be sub-
ject, after the passage of this act, to en-
try, settlement or occupation until
further provided by law; Provided, That
the President may at any time, in his dis-
cretion, by proclamation open any por-
tion or all of the lands reserved by this
provision to settlement under the
homestead laws.



Unfortunately, the Act authorizing the Irriga-
tion Survey carried the seeds of its own
destruction within the short period of 2 years
but, within that 2-year period, the Irrigation
Survey, progenitor of the Water Resources
Branch, was born. Although there had been
during the 1870’s a growing appreciation,
especially by Powell, of the importance of relia-
ble records of the water resources in connec-
tion with the development of the West, the
very little quantitative information on stream-
flow that was obtained consisted chiefly of a
few miscellaneous measurements of discharge
made by using floats. The work was incidental
and without system; it was exploratory rather
than orderly and, except as it may have been

suggestive, had no significance with respect to
the future studies of water resources. The Irri-
gation Survey, on the other hand, laid sound
foundations for future work and certain of its
activities have special significance in this
history—especially those pertaining to
methods, instruments, and equipment for sys-
tematic stream gaging—to consideration of
problems related to the storage and economic
use of water for irrigation, and to the selection
and training of the men who, for more than a
quarter of a century, were to lead in promot-
ing, organizing, and operating the orderly
investigation of the Nation’s water resources.
An account of the Irrigation Survey is, there-
fore, an integral and essential part of the history
of the Water Resources Branch.
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ParT V—IRRIGATION SURVEY (1888-90)

The Irrigation Survey involved the investi-
gation of the possibilities of irrigating nearly
half the area of the United States—an undertak-
ing of magnitude never before attempted on the
American continent. As Powell stated, its mag-
nitude, novelty, and urgency combined to
render the responsibility of its organization a
heavy one (USGS 11th ann. rept., pt. 2, p. 3,
1891). In order to conduct this new Congres-
sional mandate, Powell organized the work
under two divisions. The first division, the
Topographic Survey, was for the preparation
of topographic maps on which the lands sus-
ceptible of, or best suited to, irrigation might
be shown together with possible reservoir and
canal sites. This division was directed by
Almon H. Thompson who had a number of the
regular topographers of the USGS as his prin-
cipal assistants. This force of USGS employees
was largely supplemented by temporary field
assistants, but no increase to the permanent
organization was made (USGS 10th ann. rept.,
pt. 2, p. 17, 1890). The second division, the
Hydraulic Survey, was divided into the Hydro-
graphic Survey, to measure the water supply,
and the Engineering Branch, to locate and
design the necessary irrigation structures.
Powell believed that the most important part
of the work of the Hydraulic Survey related to
the measurement of water because it was neces-
sary to ascertain how much water was availa-
ble for irrigation in order to evaluate the extent
to which the arid region could be reclaimed.

Powell’s correspondence shows that he
arranged with William Ham Hall, former State
engineer of California, to supervise the
Hydraulic Survey in the western part of the arid
region, and with Edwin S. Nettleton, former
State engineer of Colorado, to supervise the
work in the eastern part (F.H. Newell, oral
commun., ca. 1938). In order to relieve him-

self of the burden of details connected with this
new work, Powell transferred Dutton to the
Irrigation Survey; Dutton, who had been in
charge of the Division of Volcanic Geology in
the USGS, was made chief engineer of the
Hydraulic Survey.

The appointment of a chief engineer was
resented by W.H. Hall and Nettleton because
this action required them to report to or
through the new officer instead of dealing
directly with Major Powell as they had
expected to do. Newell stated to the author that
this feeling of resentment was accentuated by
the fact that W.H. Hall and Nettleton were both
older than Dutton and had had much wider
experience in irrigation—one in California and
the other in Colorado. Their resentment grew
into opposition to the entrance of an outside
organization (the Irrigation Survey) into the
field they considered to be their own. They did
little, therefore, to help the Hydraulic Survey.
The records of disbursements indicate,
however, that W.H. Hall was employed almost
continuously during 1889-90, the end of the
Irrigation Survey, and that Nettleton was
employed several months during those years.

Only that part of the Irrigation Survey’s per-
sonnel and work that related to the Hydro-
graphic Survey,“will be given further
consideration in this history, since it was the
progenitor of the Water Resources Branch.

ORGANIZATION OF THE HYDROGRAPHIC
SURVEY

Powell realized the importance of knowledge
of water supply, but he had no idea of the
proper method to use in acquiring this
knowledge, nor could Dutton, his chief
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engineer, enlighten him. He decided, however,
that, whatever the methods (USGS 10th ann.
rept., pt. 2, p. 8, 1890), “It will be necessary
also to gauge a certain number of streams at all
seasons of the year, so as to ascertain their total
discharge and its seasonal distribution, and also
to gauge a greater number of streams at certain
seasons determined to be critical.”’

While preparing his estimates for the Irriga-
tion Survey, Powell decided that the measure-
ment of each stream at the point where records
would be needed would require an enormous
amount of money and that the work could be
done in a cheaper way that would be altogether
more satisfactory. Many men have since sought
a cheap way for making satisfactory estimates
of runoff. The variations in conditions affect-
ing runoff—exposure, slope, soil, vegetation,
temperature, seasons, ground moisture, and
precipitation, and all the interrelations among
them—are, of course, infinite. No reliable sub-
stitute has been found for actual records.
Powell proposed to make topographic maps of
the various drainage basins from which areas
and slopes could be determined, to maintain
gaging stations on a few of the streams, and to
ascertain from the known areas, altitudes,
general slopes, and rainfall, the amount of
water that would be derived from each square
mile of drainage basin. In deciding on this plan,
which Powell stated was agreed to by his
associates with the single exception of Dutton
(report of special committee of the U.S. Senate
on the irrigation and reclamation of arid lands,
S. Rept. 928, 51st Cong., 1st sess., May 8,
1890), the man who was most concerned, it is
evident that he was led by an unwavering faith
in the efficacy of topographic maps to solve
many problems—a faith that was so to influence
him that his reliance on maps was used against
him in the fight that developed later in the Con-
gress over the continuation of the Irrigation
Survey (S. Rept. 928, 51st Cong., 1st sess.,
May 8, 1890).

Powell had the ability to inspire men with
his own high ideals. He could visualize the
results he desired but would not concern
himself with the details of their accomplish-
ment. After stating that he wanted the rivers
measured to ascertain how much water was in
them, he was asked how it should be done. His
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characteristic reply was ‘I don’t know; that is
your job”’ (F.H. Newell, oral commun., ca.
1938). Dutton decided that it would be neces-
sary to establish a camp of instruction to which
a small group of selected young men of good
education and high general intelligence would
be sent to acquire a knowledge of the methods
and instruments to be used in measuring the
rivers of the arid region.

In view of the urgent need for starting the
water-supply investigation at the earliest pos-
sible date following the availability of the
appropriation in October 1888, it was decided
to have the camp at some place in the south-
west where the weather would be sufficiently
mild so that experimental work could be con-
ducted during winter. Some years previously,
while studying the Pueblo Indians, Powell had
visited Embudo, N. Mex., on the Rio Grande.
He selected Embudo as the site for the camp
because it was situated in a canyon and was
believed, therefore, to have a mild winter
climate, and because it was accessible by
railroad.

