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Respeetfully submitted,
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CHAPTER I
Infroductory and General

The first irrigation of arid lands in the State of Nevada dates back
to the period when the mineral resources of the State were first
exploited. This began about the year 1849, and the irrigation  of
lands lying adjacent to the river channels was made possible by the
early construction of diversion canals for the purpose of supplying
water for power and milling to the mills that were reducing the ores
from the mines into concentrates. During the years 1849 to 1860
practically all the irrigation in Nevada was a by-product of mining
development, as the market for agricultural products was limited to
demands of the surrounding mining distriet.

A study of the records on file in the State Engineer’s office dis-
closes the fact that the earliest appropriator of water for irrigation
purposes was one Nicholas Ambrose, who diverted water from the
Carson River, near Empire, Nevada. The diversion of water by this
early appropriator was made possible by the construction of a dam
in the Carson River by the Brunswick Mill. The authenticity of the
date of priority of this water right is still being questioned by other
water users diverting water from the Carson River, but there can be
no question of the fact that the first irrigation of arid lands in the
State of Nevada occurred on lands adjacent to the Carson River, as
many proofs have been entered in court proceedings establishing
priorities of water rights on this stream during the years 1850 to 1860.

From 1860 to 1870 many settlers, recruited from the ranks of disillu-
sioned miners, settled upon lands in the river bottoms of the various
streams in the State and with little effort were enabled to divert
water for the subirrigation or freeflooding of these bottom lands.
Beginning about the year 1870 the livestock industry began to make
itself an important factor in the growth and development of Nevada
and, because of the unlimited available free range, grew by leaps and
bounds and attracted to the State many bona fide farmers whose first
intentions were to produce forage crops for the use of those stockmen
who owned stock but no land. This influx of new settlers continued
in a more or less desultory way until about 1905, at which time many
colonization schemes were promulgated by promoters and railroad
companies. By 1905 all of the lands in Nevada susceptible of recla-
mation by irrigation at a low cost per acre had been taken up and
were being irrigated, thus forcing the new settlers to take up land
that was at some distance from the main streams. The expense
incurred in securing water for irrigation purposes for these outlying
lands was prohibitive as far as the individual was concerned, and it
became necessary for them to organize canal companies for the pur-
pose of constructing and operating community canals and distribution
systems. These canal companies were enabled to fill the need for
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Tony Creek
VINCENT FULKERSON, Commissioner, 1929 .. ... ... Entire Creek
Cras. MovLTreE, Commissioner, 1930 Entire Creek

Muddy River, 1929-1930
S. D. CoNGER, CommisSioner. ... Entire District

Cwrrant Creek and Duckwater Creek

T RA N NGO bt e sl e o B M Ty e Eutire District
T AR RISWIOB 0 L 8 s el == Lot L e Intire District
Pahranagat Lake
A, A, Scuorg, Commissioner, 1929, .. ... ... Entire District
H. T. McQuiston, Commissioner, 1930.............._. ... Entire Districet

Six-Mile Creek

R. A. KixxE, Commissioner, 1929.. Entire District
CHas. BrRownN, Commissioner, 1930, Entire District

In Cooperation With the Department of State Engineer
(U. 8. Geological Survey, Water Resources Branch)
=B T ET 1 o S S i e s gt District Engineer in Charge

Nevada Cooperative Snow Surveys
JRAGEGROEL R TN MR s § SN M B F T LR In Charge

BUREAUS AND COMMISSIONS OF WHICH STATE ENGINEER
IS A MEMBER
Nevada Colorado River Commission

HoNe E. B BALZAR, Gowernor..r.... B fa o . e L Chairman
GEO. W, MALONE, State Engineer. ..., Secretary
1B Clomidice oSS Bo J DR SR o Member

T SEVNUGTINRSSSab s Wl vt | e, Chairman
GEO. W. MALOXNE, State Engineer........__.. ~Member
Eoxr R IMaRTrs S W o ft SRS s WL o B USRS Member

State Irrigation District Bond Commission

HON. I, B. BALZAR, GOVEIIIOL ..o ieieee et e ee e mee e eem e emme smee Chairman
E. J. SEABORN, Bank IEXaINinNer. oo Member
GEeo, W, MAarLoNE, State Engineer.................._. ... Member

Bureau of Industry, Agriculture and Irngatlon
Hox. F. B. BaLzar., Governor Chairman
THos. A. Lotz, Surveyor General. .-Member
GEO. W. MALONE, State Engineer ... Member

State Range Commission

HOX. F. B. BALZAR, GOVEITIOY . .. coiiinnei oo ieee e ee e cmeeeameeeenaamaamsasmtane e s mm s een Chairman
GEo. W. Maroxg, State Engiueer . Member

J. ¥, SHAUGHNESSY, Tax Commissioner. ... Member
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ENGINEER'S OFFICE

Adjudication Publications
Abstract of Claims—

Carson River, 1921, Little Humboldt River, 1913.*
Currant Creek, 1919. Little Humboldt River, 1929.
Evans Creek, 19106. Muddy River, 1906.

Humboldtf River, 1909, Salmon River, 1916.
Humboldt River, 1912, Walker River, 1907.*

Humboldt River, 1922.
Preliminary Order of Determination—

Carson River, 1921.* Little Humboldt River, 1929.

Humboldt River, 1922, Pahranagat Lake, 1926.*
Objections to Preliminary Order of Determination—

Humboldt River, 1922 * Little Humboldt River, 1930.
Order of Determination—

Carson River, 1927, Muddy River, 1920,

Humboldt River, 1922, Paliranagat Lake, 1926:

Objections to Order of Determination—
Humboldt River, 1923.

Priority Index Chart Humboldt River, 1924,

Biennial Reports State Engineer

1903-04;%  1905-06; 1907-08;* 1909-10; 1911-12;* 1913-14;
1917-1%8;  1919-20; 1921-22; 1923-24; 1925-26;* 1927-28.

Miscellaneous Publications
Cippoletti Weir Discharge Tables.
‘Colorado River Compact.

Huinboldt River Distribution, 1930.
Nevada Drainage District Act.*
Nevada Improvement District Act.*
Nevada Irrigation District Act.
T’ublic Domain Administration.
Regulations for Preparation of Maps.
Stock Watering Act.
Synopsis of Water Law, No. 7.
Water Laws of Nevada.

*Supply exhausted.
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LIST OF PUBLICATIONS PRINTED FOR DISTRIBUTION BY STATE

1915-1G;






PERSONNEL

DEPARTMENT OF STATE ENGINEER
Carson City Office

GE0. W. MALONE State Engineer
H. W. REPPERT Assistant State Engineer
B R R ™ e Lt e e s Deputy State Engineer
O. L. HUSSMAN®............ Deputy State Engineer
CuAS. K. MCOLELLAND®. ........... Office Engineer
F. N. DONDERO.... ...Office Engineer
O. L. Hussyan! ...Special Assistant to the

State Engineer, Little Humboldt River Adjudication
Special Assistant to State Engineer

A. V. TALLMAN®

ADA T8 TGN o) 1 N —— e S | R S Chief Clerk
CHas. THIEX. ... Clerk
MARJORIE FOTHERGILL...... Stenographer
Zita D. MEDER Stenographer

WATER DISTRIBUTION
Humboldt River, 1929
A. MILLAR, Supervising Water Commissioner Entire River
M. QuiLL, Commissioner Elko District
L. HussMAN, Commissioner Elko District
T. SarzManN, Commissioner Winnemucea District
‘WM. BroYLES, Commissioner Battle Mountain District

J.
A.
0.
G.

VINCENT FULKERSON, Commissioner

Lovelock Distriet

STEPHEN FULKERSON, Hydrographer

Harry LiPEReLLI, Hydrographer

.......Humboldt River

Humboidt River

JaMEs Dove, Hydrographer

OswarLp McDerMoTT, Hydrographer

_..Humboldt River

Humboldt River

MaxwEeLL THoOMPSON, Hydrographer

MarsHALL GUsTE, Hydrographer

______ Humboldt River

Humboldt River

EicaT WATCHMEN.

Humboldt River

Susie ABEL, Filing Clerk

1930
J. A. MiLLar, Supervising Water Commissioner
A. M. QuiLL, Commissioner

Winnemucca Office

Entire River

Elko District

WM. McCuLrocH, Commissioner

Elko District

W. V. Horran, Commissioner.

Roy WHITACRE, Commissioner.

PErER KRUMMES,® Commissioner.

Battle Mountain District
Winnemucca Distriet

Lovelock District

Roy MEFFLEY,” Commissioner

Lovelock District

O. L. HussMaN,® Commissioner

Lovelock District

A. V. TarLmaN, Commissioner

Lovelock District

FrED BALDINA, Hydrographer........ ... ...
L. ToLaNp, Hydrographer

Humboldt River
Humboldt River

H. Lipererri, Hydrographer....
MaxweLL THoMPSON, Hydrographer

Humboldt River
Humboldt River

EpMUND REcANZONE, Hydrographer
Frep RicH, Hydrographer

Humboldt River
Humboldt River

JouN KEPPNER, Hydrographer
LonNa Lowry, Clerk

Humboldt River

Winnemucca Office

’_.Tanuary 1, 1929, to January 31, 1930. *February 1,
August 15, 1929. +*January 1, 1929, to January 31, 1930.

1980, to date. 3January 1 to
SJuly 1, 1930, to date. ‘Trans-

ferred to South Fork. 7Low water period only. $Loaned by State for brief period.
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canal construction as long as no ready cash outlay was required on
costly structures, and most of the investment represented in these
companies was labor performed by the individual stockholders.

As this field of reclamation of arid lands reached its limit of possi-
bilities, larger and more inaccessible areas of arid land demanded
reclamation through application of irrigation water. The reclamation
of these larger areas called for an expenditure of large sums of moneys
for storage reservoirs, diversion dams and distributing canals. Thus
it came about that the 1919 session of the Nevada State Legislature
was requested to enact a law that would permit landowmners owning
contiguous areas of land to form an irrigation district which would
have a definite boundary and would contain within this bonndary
arid lands that needed reclamation through the means of the applica-
tion of irrigation waters.

An Act providing the procedure required for the formation of
irrigation districts was passed by the 1919 Legislature and immedi-
ately became effective. Since that time several irrigation districts,
having a total acreage within their boundaries of 327,662 acres, have
been formed and the irrigated acreage of the State has been inecreased
to the extent of 201,223 acres by the passage of this legislation.

During the next decade the State of Nevada will probably reach its
ultimate capacity for irrigation development, which will oceur only
as economic conditions warrant. This future development will be
costly and will consist chiefly of storage construction for impoundage
of surplus and holdover stream run-off, pumping from wells and
artesian flow.

The Legislative Act of 1903 created the office of the State Engineer
primarily for the purpose of providing a method for determination
and regulation of existing water rights in line with the then modern
theory evolved in the western and semiarid States. This Aect, while
providing a method for adjudication of water rights which had become
vested or were then in the process of initiation, neglected to provide
a specific method by which future rights could be legally acquired;
hence the Twenty-second Session of the Legislature passed an amenda-
tory law, approved March 1, 1905, providing the exclusive method of
subsequently initiating and perfecting a water right by application
to the State Engineer for permission to appropriate and apply water
to beneficial use.

Other amendments to the water law have since been made from
time to time; however, they have been primarily for the purpose of
facilitating the administration of the fundamental Act of 1903 as
amended in 1905.

To begin with, constructive results under the new law were slow of
accomplishment, as might be expected, due to the necessity of working
out details of administration. Later the State Engineer was ham-
pered by court actions seeking to restrain him from proceeding nnder
the water law and vigorously attacking its constitutionality. These
actions are a matter of record and will not be dwelt upon in detail.
Throughout this period of constructive evolution, however, the water
law emerged triumphant, thus leaving the State Engineer free to
carry out the provisions of the statute without further question as to
its validity.
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From a State officer c¢harged primarily with administering the
water law, the State Engineer’s duties have graduslly increased and
expanded to embrace many activities not originally contemplated
when the office was created. Thus, in addition to being a member of
the Public Service Commission, a post which requires a great deal of
extra work and travel, he is a member of the Irrigation District Bond
Commission, member of the Bureau of Industry, Agriculture and
Irrigation, and member of the Colorado River Commission. These
related activities of the State Engineer are covered in detail in Chapter
X of this report.

In general, the activities of the office of the State Engineer may be
divided into four classes, each of which is more or less separate and
distinet :

1. Water right applications.

2. Adjudication of vested water rights.

3. Distribution of water on adjudicated streams.
4. Related activities and miscellaneous.

The office and field personnel has therefore been organized to accord
with the aim of placing limited responsibility upon various individ-
uals in conformity with the above grouping. Thus, the Assistant
State Engineer, in addition to exercising general supervision over the
work included in all groups, handles and is responsible for the depart-
ment of water right applications; the Deputy State Engineer conducts
the adjudication of vested water rights; the various supervising
water commissioners are directly responsible for the distribution of
water on the larger streams, such as the Humboldt River; while the
State Engineer, in addition to supervising all the above, personally
conduects work in connection with his related activities.

The considerable volume of miscellaneous work which cannot be
grouped exclusively under any one of the above heads is accomplished
jointly by the entire office force.

The potential possibilities of the office of the State Engineer as a
departmental agency contributing to the permanent economic develop-
ment of the State water and range resources are limited only by the
lack of adequate funds with which to carry on. There can be no
question as to the value of the ultimate complete development of the
State’s water resources, and this can best be accomplished by the
speedy and full determination of relative rights. This becomes doubly
important since the passage of the Stock Watering Act of 1925, which
now makes it possible for the State Engineer to control and stabilize
values in public range areas through the administration of stock water-
ing rights. It therefore logically follows that the interests of the State’s
agricultural and stockraising industries can best be served by making
it possible, by adequate legislative appropriation, for the State Engi-
neer to function fully and efficiently.

STATE DEVELOPMENT

In addition to the routine work of the office, such as adjudication
of the water rights of the stream systems, the administration of such
streams and receiving applications to appropriate the waters of the
State, making field examinations and holding hearings on such appli-
catious, etc., there were four major problems of vital interest to the
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future development of the State, and the State Engineer has given a
great amount of personal attention to these matters:

1. Colorado River—

a. Revenue in lieu of taxes.

b. Power for use in the State.
2. Range Control—

a. Range maps.

b. State Range Commission.

¢. President Hoover’s Public Domain Committee.
3. Humboldt River—

a. Proper records of water distribution.

b. Possible storage and river improvement.
4. Truckee and Carson Rivers—

a. Completion of Newlands Project.

b. Water Storage for Truckee Meadows.

e. Water Storage for upper Carson River.

The State administration and our Congressional delegation have
worked together on all of the foregoing problems and a wonderful
spirit of cooperation has been manifested at all times, which has
resulted in the achievement of many of our activities.

The Swing-Johnson Bill for the construction of Hoover (Boulder)
Dam was before Congress in the beginning of 1927 when this admin-
istration took over the affairs of the State; there was no provision,
however, for revenue for Nevada or power for use in the State. Our
Colorado River Commission, after full investigation, demanded and
secured both revenue, in lieu of taxes, and power for use in the State,
details of these activities appearing elsewhere in this report.

Proper range control and the protection of the individual user of
such range has been an acute problem for more than twenty-five years.
The State Legislature in 1929 created a State Range Commission to
study the matter. Necessary hearings were held in order to determine
ways and means to best utilize the range resources. The report of
this Commission will be rendered to the present Legislature very soon.
The State Engineer is a member of the Commission.

President Hoover, in 1929, appointed a Committee on Conservation
and Administration of the Public Domain. The report of this Com-
mission will go to the President in the near future and recommends
among other things that the Federal Government recognize the State’s
method of range control; the State Engineer is also a member of this
committee; more details of both of these commissions appear later in
this report.

Four years’ records have been kept on the Humboldt River of the
distribution of the water of that stream, which will go far towards
solving the difficult problems arising in the administration of the
Order of Determination and any subsequent decree on that river.
Plans are under way at this time for a review of this stream system
by the Bureau of Reclamation officials to determine the possibilities of
storage in order to stabilize the flow of the stream; further informa-
tion on this matter will be found in this report.

The further development of the Truckee and Carson Rivers has
been investigated by the Bureau of Reclamation and studies are being
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continued at this time by the water users of the two streams, as well as
the Bureau of Reclamation, looking to the completion of the Truckee-
Carson Irrigation project and of stabilizing the flow of these rivers in
such manner that all upstream lands can eventually be developed and
that the water supply will care for. Additional information on this
development appears later in this report.

It is believed that if the developments outlined hereinbefore can be
brought to a successful conclusion the State of Nevada will fully
utilize some of its many resources.
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CHAPTER II
Administration, Appeals and Rulings

The years 1929-1930 were characterized by a continuance of sub-
normal precipitation and consequent shortage in water supply for
irrigation and stock watering purposes. Such periods are extremely
trying for both the water users and the office of the State Engineer,
which is charged with the duty of administering and regulating water
rights. The past biennium has therefore been prolific of complaints
and problems in connection with regulation and distribution of water,
all of which required careful investigation and study upon which to
predicate administrative action. Appeals requesting rulings on water
controversies have come in from every nook and corner of the State
and it has been the earnest endeavor of the State Engineer to give
careful consideration and relief, where possible, in response to each
appeal.

Although he has no legal jurisdiction over distribution and regula-
tion of water on unadjudicated streams, appeals are frequently made
for him to act as friend and arbiter to aid in effecting settlements of
water controversies on such streams. At the request of the water
users, the State Iingineer, after extended conferences, was successful
in getting many parties to amicably stipulate as to their relative
rights. In many cases there being no other water users on the stream,
these stipulations will afford the basis for a speedy adjudieation and
resulting court decree defining the water rights involved.

In addition to settling controversies on unadjudicated streams,
many appeals have been made from decisions of water commissioners
on streams, the relative rights to the use of water on which have been
determined. It has been the general administrative policy not to
hamper the activities of water commissioners by undue interference,
since it is realized that the commissioner who is in the field and in
close personal touch with the water users and their problems is, other
things being equal, much better qualified to settle controversies which
may arise than is the State Engineer personally, or any of his office
force, who at best have only a long range perspective regarding inti-
mate details of water distribution throughout the State.

It has therefore been the policy to refer complaints and appeals
from decisions of local water commissioners back to the commissioners
themselves for further investigation and detailed report to the State
Engineer. This usually results in the commissioner and the agerieved
water user coming to an amicable and just settlement. However, in
certain instances it has been necessary for the State Engineer, or his
agent, to make a personal investigation in the field upon which to base
a decision. Thus, during the past biennium field investigations have
been made in connection with appeals from water commissioner’s
decisions on the Humboldt River and several of the minor streams in
Nevada.
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CHAPTER III
Applications for Water Rights

During the biennium covered by this report 592 applications bhave
been filed. Of this number 62 applications have not as yet been sent
to publication, having been returned to the applicant for correction
or being held pending the receipt of a supporting map.

During the years 1929-1930 positive action of some kind has been
taken on 584 applications, representing action on 235 applications
filed during the present biennium and 349 applications which were
filed prior to January 1, 1929. This leaves on January 1, 1931, out of
a total of 9,394 applications which have been filed since the creation
of the office of the State Engineer, 1,482 applications which are now
pending action by this office.

There has been perceptible increase in the number of applications
filed for stock watering purposes during recent years, and at the same
time a marked decrease in the number filed for irrigation purposes,
indicating that with the possible exception of underground waters
the point of complete utilization of irrigation water supply has prac-
tieally been reached.

The major portion of the applications for stock water purposes rep-
resents filings on isolated springs and water holes. In numerous
instances it is obvious that the primary object in filing these applica-
tions is either to acquire and perfect valid stock watering rights on
lands of the public domain previously utilized for stock grazing pur-
poses, or to gain a foothold on the public range used by other persons,
whose stock watering rights, either vested or applied, are probably
somewhat questionable. For this reason it has been the policy of the
office to proceéd slowly in the granting of permits, unless it had some
previous knowledge to the effect that prior or existing rights would
not be impaired by the approval of an application.

In the administration of the Stock Watering Act the State Engineer -
is required to make numerous decisions affecting the appropriation of
water for stock watering purposes, and in making these decisions he
has pursued the past policy of the office in giving the prior user every
benefit of the doubt in the matter of legal requirements governing the
appropriation of water.

During the past biennium hearings have been held on protests
against the granting of permits under 25 applications. Appeals from
the findings of the State Engineer in the matter of 12 of these appli-
cations are now pending in the District Courts within the counties in
which the water rights involved are situated.

In order to secure more definite and accurate locations of sources
applied for, the office now requires that a supporting map be sub-
mitted with each application before publication is made. It is found
that such a procedure not only facilitates and simplifies the handling
of records in connection with water rights but, it is believed, will
ultimately result in saving appropriators considerable expense and
needless trouble.
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Pertinent information regarding applications filed and certificates
issned will be found as follows:

1. Status of Applications Filed During the Bien-

NIvIIGLIZ IS F0F 2o el sl B H T SO, Chapter XVIT
2. Status of Applications Filed Prior to January 1,

1929, upon which Aection Has Been Taken

During the Years 1929-1930. .. ... ... ... Chapter XVIII
3. Certificates Issued Under Permits 1929-1930...... Chapter XIX
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CHAPTER IV
AdJudlcatlon of Water Rights

The work of determination of relative rights to the water resources
of the State during the past biennium has progressed as rapidly as
possible, considering the fact that the office and field personnel of
this department of water rights has been limited to a minimum under
the present appropriation.

The scope of activities in connectlon with the adjudication of the
various sources during the biennium may best be considered in order
of their importance for irrigation.

CARSON RIVER

A brief resumé of the legal proceedings that have been under way
for the past several years, in an effort to determine the priorities and
duty of water for lands depending upon the waters of the Carson
River and its tributaries for their irrigation supply, is herewith given
for the purpose of bringing np-to-date the status of these water rights:

May, 1903, to May, 1905—An attempt was made to determine these
rights by A. B. Chandler, Nevada’s first State Engineer. These find-
ings resulted in the issuance of certificates of appropriation of water
during April, 1905, but did not include old water right lands included
in the Newlands Project nor those lands in the State of California
that depend upon this watershed for irrigation water. Subsequen:
litigation brought forth the faet that these Chandler findings were
unconstitutional.

April 10, 1920—J. G. Scrugham, State Engineer at that time,
initiated adjudieation proceedings on the ‘Waters of the Carson River
and Its Forks in the Counties of Ormsby, Douglas and Lyon.” No
mention was made of the water rights in Churchill County nor those
in California.

