

























































































































































































Following the Penn Livingston report on well leakage, the State Engineer realized the necessity of
controlling uncapped wells that were flowing frecly, without any beneficial use being made of the water. To
do so, it would be necessary to engage services of a man o contact the owner of such wells and request them (o
install caps or valves on the flowing wells. Clark County, City of Las Vegas, and Las Vegas Land and Water
Company agreed to provide sufficient funds to engage the services of one man for 5 days each month. Harry
Jameson was given this job and acted under the direction of the State Engineer. It was reported in the 1938-39
Biennial Report that Mr. Jameson’s efforts in closing wells that were wasting water resulted in a saving of
about 750,000 gallons of water a day.

Comprehensive Underground Water Act

The 1939 Underground Water Act was approved by the Nevada State Legislature March 25, 1939. There
was little trouble in obtaining approval of this act, mainly as the result of the activities of the State Engineer in
the Las Vegas Valley artesian basin, starting with the U.S. Geological Survey study by Penn Livingston. Also,
the work of Harry Jameson in restricting a great loss of water from free-flowing wells and the cooperative
attitude of the Clark County, City of Las Vegas, and Las Vegas Land and Water Company were most helpful.
In addition, the State Engineer and the author carried on a publicity program giving talks before service clubs
in Las Vegas.

In working out a preliminary draft of an underground-water law, the author borrowed, to a great extent,
from the existing ground-water codes of Utah, New Mexico, and Oregon. The final draft that was presented to
the legislature was prepared by Deputy Attorney General William T. Matthews under Attorney General Gray
Mashburn.

The 1939 Nevada Underground Water Act has been amended a number of times and now is considered
one of the most comprehensive ground-water laws in the West. The 1939 act repealed the 1915 act and the
amendatory acts of 1935 and 1937. Only a few of the salient provisions of the present law are presented
herewith: The law provides that all underground water within the boundaries of the State belong to the public
and are subject to appropriations for beneficial use under the laws of the State. Upon receipt by the State
Engineer of a petition requesting him to administer the provisions relating to designating specific areas in a
valley, he may so designate. In such designated areas the State Engineer may appoint a well supervisor. The
Board of County Commissioners shall levy a special lax upon all taxable property within the designated area to
pay the salary of the well supervisor. In such designated areas anyone desiring to drill a well, for other than
domestic purposes, shall first obtain a permit to appropriate water.

The provision relating to the drilling of a well didn’t apply to a domestic well where the draught does not
exceed a daily maximum of 1,800 gallons. (Note: Originalty, the daily maximum allowed for a domestic well
was 2 gallons per minute or 2,880 gallons per day.)

Provisions were made for the repair of faulty wells in case the owner fails to comply. In designated arcas,
and when necessary, the Statc Engineer may determine preferred uses of water. Licensing of well drillers and
filing logs of wells was made mandatory.

Although other provisions in the law are not mentioned here, it is sufficient to say that the law as it now
exists gives the State Engineer complete control of ground-water resources of the State, In any basin, when the
State Engineer is of the opinion that control is needed to protect ground-water levels, he may designate such
areas, even though no petition is presented by the water users.
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In the early years following the enactment of the 1939 act, the only basins designated by the State
Engineer were the Las Vegas (January 16, 1941) and Pahrump (March 11, 1941) valleys in Clark and Nye
Counties, respectively. At the present time, additional designated basins exist, the principal reason being to
minimize overdraft of available ground-water supplies.

Survey of well locations

Following the enactment of the 1939 act and engaging the employment of Harry Jameson, the State
Engineer embarked con a program of indexing all wells in Las Vegas Valley, as to name of owner, location,
permit number, year drilled, depth, and discharge. The list contained 340 wells. During the carly 1940’s, a
map of the Las Vegas artesian basin was made in the Office of State Enginecr, showing the location of the
wells by serial numbers.

Of the 340 wells listed, only 71 had permits at that time to appropriate, and most of these were on wells
drilled in the late 1930°s and early 1940.

1940-43
Ground-Water Use in the Las Vegas Valley

The 1940-42 Biennial Report stated that the work carried on in the Las Vegas Valley had brought about
repair of many leaky wells, with a saving of over 2 million gallons of water daily. Also, the owners of many
wells that had previously been drilled, on which no application for permission to appropriate water had been
filed, made applications and received permits to appropriate water, During this period, 48 new wells were
drilled in the valley, all having been granted permits. An updated listing of wells in 1942 showed a total of 388
wells in the valley, 130 having permits. This list does not include the large number of domestic wells which
required no permits to appropriate water.

The large increase of population brought about by U.S. Department of Defense projects in and around
Las Vegas resulted in a greatly increased use of water, During the first week of September 1942, Edmund
Muth, Deputy State Engineer, assisted by Harry Jameson, made well-discharge measurements on ap-
proximately 50 of the larger wells and also made estimates as to the total amount of water being used. The
study showed that nearly 17 million gallons of water were being used daily from the wells measured. Adding
an estimated 10 percent for the many smaller unmeasured wells brought the total to more than 18 million
gallons per day, or nearly 29 cubic feet per second. This was estimated 0 be the maximum daily use at that
time. It was estimated that the yearly use was on the order of 15,000 acre-feet.

State Engineer Designates
Las Vegas and Pahrump Valleys

Upon receipt of a petition signed by a sufficient number of well owners having a legal right to appropriate
underground water in the Las Vegas Valley and pursuant to Section 4 of the 1939 Underground Water Act
(Chapter 178, Statutes of 1939), the State Engineer on January 10, 1941, designated the Las Vegas Valley
artesian basin by legal subdivisions. With this action the State Engincer could proceed with administration of
the 1939 act. Subsequent development of artesian water outside of the designated area caused the State
Engineer to make supplementary designations thereafter.
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Section 5 of the 1939 act, as amended in 1943, provided that the State Engincer could employ an artesian-
well supervisor whose salary would be paid from a special tax levied against all taxable property within the
designated area. It was also provided that such salary could first be paid by the State Engineer from the water
distribution fund created by Chapter 232, Statutes of 1931, as amended by Chapter 23, Statutes of 1943,
pending the levy and collection of the tax as provided in this section.

In March of 1943, the Clark County Commissioners approved a budget of $5,000 and the following year
a budget of $6,500. On May 1, 1943, Harry Jameson was employed as artesian well supervisor for the Las
Vegas Valley artesian basin. Under Mr. Jameson’s supervision many wells in the Las Vegas Valley were
repaired and supervision was exercised over the drilling of new wells.

On March 11, 1941, the State Engineer designated an area containing large-capacity wells in the Pahrump
Basin, Nye County. Mr. Jameson was also appointed to supervise drilling of wells in this area with a yearly
budget of $250.

EVALUATION OF NEVADA’S WATER RESOURCES--
THE U.S. GEOLOGICAL SURVEY COOPERATIYE PROGRAMS

The Stream-Gaging Program

1889-1908

Mr. A.E. Chandler, the first Nevada State Engineer, stated in his 1903-04 Bicnnial Report that the U.S.
Geological Survey began streamflow measurements in Nevada during 1889. Mr. Chandler wrote:

"As appropriations were small, the work was continued rather irregularly until 1900, when
the funds available allowed the stream gagings to be well systematized. Until the appoint-
ment of the State Engineer [1903), the hydrographic work in Nevada was under the direction
of L.H. Taylor, now Supervising Engineer for the Reclamation Service."

The cooperative stream-gaging program with the U.S. Geological Survey started in 1901 with the
enactment into law of Chapter 59, Nevada Statutes of 1901, This act provided for a cooperative program with
the U.S. Geological Survey for measurement of the discharge of streams in Nevada.

Thus, from 1901 to the present time, with the exception of the 5 years 1908-12, this cooperative program
with the U.5. Geological Survey for stream measurements has been continuous. It is no doubt the longest
cooperative program between the U.S. Government and the State of Nevada.

Regarding the early years, Mr. Chandler pointed out that inasmuch as Section 12 of the Irrigation Law of
1903 provided the State Engineer should measure all streams and ditches, an agreement was entered into
between F H. Newell, Chief Engineer of the U.S. Reclamation Service, and the State Engineer, whereby the
State Engineer acted, without salary, as resident hydrographer of the U.S. Geological Survey. Under this
agreement, all the U.S. Geological Survey stream stations on Nevada rivers and streams were placed under
control of the State Engineer and all U.S. Geological Survey ficld assistants ¢ngaged in stream and ditch
measurements reported to him directly. He noted:
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"Although the law provides that the State Engincer shall be allowed ‘actual traveling ex-
penses’ when ’called away from his office,” an old decree of the Supreme Court having
construed ‘actual traveling expenses’ ot to include hotel bills, the State Controller can allow
no subsistence expenses. As such a construction is absolutely foreign to modern engineering
and business practice, the United States Geological Survey, in return for his services as
Resident Hydrographer, has paid the hotel bills of the State Engineer, when absent from
Carson on business in connection with his office."

The 1889 stream measurements, as noted by Mr. Chandler, were made on several streams in California
and Nevada, tributary to the Truckee River during May and June of that year. Mr. Chandler also reported that
during 1903-04 regular stream-gaging stations had been maintained at 23 sites on 5 river systems: the Truckee
River Basin, 9; Carson River Basin, 3; Walker River Basin, 3; Humboldt River Basin, 7; and Muddy River
Basin, 1.

Continuous recording of stream measurements in the above mentioned river basins, with the exception of
the Muddy River basin, started during 1901 and 1902 and continued to 1909 or 1910. The flow records
between 1908 and 1913 are, in a number of cases, only fragmentary, because, as noted earlier, Statc money
was not available. During those years, however, the U.S. Geological Survey maintained some key streamflow-
measurement stations at Federal expense,

The 1911-12 Biennial Report by State Engineer William Kearney lists all available strcamflow-
measurement records up to that time. In addition to records from established stations, the tabulation lists a
great number of miscellaneous measurements, including the 1889 measurements,

From 1907 through June 1908, streamflow-measurement stations were maintained at about the level as in
previous years, with the exception of the Moapa River station, which was discontinued in 1906, as reported by
State Engineer Frank R. Nicholas in the 1907-08 Biennial Report. He was appointed field hydrographer for
Nevada by the Director of the U.S. Geological Survey.

M. Nicholas noted "after considerable correspondence with Mr. E.C. La Rue, District Hydrographer for
Utah, Nevada, and Idaho, it was deemed advisable that this office discontinue its connection with the United
States Geological Survey, as sufficient funds were not available in this office, nor through the office of the
United States Geological Survey, for the further maintenance of this valuable department. Consequently, no
regular measurements of rivers have been taken in this State since June 30, 1908." It was not until 1913 that
the stream-gaging program was resumed.

Other stream measurements were carried on under a triangular arrangement between the U.S. Department
of Agriculture, the Nevada Agricultural Experiment Station, and the Engineering Department of the University
of Nevada. In addition, the field engincers of the Office of the Stale Engineer made spot measurements on a
number of smaller strcams.
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1913-46

An act of the Nevada State Legislature during the 1913 session provided matching money for the State
to resume the cooperative stream-gaging program with the U.S. Geological Survey, which had been dropped
July 1, 1908, for lack of funding. This act is Chapter 181, Statutes of 1913.

The 1915-16 Biennial Report by State Engineer William Kearncy reported that 34 streamflow-
measurement stations were being maintained under the program. He stated, "Owing to the limited
appropriation, only the more important streams can be studied. However, it is the desire of this office to
continue work of measuring the available water supplies on each stream for a sufficient period of time 1o
indicate what can be reasonably expected for irrigation and other purposes, after which new streams will be
selected or studied.”

From March 1913 to March 1916 the work was in the charge of Mr. E. A, Porter, District Engineer, U.S.
Geological Survey, Salt Lake City, Utah. Appendix 4 contains a listing of U.S. Geological Survey personnel
in charge of hydrologic program in Nevada.

Subsequent legislatures continued to support this cooperative program. The program continued to
expand, and a total of 40 stations were in operation, as follows:

Humboldt River 18  stations
Pyramid and Winnemucca Lake basins 2
Walker Lake basin 5
Carson River basin 3 "
Muddy River basin 5
Snake River basin 4

3

Minor basins

From 1913 to 1926 the annual appropriation by the State was $2,500. This amount was matched by the
U.S. Geological Survey. Starting about 1919, the U.S. Bureau of Indian Affairs contributed costs for installa-
tion and operation of three stations, two on the Owyhee River and one on the Walker River near Wabuska,
amounting to an average of $300 per year.