At about this time, Powell arranged to lecture
at the Massachusetts Institute of Technology
(MIT). In order to show him proper courtesy
as well as to insure his remembering the
appointment, a graduate student was requested
to call upon him and escort him to the place
where the lecture was to be given. This gradu-
ate student was Frederick Haynes Newell, who
thus had his first meeting with Powell (F.H.
Newell, oral commun., ca. 1938)—a meeting
that was destined to have a profound effect on
the life of the man who has been called ““The
Father of Systematic Stream Gaging.”’ F.H.
Newell graduated from MIT in 1885 as a min-
ing engineer and, after several years’ practice
in that profession, returned for graduate work
in geology. Shortly after the meeting with
Powell, F.H. Newell wrote to Powell applying
for a “‘job,”” and as soon as the appropriation
act was effective (October 2, 1888) F.H. Newell
was given the first full-time appointment on the
Irrigation Survey (F.H. Newell, oral commun.,
ca. 1938). It was considered to be temporary,
however, as were all appointments in the Irri-
gation Survey, and so was made by the Direc-
tor himself. When F.H. Newell reported for
duty in Washington, D.C., he was assigned to



A.H. Thompson and Henry Gannett of the
Topographic Survey for topographic mapping
on the Humboldt River in Nevada. Fortunately
for the present-day Water Resources Branch,
A.H. Thompson advised F.H. Newell that,
because he had had no experience in topo-
graphic mapping, it might be a good idea for
him to go into the Hydrographic Survey, the
work of which no one had any precise
knowledge. F.H. Newell did not go to Nevada
and was instead assigned to Dutton.

Within a short time, nine other young men
were selected and assembled in Washington,
D.C., for assignment to the camp of instruction.
Of the 10 men including F.H. Newell, six had
had college training, with Rennselaer and
Massachusetts Institutes, Harvard, Yale, and the
University of Virginia being represented. While
awaiting orders, they used their time to read
all available literature on stream gaging,
meteorology, and allied subjects.

It is inferred that at first Dutton looked on
J.B. Williams as the leader of this new group
because he was the first to be sent into the field.
The inference is based also on the fact that on
November 21, 1888, F.H. Newell was ordered
by Dutton to report to J.B. Williams for the
temporary duty of selecting observing sta-
tions (as the river stations were called) in
Colorado, New Mexico, and Arizona. Evidently
the Rio Grande was considered the most
important: it was stated in the instructions that
a station was desired on that river near Jemez,
N. Mex. F.H. Newell was instructed also to see
Nettleton, the Colorado State engineer, in order
to learn what stream gaging was being
conducted in Colorado and what methods were
being used, the measurement of rivers having
been started in that State in 1881. Thereafter,
F.H. Newell was to proceed as directed by
J.B. Williams, and no mention was made in his
orders of the proposed camp of instruction
that was about to be started, where George T.
Quinby was in charge.

On receipt of his instructions, F.H. Newell
started westward and, after finishing the recon-
naissance near Jemez, proceeded to Santa Fe,
N. Mex., to prepare his report. While there, he
received the following letter dated November
30, 1888, from Dutton (from F.H. Newell
correspondence files):

As soon as Mr. [].B.] Williams is able to
release you from the duties with him,
you are instructed to proceed to the

camp on the Rio Grande and take charge
of its establishment and regulation,
relieving Mr. Quinby. You are authorized
to purchase whatever may be absolutely
necessary and to employ hired men; but
the obligations so incurred will be sub-
ject to disallowance by the Disbursing
Officer if they are not in conformity with
the rules and practices by which he must
be governed.

All members of the Survey who are sent
to the Camp of Instruction are hereby
directed to report to you for duty. You
are authorized to send them upon
journeys of official business but the
formal orders incorporated in their
vouchers for travel expenses will be
signed by me.

You are requested to keep record books
of all official correspondence and a diary
of the operations of the men in your
charge; also as nearly as practicable a run-
ning account of all expenditures so far as
you may be cognizant of them. You will
appoint a custodian, whose duty it will
be to keep track of all property pur-
chased and make frequent inventories of
the same, also to keep a daily register of
the number of men present for duty at
the camp, and of the rations received and
consumed.

At the end of every month you will
make to me a full report of the operations
of that month.

Very respectfully Sir, etc.,
C.E. Dutton
Capt. Ordnance in Charge

The letter is presented in full for several
reasons, the most important being to call atten-
tion to the requirement that record books of
all official correspondence and a diary of oper-
ations be kept. This requirement was scrupu-
lously observed and the record books of
correspondence and the diaries form the chief
basis in this history of the early work of the
Hydrographic Survey. In the 1880’s, disal-
lowances were made and inventories of
property were required at frequent intervals,
both of which remind the writer of the line
from Kipling’s poem The Vampire—‘‘even as
you and I.”’ The latter part of the letter shows
strongly Dutton’s military background. Early
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in December, travel orders were given to the
eight men remaining in Washington, D.C., and
they reached Embudo December 9, 1888.

DEVELOPMENT OF THE ART OF STREAM
GAGING

Before describing the camp of instruction, a
digression will be made to show the stage of
development of the art of stream gaging at that
time.

No one in the Irrigation Survey had a definite
plan for collecting systematic records of stream-
flow, so various methods were to be tested. The
rating of a stream was not entirely new,
however, as considerable work of this kind had
already been done in this and foreign countries.
The earliest record of daily discharge appears
to be that of the discharge of the Rhine River
at Basel, Switzerland, covering the years
1809-21. The discharge was computed by
Eytelwein’s slope formula, modified as a result
of a few surface-velocity measurements. The
computation was made by applying a rating
curve to the daily gage heights. The discharge
of the Tiber River at Rome, Italy, was computed
similarly by the same formula for a period of
11 years before 1836. Similar records of dis-
charge had also been obtained on the Adda and
Po Rivers for many years before 1844 (A.A.
Humphreys and H.L. Abbot, Physics and
hydraulics of the Mississippi River, Bur. of To-
pog. Eng., U.S. Army Paper no. 4, 1861). It will
be noted that all of these records were based
on the slope method of computing discharge,
although some velocity measurements were
made on the Rhine River. :

The first records of daily discharge based on
actual measurement of velocity at various stages
were probably those made by Charles Ellet, Jr.
on the Ohio River near Wheeling, W. Va., dur-
ing summer and fall 1849. The velocities were
measured by means of floats. From the dis-
charges so obtained, an empirical formula was
derived that showed the relation of discharge
to the depth of water on the bar that controlled
the stage-discharge relation for the section of
river to be rated. By means of this formula, a
rating table was made that was applied to a daily
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record of depths on the bar, covering the years
1844-48. The mean velocity was deduced from
the surface velocity by means of De Prony’s for-
mula for that purpose. In his report, Ellet stated
that he believed that a study of this kind had
never been made for any other river with equal
care and accuracy, if indeed any authentic
experiments of the kind had ever before been
instituted (Charles Ellet, Jr., The Mississippi and
Ohio Rivers, 1853).

From April to July 1849 and from March
1850 to February 1851, Lieutenant Robert A.
Marr, who was attached to the Memphis Navy
Yard (the Navy maintained inland navy yards
in those days) measured the Mississippi River
at Memphis, Tenn., using floats and, from the
frequent discharges thus obtained and records
of daily gage heights, presented tables of daily
discharge for the periods covered. The mean
velocity was deduced from the surface velocity
by sinking floats to different depths (R.A. Marr,
Observations on the Mississippi River at Mem-
phis, March 1850 to March 1851, Washington
Astronomical and Meteorological Observatory,
vol. 3).