May 11, 1925—A suit in equity was filed in the District Court of
the United States for the Distriet of Nevada entitled “The United
States of America, Plaintiff, v. Alpine Land and Reservoir Company,
a Corporation, et al, Defendants.”

The suit was instituted by the United States in behalf of the United
States Bureau of Reclamation, who were the constructors of the New-
lands Project, and was brought for the purpose of determining the
relative rights of all the water users of the Carson River and its
tributaries, regardless of State boundary lines.

This action is before the Federal Court at the present time and will
not be finally acted upon for at least another year, as there seems to -
be a wide difference of opinion among the water users as to the acre-
ages that were under irrigation on the dates of priorities claimed by
the water users.

March 28, 1927—Robert A. Allen, then State Xngineer, officially
filed the completed Order of Determination in his office. This com-
pleted order did not mention the various existing rights in Churchill
County nor those rights diverting water from this stream in Cali-
fornia.
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November 21, 1928—The present State Engineer filed the Order of
Determination, together with the original evidence, ete., with the
Clerk of the First Judieial Distriet Court at Carson City.

February 4, 1929-—Hearings started before Fonorable G. A. Ballard
on Exceptions to the Order of Determination.

April 6, 1929—Application for writ of prohibition issued by the
Supreme Court of the State of Nevada in the suit of Mexican Dam
and Diteh Company, a Corporation, et al, Petitioners, v. The District
Court of the First Judieial District of the State of Nevada, in and
for the County of Ormsby, and Honorable G. A. Ballard, Judge
thereof, Defendants.

This writ of prohibition requested the State Supreme Court to issue
an order which would hold in abeyance any further proceedings on
the part of the District Court until after the conclusion of a suit that
had been instituted by the United States of America in the Distriect
Court of the United States for the District of Nevada on May 11, 1925.
These findings of the Supreme Court were based upon the presenta-
tion of proof that all of the water users on the Carson River and its
tributaries had not been made parties to the Order of Determination.

April 6, 1929—Order of alternative writ of prohibition issued by
the Supreme Court of the State of Nevada directing “that all pro-
ceedings in said cause” in the Matter of the Determination of the
Relative Rights of Claimants and Appropriators of the Waters of
the Carson River and Its Forks, now pending in the Distriect Court of
the First Judieial Distriet in and for the County of Ormsby, be and
the same are hereby stayed until the return of the alternative writ of
prohibition herein. '

July 1, 1930—The Supreme Court of the State of Nevada issued
a writ of prohibition in the above-mentioned suit, thus permanently
holding in abeyance any effort on the part of the State of Nevada to
determine the relative rights of the various water users diverting water
from the Carson River and its tributaries until such time as the Dis-
trict Court of the United States for the District of Nevada renders its
decree or findings. It is the general opinion of many of the parties
concerned that a duplication of proceedings can be prevented and a
great deal of time and money saved by withdrawal on the part of the
State of Nevada in all proceedings relating to the determination of
the relative rights of the various water users of the Carson River.

A total of 36,955 acres of irrigated lands are included in the State
Engineer’s Order of Determination.

LITTLE HUMBOLDT RIVER

The Little Humboldt River system derives the major portion of its
water supply from the main stream of the Little Humboldt River,
and in addition receives water from the following tributary creeks:
Martin, Cottonwood, Indian, Colony, Morey, Dooley, Haviland, Han-
sen and Stonehouse. Approximately 50,000 acres of land are irrigated
from these sources. A greater part of this area is wild hay and natural
meadow pasture land.

Proofs of appropriation were first filed with the State Engineer
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during the years of 1909 and 1910. The proofs submitted included
the total acreage irrigated by each claimant without regard to the
acreage in each 40-acre subdivision, which is required before the
abstract of claims can be prepared, and were therefore of little value.
From this time on attempts made by former State Engineers to further
the proceedings came to naught, as sufficient fuuds could not be
obtained to assure the completion of this work.

During the regimé of the present State Engineer an urgent request
was made by many of the water users involved that the proceedings
necessary for the completion of the adjudication of this stream be
aggressively pursued until the Final Order of Determination could
be filed with the Clerk of the District Court. A voluntary contribu-
tion of $5,000 from the water users on the stream system has made
it possible for this office to employ special engineers, who have devoted
their entire time to this adjudication :

January 18, 1929—Formal notice was served upon the water users
of the Little Humboldt River and its tributaries that the State Engi-
neer’s office would proceed with the adjudication of this stream system
pursuant to section 14, chapter 253, of the Statutes of 1915. This
notice granted the water users a period of 60 days in which to file
“additional or supplementary maps, plats, surveys, or evidence, or
objections to the admissibility of any evidence hitherto presented
and on file in my office.”” This period was extended from time to time.
and on August 1, 1929, was closed. From the data that .was on file
in this office and with the additional data that was submitted during
the period extending from January 18 to August 1, 1929, the abstract
of claims was prepared.

October 1, 1929— Abstract of Claims to Waters of the Little Hum-
boldt River and Its Tributaries prepared by the State Engineer and
filed in his office at Carson City.

November 1, 1929—The present State Engineer filed in HLis office
the Preliminary Order of Determination, Little Humboldt River and
Its Tributaries in Humboldt and Elko Counties.

January 6, 1930—Preliminary Order of Determination opened for
inspection, continuing for a iwenty-day period.

January 6 to February 15, 1930—Period allowed for filing Objec-
tions to Preliminary Order of Determination.

February 15, 1930—Water users notified as to the date for opening
hearing on Objections to the Preliminary Order of Determination.

February 21, 1930—Objections to Preliminary Order of Determi-
nation printed and officially filed by the State Engineer in his office.

March 19, 1930—Opening date for hearing Objections to the Pre-
liminary Order of Determination. This hearing was postponed from
time to time upon request of the attorneys representing the various
water users.

October 1, 1930—PFinal hearing began at Winnemuecca before a
representative of the State Engineer’s office and has made progress
intermittently since that time. This hearing was completed on Decem-
ber 12, 1930, and the Final Order of Determination will probably be
filed with the Clerk of the District Court about March 1, 1931.
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THOUSAND SPRINGS CREEK

Thousand Springs Creek and its principal tributaries, Rock and
Silver, or Crittenden, Creeks, are situated in Elko County, in the
extreme northeastern part of the State. The total area embraced in
adjudication proceedings of this stream is 5,408.7 acres, all of which
are owned by the Utah Construction Company.

These proceedings were held on the following dates and carried
through to completion by this office:

1924 and 1925—Proofs of appropriation and supporting maps filed
in the office of the State Engineer.

March 27, 1928—Petition received by State Engineer’s office
requesting adjudication of waters of Thousand Springs Creek and its
tributaries.

April 11, 1928—Report on investigation of stream system filed in
office of the State Engineer by Deputy State Engineer.

April 12, 1928—Petition granted by the State Engineer.

April 24, 1928—Waivers of notices received by the State Engineer.

August 16, 1928—Abstract of Claims, Thousand Creek adjudica-
tion filed by State Engineer in his office.

May 15, 1929—Preliminary Order of Determination filed in the
office of the State Engineer.

July 18, 1929—F'inal Order of Determination filed with the Clerk of
the District Court of the Fourth Judicial District of the State of
Nevada, County of Elko.

September 9, 1929—Court hearings held on above cause.

December 6, 1929—Decree entered by Homnorable E. P. Carville,
Distriet Judge.

April, 1930—Certificates of Appropriation of Water issued by the
State Engineer of Nevada.

CARRICO CREEK

Adjudication proceedings were initiated on this stream in response
to a petition filed in the State Engineer’s office on July 29, 1927, by
J. C. Wholey, a water user.

Carrico Creek and its tributaries, Hall and Towa Creeks, are located
in Lander County, about forty miles north of Austin, Nevada.
Approximately 1,002 acres are involved in the adjudication :

August 15, 1927—Report of field investigation made by agent of
the State Engineer filed in office of State Engineer.

August 18, 1927—Petition granted and notice filed by State Engi-
neer that proceedings would be instituted to determine the water
rights for the waters of Carrico Creek and its tributaries.

August 18 to October 1, 1927—Proof of Claims filed in the office of
the State Engineer by water users.

May 10, 1928—Abstract of Claims filed in the office of the State
Engineer.

May 16, 1928—Order of Determination filed by the State Engineer
in his office at Carson City.



REPORT OF STATE ENGINEER 29

May 19, 1928—F'iled Abstract of Claims and Order of Determination
with the Clerk of the Court, Third Judicial District, at Austin,
Nevada.

September 18, 1929—Court hearing held in the above cause.

November 26, 1929—Decree entered by Honorable W. R. Reynolds,
District Judge.

July 9, 1930—Certificates of Appropriation of Water issued by the

State Engineer of Nevada.
TONY CREEK

Tony Creek and its principal tributaries, Chimney and Porcupine
Creeks, are situated in Humboldt County, about forty miles north of
Winnemucea, in the Quinn River basin. As none of the waters of
Tony Creek ever reached Quinn River, this creek was considered as a
separate and distinet source:

April 12, 1925—Petition filed in the office of the State Engineer for
initiating proceedings for determining the relative rights of water
users of Tony Creek and its tributaries.

March 1, 1926—Report on field investigation filed by the State
Engineer in his office.

April 7, 1926—Order issued by State Engineer authorizing initia-
tion of proceedings to determine the relative rights of water users of
Tony Creek and its tributaries.

May 3 to November 30, 1926—Maps, plans and proofs filed in the
office of the State Engineer.

January 10, 1928—Abstract of Claims filed by the State Engineer
in his office.

January 10, 1928—Preliminary Order of Determination filed by the
State Engineer in his office.

February 20, 1928—Abstract of Claims and Preliminary Order of
Determination opened for inspection for twenty-day period.

February 20 to March 26, 1928—Objections received and filed in
the office of the State Engineer.

May 1, 1928—Hearing held at Winnemucea, Nevada, by State Engi-
neer on Objections to the Preliminary Order of Determination.

June 28, 1928—Order of Determination filed by the State Engineer
in his office at Carson City.

July 9, 1928—Order of Determination, together with all evidence,
maps and transeript was filed with the Clerk of the Sixth Judicial Dis-
trict Court at Winnemuecea.

November 1, 1928—Hearing held by the court on Exceptions to the
Order of Determination.

August 31, 1929—F'inal decree rendered by the Homorable I.. O.
Hawkins, Distriet Judge.

December 31, 1930—Issuance of Certificates of Appropriation of
Water withheld by the State Engineer pending receipt of the decree
issued by the above-mentioned court.
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BAKER AND LEHMAN CREEKS

Baker and Lehman Creeks are situated in White Pine County, and
the adjudication proceedings which were initiated on July 18, 1925,
Lhave not advanced during the past biennium. The last extension of
time within which to file additional proofs of water rights was granted
on March 5, 1928, and extended the time to June 1,:1928:

January 10, 1912—The State Engineer of Nevada issued Certificates
of Appropriation of Water for 2,190.7 acres of land receiving water
from these sources under the provisions of section 18, chapter 18,
Statutes of 1907. There is an additional area of approximately 1,500
acres deriving water for irrigation purposes, which are acquiring
water rights under permits from the office of the State Engineer. Due
to the doubt on the part of the legal fraternity as to the constitution-
ality of the power granted the State Engineer under the provisions of
section 18, chapter 18, Statutes of 1907, the certificates issued on Janu-
ary 10, 1912, are of doubtful validity. In order to clear up the legal
status of these rights and make all water users deriving water from
Baker and Lehman Creeks parties to the action, the usual procedure in
determining the relative rights of the various water users was initiated
on July 18, 1925. There is no doubt but what these proceedings will
be completed during the next biennium.

SILVER CREEK

Upon petition of two of the water users on Silver Creek, Lander
County, a field investigation was made by the State Engineer’s office
on March 7-11, 1928, which disclosed the fact that existing conditions
warranted initiation of adjudication proceedings on this stream.
Three claimants are involved, two of whom have submitted proof of
their claims. These proceedings have been held in abeyance pending
receipt of proofs from the third water user. On November 14, 1930,
a representative of the State Hngineer’s office visited these water
users and attempted to secure their cooperation in bringing to a con-
clusion these proceedings. A final adjudication of these water rights
will probably be completed during the next biennium.

K. C. CREEK

A petition was filed in the office of the State Engineer on July 1,
1927, by a K. C. Creek water user, requesting the State Engineer to
initiate proceedings that would determine the relative rights of the
various claimants on K. C. Creek, sometimes known as Conway Creek,
and sometimes called Renshaw Creek, Clover Valley, Elko County,
Nevada :

September 15, 1927—The State Engineer filed Notice of Order and
Proceedings to Determine Water Rights.

November 27, 1928—A Notice and Order for Taking Proofs was
entered and served on interested claimants involved in the proceeding.

March 16, 1929—Suit filed in District Court by two water users,
asking for restraining order restraining the State Engineer from
proceeding with the adjudication proceedings.

March 29, 1929—Court ordered hearing held on restraining order.

November 27, 1929—Court rendered decision dissolving injunction
and dismissing restraining order.
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June 10, 1930—Amended complaint filed by water users again
requesting restraining order, which was answered by the Attorney-
General on behalf of the State Engineer.

December 17, 1930—No action reported to date on amended com-
plaint.

PEAVINE CREEK

Peavine Creek and its tributaries are situated in Nye County, about
fifty miles north of Tonopah, Nevada. There are 222 acres owned by
two water users that are directly involved in this adjudication,
although there is an additional area of several hundred acres that
derive a partial supply of irrigation water by virtue of water rights,
as evidenced by filings in the office of the State Engineer:

February 18, 1928—Petition filed with State Engineer by water users
requesting the State to initiate proceedings to determine relative
rights. :

June 25, 1928—Field investigation completed and report filed by
the State Engineer in his office.

~August 8, 1928—Notice of order and proceedings to determine
water rights published.

September 27, 1929—Notice and order for taking proofs published.

July 1, 1930—Abstract of Claims prepared by State Engineer and
filed in State Engineer’s office.

July 5, 1930—Preliminary Order of Determination filed by State
Engineer.

July 7, 1930—Notice and order setting time and place of inspection
of Abstract of Claims and Preliminary Order of Determination.

September 19, 1930—Notice of time and place for hearing Objections
and Proof of Service on Claimants.

December 8, 1930—Hearing postponed to January 20, 1931.

DUCKWATER CREEK

The main source of water supply of Duckwater Creek is a spring
known as Big Warm Springs. The lands irrigated from this stream
are located in the northeastern part of Nye County, about four miles
north of Duckwater, Nevada. There are approximately 3,000 acres
of land irrigated from this stream. Legal controversies have been in
existence since the late 70’s:

December 1, 1909—The first court decree was rendered by Honorable
M. R. Averill, adjudicating the rights of the various water users of
Duckwater Creek.

June 20, 1910—Another decree was entered by the above-mentioned
court, and these decrees have been the basis upon which all subsequent
activities have centered.

October 6, 1919—A stipulation was entered into by the wvarious
water users and indorsed by the court, requesting the State Engineer’s
office to make a field investigation of the water resources of this stream
and recommend to the court and the water users types of structures,
measuring devices and canal construction required to bring about a
more economical and satisfactory method of distributing the waters of
this stream.

This investigation was completed and a report filed on April 13,
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1921, by the office of the State Engineer. From that time on the State
Engineer’s office has been actively in charge of the distribution of the
waters of this stream.

March 27, 1930—A stipulation was entered into by the various
water users, which brought to a conclusion the remaining questions
involved in the litigation of the waters of this stream.

PAHRANAGAT LAKE

The Pahranagat Lake stream system is located in Lincoln County,
from Hiko southerly to Pahranagat Lake, the town of Alamo being
situated near the center of the system:

December 8, 1919—Several of the water users diverting water for
irrigation purposes from this source of supply petitioned the State
Engineer to initiate adjudication proceedings to determine the relative
rights of the various water users.

July 27, 1921—The State Engineer issued order initiating proceed-
ings for the determination of the relative rights to the waters of Pah-
ranagat and Maynard Liakes and their tributaries.

September 3, 1921, to May 27, 1922—Proofs of appropriation of
water, maps, plans and surveys filed by water users with the State
Engineer.

1925— Abstract of Claims completed and filed by State Engineer in
his office.

October 1, 1925—Preliminary Order of Determination completed by
State Engineer and filed in his office.

January 25, 1926—Abstract of Claims and Preliminary Order of
Determination open for inspection for twenty-day period.

March 4, 1926—Last-day objections to the Preliminary Order of
Determination would be received by State Engineer’s office.

April 21, 1926—Order of Determination filed by State Engineer in
his office.

March 10, 1927—Order of Determination filed by State Engineer
with the Clerk of the District Court, Pioche, Nevada.

June 21, 1927—Hearing held by Honorable Wm. E. Orr, Judge of
the Tenth Judicial District Court of the State of Nevada.

October 14, 1929—Decree issued by the above court.

November 1, 1929—Certificates of Proof of Appropriation of Water
issued by the State Engineer to the respective water users as set forth
by the decree of October 14, 1929.

QUINN RIVER

The headwaters. of the Quinn River rises in the vieinity of the
Oregon-Nevada line near the town of MceDermitt, Nevada, in Hum-
boldt County. These waters flow in a southerly direction for about
fifty miles and thence westerly approximately forty miles, dissipating
into the Black Rock Desert.

The adjudication of the relative rights of the water users of this
stream and its tributaries was initiated on October 28, 1907, in the
Second Judicial Distriet Court of the State of Nevada. This action
was completed by the ecourt without any recourse on the part of the
water users to the State Engineer:
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April 9, 1919—A final decree was rendered by the above court,
which adjudged, decreed and established the water rights of Quinn
River and its tributaries. This decision of the District Court was
appealed to the Supreme Court of the State of Nevada, requesting the
Supreme Court to set aside the findings of the Distriet Court and
order a retrial.

April 2) 1930—The Supreme Court of the State of Nevada handed
down a decision which dismissed the appeal and affirmed the order,
denying appellant’s motion for a new trial.

July 1, 1930—Request received by the State Engineer from the
Pacific Livestock Company, requesting the State Engineer to take
charge of the distribution of the waters of Quinn River and distribute
the waters in accordance with findings of the decree of April 9, 1919.

July 2, 1930—The State Engineer refused to assume the responsi-
bility of distributing the waters of Quinn River, on the grounds that
the State Engineer’s authority only applies to streams where the rights
have been adjudicated, wherein the State Engineer compiles an Order
of Determination defining the relative rights of the claimants and
appropriators and files same with the court of jurisdicetion.

August 12, 1930—A petition for an alternative writ of mandate
was filed in the Supreme Court of the State of Nevada by the Pacific
Livestock Company, a Corporation, Petitioner, v. Geo. W. Malone,
State Engineer of the State of Nevada. This petition requests the
Supreme Court to issue a writ of mandate commanding the State Engi-
neer to assume and take control of the waters of Quinn River and its
tributaries and to regulate, distribute and divide the waters thereof in
accordance with the Distriet Court decree of April 9, 1919.

October 6, 1930—Arguments by attorneys representing the inter-
ested parties were presented before the Supreme Court on the petition
for an alternative writ of mandate.

At the close of this biennium a decision in this action has not been
handed down by the Supreme Court.

WALKER RIVER

The drainage area of the Upper Walker River lies in Mono County,
California, on the eastern slope of the Sierra Nevada Mountains.
There are two main forks of this stream, known as the West Walker
River and the East Walker River. These two streams come together
in the State of Nevada a few miles south of Yerington, and form the
main Walker River, which empties into the Walker Lake.

Initiation of adjudication proceedings to determine the relative
rights of the water users of this stream was evidenced by a suit filed
in the United States District Court for the District of Nevada entitled
Pacific Livestock Company, a Corporation, Complainants, v. Thomas
B. Rickey, et al. Defendants. This suit was filed on June 10, 1902,
and was intermittently before the court until March 3, 1919, at which
time a final decree was entered by the Honorable E. S. Farrington,
Judge of the United States District Court.

For several years the office of the State Engineer acted as an agent of
the Federal Court in distributing the waters of the Walker River, but
due to the difficulties arising from State control over waters diverted in
the State of California, the State Engineer of Nevada reconmended
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to the Judge of the Federal Court, as evidenced by a letter dated May
1, 1920, on file in the State Engineer’s office, that a much more just
and equitable distribution of the waters of this stream could be
obtained by the court appointing a disinterested party as Water Com-
missioner, thus relieving the State Engineer’s office of any further
responsibilities in this matter:

On March 1, 1922, the Federal Court assumed entire charge of this
stream, and has continued to do so since that time.

July 3, 1924—A suit was filed in the District Court of the United
States of America, in and for the State of Nevada, by the United
States of America v. The Water Users of the Walker River. This
suit was filed by the United States in behalf of the Indian lands on
the Walker River Indian Reservation, on the grounds that the United
States was not made a defendant in the original suit brought by the
Pacific Livestock Company. The Government alleges in its bill of
complaint that there are 11,000 acres on the Indian Reservation sus-
ceptible of irrigation, and claim 150 second feet of water from the
Walker River for the irrigation of said lands.

This suit is before the court at the close of this biennium.

TRUCKEE RIVER

The Truckee River derives its major water supply from Liake Tahoe,
which is one of the scenic lakes of the Sierra Nevada mountains.
Lake Tahoe is situated on the Nevada-California State line, about
fifteen miles west of Carson City, Nevada. The surface of the lake

represents an area of approximately 120,000 acres and has an average
~ fluctuation of about six feet in depth each year.

During the year 1903 the United States Reclamation Service started
work on the reclamation of the arid lands of the Newlands Project,
which derives a portion of its water supply from the Truckee River.
The entry of the United States as an appropriator of waters of this
stream was the cause of the initiation of proceedings to determine the
relative rights of the water users of this stream before the United
States District Court instead of attempting to determine these rights
in the State Courts: .

March 3, 1913—Suit was instituted by the United States of America,
naming all the water users of the Truckee River as defendants. This
suit was before the Federal Court for several years and resulted in a
temporary restraining order being handed down by the Ifederal Court
on February 13, 1926. This temporary order was issued for the pur-
pose of giving to the Water Commissioner a basis from which to dis-
tribute the waters of this stream until such time as additional data
could be gathered upon which a final decree could be based.

The distribution of the waters of the Truckee River has been
directly under the supervision of the United States District Court for
the past several years.