Mr. A.B. Purion, District Engineer, U.S. Geological Survey for Utah and Nevada, in his report of the
stream measurement program in Nevada for 1925-26 wrote as follows:

"The first systematic attempt to inventory the water resources of Nevada was the estab-
lishment in 1889 by the United States Geological Survey of a few gaging stations in
connection with special studies relating to irrigation in the western states. ... In 1905 a
District Office of the Water Resources branch of the Geological Survey was established at
Salt Lake City, and the work in Nevada and Utah is now carried on through that office. In
order to increase the scope of the work the State Legislare has for several years made
biennial appropriations to be expended in cooperation with the Geological Survey. In fact,
on account of the limited Federal funds available, these State appropriations have been the
only thing that has made systematic stream gaging in Nevada possible.”
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In 1927, the Nevada State Legislature reduced the State appropriations for cooperative stream gaging by
one-half, from $2,500 per year to $1,250, greatly handicapping the program as it had been developed at that
time. Mr. Purton also noted that funds for the cooperative stream-measurement work had been supplemented
in a substantial way, not only by the U.S. Bureau of Indian Affairs but also by State water commissioners,
irrigation districts, and private organizations. For the next 9 or 10 years, the program was confined to efforts to
continue operation of as many stations as possible. The number of gaging stations operated during the 1927-40
period averaged about 16.

The 1936-38 Biennial Report of the State Engineer contained the following excerpt from Mr. Purton’s
report:

"In earlier years the State appropriated $2,500 a year for the investigation of its water
resources to be carried on in cooperation with the United States Geological Survey which
supplied a like amount of funds. This sum was gradually reduced until for some time only
$750 a year has been appropriated for this work. It is apparent that no comprehensive
program can be carried on for $1,500 a year in a State the size of Nevada."

The author became well acquainted with Mr. Purion and a great deal of credit is due him for keeping the
stream-measurement program moving in the right direction, although as carlier noted, State matching funds
decreased to a low of $750 per year during the 1936-43 years. Starting in 1944, the State matching funds
gradually increased and by 1957 amounted to $11,250 per year.

Mr. M.T. Wilson, District Engineer for Utah and Nevada, U.S. Geological Survey, stated that in 1943 a
total of 11 river and reservoir gaging stations were being operated with State matching funds, the Bureau of
Indian Affairs was furnishing funds for four stations, and Federal funds had been furnished by Congress since
1928 for stream measurement, silt determination, and quality-of-water studies in the Colorado River basins.
Mr. Wilson also noted the Newlands Project of the U.S. Burcau of Reclamation had been furnishing records on
the Carson River at Fort Churchill, and Mr, H.C. Dukes, Federal Watermaster, furnished records for the
Truckee River. During this period, Mr. Wilson reported that the Humboldt River water users made $1,650
available for construction or rehabilitation of four stations on the Humboldt River and one on the Little
Humboldt River.

In a paper presented at the 1946 Nevada Water Conference, Mr. M.T. Wilson stated that water-resources
investigations in the State of Nevada had greatly improved during the past 3 years, but were still not of suffi-
cient magnitude for the proper administration, distribution, and planning for new irrigation, power, and flood
control projects. He also noted that in recent plans for developing additional irrigation supplies, power, and
flood-control projects, both the U.S. Bureau of Reclamation and the U.S. Army Corps of Engineers had
experienced difficulty in correlating existing streamflow records. A meeting held in Reno in June 1946 with
interested Federal agencies resulted in the recommendation that all streamflow-measurement activities in the
Truckee and the Lower Carson River basins be included in a cooperative program under technical supervision
of the U.S. Geological Survey.

A small increase in State cooperative funds, together with contribution from water users, U.S. Bureau of
Reclamation, U.S. Army Corps of Engineers, and U.S. Bureau of Indian Affairs, allowed the Survey to greatly
enlarge its stream-measuring program. The 1944-46 Biennial Report reported that 45 river and reservoir
gaging stations located in and adjacent to Nevada were being operated. Thirty of these were financed by State-
Federal cooperative funds, seven by the U.S. Geological Survey, and the remaining eight stations were funded
by other Federal, State, and private organizations. The biennial report contains a description of all the active
stream-gaging stations as of 1945.
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1946-49

During 1946-47, the U.S. Bureau of Reclamation installed seven stream-gaging stations on the East and
West Carsen Rivers and one on the Little Truckee River, all in Califomia, and the U.S. Army Corps of
Engineers financed the construction of three stations, one each on the East and West Walker Rivers, and one
on the Truckee River near Reno.

Because the State-Federal matching money was inadequate to fund construction and operation of the 11
stations requested, the Army Corps of Engincers made funds available for 3 stations and the Bureau of
Reclamation allotted funds for instaltation of 8 stations and operation funds for 1 year. The State of California
made available $1,000 to assist in the operation of eight stations situated in California.

The increased program of stream measurement by the U.S. Geological Survey in Nevada made necessary
the establishment of a Surface Water Branch Office in Carson Cily, te more efficiently administer the program.
The office was established in 1947, and Mr. LR, "Tom" Sawyer, Engincer in Charge, was appointed to
supervise the Nevada work. He was assisted by two engineers and one cletk. One engineer, Wilson
McConkie, was stationed in Elko, and Don Ciendenon operated out of the Carson City office. At that time all
basic data collected for the past several years and files related to surface-water investigations were transferred
from Salt Lake City to Carson City. Only the administrative supervision and personnel assignments were
handled by the District office in Salt Lake City.

With the engineer in charge having an office in Carson City, the State Engineer and the U.S. Geological
Survey could more readily work out mutual programs. One of the greatest advantages was that it enabled the
Geological Survey to work out mutual cooperative programs with local water-user organizations, thus increas-
ing the size of the program and obtaining statewide information on the water resources of the State.

During 1948, the number of stream- and reservoir-gaging stations operated by the U.S. Geological Survey
in Nevada numbered 61 and were in the following basins:

Humboldt River basin 22 stations
Owyhee basin 4 "
Colorado River Main Stem 2 "
Carson River basin 12 "
Pyramid and Winnemucca Lakes basin 8 "
Walker River basin 8 "
Minor basins 2 "
Salmon Falls Creek basin 1 "
Virgin River basin 2 "

The Nevada Water Conference, held November 17-18, 1949, was highlighted by a talk by Carl G.
Paulsen, Chief Hydraulic Engineer, U.S. Geological Survey, Washington, D.C. Among the many topics
discussed by Mr. Paulsen, mention was made of the important role played by the Association of Western State
Engineers in the matter of water-resources investigation, He remarked as follows:

"The Association of Western State Enginecrs was organized in 1926 or 1927. George
Malone, former State Engineer and new Senator from Nevada, was the first Prestdent of the
organization. It has been largely through the efforts of that organization that has been
instrumental in bringing about a reasonable comprehensive and uniform water investigational
program throughoul the United States.
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"That is an accomplishment for which the Association of Weslern Staies should be given
great credit. The States have taken the responsibility for initiating general water-resources
investigations throughout the country that the Federal Government would probably not have
undertaken without the insistent urging from the various states. As a result the Geologicat
Survey has for many years been brought into the program on a national scale and is the
agency primarily responsible for the collection and publication of the basic water-resources
data of the country. . .. Without the splendid cooperation that is given to the Survey by the
various States and those Federal agencies interested in our National water problems, much
less would have been accomplished thus far in building up the factual information of the
Nation’s water resources .. .."

1956-62

The establishment of a Surface Water Branch office in Carson City and the financial support furnished by
cooperating agencies brought about a rapid increase of streamflow-measurement stations. During 1956, the
following State and local water users contributed matching or transfer funds:

Bridgeport Water Users District
Bunkerville Irrigation Company
California Department of Water Resources
Carson River Irrigation District

Colorado River Commission of Nevada

Franktown Creek Water Users
Humboldt River Water District
Mesquite Trrigation Company
Muddy River Irrigation Company
Nevada Office of State Engineer

Pershing County Water Conservation District
Petan Company

Salmen River Canal Company
Truckee-Carson Irrigation District

U.S. Army Corps of Engineers

U.S. Board of Water Commissioners, Walker River
U.S. Bureau of Indian Affairs

U.S. Bureau of Reclamation

U.S. Navy

U.S. Soil Conservation Service

Walker River Irrigation District
Office of State Engineer of Utah



The 1957-59 Director’s Report of the Nevada Department of Conservation and Natural Resources
contained a statement by C.H. Carstens, Engineer in Charge, U.S. Geological Survey, outlining the procedure
used in establishing new gaging stations. He wrote as follows:

"The Geological Survey is designing its surface-water program around a hydrologic network
of stream-gaging stations that will give maximum hydrologic information for the funds and
effort expended. The program is built around a small group of selected ‘primary stations
which would be operated on a continuing basis to establish long-term runoff patterns. The
primary stations would be supplemented by operating a larger group of secondary stations
for short periods of time, possibly 5 or 10 years, and then correlating the data from the short-
term or secondary stations with records from the primary stations.”

During the 1961-62 water year the regular program consisting of 107 stream, 9 reservoirs, and 4 lake
gaging stations was augmented by 50 partial-record stations operated in cooperation with the Nevada State
Highway Department to obtain flood data.

During subsequent years, the U.S. Geological Survey increased its scope of work to address the informa-
tion needs of the many problems that developed.

Before closing this section on the work of the Surface Water Branch of the U.S. Geological Survey in
Nevada, it seems appropriate to give a little of its history. In an address by O.M. Hackett, Chief, Ground
Water Branch, Water Resources Division, U.S. Geological Survey, Washington, D.C., at the Sixteenth Annual
Water Conference held in Carson City, September 27-28, 1962, some interesting facts were disclosed. Only
excerpts from Mr. Hackett’s talk are given here. In introducing the subject he stated:

"On this occasion it is fitting to note that 75 years ago, in 1887, the State of Nevada returned
to the United States Senate a man by the name of William Stewart. One year later Big Bill
Stewart was largely responsible for the passage by Congress of a joint resolution that led to
the establishment of the Irrigation Survey of the Arid Lands as a part of the Geological
Survey. The Irrigation Survey was the progenitor of the present Water Resources Division
and its operating branches.

"Allied with Senator Stewart in securing passage of the resolution that established the
Irrigation Survey was John Wesley Powell, who had been instrumental in the founding of the
Geological Survey and was its second Director . . ..

"Major Powell's diverse interests led to the inauguration of many activities, some of which
were basis for the establishment later of other Federal agencies. His interest in the Indians
led to the establishment of the Irrigation Survey and later the Reclamation Bureau . . .. He
was interested in stream pollution and the Survey began studies later transferred to the U.S.
Public Health Services. He was interested in mining geology and technology, and Survey
activities in this ficld were the basis for the establishment of the U.S. Bureau of Mines. He
was interested in forests and the Survey began studies that later were transferred to the Forest
Service. He was interested in the natural wonders of the West, and survey activists in this
line promoted establishment of the National Park Service."
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Mr. Hackett then continued:

"The Geological Survey requested the transfer of many of these activities it initiated because
they involved construction, planning, administration, and policing. Powell and other early
leaders recognized that it would be extremely difficult, if not impossible, for the Survey (o
maintain an unbjased position with respect to the collecdon and interpretation of basic
scientific information on natural resources if it continued to engage in construction, policing,
and related activities. Thus, by the transfer of these activities, was established the principle
that a research agency of government, to merit the public confidence, should endeavor to
avoid activities that might lead to suspicion of bias or partiality.”

Under the heading "A Time of Beginnings” Mr. Hackett told about some of the history of the early
activities of the Water Resources Division:

"The history of the Survey’s water-resources activities began with the establishment of the
Irrigation Survey. The first studies were initiated in 1888 at Embudo, New Mexico. Here in
December, a ficld camp was established where men were to leamn how to gage streams.
There were, to be sure, unforeseen difficulties. For example, the first meter, and a poor one
at that, was slow in arriving, The camp goat ate the black-bulb thermometer, and
meteorological readings had to be suspended until the thermometer could be recovered at the
cxpense of the goat. Nevertheless, the training period was completed saccessfully, and by
June 1889, all men had been assigned to make studies in various parts of the West,

"The Irrigation Survey lasted only two years; but its contributions were significant. It was
organized into a topographic survey and a hydraulic survey. Thus was established the
principal that topographic mapping is a necessary adjunct to water investigation. Men
trained at Embudo by the Hydraulic Survey formed the nucleus of what later became the
Surface Water Branch.”

It was earlier noted that the first State Engineer for Nevada, A.E. Chandler, reported that during May and
June of 1889 streamflow measurements werc made on seven streams tributary to the Truckee River in
California and Nevada.

Mr. Hackett then stated that a great upsurge of national interest in water and water aclivities was brought
about by the drought and depression days of the early 1930’s and that, for the Water Resources Division, this
was period of steady growth, principally along the lines dictated by immediate needs and these needs were for
basic data.