In 1851, Ellet was employed by the War
Department to investigate the flood problem
of the lower Mississippi River. Again he used
floats for measuring the velocities and, from
these velocities, he derived a formula and com-
puted the discharges at different stages. Ellet
stated that a formula for determining the actual
discharge of the Mississippi for any given height
was unnecessary as the discharge had already
been measured directly, but that it would be
convenient to have some means of determin-
ing approximately the increased height of a
flood due to any given increase in volume. In
applying this formula, Ellet observed that the
slope of a rising stage was greater than the slope
of the highest stage, and greater still than the
slope of the falling stage. Comparisons of
velocities at different depths were made by
means of floats placed at different depths and
the conclusion was reached that the mean
velocity was about 2 percent greater than the
surface velocity. The surface velocities,
however, were used without correction in the
discharge measurement (Ellet, 1853).

In 1851 when Ellet was measuring the Mis-
sissippi River, the War Department detailed



A.A. Humphreys and H.L. Abbot also to investi-
gate the flow of the Mississippi. Daily measure-
ments of the discharge at Carrollton, La., were
made by using floats from February 1851 to
February 1852 and, from these discharge meas-
urements, a rating table was constructed and
applied to daily gage heights to obtain daily dis-
charges. Field work was interrupted between
1852 and 1857 and, on being resumed, simi-
lar records of daily discharge were obtained by
A.A. Humphreys and H.L. Abbot at Columbus,
Ky., from December 1857 to November 1858;
at Natchez, Miss., from January 8 to February
20, 1858; and at Vicksburg, Miss., from Febru-
ary 24 to December 15, 1858. In these meas-
urements, vertical-velocity curves were
obtained using floats submerged at different
depths. The mean velocity in the entire cross
section was computed and multiplied by the
area to obtain the discharge. A study of the
vertical-velocity curves showed that the veloc-
ity at different depths changed similar to the
abscissae of a parabola with the X-axis parallel
to and below the water surface. A further study
of these curves and the mathematics of para-
bolas led to the conclusion that the mean
velocity ranged from 0.933 to 0.987 of the
velocity at mid-depth, and a value of 0.95 was
recommended.

The longest known record of river discharge
is that of the Thames River near Teddington
(London), England, begun in 1853 and con-
tinued to date [1938]. Discharge measurements
were made at different stages and a rating table
was constructed for application to daily gage
heights. The early method of measuring the dis-
charge is not now known, but since the early
1880’s, the record has been based on compu-
tations of discharge through orifices of the weir
at Teddington (Engineer, Thames Conservan-
cy, written commun., ca. 1938).

The Federal Government did not conduct
extensive stream gaging from the beginning of
the War Between the States until 1871 when
the War Department began a survey of the Con-
necticut River with T.G. Ellis in charge. A
straight section of the river at Thompsonville
above Hartford, Conn., was selected. That a
permanent control of the stage-discharge rela-

tion was appreciated by T.G. Ellis is indicated
by the following quotation from the report of

that survey (Ssurvey of the Connecticut River,
rept. Chief of eng., 1878, app. B, p. 305):

The position selected was a straight sec-
tion between permanent banks which are
not overflowed. It is above rapids and
therefore free from tidal influence. Its sit-
uation above the dam relieves it from any
irregular backwater below the point
selected for the observations, being just
above the influence of the steeper slope
upon the rapids in curving the surface of
the water downward from its regular in-
clination above.

This position for observations being
something of the character of a canal just
above a discharge weir would be expect-
ed to give nearly a uniform volume of
discharge for the same height of water
and be less subject to variations of quan-
tity at the same stage of the river than
would ordinarily be the case if the stream
did not discharge so freely below.

Discharge measurements were made both by
floats and current meters. An improved
German-made Woltmann current meter was
used at first, but it was unsatisfactory. T.G. Ellis,
therefore, devised the meter that bears his
name. His meter was apparently the first of the
cup type and the cups were probably suggested
by those of the Robinson anemometer, invented
about 1817. A rating table was made from the
discharge measurements and applied to gage
heights observed daily from 1871 to 1874.
Vertical-velocity curves were made in this work
and the integration method was used at the end
of each set to check the results. The discharge
was obtained by multiplying the mean velocity
in the cross section by the area. From a study
of the velocities, it was found that velocity in
mid-depth was 0.94 of the mean, and that the
mean velocity was at 0.636 of the depth.

In 1878, the office of State engineer was
created in California and 12 gaging stations
were established in the San Joaquin Valley.
Henry meters, which were borrowed from the
Army Engineers, were used. Vertical-velocity
curves were used for reducing surface veloci-
ties to mean velocities. W.H. Hall, the State
engineer, devised a method of plotting mean-
velocity and area curves, thinking that more
nearly correct results would be obtained for the
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shifting channels by separating area from
velocity than by stage-discharge curves. Daily
gage heights were observed and the rating table
applied to them to obtain daily discharge. The
California work continued until the office of
the State engineer was abolished in 1888; the
unfinished reports were turned over to the State
mining engineer (C.E. Grunsky, oral commun.,
ca. 1938).

In 1881, the State engineer of Colorado
established gaging stations on the Cache la
Poudre and Big Thompson Rivers and measured
their flow for several months. In 1883, a per-
manent station was constructed on the Cache
1a Poudre River at the mouth of the canyon and
rated by using a current meter, using the
integration method to determine the mean
velocity in each vertical. A rating table was con-
structed and applied to the daily gage heights.
The next year (1884), a timber-rating flume and
a recording gage were installed. This station is
still maintained and is believed to have had
current-meter measurements made at it over a
longer period than any other gaging station. It
is also believed to have been the first recorder-
equipped station in the United States. Other sta-
tions were established and maintained by the
State engineer during the next few years. A
Fteley meter was used at first, but because it
was too delicate for the rough mountain
streams, a meter of the cup type was designed
and operated successfully by State engineer
Nettleton. Nettleton’s starting and stopping
device was patterned after that of the Fteley
meter.

The city of Philadelphia, Pa., in a search for
an additional water supply, hired Rudolph
Hering in 1883 to conduct a study of the avail-
able resources. During that fall, Hering con-
structed low masonry weirs with timber crests
on Perkiomen, Neshaminy, and Tohickon
Creeks and equipped them with horizontal-
cylinder automatic gages, which were manufac-
tured by Black and Pfister of New York.

The sharp-crested-weir formula was used for
low stages and either current-meter measure-
ments made from a boat held by a cable or float
measurements were used for high stages.
Apparently the engineer in charge of this inves-
tigation had little faith in the accuracy of either
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current-meter or float measurements, because
he states (85th ann. rept., Philadelphia Water
Dept., for 1886, App. G., p. 259, 1887) “ * * *
and the measurements [were] checked by cal-
culating the flow from the section of the stream
and the surface slope as applied in Kutter’s
formula.”

Hering’s peace of mind was evidently re-
stored by the comparison because he states that
it was surprising how closely the results agreed.
The type of meter used and the method of
determining the mean velocity are not known
to the author. Records were continued at these
stations until 1912.

Considerable work had been done in deter-
mining mean velocity in addition to the work
of measuring daily discharge. D. Ferrand Henry,
in 1869, in connection with measurements of
the St. Clair, Niagara, and St. Lawrence Rivers
by current meter (presumably the blade meter
that he invented) found that the coefficient to
reduce 0.5-depth velocity to mean velocity fluc-
tuated from 0.94 to 0.98 with a mean of 0.95,
and that the velocity occurred at from 0.54 to
0.64 of the depth, with a mean of 0.595 (On
the flow of water in canals and rivers iz Jour.
Franklin Inst., vol. 62, p. 167, et seq., 1871).