PROOFS OF APPROPRTIATION AND CERTIFICATES OF WATER RIGHTS

During the biennium the following proofs of appropriation, accom-
panied by cultural maps in support of the rights claimed, have been
accepted and filed for future use in determination of relative rights on
various sources of water supply within the boundaries of the State.



REPORT OF STATE ENGINEER ‘ 35

The certificates of water right listed were issued upon completion of
adjudication proceedings by entry of the Court’s final decree of deter-
mination in the matter of the adjudication of Pahranagat Liake and TIts
Tributaries, Lincoln County; Thousand Springs Creek and Tribu-
taries, Elko County, and Carrico Creek and Tributaries, Lander
County.

PROOFS OF APPROPRIATION FILED DURING THE YEARS 1929-1930
Following is a condensed statement giving the salient data in con-
nection with Proofs of Appropriation filed during the years 1929-1930,
in the order of :
1. Proof Serial Number.
2. Date Filed.
3. Name of Claimant.
4, Source of Water Supply.
5. Use Claimed under Appropriation in Terms of Acres
Irrigated, Stock Watered, Ete.
6. Purpose of Appropriation.

02204....12-22-28....John W. Henriod; Indian Creek; 23.70 acres: Irrigation and
domestic. (Omitted from 1927-1928 Biennial Report.)

1929

02205.... 3- 2-29.._Murray Sheep Company; White Rock Cabin Springs; 6.5 acres;
Irrigation and domestic.

02206.... 3-30-29....W. B. Griffeth; Wood Gulch Creek; 200 cattle; Stockwater.

02207.... 8-20-29...A. W. Hesson, Thomas Hunter and J. J. Hylton; Sweepstake
Spring ; Domestic and small garden; Domestic.

02208.... 9-16-29___F. C. Vanover; Box Spring; 100 cattle; Stockwater.

02209.... 9-16-29....F. C. Vanover; Ike Spring; 150 horses; Stockwater.

02210....10- 7-29....J. P. Saffores; Little Antelope Spring; 700 cattle or 2,500 sheep;
Stockwater.
02211...10- 7-29....J. P. Saffores; Summit Spring; 700 cattle or 2,500 sheep; Stock-

water.

02212....10- 7-29....J. P. Saffores; Devine Spring; 700 cattle or 2,500 sheep; Stock-
water.

02213...10- 7-29.._.J. P. Saffores; Cottonwood Spring; 700 cattle or 2,500 sheep;
Stockwater.

02214....10- 7-29....J. P. Saffores; Reservoir Spring; 700 cattle or 2,500 sheep;
Stockwater.

02215....10- 7-29...J. P. Saffores; Cherry Spring; 300 cattle or 2,500 sheep; Stock-

water.
02216....10- 7-29....J. P. Saffores; Rock Spring; 700 cattle or 2,500 sheep; Stock-

water.

02217....10- 7-29....J. P. Saffores; Pothole Spring; 700 cattle or 2,500 sheep; Stock-
water,

02218...11-21-29.__Ellison Ranching Company; Fall Creek; 300.26 acres; Irriga-
tion and domestic.

02219....11-21-29..__Ellison Ranching Company; McConnell Creek and its tributary,
Horse Creek; 432.25 acres; Irrigation and domestic.

02220....11-21-29.__Ellison Ranching Company; Buffalo Creek; 569.68 acres; Irri-
gation and domestic.

02221...12-24-29.._Elizabeth Symonds Whitty; Poison Creek and Thunderbolt
Creek, a tributary; 30.52 acres; Irrigation and domestic.

1930
02222 ... 2-14-30....Tippettt Mercan;ile Company ; Mud Spring; 1,500 sheep; Stock-
water.
02223.... 2-14-30___Tippett Mercantile Company; Long Spring; 1,500 sheep; Stock-

water.
02224.... 3- 5-30...Annie M. Horton; Elison Creek; 63.13 acres; Irrigation and

domestic. X
02225.... 6-10-1*}0....1\'Irs..d O. Bertolino; Peavine Creek; 94.60 acres; Irrigation and
omestic.
02226.... 6-13-30....E. E. Seyler; Peavine Creek; 170 acres; Irrigation and domestic.
02227.... 8- 5-30....Chango and Aldax; Churchill Canyon Creek; 2,000 sheep; Stock-
water.
02228....11-26-30....Joe Chtabagno; Spring in Golconda Canyon; 75 cattle; Stock-
water.

NoTe—In every case the term “Domestic Use” includes stock watering when it is
considered under an appropriation for water for irrigation. In other cases the appro-
priation is made for water exclusively for “Stock Watering.” Under “Use Claimed”
a sufficient amount of water is claimed to meet requirements for a given number of
acres irrigated or for the number of stock watered.
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" CERTIFICATES ISSUED UNDER PROOFS OF APPROPRIATION 1929-1930
The following information is given in the order of :

323....
324....
325....
326....
327...
328....
329....

1. Certificate Number.

2. Book Number.

. Proof Serial Number,

. Name of Claimant.

Source of Water Supply.

. Purpose of Appropriation.
. Number of Acres Irrigated.
. Date Certificate Issued.

1929

2....01354....J. L. Sharp; Ash Springs, a tributary of Pahranagat Lake; Irri-
gation and domestic; 165.90; November 1, 1929.

2....01362__..J. W. Richard; Ash Sprmg Cr(,ek a tributary of Pahranagat Lake;
Irrlgatlon and domestic; 82. 00; November 1, 1929.

2....01363....John W. Wedge; Ash Spring Creek a tributary "of Pahranagat
Lake; Irrlgation and domestic; 82.00; November 1, 1929.

..... 01393....G. W. Richard; Ash Springs, a tributary of Pahranagat Lake;
Irrigation and domestic; 109.00; November 1, 1529,

....01394.... W, H. Sharp; Ash Spring Creek a trlbutary of Pahrana.gat Lake;
Irrlgatlon and domestic; 459.40; November 1, 1929.

....01490... Lawrence Richard; Ash Sprmg Creek a trlbutary of Pahranagat
Lake ; Irrlgatlon and domestic; 59.50; Noveinber 1, 1929.

...01548...G. W. Thiriot; Crystal and North Crystal Springs, tributaries of
Eah{ar{z;ggt Lake; Irrigation and domestic; 838.70; Novem-
er 1, 1929.
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.2....01630....Rachel Stewart; Ash Springs, a tributary of Pahranagat ILake:

Irrigation and domestic; 51.30; November 1, 1929.
2...01765...Mary A. Castles: Hiko Sprmg, a tributary of Pahranabat Lake ;
Irrigation and domestic; 136.60; November 1, 1929.
2....01788....Mary E. Wright; Hiko Sprmg a tributary of Pahranagat Lake;
Irrigation and domestic; 17.09; November 1, 29.
2....01789....J. L. Sharp; Ash Spring, a trlbutary of Pa.hranagat Lake; Irri-
gation and domestic; 100.00; November 1, 1929.
2....01793....Gardner Ranch Company; Ash Springs, a tributary of Pahrana-
gat Lake; Irrigation and domestic; 1186.67; November 1,

1929.
2....01794....Gardner Ranch Company: Crystal Springs, a tributary of Pah-
ranagat Lake; Irrigation and domestic; 564.00; November 1,

1929,

2....01794....Gardner Ranch Company; Crystal Springs, a tributary of Pah-
ranagat Lake; Irugation and domestic; 111.00; November
1, 1929.

2....01796....G. Edgar Nesbitt; Hiko Spring, a tributary of Pahranagat Lake;
Irrigation and domestic; 134.66; November 1, 1929.

2....01797...James Castles; Hiko Spring, a tributary of Pahranagat Lake;
Irrigation and domestic; 10.00; November 1, 1929.

2...01798.__ M. F,, W, U. and W. J. Schofleld: Hiko Spring, a tributary of
Eahrianﬁ’gzaét Lake; Irrigation and domestic; 271.50; Novem-
er 1, 0

2....01799.... W, F. Thorne; Ash Spring Creek, a tributary of Pahranaget Lake;
Irrlgatlon and domestic; 11.40; November 1, 1929.

2....01802....,Alamo Trrigation Co., Inc.; Ash Spring Creek, a trlbutary of Pah-
llqax11g.§§at Lake; Irrigatlon and domestic; 501.50; November

2....01825....A. W. Geer: Crystal Springs, a tributary of Pahranagat Lake;
Irrlgatlon and domestic; 441.,70; November 1, 9.

2....01825....A. W. Geer; Crystal Sprmgs a tributary of Pahranagat Lake ;
Irrigation and domestic; 137.70; November 1, 1928.

1930

2....01862....The Utah Construction Co.; Thousand Springs Creek; Irrigation;
330.90; April 19, 1930.

2_..01863...The Utah Construction Co.; Thousand Springs Creek; Irrigation;
2985.30; April 19, 193 30.

2....01864... The Utah Construction Co.; Thousand Springs Creek; Irrigation
and domestic; 1482.70; April 19, 1930.

2....01865... The Utah Construction Co.; Thousand Sprmgs Creek; Irrigation
and domestic; 40.10; Aprll 19, 1930

2....01866... The Utah Construction Co.; Crittenden Creek and Springs; Irri-
gation and domestic; 90.5; April 19, 1930.

2....01876....The Utah Construction Co.: Thousand Springs Creek; Irrigation
and domestic; 179.6; April 19, 1930.

2....01877....The Utah Construction Co.; Crittenden Creek and Spring; Irriga-
tion and domestic; 81.8; April 19, 1930.

IPP—
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330...2...01860...The Utah Construction Co.; Rock Springs, Rock Springs Creek
and tributaries; Irrigation and domestic; 164.2; April 19,

331...2....01861....The Utah Construction Co.: Emigrant Springs; Irrigation and
domestic; 64.7; April 19, 1930,

332....2....02182.._Joe Phillipi: Iowa Creek (Trlbutary of Carrico Creek):; Irriga-
tionand domestic: 176.00; July 3, 30.

333....2....01723.._Michel Cadet; Hall Creek (Tributary of Carrico Creek); Irriga-

. tion and domestic; 70.20; July 3, 1930

334....2....01723. _Michel Cadet; Hall Creek (I‘rlbutary of Carrlco Creek); Irriga—
tion and domestic; 100.80; July 3, 193

333....2....01723....Eusehia Cadet; Hall Creek (Trlbutarv of Carrlco Creek) ; Irriga-
tion and domestlc 4.1; July 3, 1930.

RECORD OF ADJUDICATION PROCEEDINGS SINCE CREATION OF

OFFICE OF STATE ENGINEER

Although one of the chief reasons for the enactment of a water law
was to provide a method for the determination of relative rights to
the water resources of the State, the results of accomplishment along
this line by the office of the State Engineer during the past 25 years
has never, so far as it is known, been collected and compiled in one
source for ready reference and information. In considering the matter
of adjudication of the streams of the State the first questions that pre-
sent themselves are: What streams have been the subject of adjudica-
tion proceedings; when were the proceedings initiated; have they
been completed, and if not how far have they been advanced?

The following table has therefore been prepared to show this infor-
mation. It has been difficult to obtain much of the data presented
owing to the incomplete state of the early adjudication files and
records. It is hoped succeeding State Engineers will keep the record
up-to-date in each biennial report, making it more extensive and eom-
plete by the addition of headings to show location of stream system,
cultural areas embraced and any other data which may seem -valuable.

ADJUDICATIONS BY DEPARTMENT OF STATE ENGINEER
The following information is presented in the order of :

Name of Stream System.
2. Date Adjudication Proceedings Initiated.
3. Status Toward Completion or, if Completed, Date of Final
Decree.
4. General Remarks.
Baker Creek—1925; to Preliminary Order of Determination.
Barber Creek (Douglas County)—1916; January 29, 1919.
Bishop Creek (Elko County)—1910; To Notice of Pendency of Proceedings;

Tributary to Humboldt River now under adjudication as part of Hum-
boldt River Stream System.

Carrico Creek—1927; July 9, 1930; Certificates of Appropriation of Water
issued by State Engiueer to water users.

Carson River—1904; November 21, 1928; Order of Determination filed with
Clerk of Court. July 1, 1930, Supreme Court of State of Nevada issued
writ of prohibition holding in abeyance any effort on part of the State
of Nevada to complete adjudication proceedings. Suit now before
United States Federal Court.

Cherry, Pine and Cottonwood Creeks—1912; 1912; Adjudicated in accordance
with sees. 14 to 19, inclusive, Statutes 1907 (see 4685 to 4600, inclusive,
Revised Laws, 19J2) and Certificates issued. )

Clear Creek (Pershing County)-—1918; November 25, 1919.

Clover Valley Creek—1939; To Order Setting Time and Place of Iuspection.

Crum and Wilson Creeks—1925; May 26, 1928.

Currant Creek—1919; April 23, 1921.

5
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Deephole Springs. Clear Creek, Squaw Valley Creek. Lost Creek, Grass Valley
Creek, Cottonwood Creek, Red Mountain Creek, and Hot Springs—1915 S
To Abstract of Proofs; Adjudication initiated under provision 88a,
Chap. 253, Stats. 1915.

Eden Creek—1915; To Abstract of Proofs; Adjudication initiated under pro-
vision 88a, Chap. 253, Stats. 1915.

Evans Creek—1916; To Notice of Inspection served on claimants.

Franklin River—1927; To investigation of Facts and Conditions; Pending
Order Granting Petition.

Goose Creek—1916; June 29, 1922,

Humboldt River—1913; To Final Decree by Court; Awaiting Final Judgnent
and Decree.

Indian or Chiatovich Creek (Esmeralda County)—1915; To Abstract of Proofs;
Adjudication initiated under provision 88a, Chap. 253, Stats. 1915.
Indian or McNett Creek (Esmeralda County)—1915; To Abstract of Proofs;
Adjudication initiated under provision 88a, Chap. 253, Stats. 1915.

K. C. Creek—1927; March 16, 1929; Suit filed in District Court requesting the
Court restrain State Engincer from proceeding with adjudication; Court
dissolved injunction and dismissed restraining order; July 10, 1930,
Amended Complaint filed requesting restraining order; No action to date
by Court on amended restraining order.

Lehman Creek—1925; To Proofs taken.

Little Humboldt River—1910; Dec. 12, 1930; Final hearing completed; Order
of Determination will be filed with Clerk of Court early in vear 1931.

Long Spring (White Pine County)—1915: To Abstract of Proofs; Adjudication
initiated under provision 88a, Chap. 253, Stats. 1215.

Muddy River—1906; March 12, 1920; Referred by Tenth Judieial Distriet
Court to State Eugineer, 1919 (see Sec. 45, Chap. 140, Stats. 1913).

Overland Creek—1919; October 5, 1925.

Owyhee River—1913; To Proofs talken.

Pahranagat Lake—1921; Certificates of Proof of Appropriation issued October
14, 1929,

Peavine Creek—1928; Hearings of Objections to Preliminary Order of Deter-
mination.

Quinn River—1907; Final decree entered by Court April 9, 1919,

Reese River (Lander County)—1910; To Notice of Pendency of Proceedings.

Rice Creek—1919; June 29, 1922.

Robison Creek—1915; To Abstract of Proofs; Adjudication initiated under
provision 88a, Chap. 253, Stats. 1915.

Salmon River—1915; March 1, 3, 1923.

Siegel Creek—1918; To Proofs taken.

Silver Creek—1928; To Proofs taken.

Simpson Creek (Eureka County)—1910; To Notice of Pendency of Proceedings.

Six Mile Creek—1919; 1925.

Spanish Creek (Perry Aiken Creek)—1915; To Copy of Exceptions to Order of
Determination received from Clerk of Court.

Thousand Springs Creek—1928; April 1930; Certificate of Appropriation of
Water issued by State Engineer to water users.

Tony Creek—1925; August 31, 1929; Final decree rendered by Court. Issuance
of certificates awaiting receipt of certified copy of decree.

Truckee River—1913; Temporary Order issued by United States Court, Febru-
ary 13, 1926.

Trout Creek (Elko County)-—1910; To Notice of Pendency of Proceedings;
Tributary to Humboldt River now under adjudication as part of MHum-
boldt River Stream System.

Virgin River—1921; May 4, 1927.

Walker River—1902; [inal Decree March 3, 1919.

Weeks (Steel) Creek—1915; To Notice of Inspection served on Claimants.
Refer to K. C. Creek.

White River—1912; December 4, 1922; Certificates issued under secs. 14 to 19,
inclusive, Stats. 1907. Case reopened in 1915 under Statutes 1913, adju-
dication completed in accordance therewith.
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CHAPTER V
Water Distribution

The Nevada Water Law vests the State Engineer with legal author-
ity to distribute water only on those streams where the relative rights
to the use of water have been completely determined or adjudicated,
or where the adjudication has reached a stage of completion where the
State Engineer’s Order of Determination has been officially filed with
the Distriet Court.

Of the streams covered in this chapter and which are under the
jurisdiction of the State Engineer, the adjudication of rights has been
completed on all but the Humboldt River.

On the Humboldt River, pending the Distriect Court’s Final Decree
of Determination, division of water has been made during the past
biennium by the State Engineer in accordance with his Order of
Determination. This stream system presents many unique and dif-
fieult problems in its distribution, which have been exceptionally
well-handled during the past two seasons by SupeersmﬂF Water Com-
missioner J. A. Millar.

The present administration has inaugurated the policy of requiring
all water commissioners to prepare daily distribution reports which,
when compiled over a period of years, will furnish the basis for deter-
mination of duty of water, transportation losses and importance of
return flow to the streams.

At the close of the irrigation season each commissioner prepares a
detailed report of the season’s activities, which includes a complete
record of stream and ditch flow and individual deliveries.

Following is a brief resumé of distribution activities on the streams
under the jurisdiction of the office :

HUMBOLDT RIVER
Season of 1929

Some time after the 1928 irrigation season, the State Engineer con-
ceived the idea of having an Engineer Advisory Board confer with and
aid the Humboldt River Distribution Commission in formulating a
plan of distribution that would most advantageously conform to the
Order of Determination. On November 24, 1928, the State Engineer
appointed the following engineers to act on this board: Wm. Settel-
meyer, of Elko; O. P. Adams, of Battle Mountain; Frank O’Leary,
of Winnemucea; L. H. Taylor, of Reno; Thomas R. King, of Reno.

Under authority of their appointment, the above-named men met
in the city of Elko during the early part of January, 1929, and organ-
ized “The Humboldt River Advisory Board.” O.P. Adams was elected
chairman and Wm. Settlemeyer was elected secretary.

Formal hearings were held in Elko, Battle Mountain, Winnemucea
and Lovelock, and representative water users were given an oppor-
tunity to submit their ideas regarding how the waters of the Hum-
boldt River should be administered.

Following a five-day executive session during the month of February
detailed recommendations were submitted.

The Humboldt River Commission commenced distribution on March
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14, 1929, with instructions to follow the recommendations of this
Ad\ 1sory Board.

A low stage of flow prevailed throughout the entire length oF the
river during the month of March. An increase in flow began to appear
at Palisade about the last of Mareh, and it was then t-ha,t the Com-
mission decided to start irrigation in the Battle Mountain Distriet
first; however, the Commission learned the water users in that dis-
trict were not ready. The Commission then decided to irrigate the
‘Winnemuecea District, and on March 28, 1929, a rotation system of
irrigation was started and maintained until the entire distriet was
irrigated.

On or about April-24, 1929, irrigation began in the Upper Battle
Mountain District, and on May 1 in the Lower Battle Mountain Dis-
trict. During this period very little water reached the Lovelock Dis-
trict.

During the latter part of June the court ordered the Commission
“to deliver water to all persons entitled to it under the Order of Deter-
mination in accordance with priorities therein listed, giving those who
had no irrigation whatsoever up to that time the same irrigation that
had been given to other persons of equal priority.”

Pursnant to the order a certain percentage of the flow was used in
the Battle Mountain District and the remainder of the flow was
allowed to go down for the benefit of the Liovelock District. On July
5 the entire flow was turned to Lovelock and continued to flow until
the end of the irrigation season.

General irrigation started in the Elko District about May 15. The
first program in this district allowed water to lands with a priority of
1905. After May 21, 1929, the priorities were cut to 1890, and on
June 5 they were cut to 1880.

On July 31, 1929, the small flow of water in the river prompted the
Commission to declare the irrigation season closed. The services of
the commissioners and hydrographers were dispensed with, and no
distribution activities took place until the latter part of August, when
a commissioner was appointed to distribute stock water in Liamoille
Valley.

Delivery of 3,962.62 acre feet was made to the Lovelock District;
17,258.21 acre feet to the Winnemucea District, and 47,312 acre feet to
the Battle Mountain Distriet.

Practically all the lands in Elko County were served with water
after June 1, 1929.

Season of 1930

The distribution of the waters of the Humboldt River and its tribu-
taries for the 1930 irrigation season began on March 15. However, it
was not until the stream flow forecast was submitted by Dr. J. E.
Church on March 25 that a plan of distribution was adopted. The
priority to be served was determined to be up to and including 1876.
Under this priority 179,737.05 acre feet were to be delivered to the
water users on the stream system, of which 97,388.60 acre feet were to
be delivered to the Elko District and 82,388.45 acre feet to all other
water users on the stream system below the Palisade gaging station.
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In addition to the foregoing orders, the State Engineer issued fur-
ther orders that all so-called tight dams diverting water with a prior-
ity later than 1876 be removed. On March 27 and 28, 1930, several of
the dams were removed, and on March 29, 1930, a halt was called on
the dam-removal campaign because of a restraining order issued by
Honorable Geo. A. Bartlett.

On March 31, 1930, all dams in the Winnemucea and Battle Moun-
tain Districts were opened and the water turned to the Lovelock Dis-
trict. On April 20 the water was diverted by the Winnemucea and
Battle Mountain Districts, and on June 8 a second flow reached
Lovelock.

During the month of April the discharge of the river became so low
that the State Engineer issued an order, on April 25, 1930, setting the
priority at 1874.

On May 2 it commenced to rain throughout the entire Humboldt
River basin and continued to rain and snow a good part of the month.
This unusual amount of precipitation created a flood stage in the river
and its tributaries, and on or about May 10 the priority was again
set at 1876.