The Statewide Ground-Water Program

In O.M. Hackett's address at the Nevada Water Coaference in 1962 that is referred to above, he
culogized the pioneering work of the U.S. Geological Survey’s O.E. Meinzer in the field of ground-water
hydrology, with the following statement.

"Beginning shortly after the turn of the century, Meinzer had pioneered studies of ground
water for the Geological Survey. His leadership, over a span of some 40 years, trans-
formed these investigations from a geologic and engineering sideline to a full-fledged
science. In the words of W.E. Wrather, former Director of the Survey: Meinzer did for
ground-water hydrology what Emmons ! did for mining geology. He showed how sound
geologic observations and well established geologic theory coupled with precise en-
gineering analysis could be applied effectively to problems of water finding and to the
calculation of reserves.”

Some of this pioneering work directly involved the ground-water resources of Nevada. O.E.
Meinzer's report in 1917 on the Geology and Water Resources of Big Smoky, Clayton, and Alkali Springs
Valleys, Nevada (U.S. Geological Survey Water-Supply Paper 423), is considered one of the early classics
and set an example of ground-water reporting that is followed to this day, nationwide,

For many years, the Office of State Engineer felt the nced of an extensive hydrologic study of the Las
Vegas Valley artesian basin. Such a program had been discussed on several occasions with the T.S.
Geological Survey in Washington, D.C., and Salt Lake City, Utah. During the spring of 1943, State
Engineer A.M. Smith made a request to Q.E, Meinzer, Director, U.S. Geological Survey, Ground Water
Branch, to have a ground-water geologist assigned for the Las Vegas siudy. This action resulted in a
cooperative-program agreement between the State of Nevada and the U.S. Geological Survey signed June
29, 1944, whereby each party contributed an amount of $5,000. In this instance the State acted on behalf of
Clazk County, and the amount contributed was furnished from the Las Vegas Valley artesian basin fund.
The State was allowed credit on Mr. Jameson's salary as part of the cooperative fund.

Dr. Meinzer assigned George B. Maxey, assistant geologist, to make this study. He was aided by long-
time Las Vegas resident, Harry Jameson. Field work on the ground water in the Las Vegas Valley was
started in July 1944 and ended in July 1945, Supervision was afforded by P.E. Dennis, Geologist in charge
of ground-water studies in Utah.

The final report of the Las Vegas study was contained in Nevada Water Resources Bulletin 5,
Geology and Water Resources of the Las Vegas, Pahrump, and Indian Spring Valleys, Clark and Nye
Counties, Nevada, by G.B. Maxey and C.H. Jameson, 1948.

! W.H. Emmons gained fame as a geologist with the Geologic Branch, U.S. Geological Survey.
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By late 1944, with the Las Vegas Artesian Basin study under way, the State Engincer and his staff
were of the opinion that a great need existed to determine the ground-water resources throughout Nevada.
Accordingly, on October 26, Statc Engineer Smith called together all Federal and $tate agencies concerned
with land and water for the purpose of discussing the proposed ground-water study and to obtain sugges-
tions as to procedure. The meeting was held in the Hero’s Memorial Building, Carson City, and was
attended by 20 people representing the following agencies:

Nevada Agricultural Experiment Station
Nevada Cooperative Snow Survey
Nevada Office of State Engincer
Nevada Office of Surveyor General
Nevada State Highway Engineer

U.S. Bureau of Indian Affairs, Carson Indian Agency
U.S. Forest Service

U.S. Geological Survey

U.S. Grazing Service

U.S. Weather Bureau

Utah General Land Office

All present went on record as supporting the proposed program and offered the cooperation of their
agency or department in carrying out such a statewide stady. This gathering of Federal and State people
concerned with all aspects of law and water resources of Nevada was the forerunner of the Annual Nevada
Water Conferences, which have been held for many years.

During the interim from the aforementioned meeting to the next session of the Nevada State
Legislawre in January 1945, many key legislators, mainly from the “"cow counties,” were contacted about
the suggested program. In all instances they were enthusiastic in their support.

As a prelude to establishing a statewide ground-water study, it was necessary Lo provide an enabling
act to allow the State to enter into such a program with the U.S. Geological Survey. This was ac-
complished by enacting Chapter 117, Statutes of 1945, The act provided that the State Engineer for, and on
behalf of, the State of Nevada could enter into agreement with the U.S. Geological Survey, the U.S. Soil
Conservation Service, and any State agency for making stream measurements and underground water
studies. The act repealed the Enabling Act contained in Chapter 59, Statutes of 1901.

During the same legislative session, an appropriation of $35,000 was provided as maiching money
with the U.S. Geological Survey for underground water studies. By July 1, 1945, a Statewide cooperative
program had been entered into with the U.S. Geological Survey. Thomas W. Robinson, an engineer with
the U.S. Geological Survey, was appointed to serve as district engineer for Nevada.

When the District Office for the U.S. Geological Survey ground-water program was established in
Nevada, it shared the basement of the Ormsby County Court House with the county jail.
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When the Office of State Engineer was moved from the Hero’s Memorial Building in 1952 to the Nye
Building at 201 South Fall Street, the U.S. Geological Survey office occupied a portion of the second floor
with the Office of State Engineer and the Public Service Commission. Again, in about 1958, the Office of
State Engineer and U.S. Geoelogical Survey offices were moved to the new Blasdel Building, just back of the
State Capitol. During 1965, the offices of the Nevada Department of Conservation and Natural Resources
were moved back to the Nye Building, 201 South Fall Street. In 1970, the U.S. Geological Survey offices
were moved to the current (1990) main Federal Building.

In late 1945, the author, accompanied by Thomas W. Robinson, District Engineer, U.S. Geological
Survey, made a trip to San Pedro, Calif.,, for the purpose of purchasing a well drilling rig as an aid to the
ground-water studies. A rotary drill rig was purchased from surplus property, U.S. Department of Commerce,
and shipped to Las Vegas. Two or three test holes were subsequently drilled in the Las Vegas Valley.

This particular program was abandoned later on, as it became difficult to obtain services of a competent
well driller. It was also found more economical to contract with established well-drilling concerns.

By 1950, a network of about 250 observation wells were established in many valleys of the State. The
water levels in these wells were measured twice a year, In addition, 15 automatic water-level recorders were
installed.

From 1946 until 1961, all cooperative reports prepared by the U.S. Geological Survey and published by
the Nevada State Engineer were designated as Water Resources Bulletins. The studies were made in valleys
where development of ground-water resources was well under way and where enough basic data were avail-
able o allow geologists and engineers to make reasonable estimates of annual recharge and discharge of
ground water.

Many of the valleys in Nevada had little ground-watcr development, other than perhaps an isolated well
or two furnishing water for stock by means of a windmill. In other words, not enough data were available to
develop a detailed report, yet the possibility remained of a sizable ground-water supply in many of the arid or
semi-arid valleys of Nevada.

Officials of the State and U.S. Geological Survey conceived the idea for reconnaissance studies in the
undeveleped valleys, using meager data that were available and employing empirical techniques for hydrologic
evaluation. Consideration was given to the estimated precipitation on the watershed and the calculated amount
of water reaching the ground-water zone. An evaluation was made as to the discharge of water from a valley
by means of evapotranspiration, springs, and underflow cut of the valley.

The Nevada State Legislature approved of such a cooperative study by the enactment of Chapter 181,
Statutes of 1960. This act provided funds to the Nevada Department of Conservation and Natural Resources
for a cooperative program with the U.S. Geological Survey for such reconnaissance surveys of the water
resources in basins in Nevada not covered by detailed Bulletins. To date (1990), 42 Bulletins (table 3; fig. 1)
and 60 Reconnaissance Reports (table 4; fig. 2) have been published. These reports together caver virtuatly all
the valleys in Nevada.
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TABLE 3.--Hydrologic reports published as Nevada Water-Resources Bulletins

Bulletin
number Area, subject, and year of publication
1. (Number never assigned to-a report)
2. Lovelock Valley: ground water (1946)*
3. Las Vegas Valley and other valleys: ground-water levels (1947)*
4. Las Vegas and Indian Springs Valleys: well data (1946)*
5. Las Vegas, Pahrump, and Indian Springs Valleys: geology and water resources (1948)*
6.  Las Vegas, Pahrump, and Indian Springs Valleys: ground-water summary (1947)*
7. Meadow Valley Wash above Caliente: geology and ground water (1948)*
8. White River Valley: ground water (1949)*
9. (Never printed)
10. Paradise Valley: ground water (1949)*
11, Fish Lake Valley: ground water (1950)*
12, Eastem Nevada: ground water (1951)*
13. Buena Vista Valley: geology and ground water (1955)*
14. Quinn River Valley: geology and ground water (1957*
15. Winnemucca Lake and Crescent Valleys: ground water (1961) {also WSP 1539-C]
16. Kings River Valley: ground water (1963) [also WSP 1619-L]
17. Fernley-Wadsworth arca: ground water (1963) [also WSP 1619-AA]
18. Las Vegas basin: hydrologic effects of development (1661)*
19, Winnemucca area: hydrogeochemistry (1962)*
20. Humbeoldt River valley: hydrologic properties of valley-fill sediments (1962) [also WSFP 1669-M]
21, Lower Humboldt River basin: hydrogeology (1963)*
22, Winnemucca area: hydrogeology (1962) [also WSP 1754]
23, Lake Mead Basc: ground water {1963) [also WSP 1669-Q]
24, Winnemucca area: water resources (1963)*
25, Several area, northern Nevada: geophysical studies related to hydrogeology (1964)*
26. (Never printed)
27. Winnemucca area: water resources (1964)*
28, Truckee Meadows: hydrogeclogy and hydrogeochemistry (1964) [also WSP 1779-5]
29. Las Vegas Valley: hydrogeologic effects of development (1964)*
30. Statewide: surface-water inventory (1965)*
31. Kings River Valley: hydrologic effects of development (1966)*
32 Humboldt River basin: hydrology (1966)*
33, Whitke River area: interbasin ground-water system (1966)
34, Quinn River Valley: hydrologic effects of development (1966)*
35. Diamond Valley: hydrologic effects of development {1968)*
36. Statewide: estimating runoff in semiarid areas (1968)
37. Hualapai Flat: hydrologic effects of development (1969)*
38. Mason Valley: water resurces (1969)*
39. Paradise Valley: hydrologic effects of development. Tributary areas: hydrology (1970)*
40, Statewide: proposed streamflow data program (1970)*
41. Big Smoky Valley: water resources (1970}*
42, Lemmon Valley: hydrologic effects of development (1972)*
43, Smith Valley: hydrologic effects of development (1976)*
44, Las Vegas Valley: hydrologic effects of development (1976)*
45, Eagle Valley: mathcmatical model analysis {1986) [also OFR 80-1224]

* Report published only in Bulletin series. Unmarked reports were first published elsewhere; for example,
as U.S. Geological Survey Water-Supply Papers (WSP) or Open-File Reports {OFR),
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FIGURE 1.--Areas described in reports of the "Nevada Water-Resources Bulletin” series.
Bulletins 30, 36, and 40 deal with entire State.
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TABLE 4.--Hydrologic reports published in the Nevada Water-Resources Recornnaissance Series