The Army Engineers used six Ellis meters
simultaneously at different depths in measur-
ing the discharge of the Mississippi River near
Burlington, Iowa, in 1879, thus obtaining a
vertical-velocity curve for each set of observa-
tions. The mean of all results for depths as great
as 24 feet showed that the coefficient to reduce
mid-depth velocities to the mean was 0.958.
The mean velocity was found to be at from
0.551 to 0.682 of the depth, with a mean of
0.622 (A. Mackenzie, Current meter observa-
tions on Mississippi River near Burlington,
Iowa, 1879).

During the 1870’s, Major Allen Cunningham
made 565 sets of vertical-velocity curves using
floats on the Ganges Canal in India, measur-
ing at every foot in depth to the maximum
depth of 11 feet. A study of these curves
showed that the mean velocity occurred at
from 0.587 to 0.620 of the depth, with a
mean of 0.597, or 0.6. Cunningham stated that
by considering the vertical-velocity curve to
be nearly a common parabola, its properties



indicated that Vg, = %2 (Vel. at 0.211 of depth
+ Vel. at 0.789 of depth), which is practically
the 0.2- and 0.8-depth method. Professor Von
Wagner, in discussing the Ganges work, stated
that he had compared this formula with a num-
ber of curves for the Weser, Elbe, Rhine,
Danube, and other European rivers and found
that it applied. He found also that the mean
velocity occurred at 0.597 of the depth, and
stated that he believed sufficiently accurate
results could be obtained by using the 0.6-depth
method (A. Cunningham, C.E., Recent hydrau-
lic experiments, Proc. Inst. C.E., vol. 71,
London, 1883).

When the Irrigation Survey entered the field,
the art of stream gaging had already progressed
from slope formulas through float measure-
ments to current-meter measurements, and
methods had been devised for obtaining the
daily discharge by rating natural sections. There
were also many results of vertical-velocity-
curve studies showing the relation of 0.5- and
0.6-depth velocities to the mean, the depth of
the mean velocity, and the relation of 0.2- and
0.8-depth velocities to the mean. These results
had all been published and, to the now
unknown extent that they were available to
those working under Dutton, served as the basis
from which the Irrigation Survey engineers
could proceed with their experiments in meas-
uring the relatively small streams of the arid
West.

Several different types of current meters had
been manufactured, but they were obtainable
only on order. Personnel of the Irrigation Sur-
vey borrowed meters wherever possible and
experimented with them before deciding on
which type to purchase.

INFLUENCE ON THE SURVEY OF THE
CoLorADO PLAN OF OPERATION

When it was decided to have a camp of
instruction, it seems to have been generally
believed that the best way to conduct stream
gaging was to have rather elaborately equipped
camps situated at a2 few selected sites. In-
struments, equipment, and methods were yet
to be studied and developed and, in the early

planning for measuring streamflow, there was
probably no serious thought about whether or
not field work could be conducted satisfactorily
by an engineer working without assistants.
Neither were there definite ideas as to how a
gaging station could best be rated, that is, how
the relations of stage to discharge could best
be determined or expressed, or how a station
rating, however obtained and expressed, could
best be applied to a record of stage to obtain
a record of discharge. Current meters and
recorders were crude and known only to a few,
and station equipment was largely undeve-
loped. The practical technique for obtaining
systematic daily records of discharge was
unknown.

Before the camp of instruction was started,
F.H. Newell familiarized himself, as best he
could, with the current practice in measuring
streams as it had been developed from the
work started by the State engineer of Colora-
do in 1881. Writing to Dutton from Santa Fe,
N. Mex., F.H. Newell said:

Colorado has already put into practice
an elaborate system of stream gauging
[sic] and with a very small appropriation
has obtained valuable results. The rather
elaborately equipped camp which has
been discussed will not, I fear, meet with
any favor, rather the reverse with the
engineers in Colorado. Stream gauging
with them is reduced to a comparatively
simple mechanical performance.

Relative to the proposed camp method,
which required a camp outfit with cook and
helpers in addition to two high-priced men,
F.H. Newell stated further that exact measure-
ment of streams could be made near the site of
the camp, and that the best place for measur-
ing a stream could be selected and very accurate
results obtained at high cost. He also stated that
on the other hand, under the Colorado plan,
sites would be chosen for convenience and con-
sequent cheapness in installation and operation;
that the engineer in charge would go from place
to place living on the country, hunting up sites
and observers, setting gauges and finally rating
the streams by meter; that as observers were
broken in, their range of observations could
be broadened and the accuracy of records
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increased by the installation of automatic
gauges and the clearing of the channels; and
finally that this system had given good results
in Colorado and Wyoming at small expense.
Dutton was not convinced and replied as
follows:
I believe we can do gauging [sic] as
rapidly and cheaply as the State engineers
can. As for accuracy—of course, it is use-
less to arrive at extreme accuracy, but at
the same time we should not be too
rough and loose in our methods. The
gauging of large streams is a very differ-
ent matter from the small ones. In neither
case do I have the least idea that we can
approximate much nearer than 10
percent.
Events show that the Colorado method was

subsequently adopted.

Tue Camp AT EMBUDO, NEW MEXICO
ORGANIZATION

P.H. Christie, a topographer detailed as
special disbursing officer, was the first to arrive

at Embudo early in December 1888. F.H.
Newell arrived about the eighth, and the party
from Washington, D.C., on the ninth. Twelve
Army wall tents came on the 10th and all hands
turned to and made camp on gently sloping
ground overlooking the Rio Grande, but sepa-
rated from it by the narrow-gauge track of a
branch of the Denver and Rio Grande railroad
that extended from Alamosa, Colo., to Santa Fe,
N. Mex. Canvas tents were deemed to be suffi-
cient for the men, but the commissary stores
were housed in a2 wooden shelter.

By the 12th of December, the men who had
been staying nearby in the tiny Mexican village
of Embudo were housed under canvas. The
men slept on folding cots at first, but Powell
had misjudged the winter climate at Embudo,
which had an altitude of about 5,800 feet, and
they soon discarded the cots and slept in
blankets on the dirt floors in which shallow
holes were dug. A few, more ambitious than
the rest, excavated a cave on a hillside where
they slept until the camp goat fell down the
chimney and generally wrecked things. A
higher and stronger chimney was installed and
the cave reoccupied. In passing, it may be noted

Camp Embudo, N. Mex., 1888-89. (From USGS Professional Paper 778, 1972. Photograph number ‘‘Portraits 162,”

USGS Photographic Library.)
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Student hydrographers at Embudo, N. Mex., 1888-89. (From
USGS Professional Paper 778, 1972. Photograph number
‘“Water-Supply Papers 164,”” USGS Photographic Library.)

. L.B. Kendall

. W.P. Trowbridge, Jr.
. Prof. George E. Curtis
. T.M. Bannon

. F.H. Newell

. George T. Quinby

. Robert Robertson

. R.S. Tarr

. R.P. Irving

10. Dick Shumway {packer)
11. J.W. Mitchell

12. W.A. Farish
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that the camp goat came to a lamentable end,
having been sacrificed, not to Kali, the Hindu
goddess, as goats usually are, but to that even
sterner divinity, Science. Having unwisely swal-
lowed the black-bulb thermometer used in the
meteorological observation, the goat was killed
and the thermometer recovered.