On or about the 1st of July the flow of the river began to show a
marked decrease, and on July 15 the flow of water became so low that
it was deemed advisable to dispense with the services of most of the
commissioners and hydrographers. However, Mr. Whitacre was
retained in the Winnemuecea District until July 28 and then trans-
ferred to Elko, where he served until November 1, 1930. J. A. Millar
and Albert Quill discontinued their services on July 31, 1930,

There were 7,032.27 acre feet, or 40 per cent, delivered to the Liove-
lock Distriet; 21,187.39 acre feet, or 84 per cent, to the Winnemuecca
District, and 35,832.87 acre feet, or 79 per cent, to the Battle Moun-
tain District.

Practically all the lands in the Elko District were irrigated after
June 1, 1930.

—dJ. A. MiLLAR, Supervising Water Commissioner.

The following details of distribution activities of other streams
supervised by the State Engineer’s office is taken from reports sub-
mitted by the supervising water commissioners of the districts or
streams mentioned :

TONY CREEK

The distribution of water on this stream during the year 1929
started on March 31 and ended May 14. A water commissioner was
employed during a part of the month of May, 1930, and no further
need arose during the balance of the season for regulatory service.
The expense incurred in the distribution of the waters of this stream
is far in excess of the benefit derived and some mechanical method
of dividing these waters should be devised in order to do away with
the employment of a water commissioner.

MUDDY RIVER (Clark County)
The irrigation season on this stream usually begins about April 1
and ends on September 1 of each year.
317
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Distribution during the past biennium has been successful, no com-
plaints of any kind having been received from the water users. One
part-time commissioner at $80 per month attends to the entire stream,
with the result that unit distribution costs are exceedingly low for
the 2,748 acres irrigated.

PAHRANAGAT LAKE AND TRIBUTARIES (Lincoln County)

Distribution of water on this source has been as successful as can
be expected during years of water shortage.

Water commissioners were employed continuously during the irri-
gation seasons to deliver irrigation water to 4,805 acres of cultivated
lands. The water commissioner during the season of 1930 was active
in carrying on construction work to relieve drainage problems arising
in this distriet.

CURRANT AND DUCKWATER CREEKS (Nye County)

The distribution on these creeks during the irrigation season of
1929 and 1930 has been satisfactory. The water supply on Currant
Creek held up fairly well, while Duckwater Creek maintained its
usual consistent spring-fed flow.

One water commissioner handled distribution on both these sources
to the general satisfaction of the water users. No major complaints
were received during the past biennium. -

SIX MILE CREEK (Elko County)

Water was distributed from this source during the 1929 irrigation
season. However, early in the season of 1929, at the urgent request
of Mr. John Taylor, one of the two water users on the stream, the
State Engineer appointed a commissioner to distribute water between
the two users involved. Mr. R. A. Kinne was duly appointed for this
purpose and served during May and June, the water commissioner
making special trips whenever necessity arose. On petition of Mr.
John Taylor, Chas. Brown was appointed water commissioner for
1930 and acted in such capacity from April 14 to May 7, at which
time the work was discontinued due to water shortage.

An adequate system of simple rotation in the ratio fixed by the
court decree defining the relative rights could easily be worked out
and adhered to with the cooperation of the users, thus doing away
with the necessity of employing a water commissioner.

TRUCKEE AND WALKER RIVERS

Although distribution of water on these major stream systems is
not under the supervision of the State Engineer, they are of such
importance as to merit brief discussion in this report. Both streams
are under the jurisdiction of the Federal Court for this district, and
water on each is distributed by officials appointed by the court.

Waters of the Truckee River have been successfully distributed
under the provisions of a recommended temporary restraining order
in the case of the United States of America v. Orr Water Ditch Com-
pany et al. This restraining order is in effect a temporary decree
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determining the relative rights involved, the operation of which is
being tried out for a period of years preliminary to the eventual entry
of a final order and decree.

On the Walker River, water was successfully distributed under the
supervision of the Directors of the Walker River Irrigation District
acting as officers of the Federal Court. Water is distributed to irri-
gated lands through the medium of Topaz and Bridgeport storage
reservoirs.
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CHAPTER VI
Resume of Distribution Activities on the Humboldt River 1927 to
1930, Inclusive

The following excerpts from a special report that is being prepared
by the State Engineer’s office are included in this Biennial Report in
order to give the Legislature an idea of the scope of work on this
subject. Not only is the State Engineer’s office intrusted with the
duty of carrying on all of the preliminary ground work that is
required prior to the initiation of court proceedings in determining
the legal status of all the water rights on our various streams, but it
is also charged with the responsibility of administering the resources
of these various streams as an officer of the court after the Final
Order of Determination is filed with the court by the State Engineer :

HISTORY

The early history of the settlement of the lands lying along and
adjacent to the Humboldt River is comparable to all early develop-
ment of irrigated lands in the arid West. Some time during the
interval of a ten-year period between the years 1850 and 1860 the first
settler started diverting water from this stream, and from that time
on to the year 1910 there was a gradual influx of ranchers into this
basin. All early development was closely associated with the stock-
raising industry; in fact, the cattle-growing industry was paramount
to all other agricultural pursuits, and the irrigation of arid lands
was a secondary consideration in the growth of this particular .section
of Nevada. As the years advanced, more and more settlers came into
this section, the outlying ranges becoming overstocked, thus forcing
the newer settlers to turn to the production of crops that would find
a market in other States.

As this change in agricultural production came on more attention
was given to irrigation of productive lands, and the realization that
irrigation waters had a real potential value was firmly impressed upon
the water users having water rights that were considered of value
because of long continued use. A custom, or unwritten law or pre-
cedent, that has always been recognized in the western arid States,
and which establishes the real value of any water right, is the year
of priority of that right. This firmly-established method of computing
the value of a water right originated with the early placer miners, who
accepted the theory and fact that the first in time was the first in right.

The great influx of new settlers to the arid western States, starting
about the year 1905, and their settlement of undeveloped land sus-
ceptible of irrigation rapidly brought on a condition that taxed
beyond the limit the natural flow water resources of practically all
rivers and streams flowing through these States. This rapid settle-
ment of new lands during this period was responsible for the initiation
of court action on the part of early water users on many streams in
order to set forth and determine in a legal manner the rights of the
various water users in order that the prior users, or “the first in
time,” regardless of location of their diversion works would receive
the water to which they were justly entitled. The above statement is
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borne out by the fact that in all of the early hearings held by the
western courts more attention was given to the establishment of priori-
ties of the respective water users than was given to the quantities of
water that were necessary for the proper irrigation of different classes
of soils. On practically all streams in the arid west that have adjoin-
ing irrigable lands the two questions involved in all litigation were,
first, priorities, and second, duty of water. The importance of estab-
lishing priorities of the various users on any stream having two or
more water users has become so well-established, due to the impossi-
bility of administering the distribution of waters of a stream without
first establishing priorities, that there are few streams in the arid
west on which priorities have not been established, whereas the duty
of water or crop requirement for water for irrigation purposes has
been and always will be a mueh mooted question and will probably
be before the courts for final determination for many years to come.

Referring particularly to the Humboldt River, we find that many
of the early priorities divert water from that section known as the
“Lower River,” or the section lying between Palisade and the Hum-
boldt Sinks. Because of the great length of this river and the diffi-
culties encountered in transporting water from the upper reaches to
the lower distriets it frequently happens that the older priorities in
these lower districts are deprived of some of the water to which they
are entitled. Always bearing in mind the fact that “the first in time
is the first in right,” regardless of location of diversion works, our sole
objective has been, during the past four years, to so administer the
distribution of the waters of the Humboldt River that the water users
having water rights with priorities that were entitled to divert water
were assured of the supply to which their rights entitled them. Dur-
ing these four years the distribution has not been perfect, due largely
to the absence of proper information, but each year has seen a better-
ment of operating conditions, and as more data becomes available
from each year’s effort we are enabled to make a more careful and
intelligent study of the many problems that affect and control the dis-
tribution of the waters of this stream.

PRESENT MANAGEMENT

Beginning with the year 1927 the State Engineer’s office, through
its water commissioners, has attempted to gather sufficient data on
the Humboldt River each irrigation season so that a comparative study
might be made of the various distribution problems in order that
recommendations might be made that would be based on fact instead
of theory. There being no records available of the disposal made of
the water resources of this stream prior to 1927, it was necessary to
base all of our operations upon theories and experience derived from
a study of operations on other streams having similar problems. The
gathering and compilation of all the data that limited funds would
permit has now given us a working basis upon which to proceed.

RECORDS AVAILABLE

All data used in the compilation of this report were secured from
the United States Geological Survey, the United States Weather
Bureau, Professor J. E. Church of the University of Nevada, and
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our own office. Too much credit cannot be given to the above depart-
ments for the wonderful spirit of cooperation that has been mani-
fested during the past four years, and any financial assistance that is
needed to continue this cooperative work should be furnished by the
parties benefited.

SNOW SURVEYS

The past four years’ work on the Humboldt River has proven con-
clusively that an estimate must be made, prior to the irrigation season,
of the probable run-off of the watershed contributing water to the
Humboldt basin. The necessity for this is apparent when the two
main factors that govern the distribution of the waters of this river
are taken into conmderatlon—ﬁl st, the brief length of time that elapses
during which the maximum stream flow occurs and, secondly, the
thousand miles of stream bed that the waters have to flow through in
order to serve priorities of equal date.

The only reliable method that can be used in making an estimate of
the run-off of any watershed is based upon the principles advanced by
Professor J. E. Church, and as this work is carried on from year to
year the data secured become more valuable and more accurate and
enables this office to set the dates of priorities that can be served with
irrigation water for the following season.

ORDER OF DETERMINATION

A study of the past four years’ data gathered by the water com-
missioners of the Humboldt River discloses the obvious fact that the
right of the water users to divert a continuous flow of 0.81 of a second
foot of water for each 100 acres of irrigable land does not agree with
the actual erop requirements, the available supply or the method of
irrigation that has been practiced during the past fifty years. Our
records show that the present method of allowing a maximum diver-
sion of three acre feet per acre per season for those rights entitled to
water, delivers to those water users sufficient water to mature their
crops. Due to the anxiety on the part of some water users that the
water supply in the river would become exhausted before their quota
of three acre feet per acre had been diverted, they have demanded
large heads of water for short periods, such total demands calling for a
much larger volume of water than that available in the river. This
practice has been the cause of exhausting the river of its entire supply
before all priorities on the Lower River had been supplied with their
quota. This practice has also resulted in a very uneven flow of water
at many points on the river, and a constantly fluctuating head of irri-
gation water usually results in an economic loss of the use of water.
In order to eliminate these fluctuations and still give to the water users
a maximum head of water that will permit of a total diversion of
three acre feet per acre during the period that water is available, it
is essential that the State Engineer have full authority to fix the flow
of water to individual users in such amount as will enable him to
deliver the full amount to which the user may be entitled, during the
estimated period of river flow, and that a rotation system among water
users in each section be devised in order to give each user a large flow
for stated intervals. These recommendations are based upon the
results obtained from a study of transportation losses which oceur
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during the months of April, May and the first half of June in the
section of the river from Palisade to Lovelock. It should also be kept
in mind that the length of the irrigation season is dependent upon the
precipitation and weather conditions, and there must be enough flexi-
bility allowed this office to meet the changing conditions to insure the
delivery of the three acre feet per acre.

RIVER REGULATION

During the past four years we have encountered many problems in
river regulation that have been difficult of solving because of lack of
funds with which to secure data that would have helped materially
in reaching an understanding of the effect these problems have had
on the distribution of water. The main difficulty encountered has
been the lack of regulatory dams and headgates throughout the entire
length of the river. Although the State laws provide that the State
Engineer has the authority to compel a water user to install suitable
diversion dams and headgates at each point of diversion, we have been
prone to overlook this provision because of the financial condition that
has existed among all classes of water users. The regulation of dams
diverting water for the use of the older priorities that will always be
entitled to water is not an important factor, as these dams are neces-
sary for the diversion of water each year and the losses aceruning from
ground water storage above these dams is at least going to land that
1s entitled to receive water, whereas the installation of a diversion
dam by a water user whose priority may not receive water during the
irrigation season constitutes an unlawful diversion as much as though
he had diverted the water through an open channel, for his dam
will cause a sub-irrigation of adjoining lands to take place and help
to create a greater loss in the transportation of river water in addition
to checking the flow. Too much emphasis cannot be given to the fact
that the newer rights, which will not receive water during the short
water years, should be prevented from installing any kind of an
obstruction in the Humboldt River that will cause the water level to
be raised above the level of the natural channel when they are not
entitled to receive water.

Another factor that has contributed to the difficulty of proper river
regulation is the unlawful diversion of water by users who were not
entitled to water, or by those who became impatient of the delay in
delivering water to them. These unlawful diversions were partly
responsible for the failure of the water commissioner to deliver to the
water users diverting water from the Lower River their full quota of
water to which they were entitled during the season of 1930.

During the past season an attempt was made by the water com-
missioner to deliver the entire flow of the river, excepting a sufficient
flow to maintain the level of the water table in the lower sections, to
one district at a time, this sectional delivery applying only to those
districts lying below Palisade. Approximately twenty second feet
were required for the purpose of holding up the water table in the
lower districts, but in many instances this quantity was reduced to a
zero flow, due to unlawful diversions that occurred frequently. This
method of regulating diversions was successful in the first district
below Palisade because of the fact that the water table in this distriet
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was maintained at a uniform level. The Winnemuceca and Lovelock
distriets were seriously handicapped under this system of rotation as
the water table of lands lying adjacent to the river was lowered dur-
ing the time that all of the water in the river was being diverted to
the Battle Mountain Distriet. This water table had to be filled again
out of the water that the next section below should have had, not only
decreasing the net flow available for delivery but also cutting short
the number of days that water could actually be delivered in these
two lower districts.

The foregoing facts strengthen our belief that a constant flow of
water should be maintained throughout the entire length of the river
and that a rotation system between water users in each distriet should
be devised.

LEGAL COOPERATION

Satisfactory regulation of the waters of the Humboldt River will
never be attained until the water users, the water commissioners, the
State Engineer’s office, the legal fraternity and the court all work
together in harmony and all show an earnest and sincere desire to
bring about a just and equitable distribution, so that all rights will be
served according to their priorities. Practically all the information
that has been available in the past for guidance in settling disputes
has been based upon theories advanced by men who were honest in
their beliefs, but who lacked sufficient data upon which to state faets.
Much of the testimony introduced in the many hearings, court and
otherwise, that have been held during the past several years was based
upon the memory of the individual and not upon correlated records.
Evidence of this kind, although well-meant, does not solve the problem
of distributing water through a natural channel that traverses over a
thousand miles of stream bed and where losses or gains in the natural
flow occur to a greater or lesser extent in every section of the river;
these losses or gains must be determined by actual measurements.

It is our belief that the final decree on the Humboldt River should
be rendered by the court on acreages and priorities as soon as it is
possible for the court to do so, leaving the duty of water and other
conditions to be determined by actual records of results from year to
year.

A decree entered at this time going beyond the fixing of areas and
priorities would be dangerous, due to the absence of proper informa-
tion on the use of water over a period of years. If at the end of the
three-year period allowed by statute to reopen the court decree, suffi-
cient data has not been gathered to confirm the duty of water as
established by the court, legislative action could be obtained which
would lengthen the three-year period now in effect.

Our procedure here in Nevada has one advantage that very few
western States have adopted and that is the faet that the District
Court which renders the decree retains jurisdiction over the legal
affairs of the stream for the following three-year period, and the
decree as entered is not final as to the duty of the water, but is subject
to modification in this connection without the necessity of appealing
to the State Supreme Court. The foregoing discussion is made for the
purpose of emphasizing the need for obtaining complete record of all
the water resources of the Humboldt River and its tributaries, and a
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record of the disposal of these resonrces for a sufficient number of
years so that definite conclusions may be drawn and recommendations
made as to proper duty of water.

WATER USERS BOARD OF CONTROL

The experience gained during the past four years of distributing
the waters of the Humboldt River has demonstrated clearly that as
long as a “foreign” or disinterested party or office has entire charge
of this stream the water users will assume no responsibility toward
assisting in proper regulation. In order to remedy this situation and
make the water user feel that these distribution problems are his
problems, we recommend that the Water Users Association of each
district elect one representative to represent it, these representatives
to form a Board of Control that will have power to act in an advisory
capacity to the State Engineer in all matters concerning the distribu-
tion of waters of this stream. The State Engineer or his authorized
agents could meet with the Board of Control whenever the necessity
arose and advise them as to the procedure to be followed in all phases
of river management and investigational work required for the secur-
ing of data upon which to base future operation. A properly chosen
Board of Control, consisting of men of broad vision, of unselfish per-
sonal desires, and men who were desirous of representing the best
interests of the entire river system, would materially help iron out
the many controversial problems that may arise in the conservation
and distribution of the waters of the river.

It is apparent that within the near future steps will have to be
taken to provide holdover storage for the water users on this stream
and if the preliminary work has been done in perfecting some kind of
a water users organization, results will be obtained in a much more
orderly and efficient manner.

EMPLOYMENT OF WATER COMMISSIONER

The work that has to be done each year on this river is of sufficient
magnitude to justify the employment of a water commissioner by the
year. Offices for the commissioner should be maintained throughout
the year in one of the cities lying within the territory served. Com-
plete records should be obtained each year on all phases of water dis-
tribution and these records should be tabulated and reports prepared
in order that each water user may have a complete knowledge of all
activities and results secured. The employment of a commissioner
should be made upon recommendations of the Board of Control. The
expenditure of funds for salaries and all necessary expenses incurred
should be approved by the Board of Control before contracted.

Ways and means should be provided to pay all costs of this work
each month, as the present method of paying costs lends toward laxity
and extravagance. Many of the records now obtained by paid
employees might be obtained by the water users without cost. A part
of the overhead expenses now necessary for supervision of headgate-
diversions could be eliminated by proper cooperation on the part of
the water users.

Public meetings should be held at convenient locations throughout
the river system during the winter months by the water commissioner,
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in order to explain to the water users all matters that affect thelr water
rights and to diseuss methods of procedure.

| DUTY OF WATER

Theye is insufficient data available at the present time to make a
study of the water requirements of different classes of soils and crops.
The dl&lt} of water as established by the Order of Determination, which
is basdd on a continuous flow for the entire irrigation season, will
deliven to each water user a sufficient quantity of water to mature
his crops, but as the river flow after July 1 of the short-water years
is pracEeally exhausted, larger quantities of water must be delivered
to the users entitled to water than is provided for in the Order of
Determination.

Many of the water users are under the impression that during
years of large run-off there is no necessity for river regulation. We
agree that the necessity for regulation is not as necessary during
these years as it is during low-water years, but the records obtained
on all phases of the disposal made of the water resources are far more
accurate and of much more value. Data obtained during these years
simplifies to a large extent the many problems that arise during years
of water shortage.

The duty of water, or water requirement for various crops and soils,
should be based upon data secured by the diversions of water by the
water users during the years of ample water supply.

STOCE WATER

Throughout the arid West the diversion of irrigation water for
stock water purposes has been a serious problem for many years.
Many of the western States now do not recognize the right of the
water user to divert irrigation water for this purpose, as the use of
water for crop production and storage is considered of paramount
importance to all other uses to which water may be applied. During
years of shortage in the available water supply the practice of divert-
ing water for stock watering purposes should be discontinued on
streams that have adjoining lands requiring water for crop produe-
tion.

CLASSIFICATION OF RIVER SECTIONS

A perusal of the data available from which to make a study of the
different features affecting the distribution of water on the Hum-
boldt River brought forth clearly the fact that only sufficient data
were available to make a study of the Humboldt River extending from
Deeth to Lovelock, and no attempt was made to enter into a study of
the conditions ex1st1ng on the tributary streams. The following dis-
cussion of the conditions existing on the Humboldt River will only
embrace that part of the river known as the main river channel:

In making this study of the different features affecting the distri-
bution of water it was thought advisable to study each section of the
river as defined by gaging stations maintained by the United States
Geological Survey and then assemble the data computed from these
separate districts into a study of the river in two sections, hereinafter
referred to as the Upper Section and the Lower Section, "and then to
again consider the river as one unit.



52 REPORT OF STATE ENGINEER

The section herein referred to as the 71 Ranch District is that see-
tion of the river lying between Deeth and Halleck; the Upper Klko
District is that section of the river lying between Halleck and Elko;
the Lower Elko District is that section of the river lving between
Elko and Moleen Canyon; the Carlin Distriet is that section| lying
between Moleen Canyon and Palisade; the Battle Mountain District
is that section of the Humboldt River lying hetween Palisade and
Comus; the Winnemucca District is that section of the river lying
between Comus and the gaging station at Oreana, and the Lovelock
District embraces all of that part of the river lying between (Oreana
and the Humboldt Sink. |

DAILY CANAL RECORDS

During the past four years the water commissioner’s office has
secured daily records during the irrigation season on practically all
of the inflow and outflow of that section of the river lying between
Palisade and Lovelock. We feel that the data secured in this section
is of sufficient scope so that conclusions may be made that will have a
bearing on the future operations in that section.

The operating conditions existing on the Upper Humboldt River
were of such an unsatisfactory nature, due to the lack of proper coi-
trol works at the head of the diversion canals, that insufficient data
was secured during the past four years on the quantities of water
that were diverted by the water users in that section to allow definite
conelusions to be made.

The estimate used in computing the losses and gains in this upper
section of the river are based on 100 per cent diversions of the rights
that were entitled to water during the two years that a study was
made of this section.

: SUMMARY OF COMPILED DATA

A presentation of all the factors that govern the following brief
discussion of data pertinent to each section of the Humboldt River is
impossible in these excerpts because of the limited space available.
The reader should keep in mind that the results presented may change
considerably after a study is made of this river covering a longer
period of time, and that the data herein contained were influenced by
inflow and outflow that was not taken into consideration because of
the lack of available assistance to carry on a complete seasonal investi-
cation.
£ *71 Ranch District—Humboldt River from Deeth to Halleck

TFor the period extending from May 15 to July 15, 1930, there was
a gain or return flow of 1,077 acre feet. As there are no rights in
this section that were entitled to water having 1876 or older priorities,
this return flow indicates that there were unlawful diversions or tribu-
tary inflow that was not measured.

Upper Elko District—Humboldt River from Halleck to Blko
For the period extending from May 15 to July 15, 1930, there was
an estimated diversion of 6,169 acre feet and a gain or return flow of
8,025 acre feet in this section. From May 15 to June 20 heavy losses
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were found in this section, which tends to show that the ground water
tablq was depleted prior to the opening of the irrigation season.