Report Report
number Valley or arca number Valley or arca
1 Newark 36 Eldorado, Piute, and Colorado River
2 Pine 37 Grass (near Austin) and Carico Lake
3 Leng 38 Hot Creek, Litlle Smoky, and Little Fish
4 Pine Forest Lake
5 Imlay area 39 Eagle, Carson City
40 Walker Lake and Rawhide Flats
6 Diamond
7 Desert 41 Washoe
8 Independence 42 Steptoe
9 Gabbs 43 Honey Lake, Warm Springs, Newcomb
10 Sarcobatus and Qasis Lake, Cold Spring, Dry, Lemmon, Red
Rock, Spanish Springs, Bedell Flat,
11 Hualapai Flat Sun, and Antelope
12 Ralston and Stone Cabin 44 Smoke Creek Desert, San Emidio, Desert,
13 Cave Pilgrim Flat, Painters Flat, Skedaddle
14 Amargosa Desert, Mercury, Rock, Creck, Dry (near Sand Pass), and Sanc
Fortymile Canyon, Crater Flat, and Oasis 45 Clayton, Stonewall Flat, Alkali Spring,
15 Sage Hen, Guano, Swan Lake, Massacre Qriental Wash, Lida, and Grapcvine
Lake, Long, Macy Flat, Coleman, Canyon
Mosquito, Wamer, Surprise, and Boulder
46 Mesquite, Ivanpah, Jean Lake, and Hidden
16 Dry Lake and Delamar 47  Thousand Springs and Grouse Creck
17 Duck Lake 48  Little Owyhee River, South Fork Owyhee
18 Garden and Coal River, Independence, Owyhee River,
19 Middle Reese and Antclope Bruneau River, Jarbidge River, Salmon
20 Black Rock Desert, Granite Basin, Falls Creek, and Goose Creek
High Rock Lake, Mud Meadow, 49 Butte
and Summit Lake 50 Lower Moapa, Black Mountains, Garnet,
Gamet, Hidden, California Wash, Gold
21 Pahranagat and Pahroc Butte, and Greasewood
22 Pueblo, Continental Lake, Virgin, and
Gridley Lake 51 Virgin River, Tule Desert, and Escalante
23 Dixie, Stingaree, Fairview, Pleasant, Descrt
Eastgate, Jersey, and Cowkick 352 Columbus, Rhodes, Teels, Adobe, Alkali,
24 Lake Alkali, Garfield Flat, Huntoon, Mono,
25 Coyote Spring, Kane Springs, and Muddy Monte Cristo, Queen, Soda Spring
River Springs 53 Antelope, East Walker area
54 Cactus Flat, Gold Flat, Kawich, Yucca
26 Edwards Creek Flat, Frenchman Flat, Papoose Lake,
27 Lower Meadow, Patterson, Spring (near Groom Lake, Tikapoo, Three Lake,
Panaca), Rose, Panaca, Eagle, Clover, Indian Springs, Las Vegas, Buckboard
and Dry Mesa, Mercury, Rock, Jackass Flat,
28 Smith Creek and Ione Crater Flat
29 Grass {(necar Winnemucca) 55 Granite Springs, Kumiva, Fireball, Bradys
30 Monitor, Antelope, Kobeh, and Stevens Hot Spring areas
Basin
56 Pilot Creek Valley arca, Elko and White
31 Upper Reese Pine Counties
32 Lovelock 57 Truckee River
33 Spring (necar Ely) 58  Fish Lake Valley, Nevada and California
34 Snake, Hamlin, Antelope, and Pleasant 59 Carson River basin, western Nevada
35 South Fork, Huntington, and Dixie Creek- 60 Railroad and Penoyer Valleys, east- central

Tenmile Creek

Nevada
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EXPLANATION

AREA DESCRIBED IN REPORT OF
THE RECONNAISSANCE SERIES,

AND NUMBER OF REPORT
—-—-— COUNTY BOUNDARY
0 50 100 MILES
{ | | | ]
[ D B B |
0 50 100 KILOMETERS

FIGURE 2.--Areas described in reports of the "Nevada Water-Resources Reconnaissance” series.
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In addition to the Nevada Water Resources Bulletins, Reconnaissance Reports, and Information Reports,
the geologists and engineers of the U.S. Geological Survey have contributed additional reports, such as U.S.
Geological Survey Professional Papers and Water-Supply Papers published by the Government Printing Office
in Washington, D.C. Other papers bearing on ground-water studies in Nevada have been prepared for water
journals and other publication media.

Much has been learned about the ground-water resources of Nevada since 1938 when Penn Livingston,
U.S. Geological Survey engineer, conducted leakage tests on a number of wells in the Las Vegas Valley.
Other highlights include the start of a detailed study of the ground-water resources of the Las Vegas Valley
artesian basin in 1945 conducted by George B. Maxey, Assistant Geologist, U.S. Geological Survey, and Harry
Jameson, and the start of the statewide ground-water program in 1945 that resulted in an inventory of the
ground-water resources of Nevada. The author was intimately associated with the U.S. Geological Survey
ground-water studies in Nevada, first as Assistant State Engineer, then as State Engineer, and finally as
Director of the Department of Conservation and Natural Resources from 1957 to 1965.

CONCLUSION

As initially contemplated, the author intended to limit the subject matter to the evolution of the water
laws of Nevada. With the approval of Nevada District Chief Terry Katzer of the U.S. Geological Survey, other
related activities were covered, such as the problems confronting the carly State Engineers, starting with A.E.
Chandler in 1903, as chronicled in the biennia! reports of the State Engineer; the beginning of the underground
water studies and the 1939 Underground Water Act; the Las Vegas Valley ground-water studies leading up to
the statewide program; establishment of a U.S. Geological Survey, Nevada District Office in Carson City,
July 1, 1945, with Thomas W. Robinson as district engineer; and the extensive ground-water studies conducted
by the U.S. Geological Survey between 1942 and the present.

Consequently, descriptive material was prepared concerning the cooperation between the U.S. Geological
Survey and the State of Nevada in the stream-gaging program, which started in 1901 and, with the exception of
a few years between 1908 and 1913, has been continuous to this day (1990). In 1947, a Surface Water Branch
office was established in 1947 with LR. "Tom" Sawyer as engineer in charge.

The cooperative program was greatly enhanced when the Geological Survey created a Water Resources
Division Office in Nevada, July 1, 1962, with George F, Worts, Jr., as District Chief. This was the first
consolidated Water Resources Division State office combining ground-water and surface-water activities in the
United States. Its worth has been well proven by the progress made in Nevada,
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APPENDIX 1
HUMBOLDT RIVER RESEARCH PROJECT

The Humboldt River Research Project was authorized by the Nevada State Legislature in 1959 (Chapter
97, Statutes of 1959). The legislature gave the Department of Conservation and Natural Resources $35,000 to
start the program in 1959 and increased this amount te $40,000 for 1960.

The major objectives of the study were to evaluate water resources of a segment of the Humboldt River
Valley in the vicinity of Winnemucca as thoroughly as possible, and thus provide information that would be
helpful in planning for the most effective use of these resources not only in the study area but also applying the
results to similar areas in the State. The Nevada Department of Conservation and Natural Resources was
authorized to coordinate the work of the participating Federal and State agencies. The author, as Director of
the Department, named Assistant Director George Hardman as the project coordinator for the State.

A distinguishing feature of the Humboldt River Research Project was the large number of cooperating
agencies and the promptness with which reports on the numerous individual studies were prepared. The
following agencies, State and Federal, participated in the project:

Nevada Department of Conservation and Natural Resources
Division of Water Resources
Division of Forestry

University of Nevada, Reno
Nevada Bureau of Mines
Department of Geology
Desert Research Institute

U.S. Geological Survey
Ground Water Branch
Surface Water Branch
General Hydrology Branch

U.S. Agricultural Research Service

U.S. Bureau of Reclamation

U.S. Soil Conservation Service

U.S. Weather Bureau

U.S. Bureau of Land Management

University of Illinois, Department of Geplogy
Southern Pacific Railroad

Although the legislation authorized the project for the Humboldt River without designating any particular
section, it was decided by the several agencies that the funds available would be insufficient to cover the entire
Humboldt River Basin and that it would be better to limit the work to a relative small segment of the basin. It
was decided that the Winnemucca section offered a favorable setting for this study.
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The Winnemucca reach of the Humboldt River Valley includes part of the valley between the Comus
gaging station at the upper end of the area and the Rose Creek gaging station at the lower end of the area. The
Comus station is about 22 miles east (upstream) and the Rose Creek station 15 miles southwest (downstream)
of Winnemucca, a straight-line distance of 37 miles. The meandering coutse of the river is about twice this
distance.

This streich of the Humboldt River basin furnishes almost any condition that would be encountered in the
basin as a whole. There were good streamflow records at both Rose Creek and Comus gaging stations.

As indicated carlier, the project is made up of a series of studies conducted by the several cooperating
Federal and State agencies. Each cooperating agency carried on its work independently, but each study was
designed as a vital component of the comprehensive program. The Nevada Department of Conservation and
Natural Resources carried on little work independent of the cooperating agencies, but used its State funds and
personal services to supplement the funds of the several agencies, and in addition served to coordinate ac-
tivities of the other agencies.

As previously noted, a principal objective of the Humboldt River Research Project was to determine the
disposition of water resources within the study area; in other words, to evaluate various components of the
hydrologic cycle that are operative within the study area. This activity largely involved the work of the several
branches of the Water Resources Division, U.S. Geological Survey,

The U.S. Geological Survey commenced its research studies in 1959 under the direct supervision of O.J.
Locltz, District Engineer of the Ground Water Branch of the U.S. Geological Survey in charge of ground-water
studies in Nevada. With the establishment of a Water Resources Division office in Carson City during 1962,
George F. Worts, Jr., District Chief in charge of hydrologic investigations in Nevada, took over the supervisory
work, The interpretive ground-water studies were made by Philip Cohen, geologist. R.L. Hanson was in
charge of the surface-water studies, and Thomas W. Robinson, headed the section on general hydrology,
concerned with the use of water by phreatophytes.

It is not the intention of the author to present in detail the work performed by the several agencies, but
rather to summarize the work in order to give the reader some idea of the magnitude of the project. As the
project advanced from 1959 to 1969, annual progress reports were submitted by the Nevada Department of
Conservation and Natural Resources.

Briefly, the work of the several agencies is herewith summarized,

U.S. Geological Survey
Ground Water Branch

The objectives of the work done by the Ground Water Branch were to determine (1) seasonal and long-
term changes of ground water in storage, (2) the relation between the Humboldt River and the ground-water
reservoir, (3) ground-water underflow into and out of the study area, and (4) the chemical quality of the waters

of the arca. The work of the Ground Water Branch was characterized by a number of reports authored by
Philip Cohen,
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The results of this study were set forth in a 1964 report titled: Preliminary Results of Hydrogeologic
Investigations in the Valley of the Humboldt River Near Winnemucca, Nevada: U.S. Geological Survey Water-
Supply Paper 1754, Nevada Department of Conservation and Natural Resources, Water Resources Bulletin 22,

Surface Water Branch

The surface-water investigations included measurements of flow in the Humboldt River within the reach
between Comus and Rose Creek gaging stations and estimation of the inflow to the river from tributary
streams. Complete evaluation of the surface-water movement included measurement of all water entering the
area, diversions for irrigation and other uses, measurement of all return flows, determination of ditch and canal
losses, and measurement of surface outflow from the area at the Rose Creek gaging station.

Quality of Water Branch

The quality of water program was included in the Ground Water Branch program. The results of this
work were reported on by Philip Cohen in Water Resources Bulletin 19, Nevada Department of Conservation
and Natural Resources.

General Hydrology Branch

Work of the General Hydrology Branch pertained to evapotranspiration studies of native vegetation. The
studies were centered in a small tract of land about 3 miles southwest of Winnemucca. From the beginning of
the project in 1959 to April 1968, the technical phases of the evapotranspiration work with woody
phreatophytes were supervised by Thomas Robinson. (Mr. Robinson retired in April 1968 and was replaced
by Otio M. Gross.) The U.S. Burean of Reclamation participated in the funding and installation of the
lysimeter tanks.

While the field studies of other Water Resources Branches were mainly completed in 1962, the
evapotranspiration studies continued for several years. The Fourth Progress Report, April 1969, was a detailed
report by Otto M. Gross,

Nevada Bureau of Mines,
Desert Research Institute,
University of Illinois, Department of Geology

The basic work on the geology and geomorphology of the area was carried on as a joint undertaking by
the Bureau of Mines of the University of Nevada and the Geology Department of the University of Illinois.
The field work was conducted by graduate students from both schools. Much additional geological informa-
tion of great importance to the overall program was collected during the progress of the test drilling for the
hydrology program for the U.S. Geological Survey,
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The Desert Research Institute contributed to the research project using a portion of the funds from an
appropriation of $25,000 to be expended on ground-water research in cooperation with the Nevada Department
of Conservation and Natural Resources. The work of the Desert Research Institute was under the supervision
of Dr. George Burke Maxey, Research Professor of Hydrology and Geology, University of Nevada, Reno. *

The geelogical and geophysical studies of the Humboldt project were conducted by the Desert Research
Institute, and the field work was done by five of Dr. Maxey’s graduate students from the University of Iilinois
and one graduate student from the University of Nevada. These students were John D, Bredehoeft, John W,
Hawley, William E. Wilson, Lyle D. McGinnis, and William W, Dudley, Jr., from the University of Illinois
and Keros Cartwright, University of Nevada, Reno.

U.S. Agricultural Research Service

The study by the U.S. Agricultural Research Service was to (1) measure the evapotranspiration of three
types of meadow vegetation, principally grasses; (2) measure climatic factors; (3) relate climatic measurements
to evapotranspiration; and (4) determine the evapotranspiration of meadow vegetation in the study area under
various water table and climatic conditions, based on lysimeter data.