Within a few weeks after the organization
of the camp, four more candidates for instruc-
tion arrived. The complete roster of the
Irrigation Survey party during the short life of
the camp was F.H. Newell in charge, T.M.
Bannon, W.A. Farish, Frank Harrison, L.D.
Hopson, R.P. Irving, L.B. Kendall, A.C. Lane,
J.W. Mitchell, George T. Quinby, Robert Rob-
ertson, R.S. Tarr, William P. Trowbridge, Jr.,
and J.B. Williams. H.M. Dyar reported to camp
in March. The monthly salaries ranged from
$100 for Newell and Williams to $75 and $50
for the others.

Professor George E. Curtis of Washburn Col-
lege, Topeka, Kans., who had formerly been
connected with the U.S. Signal Service, was
instructor in the use of meteorological
instruments; P.H. Christie was disbursing
officer. -These two, with the 14 students,
Charley Hines (cook), Frank Fisher and Juan
Romero (laborers), and Dick Shumway (packer),
made up the party of 20.

Of the 14 men to be trained, only one, Farish
of Arizona, was a westerner. Although the
intention to select young men of good educa-
tion and high general intelligence was carried
out in the main, there were a few who did not
meet those requirements. Since the positions
were classified as temporary, they were not
filled through the Civil Service Commission.
With no Civil Service requirement, pressure
was brought to bear on Powell to appoint men
who would not otherwise have been selected
in return for Congressional favors in obtaining
funds for the Irrigation Survey. Four men were
appointed in that manner. Of one of these
Dutton wrote that ‘‘----- is the worst of all. He
has been a clerk at perhaps $6 per week some-
where. You may find him capable of relieving
you of some clerical work.”

Trowbridge, who was 27 years old, was the
oldest, and Farish and Mitchell, who were 20,
were the youngest of the group to be trained.
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F.H. Newell, only 26 years old and the instruc-
tor, felt that he must wear whiskers in order to
add dignity.

Camp Rourine

As soon as camp was established, the daily
routine of work was initiated. An observer was
appointed for each day to make general
meteorological observations and to read evapo-
ration (using an improvised pan made from a
large bread pan) and river temperatures at
8 a.m. and 4 p.m. All barometers were read
every alternate hour for use in obtaining the ele-
vation of the camp as well as for practice. Curtis
was in charge of this work. In addition, the

‘observer for the day guarded the camp and

“policed” it. The other men of the party were
engaged in work related to stream gaging.

J.B. Williams selected a site for measuring the
Rio Grande. A raft was built of four empty bar-
rels and held in position by a rope that was
stretched across the river. In an effort to expe-
dite the stream gaging instruction, personnel
of the Irrigation Survey importuned every other
government office for a current meter that
might be loaned for use at Embudo, but none
appeared for some time. As it was impossible,
without a current meter, to keep the men busy
in a camp intended primarily for instruction in
stream gaging, a waiting period for most of the
men ensued. About half of the men conducted
chip-float measurements of velocity at differ-
ent points. Others ran levels along the river to
obtain the slope. One of the difficulties in slope
measurements of discharge related to the simul-
taneous measurement of the water surface at
the upper and lower ends of the reach. Toma-
to cans with tacks driven in them were sunk
in the bank at the water’s edge in an attempt
to establish fixed points for determining the ele-
vation of the water surface, but the results were
unsatisfactory.

A team of mules named Jesus and Satan and
a buckboard were early acquisitions. Some of
the men scoured the surrounding countryside
for game to vary the monotony of the standard
Army rations, which consisted of bacon, flour,
baking powder, lard, dried fruit, and an
allowance for fresh meat, if available. Powder



and shot were issued to be used in shooting the
rabbits and prairie dogs that abounded in the
area. Even with such diversions, it was difficult
to keep a group of active young men contented.

At last persistence brought results, and the
Hydrographic Office of the Navy Department
(probably to rid itself of the Survey insistence
as well as of an instrument for which it had no
further use) sent out a large Haskell meter that
was designed for use on deep rivers and to be
handled by a winch mounted on a large boat.
Its weight exceeded 100 pounds. Because the
Rio Grande during the low water of winter had
depths ranging from 6 to 12 inches, it is appar-
ent that the major problem presented by the
new acquisition was finding sufficient water to
wet it, and not its-use in measuring discharge.

The Haskell propeller-type meter was
designed in 1887 by E.E. Haskell of the CGS.
In a letter to the author, Haskell states:

In New York Harbor, where we had to
contend with the swell from passing
boats of all kinds, we found the Price
meter very unsatisfactory. We had to do
all of our work from boats that were roll-
ing and pitching a good deal of the time,
thereby pumping the meters up and
down through the water giving them a
greatly increased registration.

Haskell states further that he was familiar
with the tests conducted by General A. Mac-
kenzie on the upper Mississippi River with
meters of the cup (Ellis) and propeller types;
the propeller type was shown to be less affected
by vertical motion. Accordingly, Haskell’s
design was a propeller-type meter, but he drew
the blades out to a point, which gave the meter
head a conical appearance in order to make the
blades self-clearing from debris, and thereby
eliminated the chief defect of earlier meters of
that type.

INSTRUMENTS AND METHODS

The large Haskell meter loaned by the Navy
Department that was entirely unsuited to use
on the Rio Grande did, however, serve as a
model for a smaller and more compact instru-
ment that was devised by the combined efforts

of the men during the winter. One change was
that the registering mechanism was replaced by
a simple electrical device that clicked, and the
clicks were counted to determine the rate of
streamflow. J.B. Williams had more to do with
design than any other man, and spent a con-
siderable part of his time in Denver while the
modified meter was made there.

Before the smaller meter was completed, a
usable meter was improvised by supporting the
blades of the larger Haskell meter in a smaller
hanger. Haskell never accepted the change in
the hanger and stated (Trans. Am. Soc. C.E.,
vol. 47, p. 387, 1902) that the modified meter
was not a Haskell meter. The first weight used
to keep the meter in place was either a large
stone or, more probably, a bundle of several
fish plates purloined from the nearby railroad.

Shortly after the arrival of the Haskell meter,
a meter of the type designed by Nettleton for
the Colorado work was obtained from the
manufacturers in Denver. This meter, known
variously as the Nettleton, Colorado, or Lallie
meter, was of the cup type similar to that used
by T.G. Ellis on the Connecticut River in the
1870’s. The five cups revolved on a vertical axis
geared to register wheels placed directly above
the revolving cups. It was constructed for use
on a rod, and the cups could be placed close
to the streambed. It was so light and portable
that it was used almost exclusively during the
later months of the instruction camp and for
some years afterward on shallow streams where
a rod meter was suitable. The only improve-
ments to this meter were the covering of the
gear wheels with glass to keep out dirt and the
substition of a small rod working inside a larger
one for a cord inside a hollow rod as the
mechanism for starting and stopping the regis-
tration. The meter thus improved was known
as the Bailey meter, taking its name from the
manufacturer. Although most of the first
current-meter work was done with either the
Colorado or the Bailey meter, the original
Haskell (rebuilt with special hanger) and two
of the small Haskell meters were used later.
W.H. Hall loaned to the Irrigation Survey a
2-bladed meter that he designed along the lines
of the original Henry meter used in California,
but this meter was not used.
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The integration method was used with the
Colorado meter for determining the mean
velocity in the vertical, as was done by the State
engineer of Colorado. This method did not
originate in Colorado, but had previously been
used in Europe and also by T.G. Ellis on the
Connecticut River in the 1870’s. In using the
integration method, the meter was first lowered
through the water from the top to the bottom,
then raised to the top, and this operation was
repeated two or three times without pause.
Each such observation was repeated from 4 to
6 times.