Diversions in excess of quantities allowable for the rights up to 1876
occurred and had a direct influence on the return flow.

ower Elko District—Humboldt River from Elko to Moleen Canyon

This section of the river is the only “Upper River” section that
shows a net loss, there being a loss of 3,072 acre feet in this section

. | Had accurate records been kept of all diversions in this section
i1 might have been noted, as there is no apparent reason why
there $hould be any greater loss in this section than in the sections
further up the river.

Carlin District—Humboldt River Between Moleen Canyon and Palisade

For |the period extending from May 15 to July 15, 1930, there was
an average estimated dally diversion of 39 second feot per day, which
is based upon their rights of 3 acre feet per acre for Class 1 lands;
114 acre feet for Class 2 lands, and 0.75 acre feet for Class 3 lands,
for the periods outlined in the Order of Determination. The net gain
in this section for the period mentioned above was 3,267 acre feet, or
68 per cent of the amount diverted. The only losses shown in this
section oceurred from May 15 to 25,

Battle Mountain District—Humboldt River from Palisade to Comus

This seetion includes the famous Argenta Swamp which has been
under discussion for several years. During the months of April and
May and up to the 20th of June, 1930, there was a steady loss of
water in this section of the river, which no doubt was due to the fact
that the ground water table was being brought up to the level of the
river channel. After the 20th of June there was a consistent daily gain
which tends to show that once the water table was built up the surplus
waters diverted flowed back into the river channel. This section’ of
the river includes some 300 miles of river channel and the net loss.for
the four months period was only 9,651 acre feet, or 12 per cent of the
total flow available for this section. The unusual rains that occurred
during the months of May and June, 1930, may have had a direct infiu-
ence on the data obtained. Additional records must be obtained of the
losses occurring in this section of the Humboldt River before recom-
mendations can be made as to the necessary work that should be done
to relieve this section of these transportation losses.

In an irrigation canal of equal length and having a capacity of 500
second feet the estimated losses would be at least one per cent per mile,
and no attempt would be made to decrease a 12 per cent transportation
loss.

Winnemucca Section—Humboldt River, Comus to Oreana

Our study of the conditions existing in this section during the year
1930 included the period from April 1 to July 31. Our data shows that
there was a loss in this section of 1,968 acre feet, which is a very
nominal loss for a section of this length.
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Lovelock District—Humboldt River from Oreana to Liovelock

There was a net operating loss in this section of 1,644 acre feet for
the period April 1 to July 15, 1930, or a loss of 19 per cent of the
gross flow available. In order to rectify this condition and reduck the
loss to a minimum during the irrigation season, it will be necessary to
maintain a constant flow of water through this section of the i
thus maintaining a water table in the adjacent lands sufficiently) high
to prevent these losses.

Upper River—Humboldt River from Deeth to Palisade

Treating this section as one unit, the data for 1930 shows thag dur-
ing the months of May, June and July there was a net gain in this
section and a total net gain for the sixty-two day period, extdnding
from May 15 to July 15, of 9,277 acre feet, which amounts to 63 per
cent return flow of the estimated diversions of 14,747 acre feet) This
return flow from the diverted water represented a gain of 15 pér cent
of the total flow available in this section from the visible flow jin the
main channel plus measured tributary flow. In making these ¢ompu-
tations the outflow from this section was treated as a diversion; The
reader should also bear in mind that there were unlawful diversions of
water occurring in this section of which no record was obtained, as well
as tributary flow resulting from unusual rains that caused floods of
short duration.

Lower River—Humboldt River from Palisade to Lovelock

A net operating loss for the season of 1930 of 13,226 acre feet is
shown for this section of the river, all of which occarred during the
months of April, May and up to June 20. It is evident that by the
20th of June the ground water table had been filled and from that
time on there was a return flow back to the river which was available
for irrigation purposes. Again we repeat that no diversion of water
should be permitted throughsut the length of the river until the
natural flow of the stream has reached the lowest water user entitled to
water. The resultant tributary flow from unusual rains occurring
during the irrigation season of 1930 was not recorded as completely as
it should have been because of the lack of gage readers, and empha-
sizes the fact that several years’ continuous records must be obtained
before definite conclusions can be made.

Entire River—Humboldt River from Deeth to Lovelock

For the period extending from May 15 to July 15, 1930, there was
a net operating loss of 3,404 acre feet, all of which occurred from the
15th of May to the 20th of June. If the losses in the Battle Mountain
District could be eliminated there would be considerable gain in this
river system. A more strict regulation of the rights that are not
entitled to water would materially assist in decreasing the losses that
occur during the first of the season.

In making a study of the losses and gains noted in the above dis-
cussion it is advisable at this time to clearly set forth the faet that
there is a definite loss sustained by irrigation waters in the production
of plant growth, even under the most favorable conditions. The ratio
of the losses to the quantities diverted by the irrigator varies according
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to climatic conditions, classes of soils, kinds of crops and many other
faetors.

Upper River—Humboldt River from Deeth to Palisade for Years 1929 and 1930

It 1s surprising to note that the total gain, which is a portion of the
watey diverted, for 1929, 11,640 acre feet, and for 1930, 9,297 acre feet,
from |this section of the river is very mnearly the same. Comparisons
of this gain in relation to the estimated quantities of water diverted
show that during the season of 1929, 61 per cent of the water diverted
was rdturned. The reader should bear in mind that these computations
may vary from year to year, as more complete and accurate records
are obtained of inflow and outflow to these sections of the river.

Lower River—Humboldt River from Palisade to Lovelock for the Years
1927, 1928, 1929 and 1930

The {following quantities were delivered to the canals diverting
water from this section during the years set forth: 1927, 183,014
acre feet; 1928, 95,045 acre feet; 1929, 60,145 acre feet, and 1930,
64,901 (acre feet. The losses and gains for these years were as fol-
lows: 1927, 26,241 acre feet, loss; 1928, 568 acre feet, gain; 1929, 164
acre feet, loss 1930, 13,263 acre feet, loss. There is no question but
what there is a distinet ratio between the losses and the flow available,
but sufficient data has not been secured upon which to base an accu-
rate estimate of the losses that will oceur for any known flow at Pali-
sade. There are so many factors that must be taken into consideration
before definite statements can be made as to just what the losses or
gains will be for each seasonal run-off that it is unwise to arrive at
definite conclusions until additional data have been secured.

Entire River—Humboldt River from Deeth to Lovelock for the Years
1929 and 1930

The average daily loss of the entire river during the year 1929 was
12 per cent of the flow available, and 5 per cent for the year 1930. A
study of the transportation losses occurring during these two years
shows clearly that the losses are very nominal when compared with
the total flow available.

HUMBOLDT RIVER STORAGE

A brief interesting study has been made by this office of the storage
possibilities and requirements on this stream. As this discussion is
of considerable length, the following paragraph is all that space will
permit in these excerpts:

If storage were the only consideration it would not be advisable to
recommend an e‘cpendlture for storage purposes, ekceptlno to provide
equalizing reservoirs on the lower reaches of the river. * * * TFrom
the past history of this stream floods occur rather infrequently, which
do as much damage to the adjoining lands as occurs from the extreme
shortage of waters during the dry years. * * * It is only a ques-
tion of time until serious floods will again take place on this stream,
and with this thought in mind we do not hesitate to recommend that
steps be taken to provide storage on the main stream of the Hum-
boldt River.
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STATEMENT

A study of the data given in these excerpts should be made in con-
junction with reference to the charts that show graphically the daily
conditions that exist on the Humboldt River during each 1rr1gat10n
season. A complete report of our activities on this stream during the
past four years is nearing completion and will be published an dls-
tributed as soon as it is possible to do so.

It is believed that with this report as a basis the work can be made
increasingly effective as time goes on.

Nore—On December 21, 1930, the Honorable Geo. A. Bartlett,/Judge
of the District Court of the Sixth Judicial District of the State of
Nevada, handed down a decision and opinion In the Matter Jof the
Determination of the Relative Rights of Claimants and Approgriators
of the Waters of the Humboldt River Stream System and Its|Tribu-
taries. As this decision contains some 26 pages of written material it
is too voluminous to include in this report.

A verbal opinion by the Attorney-General’s office holds that the
State Engineer shall continue the distribution of the waters lof this
stream as outlined in the Order of Determination until such {1me as
the findings are prepared in accordance with this decision and|a final
decree is signed by the court.
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CHAPTER VII
Measurement of Water

Th1 ughout the entire West the term miner’s inch has been used
up to the present time by the majority of water users in preference
to the second foot and the acre foot, which are the legal units in most,
if not all, of the western States. The reason for this comes, perhaps,
from tqe fact that the miner’s inch was the standard of measurement
during ithe pioneer days of mining and farming in the west, and the
people &aving become used to gaging water in acecordance with this
term ar¢ loath to depart from it.

The térm miner’s inch, however, is very uncertain unless when used
the pressure under whlch the dlscharoe 18 dehvered is given. The
different, States have different values for a miner’s inch, as the head
or pressure is not the same. The legislatures have recoonlzed this
uncertainty and have accordingly made the standard of measurement
the cubie foot per second, or second foot, and the standard of volume
the acre foot.

USEFUL EQUIVALENTS

The following equivalents of the terms second foot, acre foot and
miner’s inch will serve as a guide where necessary to transpose them ;

One acre foot of water is the quantity that will cover an area of one
acre one foot deep.

One second foot of water is the quantity that will fill a space of one
cubic foot in one seecond of time.

1 second foot equals 40 miners’ inches.

1 second foot equals 7.4805 gallons per second, or 448.83 gallons
per minute.

1 acre foot equals 43,560 cubic feet or the volume of water that
will cover one acre one foot deep.

1 miner’s inch equals 0.186- gallons per second.

1 miner’s inch equals 11.21 gallons per minute.

1 miner’s inch equals 672.60 gallons per hour.

1 miner’s inch equals 16,142.40 gallons per day of 24 hours.

1 miner’s inch flowing 20.16 days will cover an acre of land 1 foot
deep or it will be the equivalent of 1 acre foot.

1 miner’s inch flowing 150 days (5 months of 30 days each) will
cover an acre of land 7. 4 feet deep.

1 second foot of water flowing 150 davs equals 297.06 acre feet or
enough water to cover 100 acres of land 2. 9706 feet deep.

1 second foot of water flowing 24 hours equals 86,400 cubic feet, or
1.98 acre feet, or approximately 1 acre 2 feet deep.

1 acre foot equals 325,850 gallons.

METHODS OF MEASUREMENT
Irrigation water is usually measured by one of three methods
Over a weir, through an orifice, or in an open channel. f 1ihese
methods the one most commonly used by water users is the weir.
A weir is a noteh in a vertical wall through which water flows. The
weir is the best instrument ever devised for common use in the meas-
urement of irrigation water. It is cheap and simple of construection.
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The results are accurate and easily understood. The measurements
are easy to make and the computations are rapid.

There are many types of weirs, but the one most commonly used in
the measurement of irrigation water is the Cippoletti weir, so called
becausq it was designed by an Italian engineer named Cesare Cippo-
letti. The weir has a thin horizontal erest and thin sides, and the weir
notch i§ wider across the top than at the bottom, the sides having a
slope ofl one inch out to four inches rise or what is usually termed a
1: 4 slope.

CONSTRUCTION OF WEIRS

The construetion of a two-foot weir box and erest is shown in the
accompanying drawing.

The reguirements for the proper setting and operating of this type
of weir are:

1. Tt should be set at the lower end of a long pool sufficiently wide
and deep to give an even smooth current with a velocity of approach of
not over 0.5 of a foot per second, which means practically still water.

2. The line of the weir box should be parallel with the direction of
flow, that is, the crest is to be at right angles to the direction of the
flow.

3. The face of the weir should be perpendicular, that is, leaning
neither up nor down stream.

4. The crest of the weir should be level so the water passing over it
will be the same depth at all points along the crest.

5. The distance of the crest above the bottom of the pool should be
about three times the depth of water flowing over the weir crest, and
the sides of the pool should be at a distance from the sides of crest
not less than twice the depth of the water passing over the crest.

6. The gage or weir scale may be placed on the upstream face of the
weir structure and far enough to one side so that it will be in com-
paratively still water. It has been found that the setting of the scale
at one side of the weir as shown gives practically the same results as
when it is set in the pool above as is usunally directed. It is set with
much less trouble, is more permanent and is easier to check.

7. The structure should have the width of the weir crest plainly
marked on the upstream face. The metal parts of the weir should be
accurately made and should be carefully placed after the weir box and
weir board are installed. A

8. The crest should be placed high enough so the water will fall
practically free below the weir. A submergence or back water condi-
tion equal to a depth of about ¥ ¢ of the depth of the water over the
weir or less has very little effect on the weir discharge and may be
neglected in ordinary measurements.

9. For accurate measurements the depth over the crest should not
be more than one-third of the crest.

10. The depth of water over the crest should not be less than about
2 inches as it is difficult to get sufficiently accurate gage readings below
this point to give close results. However, a broad crested weir with
low gage heights used where there is little fall will give more reliable
results as a rule than can ordinarily be obtained by the use of an orifice
using the same amount of head.
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THE SUBMERGED ORIFICE

The structure for the submerged orifice is built the same as for a
weir, but instead of placing a weir crest in the front heading an open-
ing known as an orifice is placed therein as shown in the accompanying
cut.

This opening may be of any required dimensions and of any shape,
though for convenience of computation certain standard dimensions
are usually selected. The orifice is not used as generally as the weir.
This is due to certain inherent disadvantages. First, the orifice strue-
ture is such that it gathers trash which tends to check the flow and
hence to destroy the accuracy of the measurement. Second, there
is a chance for inaccuracy on low heads, that is, where there is but
little difference between the upper and lower gage readings the
relative discharge for this small difference is so great that a slight
error in reading the gage makes a very great difference in the result
of the computed discharge. Third, unless some special provision is
made the submerged orifice is not adapted to passing large quantities
of water; it will pond the water above the orifice so that damage from
overflow is liable to be done to the canal or the heading. In the case
of the weir the proportional discharge is increased as the head increases
and the excess flow is automatically taken care of by passing over the
weir.

The coefficient of discharge in the orifice is much more uncertain
than in the case of the weir, and is affected by a greater variety of
factors that are not so easily regulated. Notwithstanding the above-
mentioned disadvantages there are times when it is desirable to use
the orifice as a measuring device. This may occur where it is impera-
tive to save head, or hold the water level as high as possible in the
canal. In this case it may be necessary to sacrifice accuracy for the
sake of saving head. There are times when it is desirable to combine
a canal heading with a measuring device, in which case an orifice can
well be used because the heading shuts out the trash and regulates the
flow.

RULES GOVERNING THE USE OF THE ORIFICE

The orifice opening should be regular in shape, and should have
sharp edges. The pressure head should be not less than 0.10 of a foot.

The depth of submergence of the orifice should not be less than the
height of the orifice, and a submergence of twice the height of the
orifice is preferable.

There must be two gages, one of which should be set on the head-wall
to one side and below the orifice. These gages should be set with their
zero marks at the same elevation. This may be at any desired point
so it will always be covered with water when the orifice is in use.

Where a canal gate or heading is used for an orifice to measure
water the coefficient of discharge must be determined for each dif-
ferent condition, either by measuring the water over a weir or by a
current meter measurement, if any degree of accuracy is required.
This is because the discharge coefficient changes with the form and
kind of orifice and in many cases with the depth of water and the
water pressure. For this reason, if good measurements are desired,
the standard orifice structure should be used, and the discharges may
then be taken from the table as given.



62 REPORT OF STATE ENGINEER

ORIFICE TABLE

In using the table find the difference between the reading of the
upper and the lower gages. This will be the “effective head” as used
in the table. In the accompanying tables will be found the discharges
for orifices having openings of different sizes with effective heads as
shown by the gages. Discharge for orifices of larger sizes may be
found by multiplying the discharge for one foot orifice by the size of
the orifice desired.

The coefficient used in this table is 0.62. If any other coefficient is

VENTURI FLUME

Scale "=/ /o0k.

i

desired, divide the given discharge by 0.62 and multiply the result
by the desired coefficient and the required discharge is obtained.

THE IMPROVED VENTURI FLUME

This device for the measurement of water flowing in open channels
is adaptable to both large and small flows.

Probably the most accurate known device for the measurement of
water is the weir. Due to changeable conditions in the diteh section
from growth of vegetation, deposit of silt above the weir, carelessness
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in placing the same in the ditch, and generally to the lack of sufficient
fall in the ditch which is most needful, its practical use is rather
limited.

The most common type of measuring device is the rectangular flume
in which there is installed a gage rod to determine the depth of
water flowing at any particular stage. For determining the carrying
capacity of such a flume at different depths of flow, it is necessary to
keep the flume rated. This is usually done by means of a current
meter. Due to ¢hange in conditions resulting from sand deposits,
growth of vegetation or use of check boards in the canal below, it is
necessary to keep such type of flume carefully rated if serious errors
are to be avoided.

To overcome practically all of the aforementioned objections, there
was prefected by R. L. Parshall, Engineer of the Division of Agricul-
tural Engineering, Bureau of Public Roads, United States Department
of Agriculture, in cooperation with the Colorado Agricultural Experi-
ment Station, what is-known as the Improved Venturi Flume.

This device, consisting of three main parts, has, first, an upstream
converging section with a level floor; second, a throat or contracted
section two feet in length, with a floor sloping downstream; third, a
diverging section with the floor sloping upward. The side walls are
all vertical, and in the throat section they are parallel. In all strue-
tures, the downstream or outlet end of the floor of the diverging sec-
tion is three inches lower in elevation than the level floor of the upper
end of the flume, while the lowest point in the floor is always placed
nine inches lower than the floor at the upper end of the flume. The
crest is the downstream end of the floor of the converging section, or
is the place of entry to the throat.

The principal advantages of this flume over that of any other
measuring device are:

First—It is self rating, <. e., it does not require rating with a cur-
rent meter.

Second—1It is self-cleaning of sand and silt depostts.

Third—The discharge at any given height is not affected by back-
water conditions due to vegetable growth, or sand bars or other
obstructions in the canal below the flume under usual conditions of
operation.

Fourth—The rating table for this flume based upon a constant for-
mula does not vary unless the water below the flume backs up so as to
destroy more than 70 per cent of the difference in head between tail
water below the flume and head water above the same.

Fifth—It requires a much less fall in the diteh than does the
standard weir.

The accompanying tables, together with a cut of this structure, are
published for the information of those who are interested in such
matters.

A bill of material for the construction of Venturi flumes may be
obtained by writing to the State Engineer’s office at Carson City.
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STANDARD DIMENSIONS AND CAPACITIES, IMPROVED
VENTURI FLUME
—MAXIMUMT— —MINIMUM{—

DIMENSIONS IN FEET Sec. Sec.
W= A 5A B i EB C D Ha Ft. Ha Ft.
1 4’—6” 37—0” 4’— 4¢”7 2'-11%” 2'— 9%” 2.50 16.1 0.20 0.35
2 50" 8—4”  4-10§" 3— 33” 3-113” 2.50  33.2  0.20  0.66
3 5/_§” 878" 57— 487 3'— 73" 5'— 1%” 2.50 50.4 0.20 0.97
4 670" 4/—0” 5—10§” 3/-11%” 67— 43”7 2.50 67.9 0.20 1.26
5
6
8

6/—6” 47—4” 6/— 43”7 - 37 77— 68" 2.50 85.6 0.25 2.22
70" 4-8” 6/—10%" fm T 8- 9 ” 2.50 103.5 0.25 2.63
8/—-0” 5/—4” 7—103” 5'— 2%~ 11— 1%~ 2.50 139.5 0.30 4.62

€O -] O O Wb

Directions for Placing Venturi Flume

ke = =
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Orogrmal Jibeh

s
LURECTIONS FOR 12 AMNE FLLTE.

First—Select from table of flume capacities the proper depth of water or head “Ha” that
corresponds with the maximum ecapacity of the ditch, so that “Ha’ will ordinarily not exceed
one-half of the width of throat ‘“W’’ which may be adopted.

Second—Locate the high water line on the ditch bank where the flume is to be installed, as
shown by previous flows.

Third—Place the surface of the floor “B” at a depth of 70 per cent of “Ha” below the
high water line.

Fourth—Place the floor “B” level both length and crosswise and construet all flume
bottoms with. the drop and rise and at the lengths as shown by above sketch.

Fifth—Place gage on side of flume at a distance upstream from the throat, equal to two-
thirds the distance “A.”

Sixth—Provide cut-off wall and wings at each end of flume at 45 degree angles, to prevent
water cutting under or around same.

Note—Refer to isometric drawing.

*Crest width in feet. fDischarge capacity in cubic feet per second, free flow conditions.

P —
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Still Water
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DISCHARGE OVER CIPPOLETTI'S TRAPEZOIDAL WEIR

For Various Lengths and Depths.
Head “H” on

Crest
Measured in

Formula: Q=3.3% LH?