U.S. Soil Conservation Service

A standard soil survey of the Winnemucca arca, which included mapping the extent and density of
phreatophytes, was made by the U.S. Soil Conservation Service, From the beginning of the Humboldt River
Research Project, the Nevada Department of Conservation and Natural Resources believed that a comprehen-
sive study of the resources of the entire river basin would be needed. This need was met by the Humboldt
River Basin Survey, under section 6 of Public Law 566, which started in 1960. The Humboldt River Basin
Survey was a cooperative program between the U.S. Department of Agriculture and the Nevada Department of
Conservation and Natural Resources, and the work was carried on under the general supervision of C.H.
Cleary, Jr., Statc Conservationist of the Soil Conservation Service. The Humboldt River Basin was divided
into 11 subbasins. The land and water resources of cach subbasin were appraised and reported in a series of 11
reports. The final report, number 12, date November 1966, is a summary of information from the 11 basin
reports.

! Burke Maxey came to Nevada in 1944 as a geologist with the U.S. Geological Survey to conduct
ground-water studies in the Las Vegas Valley. In 1946, he was transferred to Ely, Nev., where he worked with
Thomas E. Eakin, also a geologist with the U.S. Geological Survey, on ground-water investigations in the
eastern part of Nevada. In 1948, Dr. Maxey left Nevada to complete his studies at the University of
Connecticut and Princeton University. In 1955, he became Professor of Geology, University of Ilinois, and
head of the section on ground water. In 1962, he returned to Nevada to join the staff of the Desert Research
Institute and the University of Nevada, as Research Professor of Hydrotogy and Geology.
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Reports

During the course of the studies on the Humboldt River Research Project, 10 reports were issued by the
Nevada Department of Conservation and Natural Resources spanning the years 1960-69. The results of the
5-year study of water in the Winnemucca area were summarized by Philip Cohen and printed as U.S.
Geological Survey Water-Supply Paper 1754.

In 1966, a report titled, Hydrologic Reconnaissance of the Humboldt River Basin, Nevada, was issued.
The authors were Thomas E. Eakin, Robert D. Lamke, and Duane E. Everett. This report was printed as Water
Resources Bulletin 32 by the Nevada Department of Conservation and Natural Resources and covers all the
hydrologic data available at that time on the Humboldt River stream system,
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APPENDIX 2

NEVADA LAND GRANTS

During the first two decades following the organization of the Territory of Nevada on March 2, 1861,
several land grants were made by the Federal Government. These grants were:

Grants ! Acreage Date of
Indemnity (Live Lands) 9,229 Feb. 26, 1859
Internal Improvements 500,000 Mar. 21, 1864
Mining and Mechanics Arts College 90,000 July 2, 1862
University 46,080 July 4, 1866
Public Buildings 12,800 Mar. 21, 1864
State Prison 12,800 Mar. 21, 1864
The 2,000,000 Acre-In-Lieu 2,000,000 June 16, 1880
Sixteenth and Thirty-Sixth Sections 63,249 Mar, 21, 1864

Total 2,734,158 acres

The total acreage of land grants varied over the years. The early records of the surveyor general show the
total grants to be 2,732,884 acres whereas the Public Land Statistics, 1967, issued by the U.S. Bureau of Land
Management, shows the grants to be as follows:

Common Schools 2,061,967 acres
Other Schools 136,080
Other Institutions 12,800
Misc. Improvements 500,440
Other Purposes 14,379
2,725,666 acres

The 16th and 36th Acre Grant remained in effect undl June 16, 1880, when the 2 million acres In-Lieu
Grant was approved by Congress. The reason for the change, as explained by Surveyor General ED. Kelley in
his 1905-06 Biennial Report, was based on the grounds that as Nevada was a mountainous state, a great portion
of the 16th and 36th sections of land would be on lands unsuitable for agricultural purposes. So at the urging
of the Nevada Congressional delegates, Congress provided that in lieu thereof the State could select 2 million
acres of unreserved public lands. The congressional act was conditioned upon the State of Nevada surrender-
ing to the United States of all 16th and 36th sections of land undisposed of by June 16, 1880. Between March
21, 1864, and June 16, 1880, the State had selected and sold 63,249 acres.

During the period the 16th and 36th grant was operative, some selections were made on unsurveyed lands
later found 1o be out of place. On such lands Congress provided the Indemnity or "Lieu" Grant which allowed
the land owners to select other lands of equal worth. Some 9,229 acres were granted under this provision.

! Surveyor General’s Biennial Report, 1929-30.

-80-



The proceeds received from the sales of lands obtained under the 16th and 36th scctions, Indemnity,
Internal Improvements, and the 2-Million-Acre grants were used for the support of the common schools. The
proceeds received for the sale of lands obtained under each of the other grants were used for the support of the
purpose indicated by the name of the grant.

It was noted in the Surveyor General Biennial Report for the years 1905-06 that under the 16th and 36th
Acre Grant the State would have been eligible to receive about 3,992,000 acres. So by choosing the 2-Million-
Acre Grant the State lost 1,992,000 acres. However, the choice gave the State the advantage of selecting any
unappropriated public lands, whether or not in the 16th or 36th sections. The greater part of the 3,992,000
acres would have been situated in the mountains and other areas where the land would not be suitable for
agricultural purpose. Whether the State gained or lost by accepting the 1886 In-Lieu Grant is not known. It
should be kept in mind that all the more usable lands in the State would have eventually been taken up under
the Desert, Homestead, and other acts of Congress. From the viewpoint of management of the unappropriated
lands by the Federal government, the State made the right move,

The 1901-02 Biennial Report of the surveyor gencral listed the total acreage sclected by the State and
approved by the Uniled States Land Office under the 2-Million-Acre Grant from June 16, 1880 o 1902,
inclusive. It has heretofore been stated that during the life of the 16th and 36th Acre Grant (March 21, 1864 1o
June 16, 1880), only 63,249 acres had been purchased. For the years 1880-82, under the 2-Million-Acre Grant,
167,946 acres had been acquired by the State and sold to settlers, The big years of land purchase were from
1885 through 1889, when 1,123,442 acres were purchased.

By the year 1900, there had been 2,011,044 acres selected by the State under the 2-Million-Acre Grant.
During the same year the total land granted to the State, under the various grants, was 2,690,683 acres. ?

It seems that shortly after the turn of the century the surveyor general and state land register refused to
accept any applications for selection, as all the land availablc had been selected. However, over the years,
many thousand acres of land reverted to the State for failure of the purchaser to pay the interest owed or by
withdrawal, For instance, in the 1909-10 report of the surveyor general, it was reported that up to January 1,
1911, more than 900,000 acres had been forfeited under all the grants. These lands were referred to as reverted
lands. Such lands were often reapplied for, and the process of reversion and re-appropriation continued until
recent years.

Under the State land laws the applicant to lands under the 2-million-acre grant was limited to 640 acres,
and under other grants to only 320 acres. The State was to receive $1.25 per acre for lands selected under the 2-
million-acre grant and $2.50 per acre if within 20 miles of the Central Pacific Railroad and selected under the
old grants. The terms were 20 percent cash with application, the balance in 20 years at 6 percent per annum
interest, though the option was given the purchaser of making full payment at any time. *> The total acreage of
land grants in Nevada, as of 1960, amounted to 2,725,666 acres. *

! Surveyor General’s Biennial Report, 1929-30, p. 9.
? Surveyor General’s Biennial Report, 1899-1900.
? Surveyor General’s Biennial Report, 1905-06.

4 U.S. Bureau of Land Management, 1968, Public land statistics, 1967: U.S. Department of the Interior,
Bureau of Land Management, table 4.
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Railroad Grant

To aid the Central Pacific Railroad during its eastward construction across Nevada Territory, the Federal
Government, in 1862 and 1864, made liberal grants of land to the railroad company (which is now known as
the Southemn Pacific Transportation Co.). The granted lands consisted of alternate (odd numbered) sections for
20 miles north and south of the center of the track. As of 1967, the railroad grant amounted to 5,086,603
acres.® Patents to such lands could not be granted until the United States surveys had been completed. In
Nevada the major survey work had been done during 1881-82. By that time the Central Pacific had secured
patents to less than one-eighth of the total lands contained in the grants. As long as the land was not patented
to the company, it could not be taxed. As a result, a large number of the railroad sections were not taxable
while adjoining sections that had passed into private ownership had to bear a greater portion of the support of
the State and local governments.

The total Jand grants by the Federal Government to the State of Nevada were:

Grants to State 2,725,666 acres
Railroad grant 5,086,604
Total 7.812,270 acres

' U.S. Bureau of Land Management, 1968, Public land statistics, 1967: U.S. Department of the Interior,
Bureau of Land Management, tables 5 and 6.

% Scrugham, James G., ed., 1935, Nevada--A narrative of the conquest of a frontier land: American
Historical Society, v. 1, p. 314.
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Statistical Data Regarding Ownership of Land

Land arca
Inland water area

Totals

Land area in Nevada
Land area owned by Fed. Govt.

Land area not owned by Govt.

109,788 square miles

70,264,320 acres or
481,280 752
70,745,600 acres 110,540 square miles
70,264,320 acres
60,971,262

9,293,058 acres

Percent of land owned by Govt.

b86.774

The makeup of the 9,293,058 acres of land not owned by the Federal Government is about as follows:

Total area of land not owned by Federal Government

Land grants to State
Railroad grants

Total land grants

2,725,666 acres
5,086,604

7,812,270 acres

Land (other than grants) not owned by Fed. Govt,

Other acquisitions from Federal Government (approx.)

Desert land patents

Stock-raising homesteads

Mineral patents

Others including homesteads,
small tracts, public auction sale

Total

C319,630 acres
494,637
294916

371,603

1,480,788 acres

9,293,058 acres

7,812,270

1,480,788 acres

a U.S. Bureau of Land Management, 1968, Public land statistics, 1967: U.S. Department of the Intetior,
Bureau of Land Management, table 1 (as of 1960).

bIbid., table 7 (as of 1966). This 86,774 percent figure will decrease slightly as Federal lands are

transferred or sold.

€ Ibid., table 26 (from March 3, 1877, to June 30, 1967).

% Ibid., tablo 27 (from 1917-67).
® Ibid., table 18 (through 1967).
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Federal Lands Under Jurisdiction of “
Federal Agencies in Nevada, June 30, 1966

U.S. Department of the Interior

Bureau of Land Management 47,749,645 acres
National Park Service 115,880
Bureau of Reclamation 1,160,812
Fish and Wildlife Service , 2,909,033
Bureau of Indian Affairs 7.812
Other 23

U.S. Department of Agriculture
Forest Service 5,059,462

U.S. Department of Defense

Department of Air Force 2,929,186
Department of Army 7,167
Army Corps of Engineers 1,020
Department of Navy 212,051

U.S. Atomic Energy Commission

(now Dept. of Energy) 817,019

Other Civil Services 2,153
Total 60,971,263 acres

From Public Domain 60,812,024
Acquired Lands 159,239 acres

? Ibid., table 10 (as of Tune 30, 1966).
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APPENDIX 3

THE CAREY ACT

On August 18, 1894, Congress approved what was commonly called the "Carey Act.” It was expected to
be a major milepost in reclamation of desert lands. The purpose of the law was to aid the public-land states in
reclamation of desert lands, and provide for granting to each of the states containing desert lands an amount not
exceeding 1 million acres and direct that the states cause it to be reclaimed, occupied, and irrigated. It was
further provided that 20 acres out of each 160 acres be cultivated by scttlers within 10 years after passage of
the act.

The acts of the Nevada State Legislature approved March 8, 1897, and March 6, 1901, sought to make the
Carey Act effective in Nevada. However, not until the act of the legislature was approved March 23, 1909
(Chapter 164), was anything accomplished in the efforts of the State. Promoters of the Carey Act projects
urged the State to secure the land reservations contemplated in the Carey Act of Congress. After the act of the
legislature was approved March 23, 1909, the Carey Act came into practical operation in Nevada and made
possible the selection of large tracts of land by promoters for reclamation and settlement.

Another State act pertaining to Carey Act land acquisition went into effect March 17, 1911. Under this
act a department of the State Commission of Industry, Agriculture, and Irrigation was established, known as
the "Department of Carey Act Lands." Also, under this act the Nevada surveyor general was designated as
"State Register of Lands under the Carey Act,” and was in general charge of said department, subject to
supervision and control of the Commission. The State Engineer was designated as the "selecting agent” for the
State to determine and make affidavits as 1o the desert character of land and water resources as required by the
U.S. General Land Office (incorporated into Bureau of Land Management in 1946).