In the first computations of discharge, the
mean velocity in the entire cross section was
obtained and that value was multiplied by the
area of the cross section. Somewhat later,
however, this method, which had been used in
the classic studies of A.A. Humphreys and H.L.
Abbot on the Mississippi River in the 1850’s,
was superseded by the partial-area method in
which the bottom was assumed to be a straight

line between soundings and the end sections
right triangles. These partial areas were 5, 10,
or 20 feet wide, depending on the width of the
river. The velocity was measured in the center
of each such area.

Measurements were made from a boat or raft
that was held in position by a rope or cable,
and the points of soundings and velocity read-
ings were indicated by overhead tag lines. The
first measurements at the camp were made at
the Embudo site ‘““about one-half a mile up-
stream from the camp” (USGS Prof. Paper 778,
p.- 8, 1972). A few weeks later, early in Janu-
ary 1889, a new site was selected half a mile
downstream opposite the railroad station and
frequent measurements were made there. An
inclined staff gage was installed in January 1889
and thus the Embudo station became the first
regular streamflow-gaging station installed by
the USGS. Within 1 week or 2, a nilometer or
recording gage was installed close to the staff
gage. This recording gage was of the horizontal

Embudo gaging station on the Rio Grande, N. Mex., about 1889. (From USGS Professional Paper 778, 1972. Photo-
graph number ‘‘Water-Supply Papers 236, USGS Photographic Library.)
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cylinder type similar to the tide gages used by
the CGS, and probably was obtained from that
organization. Farish, in a letter to the author
circa 1938, wrote that a small well was dug in
the 7-foot bank close to its edge and connected
with the river by a trench about 15 feet long,
and a small wooden shelter for the nilometer
was constructed over the well. Farish further
wrote that the operation of the nilometer,
however, was unsatisfactory, due chiefly to the
drying of the ink on the recorder pen, and its
use was discontinued. The ink had evidently
been made for use in the humid climate in
which the CGS operated, and was unsuitable
for use in arid New Mexico.

At first the Egyptian term nilometer was used
to denote any scale for measuring river stage.
Dutton stated (USGS 10th ann. rept., pt. 2,
p.- 81, 1890) that Herodotus mentioned the
nilometer in his writing on Egypt, but a some-
what careful search by the author through two
different translations of the works of the
“Father of History’’ has failed to verify the
statement. Soon, however, the term nilometer
was applied by Irrigation Survey hydrographers
to recording instruments only and staff gages
were known as ‘‘gauge rods.”’” This use of the
term nilometer continued in the Survey until
the personnel of the stream gaging group
changed following the creation of the Reclama-
tion Service.

Because of the small fluctuations in flow of
the Rio Grande during the winter, it was
impossible for those assigned to the Embudo
camp to develop a rating curve or to compute
the daily discharge from gage heights. This was
done in Washington, D.C., during the follow-
ing winter (1889) after a wider range of meas-
urements had been made.

In addition to measuring the discharge, many
velocity readings were made at different depths
from which vertical-velocity curves were con-
structed. Horizontal-velocity curves showing
the difference in velocity at the same depth
across the stream were also plotted, as had been
done by A.A. Humphreys and H.L. Abbot. The
discharge was also computed by Kutter’s for-
mula for comparison with the current-meter
results. The Embudo station was located in a
canyon where the sun did not penetrate until

afternoon hours during the short winter days.
Consequently, the ice that formed along the
edges during the night remained until after-
noon. Much trouble was caused also by the
freezing of the meter.

One bond of sympathy between the pioneers
of the Embudo camp and the members of the
Water Resources Branch today [1938] is found
in a note written in January 1889, which was
short and to the point: ‘‘Stop watch dropped
in river.”” Another incident that strikes a respon-
sive chord at the present time was Dutton’s
explanation of the failure to receive certain
forms: ‘“There is a deadlock at the Government
Printing Office, as there generally is, and it will
take time to break it.”

As the men became more or less profi-
cient in stream gaging, they were sent away
from Embudo on short trips to measure other
streams. One of the longest of these trips,
which was made by Robertson, Quinby, and
Farish using the buckboard and mules and
carrying a camp outfit, extended as far as
Antonito in the San Luis Valley in Colorado, and
included all side streams en route. The origi-
nal Haskell meter mounted on a rod was used.
While trying to ascertain why the meter
wouldn’t operate, the men took it apart and the
many small pieces were placed in Quinby’s hat
for safety. When the parts were being reassem-
bled, a vagrant zephyr upset the hat, spilling
the parts in the sand. All were recovered but
one tiny screw. The three men spent an equiva-
lent of 9 man-hours sifting sand through their
fingers before finding it. Evidently spare parts
were not carried in those days. F.H. Newell
reported on the results of this trip that ‘“‘Mr.
Robertson has returned from Antonito and
reports that he has not been able to use the
Haskell meter at all on this trip. The constant
journey, in spite of careful packing, disabled
batteries, register, and wheel. I have just gone
over each part and got the pieces in place again.
A mechanic should be in each party that takes
this meter as our experience has shown that an
ordinary man cannot manipulate it successful-
ly on a long trip. The other meter works at
times. Whatever the results may be!”’

As a result of the experience with both the
Haskell and the Bailey meters, 10 more of the
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Baileys were ordered. They were more con-
venient to use and less liable to be disarranged
than were the Haskell meters at that time.

The first accident in USGS stream gaging,
which fortunately was not serious, was
reported during the latter part of April as
follows: :

While Messrs. [J.B.] Williams and Far-
ish were gauging [sic] yesterday with the
Colorado meter, the raft became unman-
ageable in the swift current and the gaug-
ers jumped for the rope as the only
means of safety. While making their way
to the shore, the rope (a new one) broke
and left them to swim the remainder of
the distance. Farish, who up to that point
had held on to the meter, was then
obliged to let it go in 5 feet of water. It
could not be reached. The watch and
note book carried by [J.B.] Williams
were also lost.

Dutton showed his interest in the work at
the camp by visiting it several times during the
5 months of its existence. Whenever he was in
camp, he would lecture on some scientific
topic. Powell was a visitor on one memorable
occasion and gave a graphic account of his trip
through the Grand Canyon.

On March 24, 1889, F.H. Newell was detailed
to Utah and left Curtis in charge of the camp
while the men were awaiting assignments to
their new duties. This period, which lasted until
the latter part of April, was chiefly one of wait-
ing and the only work conducted was an occa-
sional discharge measurement.

The unquenchable spirit of youth demanded
an outlet, and with the party in charge of a man
devoid of a sense of humor, it was natural that
many pranks should be played at his expense.
One of these pranks consisted of hiding all of
the camp mules in a place provided in advance
with baled hay, and then having one of the men
announce in great excitement that the mules
had been stolen. Curtis immediately tele-
graphed that alleged fact to Washington. Early
the next day, everybody started out to hunt
for the mules and, after loafing all day out
of sight of camp, returned with the mules
and announced that they had finally found
them. Curtis again telegraphed Washington
announcing the recovery of the mules and
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commending the men for their diligence in the
search.

Another prank had to do with the sunshine
recorder—one of Curtis’ prized instruments.
The instrument was so manipulated that, when
the record was developed, it showed a very
irregular line ending with ““Go to Hell,”’ there-
after known as the Sun’s message to Curtis.