Discharge in Cubic Feet per Second

.003
.010
.018
.027
.038

.050
.062
.076
.091
107

123
.140
176
196

.216
.236
.257
279
301

.324
.347
371
.396
421

.446
472
.499
.526
.553

In In
feet inches 1
.01 %
.02 %
.03 3%
.04 %
.05 %
06 3%
.07 %
.08 1
.09 %
.10 Y
o B LU U5
12 %
.14 5%
15 %
16 17%
A7 2
18 %
.19 EA
.20 3%
21 21
22 56
.23 34
.24 %
.25 3
.26 3%
Fg 1 A
.28 %
.29 1
30 %
S3T1R S 34
.32 %
BN
.24 %
.35 %
.36 434
BT %
Y 5%
.40 %
41 4%
2 5
.43 %
.44 14
.45 3%
.46 5%
AT 5%
.48 %
.49 %
50 6

2%
01
02
04
01
.09

A2
.16
.19
.23
.27

.31
.35
.44
.49

.54
.59
.64
.70
.75

.81
.87
.93
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.03
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.08
a1

.15
.19
.23
.27
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.37
42
.53
.59

.65
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.84
.90
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1.04
1.11
1.19
1.26
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01
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13
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.22
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.37
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.62
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.75
.83
.90
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1.05
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.02
.05
.09
.13
.19

.25
.31
.38
.45
.53

.61
.70
.88
.98

1.08
1.18
1.29
1.39
1.51

1.62
1.74
1.86
1.98
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Length of Weir Crest in Feet

73
.02
.07
.13
.20
.28

.37
.47
.57
.68
.80
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10 124 15
03 .04 .05
SO Seena Gl
SISRNECe, - o
P L
3800 A G
49 62 .74
162/ L7y MY
a6 .95 114
91 114 1.36
1.06  1.33  1.60
1.23 154  1.84
140 175 210
176 2.20  2.65
1.96 244 293
215 2.69 3.23
2.36 295  3.54
2.57 3.21  3.86
279 3.49 418
3.01  3.76  4.52
3.24 405  4.86
3.47 43¢ 521
3.71  4.64  B.57
3.96 495 5.94
421  5.26 6.31
4.46 558  6.70
4.72  5.90  7.09
4.99  6.24 7.48
5.26  6.57  7.89
5.53  6.92 830
581 7.26  8.72
6.09 7.62 914
6.38 7.98  9.57
6.67 834 10.01
6.97 871 10.46
7.27  9.09 10.91
7.58 947 11.37
8.20 10.25 12.30
8.52 10.65 12.78
8.84 11.05 13.26
9.16 11.46 13.75
9.49 11.87 14.24
9.83 12.28 14.74
10.16 12.70 15.24
10.50 13.13 15.76
10.85 13.56 16.27
11.20 14.00 16.79
11.55 14.43 17.32
11.90 14.88 17.85
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DiscHARGE OVER CIPPOLETTI'S TRAPEZOIDAL WEIR—Continued
Py 3
For Various Lengths and Depths\ Formula: Q==3.3% LH*®

Hea.gre.:{t o0 Discharge in Cubic Feet per Second

Measured in . g

Still Water —— Length of Weir Crest in Feet———— |
I I c

et borotie, ISR DL 3 3% 4 5 7+ 10 123 15 18
51 61 1.84 2.45 3.07 3.68 4.29 490 6.13 9.20 12.26 15.33 18.39 22.07
.52 14 1.89 2.52 3.16 3.79 4.42 5.05 6.31 9.47 12.62 15.78 18.94 2272
.53 3 1.95 260 3.25 3.90 4.55 5.20 6.50 9.74 12.99 16.24 19.49 23.38
.54 % 2.00 2.67 3.3¢ 4.01 4.68 5.34 6.68 10.02 13.36 16.70 20.04 24.05
.55 5 2.06 2.75 3.43 4.12 4.81 549 6.87 10.30 13.73 17.17 20.60 24.72
56 63 212 2.82 3.53 4.23 4.94 564 7.05 10.58 14.11 17.64 21.16 25.40
A7 % 2.17 2.90 3.62 4.35 507 5.80 7.24 10.87 14.49 18.11 21.73 26.08
R T 2.23 297 3.72 4.46 5.20 5.95 T.44 11.15 14.87 18.59 22.31 26.77
.59 1% 2.29 3.05 3.81 4.58 5.34 6.10 7.63 11.44 15.26 19.07 22.89 27.46
.60 3 285 3.13 3.91 4.69 5.48 6.26 7.82 11.74 15.65 19.56 23.47 28.16
61 T3 ... 3.21 4.01 4.81 5.61 6.42 8.02 12.03 16.04 20.05 24.06 28.87
.62 oo 3.29 4.11 4.93 5.75 6.57 8.22 12.33 16.44 20.54 24.65 29.58
.64 S ... 3.45 4.31 5.17 6.03 6.89 8.62 12.93 17.24 21.55 25.86 31.03
.65 SR 3.53 441 5.29 6.18 7.06 8.82 13.23 17.64 22.05 26.46 31.76
66 T%h ... 3.61 4.51 5.42 6.32 7.22 9.03 13.54 18.0% 22.56 27.08 32.49
WBH S .. 3.69 4.62 5.54 6.46 7.39 9.23 13.85 18.46 23.08 27.70 33.23
.68 % 3.78 4.72 5.66 6.61 7.55 9.44 14.16 18.88 23.60 28.32 33.98
.69 TN .. 3.86 4.82 5.79 6.75 7.72 9.65 14.47 19.30 2412 28.94 34.73
.70 AL IS | 3.94 4.93 5.92 6.90 7.89 9.86 14.79 19.72 24.65 29.58 35.49
.71 5.04 6.04 7.05 8.06 10.07 15.11 20.14 25.18 30.21 36.25
72 5.14 6.17 7.20 8.23 10.28 15.43 20.57 25.71 30.85 37.03
.73 5.25 6.30 7.35 8.40 10.50 15.75 21.00 26.25 31.50 37.80
.74 5.36 6.43 7.50 857 10.72 16.07 21.43 26.79 32.15 3858
75 5.47 6.56 7.65 875 10.93 16.40 21.87 27.33 32.80 39.36
.76 5.58 6.69 17.81 8.92 11.15 16.73 22.31 27.88 33.46 40.15
TG 5.69 6.82 7.96 9.10 11.37 17.06 22.75 28.43 34,12 40.95
.78 5.80 6.96 8.12 9.28 11.60 17.39 23.19 28.99 34.79 41.75
.79 5.91 7.09 8.27 9.46 11.82 17.73 23.64 29.55 35.46 42.55
.80 6.02 7.23 8.43 9.64 12.05 18.07 24.09 30.11 36.13 43.36
.81 6.14 17.36 8.59 9.82 12.27 18.41 24.54 30.68 36.81 44.18
.82 6.25 17.50 8.75 10.00 12.50 18.75 25.00 31.25 37.50 45.00
.83 6.36 7.64 8.91 10.18 12.73 19.09 25.46 31.82 38.19 45.82
.84 6.48 17.78 9.07 10.37 12.96 19.44 25.92 32.40 38.88 46.65
85 6.60 7.92 9.23 10.55 13.19 19.79 26.38 32.98 39.57 47.49
.86 8.06 9.40 10.74 13.43 20.14 26.85 33.56 40.28 48.33
.87 8.20 9.56 10.93 13.66 20.49 27.32 34.15 40.97 49.18
.89 8.48 9.89 11.31 14.13 21.20 28.27 35.33 42.40 50.88
.90 8.62 10.06 11.50 14.87 21.56 28.75 35.93 43.12 51.74
91 8.77 10.23 11.69 14.61 21.92 29.23 36.53 43.84 52.61
.92 8.91 10.40 11.88 14.85 22.28 29.71 37.14 44.56 53.48
.93 9.06 10.57 12.08 15.10 22.65 30.19 37.74 45.29 54.35
.94 9.20 10.74 12.27 15.34 23.01 30.68 38.35 46.02 55.23
.95 9.35 10.91 12.47 15.59 23.38 31.17 38.97 46.76 56.11
.96 9.50 11.08 12.67 15.83 23.75 31.67 39.58 47.50 57.00
.97 9.65 11.26 12.87 16.08 24.12 32.16 40.20 48.24 57.89
.98 9.80 11.43 13.06 16.33 24.49 32.66 40.83 48.99 58.79
.99 9.95 11.61 13.27 16.58 24.87 33.16 41.45 49.74 59.69
1.00 10.10 11.78 13.47 16.83 25.25 33.67 42.08 50.50 60.60
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DiscHARGE OVER C1PPOLETTI’S TRAPEZOIDAL WEIR—Continued

For Various Lengths and Depths. Formula: Q==3.3% LH:
He“gr‘;ﬁ" - Discharge in Cubic Feet per Second
Measured in )
Still Water Length of Weir Crest in Feet —
In In

ok it MO L BRSO g S0k 12 T N

1.01 12% 8.54 10.25 11.96 13.67 17.09 25.63 34.17 42.72 51.26 61.51 68.35
1.02 14 8.67 10.40 12.14 13.87 17.34 26.01 34.68 43.35 52.02 62.43 69.36
1.03 3% 8.80 10.56 12.32 14.08 17.60 26.39 35.19 43.99 52.79 63.35 70.39
1.04 % 893 10.71 12.50 14.28 17.85 26.78 35.71 44.63 53.56 64.27 71.41
1.05 5% 9.06 10.87 12.68 14.49 18.11 27.17 36.22 45.28 54.33 65.20 172.45

1.06 12% 9.19 11.02 12.86 14.70 18.37 27.56 36.74 45.93 55.11 66.14 73.48
1.07 % 9.32 11.18 13.04 14.91 18.63 27.95 37.26 46.58 55.89 67.07 74.53
1.08 13 9.45 11.34 13.23 15.11 18.89 28.34 37.79 47.23 56.68 68.02 75.57
1.09 % 9.58 11.49 13.41 15.33 19.16 28.73 38.31 47.89 57.47 68.96 76.62
1.10 % 9.71 11.65 13.59 15.54 19.42 29,13 38.84 48.55 58.26 69.91 177.68

13% 9.84 11.81 13.78 15.75 19.69 29.53 39.37 49.21 59.06 70.87 78.74
% 9.98 11.97 13.97 15.96 19.95 29.93 39.90 49.88 59.86 71.83 79.81
5% 10.24 12.29 14.34 16.39 20.49 30.73 40.98 51.22 61.47 73.76 8196
% 10.38 12.46 14.53 16.61 20.76 31.14 41.52 51.90 62.28 74.73 83.04

jary
[y
[

O = b2

13% 10.52 12.62 14.72 16.82 21.03 31.55 42.06 52.58 63.09 75.71 84.12
14 10.65 12.78 14.91 17.04 21.30 31.96 42.61 53.26 63.91 76.69 85.21
% 10.79 12.95 1510 17.26 21.58 32.37 43.15 53.94 64.73 77.68 86.31
% 10.93 13.11 15.30 17.48 21.85 32.78 43.70 54.63 65.56 78.67 87.41
% 11.06 13.28 15.49 17.70 22.13 33.19 44.26 55.32 66.38 79.66 88.51

15.68 17.92 22.41 33.61 44.81 56.01 67.22 80.66 89.62
15.88 18.15 22.68 34.03 45.37 56.71 68.05 81.66 90.73
16.07 18.37 22.96 34.44 4593 57.41 68.89 82.67 91.85
16.27 18.569 23.24 34.87 46.49 58.11 69.73 83.68 92.97
16.47 18.82 23.53 35.29 47.05 58.81 70.58 84.69 94.10

16.67 19.05 23.81 35.71 47.62 59.52 71.42 85.71 95.23
16.86 19.27 24.09 36.14 48.18 60.23 72.28 86.74 96.37
17.06 19.50 24.38 36.57 48.75 60.94 73.13 87.76 97.51
17.26 19.73 24.66 37.00 49.33 61.66 73.99 88.79 98.65
17.47 19.96 24.95 37.43 49.90 62.38 74.85 89.82 99.80

17.67 20.19 25.24 37.86 50.48 63.10 75.72 90.86 100.96
17.87 20.42 25.53 38.29 51.06 63.82 76.59 91.90 102.12
18.07 20.66 25.82 38.73 51.64 64.55 77.46 92.95 103.28
18.28 20.89 26.11 39.17 52.22 65.28 78.33 94.00 104.45
18.48 21.12 26.40 39.61 52.81 66.01 79.21 95.05 105.62

18.69 21.36 26.70 40.05 53.40 66.74 80.09 96.11 106.79
18.90 21.59 26.99 40.49 53.99 67.48 80.98 97.18 107.97
19.31 22.07 27.59 41.38 55.17 68.97 82.76 99.31 110.35
19.52 22.31 27.88 41.83 b55.77 69.71 83.65 100.38 111.54

19.73 22.55 28.18 42.28 56.37 76.46 84.55 101.46 112,74
19.94 22,79 28.48 42.73 56.97 71.21 85.45 102.54 113.94
20.15 23.03 28.79 43.18 57.57 71.96 86.36 103.63 115,14
20.36 23.27 29.09 43.63 58.18 72.72 87.26 104.72 116.35
20.57 23.51 29.39 44,09 58.78 73.48 8817 105.81 117.57

20.79 23.76 29.70 44,54 59.39 74.24 89.09 106.91 118.78
21.00 24.00 30.00 45.00 60.00 75.00 90.01 108.01 120.01
21.22 24,25 30.31 4546 60.62 75.77 90.93 109.11 121.23
21.43 24.49 30.62 4592 61.23 76.54 91.85 110.22 122,46
21.65 24.74 30.92 46.39 61.85 77.31 92.77 111.33 123.70

A P e e o= G0 o o W O W e o <2 DD DD B DD 0D DD LD B b [ el el [l
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Di1ScHARGE OVER CIPPOLETTI'S TRAPEZOIDAL WEIR—Continued

For Various Lengths and Depths.
Head “H” on

Crest
Measured in
Still Water

In
feet

1.51
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Ll
[

<t eron
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ST b = QWO -I>

Al U LN [—R7-30 0 Y-

Dol g e i = T e e T s it ok et e et il et T T S i T e )t e S IELCATE i et
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In
inches
1814

Y

%
b
%

18%
%

19
%
13

1934
Y
%
%

19%
20

Formula: Q=3.3% LH*
Discharge in Cubic Feet per Second

————————————Length of Weir Crest in Feet—F————
33 4 5 7% 10 123 15 18 20
21.86 24.99 31.23 46.85 62.47 78.09 93.70 112.44 124.94
22.08 25.24 31.55 47.32 63.09 78.86 94.64 113.56 126.18
22.30 25.49 31.86 47.79 63.71 79.64 9557 114.69 127.43
22,52 2574 3217 48.26 64.3¢ 80.43 96.51 115.81 128.68
22.74 25.99 32.48 4873 64.97 81.21 97.45 116.94 129.94
22.96 26.24 32.80 49.20 65.60 82.00 98.40 118.08 131.19
23.18  26.49 33.11 49.67 66.23  82.79  99.34 119.21 132.46
23.40 26.75 33.43 50.15 66.86 83.58 100.29 120.35 133.73
23.62 27.00 33.75 50.62 67.50 84.37 101.25 121.50 135.00
23.85 27.25 34.07 51.10 68.14 85.17 102.20 122.65 136.27
24.07 27.51 34.39 51.58 68.78 85.97 103.16 123.80 137.55
24,30 27.77 84.71 52.06 69.42 86.77 104.13 124.95 138.84
24,75 28.28 35.35 53.03 70.71 88.38 106.06 127.27 141.42
24,97 28.54 85.68 53.52 71.36 89.19 107.03 128.44 142.71
25.20 28.80 36.00 54.00 72.00 90.01 108.01 129.61 144.01
25.43  29.06 36.33 54.49 72.66 90.82 108,98 130.78 145.31
25.66  29.32 36.66 54.98 73.81 91.64 109.97 131.96 146.62
25.89 -29.59 36.98 55.47 73.97 92.46 110.95 133.14 147.93
26.12 29.85 37.31 55.97 74.62 93.28 111.93 134.32 149.25
26.35 30.11 37.64 56.46 75.28 94.10 112,92 135.51 150.57
26.58 30.38 37.97 56.96 75.94 94.93 113.92 136.70 151.89
26.81 30.64 3830 57.46 76.61 95.76 114.91 137.89 153.21
27.05 30.91 38.64 57.95 77.27 96.59 11591 139.09 154.54
27.28 31.18 38.97 58.45 77.94 97.42 116.91 140.29 155.88
27.51 31.44 39.30 5896 78.61 98.26 117.91 141,50 157.22
2775 8171 39.64 59.46  79.28 99.10 118.92 142.70 158.56
27.98 31.98 39.98 59.96 79.95 99.94 119.93 143.91 159.90
28.22 32.25 40.31 60.47 80.63 100.78 120.94 14513 161.25
28.46 32.52 40.65 60.98 81.30 101.63 121.96 146.35 162.61
........ 32,79 40.99 61.49 81.98 102.48 122.97 147.57 163.96

33.06 41.83 62.00 82.66 103.33 123.99 148.79 165.32
33.34 41.67 62.51  83.34 104.18 125.02 150.02 166.69
33.61 42.01 63.02 84.03 105.04 126.04 .151.25 168.06
........ 33.89 42.36 63.54 84,71 105.89 127.07 152.49 169.43
3416 42.70 64.05 85.40 106.75 128.10 153.72 170.80
34,44 43.05 64.57 86.09 107.61 129.14 154.97 172.18
34.99 43.74 65.61  87.48 109.35 131.22 157.46 174.95
35.27 44.09 66.13 838.17 110.22 132,26 158.71 176.34
________ 35.55 44.43 66.65 88.87 111.09 133.30 159.96 177.74
........ 35.83 44.78 67.18 89.57 111.96 134.35 161.22 179.14
........ 36,11 45.13  67.70  90.27 112.84 135.40° 162.48 180.54
36.39 45.49  68.28  90.97 113.71 136.46 163.75 181.94
36.67 45.84 68.76 91.68 114.59 137.51 165.02 183.35
36.95 46.19  69.29  92.38 115.48 138.57 166.29 184.76
37.24  46.54 69.82 93.09 116.36 139.63 167.56 186.18
37.52 46.90 70.35 93.80 117.25 140.70 168.84 187.60
........ 37.80 47.26  70.88 9451 118.14 141.77 170.12 189.02
........ 38,09 47.61 71.42 9522 119.03 142.84 171.40 190.45
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DiscHARGE OVER CIPPOLETTI'S TRAPEZOIDAL WEIR—Continued
For Various Lengths and Depths.
Head “H’” on

Crest

Measured in
Still Water

In
feet

[STRYSY T

el el HOOO O (=g
T e DD [=2U-Jo b -

DO

1O 12 b 19 B2
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A
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In
inches
24

Y%

—

4

38.38
38.66
38.95
39.24
39.53

39.82
40.11
40.40
40.69
40.98

Discharge in Cubic Feet per Second

5

47.97
48.33
48.69
49.05
49.41

49.77
50.13
50.50
50.86
51.23

51.59
51.96
52.70
53.07

53.44
53.81
54.18
54.56
54.93

55.30
55.68
56.06
56.43
56.81

57.19
57.57
57.96
58.33
58.72

59.10
59.48
59.87
60.26
60.64

'61.03

61.42
62.20
62.59

69

Formula: Q==3.32 LII*

Length of Weir Crest in Feet

73
71.95
72.49
73.08
73.57
7411

74.66
T8.20
75.75
76.29
76.84

Mgy
77.94
79.05
79.60

§0.16
80.71
81.27
81.83
82.39

82.96
83.52
84.09
84.65
85.22

85.79
86.36
86.93
87.60
88.08

88.65
§9.23
89.80
90.38
90.96

91.54
92.13
93.30
93.88

94.47
95.06
95.65
96.24
96.83

97.42
98.02
98.61
99.21
99.81

10

95.94
96.66
97.37
98.09
98.82

99.51
100.27
100.99
101.72
102.45

1038.19
103.92
105.40
106.13

106.88
107.62
108.36
109.11
109.86

110.61
111.36
112.11
112.87
113.63

114.38
115.14
115.91
116.67
117.43

118.20
118.97
119.74
120.51
121.28

122.06
122.84
124.39
125.17

125.96
126.74
127.53
128.32
129.11

129.90
130.69
131.49
132.28
133.08

123

119.92
120.82
121.72
122.62
123.52

124.43
125.33
126.24
127.15
128.07

128.98
129.90
131.74
132.67

133.60
134.52
135.45
136.39

137.32-

138.26
139.20
140.14
141.09
142.03

142.98
143.93
144.88
145.84
146.79

147.75
148.71
149.67
150.64
151.60

152,57
153.54
155.49
156.47

157.45
158.43
159.41
160.40
161.38

162.37
163.36
164.36
165.35
166.35

15

143.91
144.98
146.06
147.14
148.23

149.31
150.40
151.49
152.58
153.68

154.78
155.88
158.09
159.20

160.31
161.43
162.55
163.67
164.79

165.91
167.04
168.17
169.30
170.44

171.58
172.72
173.86
175.00
176.15

177.30
178.45
179.61
180.77
181.93

183.09
184.25
186.59
187.76

188.94
190.11
191.29
192.48
193.66

194.85
196.04
197.23
198.42
199.62

18

172.69
173.98
175.27
176.57
177.87

179.17
180.48
181.79

- 183.10

184.42

185.74
187.06
189.71
191.04

192.38
198.71
195.06
196.40
197.75

199.10
200.45
201.80
203.16
204.53

205.89
207.26
208.63
210.00
211.38

212.76
214.14
215.53
216.92
218.31

219.71
221.10
223.91
225.31

226.72
228.14
229.55
230.97
232.39

233.82
235.24
236.67
238.11
239.54

———)

20
191.88
193.31
195.75
196.19
197.63

199.08
200.53
201.99
205.45
204.91

206.37
207.84
210.79
212.27

213.75
215.24
216.73
218.22
219.72

221.22
222.72
224.23
225.74
227.25

228.77
230.29
231.81
283.34
234.87

236.40
237.94
239.48
241.02
242.57

244,12
245.67
248.79
250.35

251.92
253.49
255.06
256.63
258.21

259.80
261.38
262.97
264.56
266.16
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For Various Lengths and Depths.
Head “H” on

Crest

Measured in
Still Water

In
feet

2.51

o B 2O PO 1O

OWWWW WLOOLDD DOO0WO 0WVPVRW WA~ ~JIJTm] ADPRHDH HODHD DLrAATTa
SOXAS® UAPDNHE OO THAWHH OV0~NG UARDHE OB8mHAa TR OO R-I5