The main purpose of the Federal Carey Act laws was Lo aid the western public-land states in obtaining the
reclamation and settlement of their desert lands. This was done by making it possible for such states, or for
private industry under State supervision, to promote and construct irrigation and reclamation projects as
necessary to deliver sufficient water on such lands to successfully irrigate and reclaim the same. A great
number of reclamation projects were proposed in almost every part of the State, instituted under the provisions
of the Carey Act. In almost all cases proposals were by promoters, but lack of "water supply” proved to be one
of the major obstacles. Lacking an adequate water supply, the promoters were unable to raise necessary funds
to construct irrigation works necessary 10 get water (o the land to be reclaimed.

The State act of 1909 did not provide a filing fee nor a price for the lands; consequently, large tracts of
land were covered by applications for speculative purposes, so much so that the original grant of 1 million
acres became exhausted. Congress granted to Nevada, by an act approved March 4, 1911, an additional
1 million acres. Following the passage of the State act of March 17, 1911, a filing fee of 1 cent per acre plus
other fees reduced the total number of applications considerably.

In approving the Carey Act, Congress made il possible for private enterprises to furnish water for

reclamation purposes on irrigable lands that could not be accomplished by individual undertakings. However,
with a few exceptions, the Carey Act did not measure up to expectations.
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In general, the steps required to conform to the Carey Act were as follows, although they varied some-
what according to the laws of each State: An applicant was required to file 2 map showing the lands to be
irigated, the source of water, and the plan of irrigation. When the plans were approved, the lands were
considered as being segregated, and the United States reserved them from other entry, pending disposal by the
State. The States were then authorized to enter into contracts for the physical reclamation of the land. Such
lands were patented to the States, which in turn could sell to individuals who had contracted with the applicant
to purchase water rights.

Up to June 30, 1949, a total of 35,809 acres of land had been segregated in the State of Nevada. Of this
amount, State patent had been issued for only 1,579 acres, which was irrigated from the waters of Bishop
Creek, a tributary of the Humboldt River in Elko County.

Up to the year 1969, a total of 1,075,246 acres had been patented under the Carey Act in the 10 western
public-land states. On the whole, the Carey Act was considered a failure. Only two states had some success.
In Idaho, the government granted patents to the State for 629,724 acres, and in Wyoming, 198,531 acres were
patented. ! The states then issued patents to settlers who had contracted for water from the companies who

developed the waler and canal projects. Each State had developed its own procedures as to the cost of land and
other fees.

As carlier mentioned, only 1,579 acres of land had been patented to Nevada, the entire acreage contained
in one project promoted by the Pacific Reclamation Company. Of the land patented to the State by 1930, only
326 acres had been patented to the settlers up to that time. > A more detailed description of this project and its
satellite town of Metropolis is discussed later in this section. The Nevada State Legislature approved an act
March 23, 1909, which made it possible for the State to proceed under the Federal Carey Act legislation of
March 15, 1910, which spelled out in detail the requirements of the State relative to the available water supply
required for the land to be patented to the State. The amendment to the Carey Act of March 15, 1910, read in
part as follows:

".. . that all of the forms and conditions imposed by the state law upon such proposer prior 1o
segregation have been complied with; that from the showing made by the proposer (or state
other source of information) it is belicved that sufficient water to irrigate the whole of the
lands asked to be withdrawn, over and above prior appropriations, is available; and that the
proposer has gither acquired title to such water or applied for same, and that the lands are
desert in character," [Emphasis added]

The State Act of March 17, 1911, added some additional amendments, among which were actions that
must be taken by the State Engincer relative to the sufficiency of a water supply, as required by federal
regulations. In part the State language read:

“Such application shall be prepared and submitted in accordance with such rules and regula-
tions as the Commission may adopt and prescribe, and which shall be in conformity with any
rules and regulations of the Department of the Interior, and shall be accompanied by the

certificate of the State Engineer that application for permit to appropriate water therefor has
been filed in his office."

! Galze, Alfred R., 1952, Reclamation in the United States: p. 11.

? Surveyor General's Biennial Report, 1929-30, p. 7.



The legislation also required the State Engineer not only be concerned with the water supply but also
must submit a written report as to the feasibility of the project, status of water rights, and other data necessary
to enable the state register of lands under the Carey Act to make proper certification required by the General
Land Office.

During April 1911, State Engineer William Kearney prepared a ruling approved by the State Commission
of Industry, Agriculture and Irrigation, applying to the procedure in making application to appropriate under-
ground water for a Carey Act project. This set of rules can be found in the 1911-12 Biennial Report of the
State Engineer, but it was not until 2 years later that the 1913 General Water Law was enacted that prescribed
"the water of all sources of water supply within the boundaries of the State, whether above or beneath the
surface of the ground, belongs to the public and subject to existing rights, may be appropriated as provided in
the chapter and not otherwise." Thus, the 1911 legislation seemingly was intended to apply only to under-
ground water to be used under the provisions prescribed in the Carey Act.

Early Carey Act Land Applications

The first application filed for a Carey Act project, following the 1909 State legislation, was made
October 21, 1909, by the Pacific Reclamation Company for the segregation of 10,281 acres of land situated in
Bishop Creek Valley in Elko County, Nev. Seven other applications were filed during 1909, six in the Las
Vegas Valley in Clark County and one in Amargosa Valley in Nye County. Five applications in the Las Vegas
Valley were subsequently relinquished. The application of the Amargosa Valley Land and Irrigation Company
was approved but later relinquished. Of the eight applications noted, only the Pacific Reclamation Company
and the Las Vegas Irrigated Fruit Land Company, following approval, prepared plans and started preliminary
work. The Las Vegas Irrigation Fruit Land Company drilled four wells in the south tier of sections in T. 21 S,
R, 61 E., about 6 miles directly south of Las Vegas. According to the tabulation of County Surveyor J.T.
McWilliams, the wells ranged between 355 and 550 feet in depth, all having small artesian flows.® This
application was later relinquished, no doubt due to lack of financial backing and the failure of the wells to
produce larger artesian flows.

The Pacific Reclamation Company

The only Carcy Act project that was partially carried to completion in Nevada was that of the Pacific
Reclamation Company. The application filed October 21, 1909, was for the segregation of 10,281 acres of
land in Bishop Creek Valley, Elko County, Nev. The land was situated in parts of T. 38 and 39 N, R. 61 E,,
and T. 39 N,, R. 62 E. The application was approved June 17, 1910, for 9,706 acres.?> The total area con-
templated to be supplied with water was 25,000 acres, of which about 15,000 acres was owned privately by the
company, having been purchased from the Central Pacific Railway Company, and comprised the odd-
numbered sections (see chapter on Railroad Grant).

Unlike practically all the other Carey Act filings, this company consisted of eastern capitalists who were
apparently well financed and equipped to run a large reclamation project. The Pacific Reclamation Company
had two ancillary companies, the Metropolis Land Company to handle the disposal of the land and the
Metropolis Improvement Company designed to develop the town of Metropolis, a company undertaking.

! This tabulation appears in the 1911-12 Biennial Report of the State Engineer (p. 250-251), which
describes 95 wells that had been drilled in the Las Vegas Valley by 1912.
? Surveyor General's Biennial Report, 1913-14,
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The Pacific Reclamation Company was sincere in bringing this project to fulfillment as shown by the
rapidity of its operation during 1911 and 1912. Starting in 1911, a $200,000 dam was constructed on Bishop
Creek, designed to store 30,000 acre-feet of water, A concrete diversion dam was built downstream from the
dam, and the construction of a canal systcm commenced. The town of Métropolis included graded sireets, a
large three-story hotel, schools, other business buildings, a newspaper (the "Metropolis Chronicle") owned by
the company. A 6-mile branch railroad spur from the main tracks of the Southern Pacific at Tulasco, about
6 miles west of Wells, started operation October 1911. A railway station was completed in Metropolis, March
1912. All these events, and many others, occurred during the short period of 2 years. By the end of 1912,
Metropolis was a thriving town with several hundred residents and many comfortable homes.

Under the provisions of the Carey Act the only money the company could make from the Carey Act lands
was for the sale of water to the farmers. However, the major source of revenue in this undertaking came from
the sale of privately owned land to the new settlers. It has been reported that some of the land sold for $300
per acre. The land was situated in a checker-board fashion, the odd-number sections being company land and
the even numbered sections Carey Act land.

In studying the history of this project the reader could come to the conclusion that the company might
have been more interested in designing its canal system to reach the best company lands. Then too, the farmers
who were developing the private lands would also have to pay for the use of water furnished by the company.

Bishop Creek Dam

The major facility of the project was a $200,000 dam on Bishop Creek which was designed to form a
30,000-acre-foot reservoir. The location of the dam was about 10 miles north of Wells, Nev., and 8 miles
directly east of the town of Metropolis. Bids for the construction closed April 15, 1911, and the dam was
completed during May 1912, The dam was of the earth-fill type with a rubble facing on the upstream side
which was lined with rcinforced concrete. A reinforced concrete conduit was constructed through the base of
the dam and was provided with suitable gates regulated from a tower. After being discharged from the dam the
water flowed down the natural channels about 3 miles to a diversion dam. * It is noteworthy that the dam still
stands after over 70 years of life and has survived several flood periods, the latest being in 1984,

Branch Railroad to Metropolis

A spur railroad, about 6 miles in length, was constructed by the Southern Pacific Railroad. The connec-
tion was made at Tulasco, a station on the main line about 6 miles west of Wells. Rail service to Metropolis
started during October 1911 and passenger service to Wells started February 1912. A well appointed railroad
station was completed at Metropolis by March 1912. Daily runs from Wells and return were continued until
September 1913, when the dwindling business of the town caused the railroad to reduce the runs to tri-weekly.
By 1916, the runs had been reduced to one trip per week, The U.S. Interstate Commerce Commission
authorized the Southern Pacific to abandon the Metropelis branch in August 1922, but the line was operated
intermittently until it was dismantled, August 1925.

! State Engineer’s Biennial Report, 1911-12.
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The story of the Pacific Reclamation Company and the town of Metropolis was well documented by
Victor O. Goodwin, a noted writer of Nevada history. Much of the data herein pertaining to all phases of the
Pacific Reclamation Company project were taken from Mr. Goodwin’s findings. *

The Story of Metropolis

The rapid growth of the town of Metropolis has already been mentioned. A few added details are
described here. The crowning event which paved the way for the rapid progress made by the Metropolis
Improvement Company was the construction of the three-story Metropolis Hotel. This hotel, built at a cost of
$100,000, was at that period one of the finest hostelries in Nevada. Elevators served all floors, and the appoint-
ments were ovtstanding. The Metropolis Bank was on the first floor. An electric generator was installed in the
basement.

The first school in Metropolis was a two-room structure completed in January 1912. Sixty pupils were
attending classes by the following February. During February 1912 a $25,000 brick and stone school building
was being constructed which replaced the two-room schoolhouse.

A water system, originating from springs in Trout Canyon, was completed by March 1912. A water
pressure of 85 to 105 pounds per square inch was maintained in the lines which mare than adequately served
the water needs of the town,

It was reported that an electric power plant, whose turbines were Lo generate electricity from water piped
to the townsite in a large steel pipe from lower Trout Creek, was projected but was not built prior to the
collapse of the project.

During 1911, the Metropolis Chronicle, a company owned newspaper, started publication and was the
local voice of the Pacific Reclamation Project Company until it was terminated April 1913.

A post office served Metropolis from November 24, 1911, to December 10, 1942, after which all mail
was sent 10 Wells.

! A number of subbasin reports were prepared for the Humboldt, Walker, Carson, and Truckee river
basins by a field party consisting of personnel from the U.S. Forest Service, U.S. Soil Conservation Service,
and U.S. Agricultural Research Service in cooperation with the Nevada Department of Conservation and
Natural Resources. Mr. Goodwin represented the U.S. Forest Service. As a prelude to each subbasin report,
Mr. Goodwin documented the early history of the arca being studied. Following the completion of the 11
subbasin reports on the Humboldt River, Mr. Goodwin authored a more detailed history of each of the 11
subbasins. The story of the Pacific Reclamation Company was contained in the history of the Mary’s River
subbasin. The title of this historical work was The Humboldi-Nevada, Desert River, and Thoroughfare of the
American West, by Victor O. Goodwin, U.S. Department of Agriculture--Nevada Humboldt River Basin
Survey, 1966. Only 25 copics of this work were printed.
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Unfortunate End of the Pacific Reclamation Company

The Pacific Reclamation Company in inaugurating this well-planned reclamation project, believed that the
waters of Bishop, Burnt, and Trout Creeks could furnish sufficient water for the irrigation of all 25,000 acres. The
construction of the $200,000 dam on Bishop Creek was the first step. However, legal trouble started in early 1912
when the water users in the Lovelock Valley instituted a lawsuit against the Pacific Reclamation Company,
enjoining the company from making full use of the water of Bishop, Trout, and Bumnt Creeks. As a result, the
company was limited to the use of water on only 4,000 acres. This meant the end of the project. The Pacific
Reclamation Company and the Metropolis Land Company went into receivership in April 1913. By 1920, all
divisions of the Pacific Reclamation Company were declared bankrupt.