Finally, late in April, orders were received
from Dutton assigning 11 of the original party
to different parts of the West. Of the other
three, one had left the camp before it ended,
a second had sufficient excitement out of his
trip west and was ready to resign, and a third
didn’t care to spend the rest of his life ‘‘jiggling
a meter’’ and was transferred to the Topo-
graphic Branch.

The men left camp one by one as arrange-
ments were finalized for their new work. The
last view that one of them had was the almost
deserted camp in the foreground of which
stood a dejected looking burro, on his head a
straw hat through which his ears protruded,
and on each pair of legs overalls held up by
string.

It had been expected that Curtis would be
sent to the Washington, D.C., office to be in
charge of computations. He was instead trans-
ferred to other work connected with the Irriga-
tion Survey and does not appear again in the
annals of the Hydrographic Survey.

Of the men selected for the hydrographic
work, only F.H. Newell was considered to be
a permanent member of the USGS because he
was the only one given a Secretary’s appoint-
ment. Dated April 16, 1889, when instruction
at the Embudo camp had been completed,
Dutton wrote to F.H. Newell:

In the progressive organization of the
Survey the Director is of the opinion that
the permanent officers should be classi-
fied and be regularly appointed by the
Secretary of the Interior.

In this branch of the work it is designed,
if you consent to accept the appoint-
ment, to appoint you an assistant en-
gineer at $1,500. In submitting his
recommendation to the Secretary, the
Director accompanies it with a statement
of the record of the nominee showing



that he is as the law required, ‘a scientific
man or a professional expert.’

FurTHER WORK BY THE HYDROGRAPHIC'
3 )
SurveY

Congress appropriated $250,000 in March’
1889 for further work by the Irrigation Survey,
which included that of the Hydrographic
Survey. In making the request for additional

funds, Powell asked that $40,000 be made °

immediately available. His reason for this was
that “‘the season for irrigation will be largely
passed this year before the first of July, so that
for the new work I will lose the observations

to be made during the season of irrigation. Ir}

Gila, and Verde Rivers, made it necessary to
begin investigations in that State as soon as
possible.

The possibilities of extending irrigation in
Colorado, where the State already had a stream-
gaging system, offered an opportunity for pos-
sible cooperation. The State engineer, then con-
fining his efforts chiefly to the South Platte
River basin, also maintained a station on the
Arkansas River near Canon City, Colo. Reduc-
tion in State funds, however, required him to
discontinue work outside the South Platte River
basin, and he wanted the USGS to take over the
Canon City streamflow gaging station (from
F.H. Newell correspondence files). The upper
Rio Grande basin in Colorado was also selected

want to employ at once this spring in all the ' ¢, o 4y because of the international aspects

regions of the country, stream-gaugers [sic],
men who are gauging or measuring the amount
of flow of those streams between now and the
first of July, during the season of irrigation.’I
have enough money to keep my other force at
work”’ (report of special committee of the U.S.”
Senate on the irrigation and reclamation of arid -
lands, S. Rept. 928, 51st Cong., 1st sess., May
8, 1890).

SELECTION OF STREAMS TO BE INVESTIGATED

One of the pressing problems of water sup-
ply related to the Rio Grande in the vicinity of
El Paso, Tex. It was alleged that the use of water
for irrigation in Colorado and northern New
Mexico in the Rio Grande basin had depleted
the flow of the river to such an extent that long-
established privileges in its use by the inhabi-
tants along the river in southern New Mexico
and in the vicinity of El Paso, both in Texas and
in Mexico, were seriously affected, and that the
friendly relationship with Mexico was endan-
gered. In an attempt to remedy this situation,
the Irrigation Survey hired Major Anson Mills,
a civil engineer of the U.S. Army, to survey a
proposed reservoir site near El Paso. A man was
detailed also to devote his entire time to meas-
uring the discharge of the Rio Grande at El Paso.
The aridity of Arizona, together with the pos-
sibility of large irrigation projects on the Salt,

of the river. Other principal rivers of the arid
West that afforded irrigation possibilities were
also selected for gaging.

Stream Gacing DurinGg 1889

Under date of July 27, 1889, Dutton
announced that ‘‘officers engaged upon hydro-
graphic work will be designated as hydro-
graphers and assistant hydrographers.’’
Although 11 of the original party were assigned
to stream gaging, changes were made soon
afterward that resulted in the following assign-
ments for 1889:

Arkansas River Robert Robertson

basin and R.P. Irving
Upper Rio Grande George T. Quinby
basin
Rio Grande at H.M. Dyar
El Paso
Gila River basin W.A. Farish
Truckee-Carson William P. Trow-
basin bridge, Jr.

Frederick H. Newell
and T.M. Bannon

L.D. Hopson

J.B. Williams

Utah Territory

Snake River basin
Upper Missouri
basin

Thus 10 of the 15 men who attended the
camp of instruction conducted stream gaging
during the first year. The comparative freedom
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of the resident hydrographers that has always
characterized the unit of the USGS charged with
the study of water had its inception in the work
of the Hydrographic Survey. The instructions
that accompanied the men’s assignments were
sufficiently broad to allow each to conduct the
work in his territory in accordance with the
necessities imposed by the notorious if not the
noted ‘‘local conditions,’’ and to exercise such
choice of methods as would beget a personal
pride in the accomplishments. Monthly reports
to the Washington, D.C., office showing the
progress of the work were required. Besides
measuring the rivers, the hydrographers were
instructed to keep records of evaporation,
determine the silt content, and collect general
information and data on the duty of water.

The first established station was on the
Arkansas River near Canon City, Colo., in April
1889, at the site of the station previously main-
tained by the State. A wire cable was stretched
across the river from which a box was hung for
use in making discharge measurements. Because
the Bailey meter on a rod was used, it was
necessary to have the box close to the water
at all stages, so the box was suspended by pul-
leys so it could be lowered to the proper posi-
tion. This was the first cable with a suspended
car erected by the USGS, the Embudo cable hav-
ing been used to hold a raft. The assignment
of two hydrographers to the Arkansas River
basin made it possible to install a number of sta-
tions promptly, and three were established dur-
ing May 1889.

~ The Rio Grande stream-gaging station (cable

and boat) at old Fort Bliss near El Paso, Tex.,
was established by J.B. Williams and Dyar in
May. Dyar remained there as resident hydro-
grapher; his only duties were to measure the
discharge and the silt content of the river. Meas-
urements were made at every considerable
change of stage, and also at the same stage when
the river was rising and falling. As Dyar states
(written commun., ca. 1938), the work was
rather unofficially under the direction of Anson
Mills, and a part of the basement of the Anson
Mills’ home was used as a laboratory for the silt
determinations.

Trowbridge established two stations in
the Truckee-Carson River basin in May. Frank
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Harrison had been sent there in April, but he
had only made a reconnaissance and then
dropped out of stream gaging. No other stations
were established in that basin during 1889
because W.H. Hall, who was the supervisor of
the work of the Irrigation Survey in that region,
was apparently more interested in miscella-
neous measurements of irrigation ditches and
in reports on the operation of their headgates
than in meter measurements at regular river
stations.