Wt NDDN NN PN PDRONG NORDD PPN DN

In
inches

30%
Y

——

73
100.41
101.01
101.61
102.21
102.82

103.42
104.03
104.64
105.25
105.86

106.47
107.08
108.31
108.93

109.54
110.16
110.78
111.40
112.02-

112.65
113.27
113.90
114.52
115.15

115.78
116.41
117.04
117.67
118.30

118.94
119.57
120.21
120.85
121.49

122.13
122.77
124.05
124.70

125.34
125.99
126.64
127.29
127.94

128.59
129.24
129.89
130.55
131.20

Formula: Q=3.3% LH®
Discharge in Cubic Feet per Second

Length of Weir Crest in Feep —-————
10 121 15 18 20

133.88 167.35 200.82 240.98 267.76
134.68 168.35 202.02 242,42 269.36
135.48 169.35 203.22 243.87 270.96
186.29 170.36 204.43 245.31 272.57
137.09 171.36 205.64 246.76 274.18
137.90 172.87 206.85 248,22 275.80
138.71 173.38 208.06 249.67 277.41
139.52 174.40 209.28 251.13 279.04
140.33 175.41 210.49 252.59 280.66
141.14 176.43 211.71 254.06 282.29
141.96 177.45 212.94 255.53 283.92
142.77 178.47 214.16 256.99 285.55
144.41 180.562 . 216.62 259.94 288.83
145.23 181.54 217.85 261.42 290.47
146.06 182.57 219.09 262.90 292.11
146.88 183.60 220.32 264.39 293.76
147.71 184.63 221.56 265.97 295.41
148.53 185.67 222.80 267.36 297.07
149.36 186.70 224.05 268.86 298.73
150.19 187.74 225.29 270.35 300.35
151.03 188.78 226.54 271.85 303.05
151.86 189.83 227.79 273.35 303.72
152.70 190.87 229.04 274.85 305.39
1538.53 191.92 230.30 276.36 307.06
154.37 192.96 231.56 277.87 308.74
155.21 194.01 232.82 279.38 310.42
156.05 195.06 234.08 280.89 312.10
156.89 196.12 235.34 282.41 313.79
157.74 197.17 236.61 283.93 315.48
158.58 198.23 237.88 285.45 317.17
159.43 199.29 239.15 286.98 318.86
160.28 200.35 240.42 288.50 220.56
161.13 201.41 241.70 290.03 322.26
161.98 202.48 242.97 291.57 323.96
162.84 203.54 244.25 293.10 325.67
163.69 204.61 245.54 294.64 327.38
165.40 206.76 248.11 297.73 330.81
166.26 207.83 249.40 299.27 332.53
167.12 208.91 250.69 300.82 334.25
167.99 209.98 251.98 302.38 335.97
168.85 211.06 253.28 '303.93 337.70
169.72 212.14 254,57 305.49 339.43
170.58 213.23 255.87 307.05 341.16
171.45 214.31 257.18 308.61 342.90
172.32 215.40 258.48 310.18 344.64
173.19 216.49 259.79 311.74 346.38
174.06 217.58 261.09 313.31 348.13
174.94 218.67 262.41 314.89 349.87
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DISCHARGE TABLE IN SECOND FEET FOR STANDARD
SUBMERGED ORIFICE

EFFECTIVE Q=0.62v2ghX A

’ITH“’JTH —-——— AREA OF ORIFICE IN SQUARE FEET

feet inches % 1//2 % 1 11/2 2 3 4 5

9.01 % 012  0.25 0.37 0.50 0.75 1.00 1.49 1.99 2.49
.02 1 .18 .35 53 .70 1.06 1.41 2.11 2.82 3.52
.03 3% .22 A3 .64 .86 1.29 1.72 2.58 3.44 4.30
.04 1, .25 50 75 .97 1.49 1.99 2.98 3.98 4.97
.05 5% .28 .56 .83 1.11 1.67 2.22 3.34 4.45 5.56
.06 34 .61 .91 1.22 1.83 2.44 3.65 4.87 6.09
.07 % .33 .66 .99 1.32 1.97 2.63 3.95 5.26 6.58
.08 1 .35 .70 1.05 1.41 DRTI} 2.81 4.22 5.62 7.03
.09 % .37 75 1.12 1.49 2.24 2.98 4.48 5.97 7.46
10 T 39 79 1.18 1.57 2.36 3.14 4.72 6.29 7.86
11 34 .41 82 1.24 1.63 2.48 3.30 4.95 6.60 8.25
12 1 43 86 1.29 1.72 2.58 3.44 5.17 6.89 8.61
14 5% .46 .93 1.40 1.86 2.79 3.72 5.58 7.44 9.30
15 A .48 .96 1.44 1.93 2.89 3.85 5.78 7.70 9.63
16 % .50 .99 1.49 1.99 2.98 3.98 5.96 7.95 9.94
17 2 STRREING 1.54 2.05 3.08 4.10 6.15 8.20  10.25
18 1 53  1.06 1.58 2.11 3.16 4.22 6.33 8.44  10.55
19 % 54  1.08 1.63 2.17 3.25 4.34 6.50 8.67  10.84
20 2 56 1,11 1.67 2.22 3.34 4.45 6.67 8.90 11.12
il % 57  1.14 1.71 2.28 3.42 4.56 6.83 9.11  11.39
22 % 58  1.17 1.75 2.33 3.50 4.66 7.00 9.33  11.66
23 3 60 1.19 1.79 2.38 3.58 4.77 7.15 9.54 11.92
.24 % ol b 1.83 2.44 3.65 1.87 7.31 9.74 12.18
.25 3 262 T 1.86 2.49 3.73 4.97 7.46 9.94  12.43
26 % S Siko 1.90 2.54 3.80 5.07 7.61  10.14 12.68
27 1 65 1.29 1.94 2.58 3.88 5.17 7.75  10.34  12.92
28 3 .66 1.32 1.97 2.63 3.95 5.26 7.90 10.53 13.16
29 1 67 1.34 2.01 2.68 4.02 5.36 8.03 10.71 13.39
.3 3% .68 1.36 2.04 2.72 4.09 5.45 817  10.90 13.62
.31 3 .69 1.38 2.08 Dt 4.15 5.54 8.30 11,07 13.84
20 % RTOR T 2.11 2.81 4.22 5.62 8.44 11.25 14.06
33 4 72 1.44 2.15 2.87 4.29 5.74 8.57 11.48 14.35
.34 1% 73 1.45 2.18 2.90 4.35 5.80 870 11.60 14.50
35 1 74 1.47 2.21 2.94 4,41 5.88 8.83 11.77 14.71
36 3% B0 9 2.24 2.98 4.48 5.97 8.95 11.94 14.92
37 % 76 1.51 ofoD 3.02 4.54 6.05 9.07 12.10 15.12
39 5% 78 1.55 2.33 3.10 4.66 6.21 9.31 1242 15.52
40 34 79 1.57 2.36 3.14 4,72 6.29 9.43 12.58 15.72
41 % 80 1.59 2.39 3.18 4.78 6.37 9.55  12.74  15.92
42 5 81 1.61 2.42 3.22 4.83 6.44 9.67 12.89  16.11
43 1 82 1.3 2.44 3.26 4.89 6.52 9.78  13.04  16.30
44 % 82 1.65 2.47 3.30 4.95 6.60 9.89 13.19  16.49
45 34 83  1.67 2.50 3.34 5.00 6.67 10.01 13.34 16.68
.46 1 84  1.69 2,53 3.37 5.06 6.74 10.12 13.49 16.86
47 5 85 1.70 2.56 3.41 5.11 6.82 10.22  13.63 17.04
48 3 A 2.58 3.44 5.17 6.89 10.33 13.78 17.22
49 % 87 1.74 2.61 3.48 5.22 6.96 10.44 13.92 17.40
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Di1sCHARGE TABLE IN SECOND FEET FOR STANDARD SUBMERGED ORIFICE—Continuecd

EFFECTIVE
’I‘H—HEAD—; AREA OF ORIFICE IN SQUARE e —
feet inches 14 1/‘)_, 34 1l 1/2 2 3 4 J
50 6 88 1.76 2.64 3.52 5.27 7.03 10.55 14.06 17.58
51 % 89  1.78 2.66 3.55 5.32 7.10  10.65 14.20 17.75
52 Y 90 1.79 2.69 3.59 5.38 7.17  10.76 14.35 17.93
53 3% 90  1.81 2.72 3.62 5.43 7.24 10.86 14.48 18.10
54 1% 91  1.83 2.74 3.65 5.48 7.31  10.96 14.62  18.27
55 % 92  1.84 oL 3.69 5.53 7.38 11.06 14.75  18.44
56 B 93  1.86 2.79 3.72 5.58 7.44 1116 14.88 18.60
57 % 94  1.88 2.82 3.75 5.63 7.51 11.26 15.02  18.77
58 i 95 1.89 2.84 3.79 5.68 7.57 11.36 15.14 18.93
59 % 96 191 2.86 3.82 5.73 7.64 11.46 15.28 19.10
60 Y% 96  1.93 2.89 3.85 5.78 7.70 11.56 1541 19.36
61 3% 7 1.94 2.91 3.88 5.83 7.77  11.65 15.54  19.42
62 1% 98  1.96 2.94 3.92 5.87 7.83 11.75  15.66  19.58
64 % 99  1.99 2.98 3.98 5.97 7.96 11.93 15.91  19.89
65 3% 1.00 2.01 3.01 4.01 6.01 8.02 12.02 16.03  20.04
66 %  1.01  2.02 3.03 4.05 6.07 8.09 1214 16.18  20.24
67 8 1.02  2.04 3.05 4.07 6.10 8.14 12.21 16.28 20.36
69 %4 1.03  2.06 3.10 4.13 6.20 8.26 12.39 16.52  20.64
71 % 1.05 210 3.14 4.19 6.28 8.38 12,57 16.76  20.96
.18 3 1.06 212 3.19 4.25 6.37 850 12.74 16.99  21.24
75 9 1.08 2.15 3.23 4.31 6.46 8.61 12.92 17.22  21.52
.80 OB 11 2150 3.34 4,45 6.67 8.90 13.34 17.79  21.24
.85 101 1.15  2.29 3.44 4.58 6.88 9.17 13.75 18.34  22.92
.90 3 118  2.36 3.54 4.72 7.07 9.43 14.15 18.86  23.58
95 113  1.21  2.42 3.63 4.85 7.27 9.69 14.54 19.38  24.24
1.00 12 1.24  2.49 3.73 4.97 7.46 9.94 1492 19.89  24.86
1.05 1.27 2,55 3.82 5.10 7.64 10.19 15.29 20.38  25.48
1.10 1314  1.30 2.61 3.91 5.22 7.82 10.43 15.65 20.86 26.08
1.15 3%  1.33  2.67 4.00 5.33 8.00 10.66 16.00 21.32  26.66
1.20 143  1.36 2.72 4.08 5.45 8.17 10.89 16.34 21.78  27.24
1.25 15 1.39  2.78 4.17 5.56 834 11.12 16.68 22.24 27.80
1.30 5%  1.42  2.84 4,25 5.67 850 11.34 17.01 22.68  28.36
1.35 161,  1.44 2.89 4.33 5.78 8§.66 11.55 17.33  23.10  28.88
1.40 3% 1.47 2.94 4.41 5.88 8.83 1177 17.65 23.54  29.42
1.45 173  1.50 2.99 4.49 5.99 8.98 11.98 17.96 23.96  29.94
1.50 18 1.52  3.04 4.57 6.09 9.14 12,18  18.27  24.36  20.44
1.60 19%  1.57 3.14 4.72 6.29 9.44 12,58 18.87 25.16 31.44
1.70 208  1.62  3.24 4.86 6.48 9.78  12.97 19.45 2594  32.42
1.80 21%  1.67 3.34 5.00 6.67 10.01 13.34 20.02 26.68 33.38
1.90 22%  1.71 3.43 5.14 6.85 10.28 138.71 20.56 27.42  34.28
2.00 24 1.76  3.52 5.27 7.03 10.55 14.06 21.10 28.12 35.16
3.00 36 s @il 6.46 8.62 12.93 17.24 25.86 34.48  43.10
4.00 48 4.96 7.44 9.92 14.88 19.84 29.76 39.68  49.60
5.00 60 5.55 8.32 11.10 16.65 22.20 33.30 44.40 55.60
6.00 7ol == 9.12 12.16 18.24 24.32 36.48 48.64  60.80
7.00 84 9.86 13.14 19.72 26.28 39.42 5256 65.70
8.00 96 .. 10.56 14.08 21.12 28.16 42.24 56.32  70.40
9.00 108 = = 11.20 14.94 22,40 29.88 44.82 59.76 74.70
10.00 120 ... ... 11.80 15.74 23.60 31.48 47.22 62.96 78.70
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TABLE OF FREE-FLOW DISCHARGE FOR IMPROVED VENTURI FLUMES
Gage Gage

read- read- Discharge in Cubic Feet per Second
ing ing
(Ha) (Ha) ‘WIDTH OF CREST

inches feet 6inches 1foot 2feet 3 feet 4feet 5 feet 6 feet 7 feet 8 feet
1y 0.10 0.05 L

34 Al .08
1%, 12 A& w2 T

% 14 D g L

% ALl SRR

% 16 ST T
2 AL 12, RIS S

% 18 T T

1 19 A5 e STOSEI G SR e SR
34 .20 16 .35 .66 Cord LRICEONDIE R || o o« «
1%, .21 a8 .37 7T 1 7B TE = B S O
% .22 19 .40 a7l Bl B slrg | T

3 .23 .20 43 B0 RIS (I I S

% .24 .22 48 (i RO SH Yol IRNTL

3 .25 .23 .49 A a1 L8 o 223 2

% .26 .25 51 99 1.46  1.91  2.36  2.80

% .27 .28 54 105 1.55 203 250  2.97

% .28 .28 58 111  1.64 215 265  38.15

1 .29 .29 G g T At W2 BL0 Ea8 0 S
5 .30 31 64 1.24 182 239 296 352  4.08  4.62
3 .31 32 68 1.30 1.92 252 312 371  4.30  4.88
% .32 o 71 137  2.02  2.65 3.28  3.90 452  5.13
4 33 .36 74  1.44 212 278 344 410 475  5.39
1 .84 .38 77 1.50 2.22 292  3.61  4.30 498  5.66
3% .35 39 80 1.57 2.32  3.06 3.88 450 522 593
3% .36 41 g4  1.64 242 319  8.95 471 546  6.20
1 .37 43 88  1.72  2.53  3.34 413 492 570  6.48
5 .39 47 95  1.86 275  3.62 449 535 620 7.05
3 .40 .48 99  1.93 286 3.77 4.68  5.57  6.46  7.34
% .41 50  1.03 201 297 392 4.86 5.80 6.72 7.4
5 .49 52 1.07 209  3.08 407 505  6.02 698  7.94
% 43 .54 111 216  3.20 422 524 625 7.25  8.24
1 .44 56 115  2.24  3.32  4.38  5.43  6.48 7,52  8.55
3% 45 .58 119  2.32  8.44 454 563  6.72  7.80  8.87
1% .46 61 1.23 240 3.56 470 5.83  6.96 808  9.19
7 .47 63 1.27 248 3.6s 4.8 603 7.20 8.36  9.51
3 48 65 1.31 257 3.80 5.03  6.24  7.44  8.65  9.84
% .49 67 1.35  2.65 392 520  6.45  7.69  8.94 10.17

417
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TABLE OF FREE-FLOW DISCHARGE FOR IMPROVED VENTURI FLUMES
Gage Gage

read- read- Discharge in Cubic Feet per Second
ing ing
(Ha) (Ha) ‘WIDTH OF CREST

inches feet 6inches 1foot 2feet 3 feet 4 feet 5 feet 6 feet 7 feet 8 feet

6 0.50 0.69 1.39 2.73 4.05 5.36 6.66 7.94 9.23 10.51
% .51 Sl 1.44 2.82 4,18 5.53 6.87 8.20 9.53 10.85
L4 .52 73 1.48 2.90 4,31 5.70 7.09 <8.46 9.83 1119
3% .53 76 1.562 2.99 4.44 5.88 7.30 8.72  10.14  11.54
Y 54 78 1.57 3.08 4.57 6.05 7.52 8.98  10.45  11.89
% .55 80 1.62 3.17 4.70 6.23 7.74 9.25  10.76 12.24
% .56 82 1.66 3.26 4.84 6.41 7.97 9.62 11.07 12.60
s .57 85 1.70 3.35 4.98 6.59 8.20 9.79 11.39 12.96

it .58 87 1.75 3.44 5.11 6.77 §.43 10.07 11.71 13.33
1% 59 39 1.80 3.53 5.25 6.96 §.66 10.35 12.03 13.70
% .60 .92 1.84 3.62 5.39 7.15 §.89 10.63 12.36 14.08
3% .61 .94 1.88 3.72 5.53 7.34 9.13  10.92 12.69 14.46
1o .62 97 1.93 3.81 5.68 7.53 9.37 11.20 13.02 14.84
% .64 1.02 2.03 4.01 5.97 7.91 9.85 11.78 13.70 15.62
%4 .65 1.04 2.08 4.11 6.12 8.11 10.10 12.08 14.05 16.01
7% .66 1.07 2.13 4.20 6.26 §.31 10.3¢ 12.38 14.40 16.41

8 .67 10 2,18 4.30 6.41 8.561 10.59 12.68 14.75  16.81
1% .68 1.12 2.23 4.40 6.56 8.71 10.85 12,98 15.10 17.22
4 .69 1.15 2.28 4.50 6.71 8§.91 11.10 13.28 15.46 17.63
3 .70 1155 2.33 4.60 6.86 9.11 11.36 13.59 15.82 18.04
5 ofiik 1.20 2.38 4.70 7.02 9.32 11.62 13.90 16.18 18.45
% 72 1.23 2.43 4.81 7.17 9.63 11.88 14.22 16.55  18.87
% .73 '1.26 2.48 4.91 7.33 9.74 12,14 1453 16.92 19.29
T .74 1.28 2.53 5.02 7.49 9.95 12,40 14.85 17.29 19.71

) %) 1.31 2.58 5.12 7.65 10.16 12.67 1517 17.66 20.14
1% 76 1.34 2.63 5.238 7.81 10.38 12.94 15.49 18.04  20.57
4 77 1.36 2.68 5.34 7.97 10.60 13.21  15.82 18.42  21.01
F .78 1.39 2.74 5.44 8.13 10.81 13.48 16.15 18.81 21.46
12 .79 12 2.80 5.55 §.30 11.03 13.76 -16.48 19.20 21.91
3% .80 1.45 2.85 5.66 §.46 11.25 14.04 16.81 19.59  22.36
i .81 1.48 2.90 5.77 8.63 11.48 1432 17.15 19.99 22.81
7% .82 1.50 2.96 5.88 8.79 1170 14.60 17.49 20.39 23.26

10 .83 1.53 3.02 6.00 §.96 11.92 14.88 17.83 20.79 23.72
% .84 1.56 3.07 6.11 9.13 12115 15.17 18.17 21.18  24.18
Ya .85 1.59 3.12 6.22 9.30 12.38 15.46 18.52 21.58 24.64
3% .86 1.62 3.18 6.33 9.48 12,61 15.75 18.87 21.99 25.11
14 87 1.65 3.24 6.44 9.65 12.84 16.04 19.22 2240 25.58
s .89 1.71 3.35 6.68 10.00 13.31 16.62 19.93 23.24  26.54
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TABLE OF FREE-FLLOW DISCHARGE FOR IMPROVED VENTURI FLUMES

Gage
read-
ing
(Ha)
inches
10%
%
alal

12

13

14

Gage
read-
ing
(Ha)
feet
0.90

Discharge in Cubic Feet per Second

6 inches
1.74
L7
1.81
1.84

1 foot
3.41
3.46
3.52
3.58
3.64
3.70
3.76
3.82
3.88
3.94

4.00
4.06
4.12
4.18

oo Mo oy G en
0000~ O O T
DD OLOGD o

2 feet
6.80
6.92
7.03

TS

PR DRl
R R CR Ot - ]
ORON hHREOHWO

=
SASD!
oo w
ok

10.34
10.48

10.61
10.75
10.89
11.03
11.17
11.31
11.45
11.59
11.73
11.87

3 feet
10.17
10.35
10.52
10.71
10.89
11.07
11.26
11.44
11.63
11.82

12.00
12.19
12.38
12.57
12.76
12.96
13.15
13.34
13.54
13.74

13.93
14.13
14.33
14.73
14.94
15.14
15.34
15.55
15.76

15.96
16.17
16.38
16.60
16.81
17.02
17.23
17.44
17.66
17.88

-WIDTH OF CREST:

4 feet
13.55
13.79
14.03
14.27
14.51
14.76
15.00
15.25
15.50
15.75

16.00
16.25
16.51
16.76
17.02
17.28
17.54
17.80
18.07
18.34

18.60
18.86
19.13
19.67
19.94
20.22
20.50
20.78
21.05

21.33
21.61
21.90
22.18
22.47
22.75
23.04
23.33
23.62
23.92

5 feet
16.92
17.22
17.52
17.82
18.13
18.44
18.75
19.06
19.37
19.68

20.00
20.32

"20.64

20.96
21.28
21.61
21.94
22.27
22.60
22,93

23.26
23.60
23.94
24.62
24.96
25.31
25.66
26.01
26.36

26.71
27.06
27.42
27.78
28.14
28.50
28.86
29.22
29.59
29.96

6 feet
20.29
20.65
21.01
21.38
21.75
22.12
22.49
22.86
23.24
23.62

24.00
24.38
24.77
25.16
25.55
25.94
26.34
26.74
27.13
27.53

27.94
28.35
28.76
29.58
30.00
30.41
30.83
31.25
31.68

32.10
32.53
32.96
33.39
33.82
34.26
34.70
35.14
35.58
36.02

7 feet
23.66

-24.08

24.50
24.93
25.36
25.79
26.22
26.66
27.10
27.55

28.00
28.45
28.90
29.36
29.82
30.28
30.74
31.20
31.67
32.14

32.62
33.10
33.58
34.54
35.02
35.51
36.00
36.50
37.00

37.50
38.00
38.50
39.00
39.51
40.02
40.54
41.05
41.57
42.09

8 feet
27.02
27.50
27.99
28.48
28.97
29.47
29.97
30.48
30.98
31.49

32.00
32.52
33.04
33.56
34.08
34.61
35.14
35.6%
36.22
36.76

37.30
37.84
38.39
39.50
40,06
40.62
41.18
41.75
42.32

42.89
43.47
44.05
44.64
45.22
45.80
46.38
46.97
47.57
48,17
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TABLE OF FREE-FLOW DISCHARGE FOR IMPROVED VENTURI FLUMES
Gage Gage

read- read- Discharge in Cubic Feet per Second
ing ing
{Ha) (Ha) ‘WIDTH oOF CREST
inches feet 1 foot 2 feet 3 feet 4 feet 5 feet 6 feet 7 feet 8 feet
155 1.30 5.96 12.01 18.10 24.21 30.33 36.47 42.62 48.78
34 1.31 6.03 12.16 18.32 24.50 30.70 36.92 43.14 49.38
% 1.32 6.10 12.30 18.54 24.80 31.07 37.37 43.67 49.99
16 1.88 6.18 12.44 18.76 25.10 31.44 37.82 44.20 50.60
% 1.34 6.25 12.59 18.98 25.39 31.82 38.28 44.73 51.22
LA 1.35 6.32 12.74 19.20 25.69 32.20 38.74 45.26 51.84
3 1.36 6.39 12.89 19.42 25.99 32.58 39.20 45.80 52.46
b 1.37 6.46 13.03 19.64 26.30 32.96 39.66 46.35 53.08
5% 1.39 6.60 13.33 20.10 26.90 33.72 40.58 47.44 54.33
% 1.40 6.68 13.48 20.32 27.21 34.11 41.05 47.99 54.95
% 1.41 6.75 13.63 20.55 27.52 34.50 41.52 48.54 55.58
17 1.42 6.82 13.78 20.78 27.82 34.89 41.99 49.09 56.22
% 1.43 6.89 13.98 21.01 28.13 35.28 42.46 49.64 56.86
1A 1.44 6.97 14.08 21.24 28.45 35.67 42.94 50.20 57.50
3% 1.45 7.04 14.23 21.47 28.76 36.06 43.42 50.76 58.14
% 1.46 7.12 .14.38 21.70 29.07 36.46 43.89 51.32 58.78
5% 1.47 7.19 14.54 21.94 29.38 36.86 44.37 51.88 59.43
3 1.48 7.26 14.69 22Tl 29.70 37.26 44.85 52.45 60.08
% 1.49 7.34 14.85 22.41 30.02 37.66 45.34 53.02 60.74
18 1.50 7.41 15.00 22.64 30.34 38.06 45.82 53.59 61.40
% 1.51 7.49 15.16 22.88 30.66 38.46 46.31 54.16 62.06
4 1.52 .57 15.31 23.12 30.98 38.87 46.80 54.74 62.72
3% 1.53 .64 15.47 28.36 31.30 39.28 47.30 55.32 63.38
b 1.54 7.72 15.62 23.60 31.63 39.68 41.79 55.90 64.04
55 1.565 7.80 15.78 23.84 31.95 40.09 48.28 56.48 64.71
EA 1.56 7.87 15.94 - 24.08 32.27 40.51 48.78 57.06 65.38
% 1.57 7.95 16.10 24.32 32.60 40.92 49.28 57.65 66.06
19 1.58 8.02 16.26 24.56 32.98 41.33 49.78 58.24 66.74
% 1.59 8.10 16.42 24.80 33.26 41.75 50.28 58.83 67.42
% 1.60 8.18 16.58 25.05 33.59 42.17 50.79 59.42 68.10
3¢ 1.61 8.26 158.74 25.30 33.82 42.59 51.30 60.02 68.79
Y 1.62 8.34 16.90 25.54 34.2¢ 43.01 51.81 60.62 69.48
58 1.64 8.49 17.22 26.04 34.93 43.86 52.83 61.82 70.86
% 1.65 8.57 17.38 26.29 35.26 44.28 53.84 62.42 71.56
% 1.66 8.65 17.55 26.54 35.60 44.70 53.86 63.03 72.26
20 1.67 8.73 17.72 26.79 35.94 45.13 54.38 63.64 72.96
% 1.68 8.81 17.88 27.04 36.28 46.56 54.90 64.25 73.66

i 1.69 8.89 18.04 27.30 36.62 46.00 565.42 64.86 74.37
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CHAPTER VIII
Office Engineering and Miscellaneous General Office Work

A considerable volume of office engineering work has been accom-
plished in connection with the various branches of activities under
supervision of the State Engineer.