This was the end of a practical and well-intentioned reclamation project. The town rapidly deteriorated. The
hotel, which closed its doors during 1913, and the brick school building were either burned or demolished. Other
buildings were moved away, and the depot was demolished or dismantled. All that remains now are remnants of
foundations, largely covered by sagebrush,

The rise and fall of the town of Metropolis was reminiscent of the rise and fall of many mining camps in
Nevada. As Victor Goodwin so aptly stated, "Metropolis is the only ghost agricultural town in Nevada." In the
case of a boom mining camp, its life ended when the ore played cut. In this instance it could be said that lack of a
water supply brought about the downfall of Metropolis.

Following the collapse of the Pacific Reclamation Company and its supporting companies, a number of
farmers remained--some no doubt using available Bishop Creck water and others trying to dry farm. By 1924,
according to Mr, Goodwin, about 200 persons were still in the areca. However, the drought and depression of the
1930°s brought almost all farming activity to an end.

Legislation pertaining to the participation by the State under the Carey Act still remains in force.

OTHER EARLY FEDERAL LAND LEGISLATION

Homestead Act

On May 20, 1862, President Lincoln signed the Homestead Act. This law, still in force, permitted any single
person over 20 years of age 1o select 160 acres of land in the public domain and acquire title 1o it after residing on
the land for a period of 5 years and completing certain requirements as to cultivation. The period of residence was
later reduced to 14 months, and entry by anyone already owning 160 acres of other lands was prohibited. The act
contained no water-development requirements or restrictions.

Desert Land Act

The Desert Land Act was enacted March 3, 1877, in recognition of the limited application of the Homestead
Act. As first approved, it provided that title to 640 acres of arid land could be procured by conducting water to the
land and reclaiming 20 percent of it. In 1890, the acreage was reduced to 320 acres. In order to receive a patent,
at least 40 acres had to be irrigated. From 1877 to 1967, a total of 375,057 acres had been patented under the
Desert Land Act in Nevada. !

! 1.S. Burcau of Land Management, 1968, Public land statistics, 1967: U.S. Department of Interior, Bureau
of Land Management, p. 52.
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APPENDIX 4

STATE ENGINEERS SINCE CREATION OF OFFICE, 1903

Engineer

AE. Chandler

Henry Thurtell

Frank R. Nicholas
Emmet D, Boyle
William M. Kearney
James G. Scrugham
Seymour Case

James G. Scrugham
Robert A. Allen
George W, Malone
Alfred Merritt Smith
Hugh A. Shamberger
Edmund A. Muth
Elmo J. DeRicco
George W. Hennen
Roland D. Westergard
William J. Newman
Peter G. Morros

R. Michael Turnipseed

Period of Tenure

May 29, 1903 - Apr. 30, 1905

May 1, 1905 - Apr. 30, 1907
May 1, 1907 - Mar. 3, 1910

Mar. 8, 1910 - Mar. 20, 1911
Mar, 21, 1911 - May 15, 1917
May 16, 1917 - Jan. 10, 1918
Jan. 2§, 1918 - Mar. 27, 1919
Mar. 28, 1919 - Oct. 6, 1922

Oct. 7, 1922 - Mar. 28, 1927

Mar. 29, 1927 - May 28, 1935
May 29, 1935 - June §, 1951

June 6, 1951 - June 30, 1957
July 1, 1957 - July 3, 1962
July 5, 1962 - Dec. 31, 1964
Jan. 1, 1965 - June 30, 1967
Tuly 1, 1967 - Dec. 31, 1978
Jan, 1, 1979 - July 3, 1981
July 6, 1981 - Feb. 7, 1990

Feb. 20, 1990

DIRECTORS,

NEVADA DEPARTMENT OF

CONSERVATION AND NATURAL RESOURCES,
SINCE CREATION OF OFFICE, 1957

Director
Hugh A. Shamberger
Elmo J. DeRicco
Norman S. Hall
Roland D. Westergard
Peter G. Motros

FPeriod of Tenure
July 1, 1957 - Jan. 1, 1965
Jan. 1, 1965 - Jan. 1, 1977
Jan. 1, 1977 - Jan, 1, 1979
Jan. 1, 1979 - Feb. 7, 1990

Feb. 8, 1950
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U.S. GEOLOGICAL SURVEY PERSONNEL IN CHARGE OF
HYDROLOGIC COOPERATIVE PROGRAMS IN NEVADA

The U.S. Geological Survey began the measurement of Nevada streams in 1889. As funds were limited,
the work was carried on in a piece-meal manner until 1901 when the Nevada State Legislature appropriated
$2,000 for stream measurement. Until the appointment of the State Engineer in 1903, the work was under the
direction of L.H. Taylor, who in 1903 became the supervisory engineer for the U.S. Reclamation Service.

Following the creation of the Office of State Engineer in 1903, an agreement was reached between F.H.
Newell, Chief Engineer of the U.S. Reclamation Service, and State Engineer A.E. Chandler, whereby the State
Engineer acted, without salary, as resident hydrographer of the U.S. Geological Survey. Under this agreement,
all the U.S. Geological Survey stream stations were placed under the control of the State Engineer. The State
paid his subsistence expenses and the Survey paid the hotel bills.

From 1903 to July 1, 1908, regular stream-gaging stations were maintained. When the State failed to
appropriate matching money from July 1908 w July 1913, no cooperative program between the two agencies
was carried on. However, starting in 1913, the stream-gaging program has been developed to a great extent
and has proven worthwhile. The cooperative ground-water program began in 1945 and continued until the
consolidation of the Surface Water and Ground Water Branches in 1962. Since then the cooperative program
has been under the direction of the Nevada District Chief, Water Resources Division, The following is a

listing of the U.S. Geological Survey officials who were in charge of the cooperative water resources program
in Nevada.
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SURFACE WATER BRANCH PERSONNEL, 1913-62

Engineer
District Office  District Engineer  Period in charge Remarks
Salt Lake City, E.A. Porter 1913-16
Utah for Utah C.C. Jacob 1916-17
and Nevada A B. Purton 1917-42
M.J. Wilson 1942-47 During 1947, a Surface Water Branch
suboffice was established in Carson
City under the District Office that
handled mainly personnel and
financial matters.
M.J. Wilson 1947-51 L.R. Sawyer
1951-59 C.H. Carstens
1960-61 L.I. Snell
Carson City, E.E. Harris 1961-62 On July 1, 1962, consolidation of the

Nev,

Surface Water and Ground Water
Branches was made in Nevada. A
District Office was established in
Carson City with all Water
Resources Division programs
under the general supervision of
the District Chief.

GROUND WATER BRANCH DISTRICT OFFICE, 1945-62

District Office

District Engineer

Period

Remarks

Carson Cily,
Nev.

T.W. Robinson

Omar Loeltz

1945-50

1950-62

A cooperative ground-water study

involving Las Vegas and Pahrump
Valleys was started July 1, 1944,
with G.B. Maxey, Associate
Geologist in charge under general
supervision of P.E. Dennis, District
Geologist, Salt Lake City, Utah.
On July 1, 1945, a statewide
Ground Water District Office was
established in Carson City.

WATER RESOURCES DIVISION DISTRICT OFFICE, 1962-present (1990)

District Office District Chief Period Office Chief Remarks
Carson Cily, G.F. Worts, Ir. 1962-74
Nev. 1.P. Monis 1974-77
F.T. Hidaka 1977-79
T.J. Durbin 1979-81
Terry Katzer 1981-82 Idaho and Nevada District Offices
merged into one District in August
1982, with District Chief in Boise,
Idaho, and Nevada Office Chief in
Carson City.
Boise, Idaho E.F. Hubbard, Ir. 1982-85 Terry Katzer
1985-86 Otto Moosburner Acting Nevada Office Chief
1986-87 W.J, Carswell, Ir,
Carson City, W.J. Carswell, Jr. 1987 Idaho-Nevada District demerged into

Nev.

separate districts in October 1987,
with Nevada District Chief in
Carson City.
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APPENDIX §

SPECIAL ARTICLES OF INTEREST THAT APPEAR
IN THE STATE ENGINEERS’ BIENNIAL REPORTS

Since the creation of the Office of State Engineer in 1903, the State Enginecr, by law, was required to
submit a report to the Governor every 2 years as to the affairs of his office during such period. This was
faithfully carried out by the State Engineers until the creation of the Department of Conservation and Natural
Resources in 1957. The 1957-58 Biennial Report was the final one which dealt only with the Office of State
Engineer.

The Department of Conservation and Natural Resources, as originally established, included the Division
of Water Resources, headed by the State Engineer; Division of Forestry under the guidance of the state
forestor; Division of State Lands in which the director of the Department was ex officio state land register of
the Division of Oil and Gas Conservation Commission.

The Department has grown rapidly. In 1963, the Division of State Parks was added and subsequently the
Divisions of Mineral Resources, Conservation District, Environmental Protection, Water Planning, Historic
Preservation, and Archaeology. The law provides that the director of the Department may establish other
divisions, as found necessary.

During the years the State Engineers’ biennial reports were compiled (1909-58) and printed, special
articles pertaining to the land and water resources of Nevada were included, most often by guest anthors who
were experts in their particular field. It is appropriate to briefly mention some of the most important ones as 0
few copies of the reports are now extant. About the only source where complete sets of these reports may be
found are the libraries, although most of the reports may be found in the Office of State Engineer.

The following compilation gives the subject discussed, the biennial report (BR.) and years, the page
number, and a summary of the subject matter:

Civilian Defense

B.R. 1940-42, pp. 32-38.
Civilian defense during the Second World War is included in this report as the Office of State Engineer
became the headquarters for all civilian-defense activities. Deputy and Assistant State Engineer Hugh
Shamberger was appointed State director by Governor E.P. Carville. State Engineer Alfred Merritt
Smith gave the director full authorization to carry on the civilian-defense work along with his duties as
Assistant State Engineer. Full cooperation was given by other state agencies, especially the State
Highway Department under Robert A. Allen. The work of the director and the many local civilian
defense councils is documented in five volumes deposited in the State Library.

Colorado River Development Commission

B.R. 1929-30, pp. 89-96

B.R. 1931-32, pp. 56-69

B.R. 1932-34, pp. 65-78

B.R. 1934-36, pp. 94-107
These reports detail the large amount of work performed by this commission in safeguarding Nevada's
interest, especially as to electric-power rates from Hoover Dam. The commission consisted of the
Govemor, State Engineer, and a member appointed by the Governor.
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Colorado River Stundy

BR. 1952-54, pp. 35-36.
Some of the early events leading up to the lengthy trial before a Master appointed by the U.S. Supreme
Court involved the allocation of Colorado River water among Arizona, California, Nevada, New Mexico,
and Utah. A more detailed account of the proceedings is set forth in the Report of the Department of
Conservation and Natural Resource for the years 1957-59,

Conserving Nevada’s Water Resources

B.R. 1948-50, pp. 29-46
A section of the biennial report contains a resumé of Nevada’s water resources which was taken from a
textbook prepared for Nevada schools in 1949 written by Assistant State Engineer Hugh A. Shamberger.
The section covers the water cycle, distribution of water, the watersheds, the rivers of Nevada, major
dams and reservoirs, snow surveys, ground water, the cooperative ground-water siudy, water law, and
other references pertaining to the water resources of Nevada.

Humboldt River--Distribution of Water and Litigation

B.R. 1936-38, pp. 83-101
A description of the many legal and condemnation suits involved in the determination of water rights on
the Humboldt River.

Humboldt River--Humboldt River Board

B.R. 1944-46, pp. 79-94
The organization of a Humboldt River Board, August 22, 1943, to act as an advisory group to the State
Engineer in safeguarding the inicrests of the water users of the Humboldt River. At the organizational
meeling, talks were given by a member of Federal and State representatives in the field of land and water.