Floods in the Gila River basin during 1889
delayed until August the establishment of sta-
tions there. It was necessary to erect cables
from which boats were operated and, after the
experience with a hemp rope at Embudo, wire
cables were used. A near accident with a boat
used in measuring a flood in the Gila River at
the Buttes, Ariz., is described by Farish (written
commun., ca. 1938) as follows:

I measured this flood from the boat
with Charley Whitney to help me. He
was very nervous as the boat was jump-
ing and plunging like a bronco. In trying
to reassure him and demonstrate how
safe it was I walked out on the plank
projecting over the bow, from which I
operated the meter, and was thrown off.
I went under the boat with the current
and was just able to catch the stern of the
boat and clamber in.

During that flood, Farish had no weight heavy
enough to hold the Haskell meter in place, and
improvised one from a bar of silver bullion—
he was camped at that time at the site of the
abandoned Silver Bell smelter. A friend of Farish
had found a ‘“‘frozen’ charge that had been
thrown away and had smelted it in a crude
adobe furnace. In the emergency, the friend
turned this bar over to Farish who recast it in
an ordinary camp kettle, bored a hole in its
center for the meter rod, and used it instead
of a lead or iron weight as long as the Gila River
was in flood. Computations show that it
weighed about 80 pounds and was worth about
$1,200 at the then-value of silver, which was
$1 an ounce, according to Farish, making it
undoubtedly the most valuable weight ever
used in making a discharge measurement. Con-
tinued floods hampered the installation of
gaging stations throughout that entire year,



Gaging station Arkansas River at Canon City near Canyon,
Colo. (Photograph plate 1B in WSP 56, 1901. Photograph
number ‘“Water-Supply Papers 27,”” USGS Photographic
Library.)
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although attempts were made to install them
in the Salt and Verde River basins.

The establishment of stations in the upper
Missouri River basin was delayed until August.
Tarr, who had originally been assigned to
that area, was detailed to other work and later
resigned. It was not until J.B. Williams
had erected cables on the Rio Grande and
the Snake River that he was available for
work in the upper Missouri River basin. Four
stations were established in that basin in August
and September.

The work in Utah was pushed actively and
cight stations were established during the
year. This maximum number was due not only
to the assignment of two hydrographers in that
Territory, but also to the fact that F.H. Newell
had convinced the Mormon church authorities
of the value of systematic stream gaging in
connection with irrigation, and had arranged
limited cooperation with various communities.

Elwood Mead, Territorial engineer of Wyo-
ming, requested the USGS to extend stream gag-
ing to Wyoming and offered to cooperate
(written commun. from Dutton to F.H. Newell,
date unknown). F.H. Newell was instructed to
visit Mead and arrange for cooperation, if pos-
sible. Mead had made miscellaneous measure-
ments in Wyoming in 1888 and, during that
winter, had established a gaging station on the
Laramie River at Woods Landing. The cost of
installing this station was subsequently paid by
the USGS, but that seems to have been the
extent of the cooperation arranged by F.H.
Newell (no stations were established in Wyo-
ming during 1889).

No cooperation was arranged in Colorado as
that State preferred to continue the work in
the South Platte River basin without duplica-
tion or overlap by the USGS. This preference,
as reported by a subsequent State engineer who
was familiar with the State work at that time,
was due to the State’s objection to F.H. Newell’s
requirement that the original records obtained
at cooperative stations be filed in Washington
(L.G. Carpenter, oral commun., ca. 1938).

No work was conducted in California except
in the Truckee-Carson River basin. W.H. Hall
detailed Trowbridge to work in the basin,
chiefly in Nevada.
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In addition to the measurements made and
other work conducted in establishing and oper-
ating the 26 regular stations, many miscella-
neous measurements were made of other
streams. No winter measurements were made
after ice had formed because the art of gaging
under ice cover had not yet been developed,
nor was the value of winter records then recog-
nized. At the end of the field season, F.H.
Newell was recalled to Washington, D.C., after
inspecting the work of several districts.

Stream Gacine Durmng 1890

In spring 1890, stream gaging was pushed
with renewed energy because records of dis-
charge were urgently needed by the Engineer-
ing Survey as a basis for designing irrigation
works. The only changes in personnel during
the field season were in the upper Rio Grande
basin where Quinby was succeeded by Dyar
who, when illness forced him to resign, was
later succeeded by W.B. Lane.

The supervision of the El Paso station was
taken over by Anson Mills, who was making
surveys and plans for the proposed inter-
national reservoir. He hired H.P. Crofts as resi-
dent hydrographer. The expenses of this
station, however, continued to be paid by the
Irrigation Survey.

After Hopson drowned, F.M. Smith was
placed in charge of the work in Idaho. Stream
gaging was expanded in every district except
Utah; the greatest expansions were in the Ar-
kansas, Truckee-Carson, and Snake River ba-
sins. The stations were equipped chiefly with
inclined staff gages. A water-stage recorder,
presumably of the type designed by Mead for
use in Colorado and Wyoming, was installed
on the Rio Grande near Del Norte, Colo., but
better results could be obtained by daily staff-
gage readings. This was the second recorder in-
stalled during the life of the Irrigation Survey.

When the Hydrographic Survey was discon-
tinued in August 1890, 44 gaging stations were
being maintained by 9 hydrographers and
assistants, 7 of yghomyhad been trained at the
. "2 dual!l;y’l%én




gi{rén full charge of the work and by the end

of the-period was issuing the necessary instruc-

0] ie: hiydrographers. The records were
published in the annual reports of the Survey.
In publishing these records, the units ‘‘second-
foot” and “‘acre-foot” were adopted. Both units
are believed to have been originated by the
USGS, although possibly British engineers in

India originated acre-foot.

ia%

DEenvER RATING STATION

During the life of the Irrigation Survey, the
current meters were rated at the Lake Archer
reservoir of the Denver Water Company where
a rating station had been constructed by
Nettleton, courtesy of that company. A narrow
slit about 150 feet long was made in the
wooden covering of the reservoir and a light
track was laid on each side. A small car, situated
SO as to carry the meter vertically in the center
of the opening, was pulled forward and back-
ward by hand on the track at uniform speeds
using the ropes that ran to a drum. A course
100 feet long was laid off with sufficient track
at either end to enable the operator to bring the
car to the desired speed before entering the
measured course. As the meter entered the
course, the register and stop watch were auto-
matically started and continued until the meter
passed the 100-foot mark, when the register
and watch were stopped. The operation was
repeated at different rates of speed. The ropes
and drum were soon discarded, however, and
the car was operated by direct manpower.

The graphical rather than analytical method
was adopted for computing the rating. The
analytical method may have been more
accurate, but it involved considerable time
as well as skill in mathematics, which might
easily have led to gross errors when used by

the average hydrographer [during the late -

1800’s]. The graphical method was simpler and
quicker, and had the advantage that diagrams

always have over columns of figures: the dis-
crepancies were conspicuous (USGS 11th ann.
rept., pt. 2, p. 11-12, 1891).

The Lake Archer rating station was used until
1909, after which date all Survey meters were

srated in Washington, D.C., to insure uni-
fz)rmity. By 1903, however, it was discovered
that the Lake Archer station was so placed as to
be influenced by the slight current toward the
outlet. Therefore, M.C. Hinderlider selected a
new site far from the outlet and built a new
track and car, the cost of which was paid by
the USGS.

IMPROVEMENT IN EQUIPMENT

During this period, the most important
changes in station equipment were the substi-
tutions of wire cables for hemp ropes and a sus-
pended car for a boat or raft. The first
suspended car, as stated earlier, was built by
Robertson on the Arkansas River near Canon
City, Colo. It was the only one that was
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