Humboldt River--Quality of Water

B.R. 1940-42, pp. 108-114

B.R. 1942-44, pp. 46-58
A study of the salinity conditions of the Humboldt River water was prepared by M.R. Miller, Chemist,
Nevada Agricultural Experiment Station, Laboratory of Research, University of Nevada, July 11 to
December 31, 1941, and July 1, 1942, 10 December 31, 1943,

Humboldt River--The Humboldt Project (Rye Patch Dam)

B.R. 1934-36, pp. 75-79
L.1. Foster, Construction Engineer, U.S. Bureau of Reclamation, describes this project and the construc-
tion of the Rye Patch Dam on the Humboldt River, 23 miles northeast of Lovelock. Construction started
in early 1934,

Lake Tahoe Basin--Water Use, 1948

B.R. 1948-50, pp. 87-113
A rather detailed survey was made of water use from Lake Tahoe during 1948 by all water users in
California and Nevada; the report also gives an estimated population within the watershed in 1948. The
maximum number of users for July and August was estimated to be 27,500 people, and the monthly
average for the year was 9,000; this includes tourists and summer dwellers. The net consumptive use of
water within the Lake Tahoe watershed for 1948 was estimated to be 5,190 acre-feet,
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Las Yegas Valley--Artesian Basin

B.R. 193840, pp. 85-96
This is a report of the Las Vegas Valley artesian basin prior to the cooperative basin-wide underground-
water study and subsequent to the leaky-well study by the U.S. Geological Survey in cooperation with the
Office of State Engineer. A summary of the results of the leakage study is given, the study being
financed by Clark County, City of Las Vegas, and Las Vegas Land and Water Company. The 1939
Nevada underground-water law is discussed and a listing of 340 wells is given.

Little Humboldt River--Channel Improvement Work

B.R. 1936-38, pp. 115-122
This article describes the work of the U.S. Civilian Conservation Corps, under the supervision of the U.S.
Forest Service, in the installation of diversion structure and channel cleaning along the Little Humboldt
River in Paradise Valley, Humboldt County.

Little Humboldt River--Storage Projects

BR. 1921-22, pp. 66-68
Proposed sites are described for storage projects on the North Fork, Little Humboldt River, and on Martin
Creek, one of the main tributaries to Little Humboldt River.

Muddy River Report

B.R. 1938-40, pp. 49-72
A detailed report describes the Muddy River Valley Irrigation Company, Moapa Indian Reservation,
water rights, water supply, flood data, flood-control projects, the White Narrows dam site, storage of
flood waters, flood control, storage of decreed water rights, and recommendations. The report was
compiled by Deputy State Engineer Hugh Shamberger.

Newlands Reclamation Project, Carson River

B.R. 1929-30, pp. 141-147
This report, by D.S. Stuver, Project Manager, gives the history of the Newlands Project which started
during 1903, Salient features of the project are set forth as well as a discussion of the water supply,
project costs, and electric-power development.

Owyhee River

B.R. 1921-22, pp. 58-66
By an act of the Nevada State Legislature, a commission to be known as the Owyhee River Development
Commission of Nevada was formed. Under the provisions of the act a reconnaissance study was made
with a view to determine: (1) the practicability of diverting water from the South Fork of the Owyhee
River to the Little Humboldt River, and (2) the feasibility of utilizing the Owyhee River water for the
irrigation of lands on what is known as the Owyhee Desert. Apparently the studies advanced little
beyond the 1922 and 1923 investigations.

Panaca, Lincoln County, Nevada--Ground-Water Possibilities

B.R. 1940-42, pp. 73-79
This report was written by Harry E. Wheeler, Associate Professor of Geology, University of Nevada,
Reno. Tt covers the geology of the area, the Panaca Lake Beds, ground-water and artesian-water pos-
sibitities.
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Public Domain, Brief History

B.R. 1936-38, pp. 109-112
This history was prepared by Cruz Venstrom, Land Use Planning Specialist, Nevada, U.S. Department of
Agriculture, Bureau of Agricultural Economics, outlining the legal attempts of Nevada to control the
public domain.

Quinn River Investigation

B.R. 1946-48, pp. 51-59
This report concerns the distribution of water rights on Quinn River in Humboldt County where the water
rights were decreed under a civil suit. An act of the Nevada State Legislature in 1947 (Chapter 159,
Stamte 1947) provided that in such cases the District Court could order the State Engineer to make a
hydrographic study and report, setting forth his recommendations as to the administration of water rights.
On March 6, 1948, Alfred Merritt Smith, State Engineer, issued his report on the waters of Quinn River.
This recommendation was approved by the District Court, following which a water commissioner was
engaged to distribute such waters.

Resume of Distribution of Water Activities

B.R. 19298-30, pp. 45-56
This is an article on the early history of the Humboldt River and some of the problems of the State
Engineer and supervising Water Commission had in litigation and river regulation.

Salmon River

B.R. 1948-50, pp. 70-80
As the result of a large number of applications being filed to appropriate water on tributaries of the
Salmon River, a detailed study was made of this stream system. The resulting report of this study
outlining a hydrographic program was included together with a map of the stream system,

Snow Surveys

B.R. 1919-20, pp. 22

B.R. 1925-26, pp. 14-18

B.R. 1927-28, pp. 61-65

B.R. 1942-44, pp. 30-35
The system of cooperative snow surveys was organized in 1919 by informal agreement between the
States of California and Nevada. Dr. J.E. Church, Jr., of the University of Nevada is credited with being
the originator of snow surveys, which through the years have spread throughout the world. The work in
Nevada has been reported in the biennial reports starting with the 1919-20 report.

The 1925-26 Biennial Report contains a brief history of this work as outlined by Dr. Church. Professor
H.P. Boardman, Civil Engineering Department of the University of Nevada, Reno, was a close associate
of Dr. Church and became chairman of the Forecast Committee,

A good article on snow surveys is contained in the 1942-44 Biennial Report,
Stream-Runoff Measurements
B.R. 1936-38, pp. 154-161

A complete record of runoff measurements of major Nevada strcams from 1895-1938, inclusive, is
contained in this biennial report,
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Supreme Court Decisions Relating to the Office of the State Engineer

B.R. 1934-36, pp. 108-115
A brief summary is presented of decisions of the Nevada Supreme Court relating to water and covering
the period 1869-1936.,

Town Water Supplies in Nevada

B.R. 1944-456 pp. 28-48
This article gives the name of the town, name of water company, and type of ownership in some 57
Nevada towns as of 1946, A description of the source of water supply for each town is set forth.

Truckee River Storage Project

B.R. 1936-38, pp. 113-115
A brief teport on the Truckee River Storage Project was prepared by F.M. Spencer, Associate Engineer,
U.S. Bureau of Reclamation, and sets forth the early studies for a dam and storage reservoir on the Little
Truckee River. The details of Boca Dam, on which construction started during 1937, are set forth.

Truckee River, Upstream Storage

B.R. 1929-30, pp. 129-134
Studies were made by the U.S. Bureau of Reclamation in 1927-28 in investigating reservoir sites on the
Truckee River and its tributaries.

Virgin River--Quality of Water, Lower Virgin River

B.R. 1944-46, pp. 95-99
A quality-of-water study on the Lower Virgin River was prepared by George Hardman, State
Conservationist, U.S. Soil Conservation Service. The study covers the reach of the Virgin River from
Littleficld, Ariz., to Riverside, Nev., from which the irrigation is water diverted for the Bunkerville, Ariz.,
and Mesquite, Nev., areas.
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APPENDIX 6

WATER-SUPPLY PROBLEMS FACED BY
EARLY MINING CAMPS OF NEVADA

The author, having served in the Office of State Engineer for more than 30 years, became well acquainted
with every part of the State. Water-applications investigations took him into remote areas and in his travels he
visited practically all the famous mining camps, especially the more productive ones. During the period 1933-
65, the mining industry was at a low ebb. Few reduction mills were operating, and consequently few problems
were associated with development of a water supply for the mining camps, mills, and mines. It was, therefore,
not necessary for the author, or for that matter, any of the engineers from the Office of State Engineer, to
become concerned with water problems confronted by the early mining camps or by the few newly developed
mines.

During the 1930’s and 1940’s, many of the old mining camps that flourished during the 1860’s and
1870°s still retained their identities. The old dilapidated buildings were still standing and the old townsites
were overgrown with sagebrush or other desert vegetation, This was also true of mining camps that flourished
during the first two decades of this century.

The history of most of the early mining camps usually followed the same pattern. After the discovery
would come the rush of prospectors to the new area, and if the region looked good, a camp would be set up
with its saloons, gambling halls, and merchandise stores. Prospectors would swarm over the nearby hills, and
the camp would fill up with mining promoters and the usual riff-raff always in attendance.

Seldom in the history of mining camps in Nevada was a source of water readily available. In the early
stages of development, water would be hauled by wagon to supply the camp and mining work. If the ore
bodies proved substantial, a reduction mill would be projected. Then the problem of a water supply of suffi-
cient quantity to operate the mill would have to be solved. Either the ore would have to be conveyed to the
water source or the water would have to be pumped to a mill site near the mine.

In the event that only one mill was contemplated, the mining company would find it advantageous to haul
or tram the ore to the water source, which would usually be downhill from the mine. If the camp could support
more than one mill, usually with a lively town, quite often a private water company would be formed and the
water pumped to the places of use. The procedure varied from camp to camp.

The life of most mining camps in Nevada was of short duration--often only a few years. Unless the
mining town happened to be a county seat, such as Pioche, Eureka, Austin, Tonopah, Virginia City, and
Goldfield, when the are supply was exhausted and mills closed down, the population, stores, saloons, gambling
houses, and businesses made the great exodus. In most cases old buildings and mining structures would be
abandoned, and sagebrush and other desert vegetation would take over. In a few cases, the buildings would be
moved to another boomtown.

When the author first passed some of these old towns during the 1930's and 1940’s, many of the old
buildings were still to be seen, and the towns looked just as they were--deserted ghost towns.

However, during the 1950°s and after, old buildings were torn down by vandals and burned or the lumber
stolen to be used elsewhere. When the author visited some of the old townsites during the 1960’s and 1970’s,
little remained to indicate that at one time flourishing mining camps existed, except where county seats were
created in an established mining camp and in a few other old camps, such as Silver Peak.
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Fortunately, most of the carly mining towns had one or more newspapers and usually a photographer. So
most of the interesting history of the mining camps of Nevada has been preserved in print and photographs.

The Historical Mining-Camps Series

The author, after spending nearly 34 years in the service of State of Nevada, mostly all in the field of
water and related resources, retired January 1, 1965. As do so many professionals who retire, the author
desired to spend a part of his time in work that would be both interesting and productive. He often wondered
how old-time productive mines solved their water-supply problems.

One day when this author was visiting George F. Worts, Jr., Nevada District Chief, U.S. Geological
Survey, and his assistant Thomas E. Eakin, a discussion involved the water supplies of the old Nevada mining
camps. In Nevada, as in some of the other arid western states, the ore deposits and a source of water supply
were most often widely separated. It was either pipe the water to the mill-site or convey the ore to where a
sufficient water supply was available. It was recognized that little artention had been given this particular
subject of water supply by historians, with the exception of water supply in Virginia City.

Mr. Worts suggested the author might wish to try his hand on a part-time basis, as a research geologist.
Being always interested in the history of the State, the author lpst no time in getting started. It was only natural
that his first effort was one on the water supply for the Comstock at Virginia City, where water was diverted
from both the eastern and western slopes of the Sierra Nevada overlooking Lake Tahoe. The first water from
the eastern slope of the Sierra Nevada reached Virginia City during 1873. It involved over 13 miles of wooden
flume and a 7-mile inverted siphon. The siphon was 12 inches in diameter and had a pressure head of more
than 819 pounds per square inch at the low point at Lakeview saddle. The construction of this pipeline was
considered one of the great engineering feats of the 19th century. Two other pipelines were constructed along
the same route, the second in 1875 and the third in 1887. Only the second pipeline is now in use.

When the author started this project, he did not realize the tremendous amount of research and travel
needed to develop the full history of a mining camp. He succeeded in completing 10 books, the last one being
the history of Goldfield, completed in 1982. The books cover the following camps:

1. The Story of the Water Supply for the Comstock.  Printed by the U.S. Government Printing Office, as
U.S. Geological Survey Professional Paper 779.

. Rawhide, 1970, Nevada State Printing Office.

. Seven Troughs, 1972. Caxton Printers, Caldwell, Idaho.

. Rochester, 1973. Western Printing & Publishing Co., Sparks, Nevada,

. Fairview, 1973, "

. Wonder, 1974. "

. Weepah, 1975, "

. Silver Peak, 1976. "

. Candelaria and its Neighbors, 1978. "

. Goldfield, 1982. "
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The author touched on only a few of the mining camps which required great engineering skill 1o pipe the
water to the mills. Needless to say, this project could not have been completed without the full cooperation
and encouragement of the Nevada District Chiels, Water Resources Division, U.S. Geological Survey, Carson
City, Nevada. First, there was George F. (Skip) Worts, Jr., followed by John P. Monis, Frank Hidaka, Timothy
J. Durbin, and Terry Katzer. Other State and Federal Agencies and many individuals also furnished assistance,
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