* In addition to many maps and drawings prepared in connection with

adjudication proceedings, a complete set of standard maps was pre-
pared during the biennium 1927-1928 for the purpose of showing the
salient data and general form required by the water law and the regu-
lations of the State Engineer in the preparation of maps for submission
in connection with appropriation of water. This set of six maps was
designed primarily for the use and instruction of licensed State water
right surveyors, to whom it was distributed in the form of bound blue
print folders. The continued use of these maps has resulted in a
standardization of maps submitted, not only as to general form and
get-up but also as to presentation of data.

In econjunction with the standard maps a pamphlet was prepared
and printed, covering in detail the regulations of the State Engineer
and requirements of the water law concerning the preparation of
maps to be submitted in connection with water right filings.

In addition, four other pamphlets were prepared and printed
embracing respectively the Water Laws of Nevada, revised and brought
up-to-date; the Nevada Irrigation Distriet Act; the Nevada Drainage
Distriet Aect, and the Nevada Improvement District Act. All of these
pamphlets were distributed throughout the State to attorneys, engi-
neers, county agents, water users and other persons directly or indi-
rectly interested in legislation affecting water and water rights.

A State range map which was started in 1927 has been brought
up-to-date and at the present time approximately 225 individual
stock range areas have been included in this map.

Much work has been acecomplished in connection with preparation
and assembling data incident to compiling Abstracts of Claims and
Orders of Determination in adjudication proceedings. In the matter
of the Little Humboldt River adjudication alone the entire time of one
man for several months was spent in holding hearings and in pre-
paring data and exhibits for filing with the court: A special report
of distribution activities on the Humboldt River is in process of com-
" pletion by an irrigation engineer who was employed for this purpose.
Excerpts from this report are published in this Biennial Report.

The office engineering foree is frequently called upon to aid in the
computation and solution of technical water problems by water users
throughout the State. It has been the policy to assist and instruet
water users generally in the solution of hydraulic and irrigation prob-
lems, construction of struetures and measuring devices.

Much of the work of the engineering force consists of careful exam-
ination and checking of the maps in support of water right filings
submitted to the office. Five hundred and forty-two maps in suppor:
of applications; approximately 120 maps in support of proofs of
beneficial use under permits, and 33 maps in support of proofs of
appropriation were examined and checked during the biennium.

Compilation of erop census reports, working up hydrographic data
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and preparation of seasonal reports on distribution of water on the
Humboldt River and other streams have occupied the office time of
the supervising water commissioners in the interim between irrigation
seasons. :

In addition to the foregoing, office engineering and general mis-
cellaneous office work has embraced the study of transeripts of testi-
mony taken during the hearings on water rights and preparation of
resultant findings; preparation of reports resulting from field inves-
tigations; extensive study of stock watering and range problems:
partial preparation of a State Engineer’s Handbook for the use of
irrigators, water commissioners and others; inauguration of a per-
sonnel record of employees; continued reorganization of the office
filing system; supplying information and data on water filings for
the general public; preparation and filing of permits and certificates;
filing of proofs and applications for water rights; preparation of
certified copies of documental records, and investigation of complaints
over distribution of water.

Giving prompt and detailed attention to daily routine office corre-
spondence has occupied a great deal of time. The magnitude of this
work can best be judged by the volume of mail leaving the office.
During the past two years 1,179 registered articles have been sent
out from this office, in addition to approximately 19,450 articles of
regular mail.

Many other activities and accomplishments could be listed; how-
ever, it is believed the foregoing will serve to give some conception of
the volume of office engineering and miscellaneous general office work
accomplished during the biennium.
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CHAPTER IX
Cooperative Work

U. S. GEOLOGICAL: SURVEY, WATER RESOURCES BRANCH

During the biennium stream measurement work has been continued
by the United States Geological Survey under a cooperative agreement
with the State Engineer. Elsewhere in this report will be found a
detail account of this work by Mr. A. B. Purton, District Engineer,
United States Geological Survey.

It is the Federal policy to cooperate with State and other non-
Federal governmental agencies on a dollar-for-dollar basis in water
resources investigations, consequently the value and magnitude of
accruing benefits to the State are directly proportional to the amount
of money appropriated by the State.

The rapidly increasing use of water in Nevada has cereated an urgent
need for more complete and extensive hydrographic data, without
which it is difficult to properly adjudicate water rights or to dis-
tribute water successfully after rights have been adjudicated.

A study of storage possibilities on the various streams cannot be
undertaken until a comprehensive survey is made of the run-off over
a period of several years.

Nevada is one of the few States in the arid and semiarid west whose
water resources have not been fully determined and the flow of whose
streams has not been extensively investigated and recorded.

The value of this work in ecooperation with the Government cannot
be overestimated.

Tables of run-off of Nevada streams are to be found in the back of
this Biennial Report. Please note that for the years up to and inelud-
ing 1910, the calendar year is used in these computations. Beginning
with the year 1911 the irrigation year is used in most instances or
from October 1 to September 30 of each year.

COOPERATIVE SNOW SURVEYS

Snow survey work has been carried on under State direction and
support in cooperation with the State of California and various water
interests. The Nevada system, conceived and evolved by Dr. J. E.
Churech, Director, has been so successful in forecasting, far in advance,
water supply for irrigation and power purposes that it has been widely
adopted, not only in this but in foreign countries. :

The value of water and its application in Nevada is such as to justify
the permanent adoption and continuance of snow surveys under lib-
eral financial support from the State.

STREAM MEASUREMENT WORK IN COOPERATION WITH
UNITED STATES GEOLOGICAL SURVEY
By A. B. PurtoN, District Engincer

Stream-measurement work has been continued during the biennium
by the United- States Geological Survey under the usual cooperative
agreement with the State Engineer.

The data obtained as a result of these cooperative investigations are
published in the annual water supply papers of the Geological Survey.
The United States has been divided into twelve primary drainage
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basins and, for convenience, the annual progress reports on stream
measurements are published in fourteen water supply papers. Kach
of these papers contains the data for one primary drainage basin,
with the exeeption of the Columbia River basin, for which the data
are published in three water supply papers. Nevada is included in
the Great Basin, Colorado River, and Columbia River primary drain-
age basins. The stream-flow data for this State appear in the water
supply papers for these basins.

Although the problems incident to the development and use of
water supplies of the State are continually inereasing, the stream-
gaging work, instead of being able to keep ahead of developments, has
been unable even to keep pace with the need for stream-flow data. Much
of the work carried on has been possible only through cooperation
extended by irrigation districts. This work, while important, is
largely confined to areas where development has progressed to a con-
siderable degree and the real pioneering work for providing data
upon which to base further or new developments has suffered for lack
of funds to establish new stations or even maintain a number of sta-
tions that should not be neglected.

In the appropriations for the fiscal year ending June 30, 1930, the
Congress definitely recognized the cooperative feature of the stream-
gaging work of the Geological Survey, and provided funds to meet
State cooperation. The appropriation bill for 1931 includes funds
to meet all anticipated State cooperation and the general stream-
measurement work can be carried on cooperatively on a 50-50 basis.

‘When the Nevada Assembly four years ago reduced the State appro-
priation for cooperative stream gaging, the modest program then in
operation for obtaining an inventory of the water resources of the
State was seriously handicapped. The stream-gaging program since
then has been confined to an effort to continue as many stations as
possible because interrupted records lose-a great deal of their value.
As a consequence, some stations have necessarily been discontinued
and at others the equipment is antiquated and in sore need of replace-
ment or repairs.

The water resources of the State of Nevada are certainly of suffi-
cient importance to warrant a rather careful determination of at least
the major sources of supply. Present and prospective users of water
can proceed with confidence only when comprehensive data are avail-
" able as to the flow of water. Reasonably safe determinations of depend-
able flow can be based only upon continuous and extended past records.
Each year of record adds to the reliability with which these deter-
minations can be made.

The appended list of stations shows the points at which records are
now available. Many of these records are of comparatively short
duration and it would seem that an effort should be made to take
advantage of the recognition accorded this work by Congress and a
more comprehensive and better equipped stream-gaging program
attempted.

Acknowledgments are due particularly to the United States Indian
Irrigation Service for financial assistance in work in the Owyhee River
Basin and to the Walker River Irrigation District and the Humboldt
River water users for valuable cooperation at stations in those basins.
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Records for the station on Carson River, at Fort Churchill, have been
furnished by the Newlands Project.

Expenditures during the biennium, January 1, 1929, to December
31, 1930, are shown in the following table:

U. S. Geological Survey 62 416.50
U. S. Indian Service....... . 553.04
State of Nevada 2,489.81
Total $5,459.35

*Prior to July 1, 1920; does not include cost at Washington of general supervision and
review, editing, and printing of records.

On December 31, 1930, there were being maintained on Nevada
streams the following stations:

Humboldt River at Palisade.

Humboldt River near Oreana.

South Fork of Humboldt River near Elko.

Martin Creek near Paradise Valley.

Cottonwood Creek near Paradise Valley.

H. L. I. L. & P. Co’s. feeder canal near Mill City.
H. L. I. L. & P. Co’s. outlet canal near Humboldt.
Carson River near Fort Churchill.*

East Carson near Gardnerville.

Owyhee River at Mountain City.t

Walker River near Wabuska.*t

Walker River at Schurz.

West Walker near Coleville, Calif.{

‘West Walker near Wellington.

East Walker near Bridgeport, Calif.{

*Complete records for publication furnished by United States Bureau of
Reclamation.

iFinancial assistance rendered by United States Indian Service.

fMaintained in cooperation with Walker River Irrigation District.

Note—Tables of run-off of Nevada streams are to be found in the back of
this Biennial Report.

SNOW SURVEYS
By H. P. BoArpMAN, Chairman Forecast Commitice, Nevada Cooperative
Snow Surveys

Snow surveys were conducted much as usual in 1929 and 1930 on
the Truckee, Tahoe, Carson and Walker River watersheds. Both years
were far below normal in quantity of snowfall and stream run-off.
A table is herewith given showing a comparison of the predicted
April-July run-off of streams and rise of Liake Tahoe with the actual
results which followed, a discussion of which will be found following
the table:
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The Results for 1929

The actual yield in 1929 was considerably less than was forecast from

SIOW Surveys. f

he Truckee and West Walker discharges fell below predietions
by 10.5% and 12.8% of normal. I have been unable to discover any
unusual conditions which will account for the disecrepancies but they
aré not excessive.

The Carson River came closer to the prediction, falling only 5.2%
of normal below the forecast.

The East Walker fell 29.89% of normal below the forecast. Too
little allowance was evidently made for the seepage and evaporation
losses of Bridgeport Valley.

The rise of Liake Tahoe after April 1 was .71 ft. which is .28 ft.
or 16.7% of normal below the predicted rise.

The water content in the snow at Tahoe City February 6 was more
than 8 inches while the same for April 3 was about 3 inches, indi-
cating a considerable loss by melting in the interim. Too little weight
was attached to this loss when making the forecast. A new course has
been established, at altitude 6,400 feet, across the river and about one
mile south of the town of Truckee, which should give a good check on
the Tahoe City courses and help greatly in future estimates of early
spring melting losses.

The Results for 1930

The run-off checked much better with the predictions in 1930 than
in 1929 with the exception of the East Walker.

The Truckee River exclusive of Tahoe yielded 194,296 acre feet or
5.9% of normal above the prediction.

The Carson at Clifton discharged 101,586 acre feet or 3.7% of
normal below the prediction.

The West Walker yielded 110,600 acre feet, or .3% of normal above
the forecast of 110,000 acre feet, but the East Walker at Bridgeport
dam again fell far below the forecast, yielding only 15,210 acre feet
or 22.5% of normal below the prediction of 31,000 acre feet. I do not
know how much storage was held back in Twin Liakes in the summer
of 1930.

If pipes could be set in the ground at several well- selected points in
Bridgeport Valley and the ground water level fluctuations recorded,
these data might, in a few years time, aid greatly in predieting the
discharge at the dam.

The rise of Liake Tahoe to high water checked the forecast exactly
in amount and within five days in time. The actual elevations of the
lake surface at the first of each month following April 1 checked the
predicted elevations within .02 ft. or 4-inch until September 1.
Pumping began August 20 and ceased November 17, 1930. The total
discharged from the lake by the pumps during this time was 25,190
acre feet, equivalent to .204 ft. elevation off the surface of the lake, but
had the pumps not been installed the natural discharge during that
same period would have been about 4,360 acre feet, equivalent to
.035 ft. depth, so the total decrease in elevation of the lake caused by
the 1930 pumping was the dlfI"erence or .169 ft., which equals 2 inches
depth.

The elevation predicted for October 1 was 6,223.59; actual 6,223.53,
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but if the pumps had not been installed it would have been 6,223.64,
or 1 inch higher than predicted. /

CALIFORNIA SNOW SURVEYS ‘f

The word “cooperative’” in Nevada Cooperative Snow Surveys
a new significance now since the State of California has undertaken
snow surveying in earnest and on a large scale, covering the S1etla

range for the full length of the State.

It 18 a compliment to Dr. Church and the Nevada snow sur&ey
organization that California has adopted our system and methods and
18 cooperating in a very practical and generous way.

California is paying the cost of the regular April 1 surveys of the
following snow courses which had been part of the annual Nevada
snow survey program: Courses at Webber Lake and Webber Peak;
Ward Creek, west of Tahoe Tavern; Rubicon Peak west of Tahoe.
These are considered as crest stations and are of prime importance
to both States, but continue to be surveyed under our direction though
they lie within the State of California. In addition, to cover the cost
of further crest stations to the south, they pay one-half of the cost of
the April 1 surveys of the following: The whole group of snow courses
near the south end of Tahoe, from Daggett s Pass (Kingsbury Grade)
to Lake Lucile, southwest of Fallen Leaf Lake; the group of courses
in the vicinity of Blue Liakes and Burnside Lake in and near the Carson
basin; the whole series of courses in both the East and West Walker
basins. ]

They, meaning the California snow survey organization, have
selected certain key snow courses where they have made monthly sur-
veys, beginning with January 1. One of these groups is just west of
Donner Summit in the South Yuba basin and these surveys, usually
made by employees of the Pacific Gas and Electric Company, are now
reported direct to the Sacramento office and copies promptly for-
warded to us. Other key courses where they make monthly surveys
are those at Blue Lakes which lie just over the divide west of the
Carson basin.

As was mentioned in the last biennial report, much of the field
equipment used by the Nevada Cooperative Snow Surveys organiza-
tion belongs to California. They have generously permitted us to con-
tinue using what we absolutely needed but we have turned over to
California what we could spare.

SCOPE OF THE FIELD WORK

The number of snow courses measured by the Nevada Cooperative
Snow Surveyors is as follows:

Truckee Basin, exclusive of Tahoe.............._____. 5
ahoer Basinesssns . conn 0 o Tros o =i 18
(Glarsones Basines === =20 F. | Lr 0 o0 7
WalkereBasim b o v 08 & o0 e o G 8

The number of measurements for each of these courses is usually
between fifteen and one hundred, most of the courses involving between
twenty and forty measurements each.

The samples are taken at regular intervals, usually 50 feet apart,
measured by tape. Record is made for each sample of the snow depth,
depth of core and water content determined by weight.
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HUMBOLDT BASIN

The main expense of snow surveying and forecasting for the Hum-
oldt basin has been carried by other funds than those handled by
he Nevada Cooperative Snow Surveys this biennium, and as Dr. J. E.
hurch had charge of that work he will render a report of it in a
spparate communication. (This report has not been received to date
apd therefore cannot be included in this report.)

| Dr. Chureh is in favor of treating that as a distinet project for the
present because of difference in character of some of the problems
mmvolved and the relatively large expense necessary to properly organ-
ize and equip it.

Our expense for the Humboldt this biennium was $40 for wages for

Forest Ranger Snow Surveyors and $50 for printing the 1929 forecast.

Needs of the Work

We are in need of considerable new equipment.

Many of the courses should be remarked and the ground cleared of
brush and débris where samples are taken.

A shelter cabin is badly needed near the head of Hunter Creek for
use of snow surveyors en route to the Big Meadows course about ten
miles southwest of Reno. The round trip for this survey is too long
for one day in a heavy winter or even in a light winter if the going is
bad, due to storms encountered or soft snow underfoot.

More repairs are needed to the Mt. Rose cabins, especially the one
at the summit.

Monthly winter progress surveys should be made at a number of the
Nevada courses for which money has been lacking for several years
past.

In a severe winter some of the surveys are more expensive than has
been the case for the biennium of 1929-1930.

FINANCES

A tabular statement of receipts and expenditures is herewith given.

Some detail is lacking in the Walker basin statement. The custom
has been for the chief snow surveyor at Bridgeport to furnish his own
transportation and food supplies and also make one or more special
trips, on his own time, to stock cabins in the fall, ready for the next
spring’s snow surveys, all this being covered by a higher rate of pay
for actual snow survey time. This has not made the cost any higher
than it should have been, considering that the trips are necessarily
long and one of them quite hazardous.

The year 1930, the Walker River Irrigation District being especially
desirous of having a March 1 survey to enable an early preliminary
forecast, preferring not to make a cash contribution to the Snow Sur-
vey Fund, furnished one of their employvees to take part in the survey
and one of our Forecast Committee, Lieigh Sanford, contributed cash to
help make the March 1 survey possible.

The total paid by the Walker River Irrigation District for salary
and expenses of their employee taking part in the snow surveys, which
does not appear in the accompanying financial statement because not
passing through the hands of the Nevada Cooperative Snow Surveys,
amounted to $199.61.

The Sierra Pacific Power Compapy, in addition to contributing
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$150 in cash, paid the following in salaries and expenses of their
employees taking part in snow surveys: 7

AT R s PO S e $51.47
ROTOMF By e i (1 S Jaglee Sy 131.74 {
$183.21 |

This makes their total contribution for the biennium amount to
$331.21, besides considerable time of one member of the Forecast (‘om-
Iittee, George G. Devore, and several other employees taking part in
conferences.

The grand total expended, including these amounts handled by the
Walker River Irrigation Distriect and the Sierra Pacific Power Com-
pany, amounted to $3,017.02.

STATEMENT OF FINANCES
RECEIPTS
Balance in First National Banlk in Reno, January 1, 1929 $91.10
State biennial appropriation ... . 1,500.00
Truckee-Carson Irrigation District 200.00
‘Washoe County Water Conservation District
Sierra Pacific Power Company...........ococooeeoeeee . . 150.00
Leigh Sanfold ......... :

Total ) $2,638.12
EXIENDITURES

Actual Snow Surveys—

Truckee Basin—

Transportation and miscellaneous expense.............. $236.98
Tahoe Basin—

Transportation and iiscellaneous expeuse........_..._.. 417.61
Carson Basin—

Transportation aund miscellaneous expense..........._ 254.68
Walker Basin—

Transportation and miscellaneous expense..........__... 396.38
Humboldt Basin—

Nrgest e s SRR SR M. 40.00

Total of actual snow surveys . $1,345.65
Special Items—
Introducing California Snow Survey Personnel to
Tahoe and Carson Snow Courses—
Transportation and miscellaneous expense
Clearing and Remarking Tahoe Basin Snow Courses—
Transportation and miscellaneous expense......._..._... 95.70
Mt. Rose Cabin Repairs—
Transportation and miscellaneous expense............. 70.30
Installing Weather Observation Shelter at Marlette Lake—
Miscellaneous expense ...
Freel Peak Shelter Cabin—
Materials, labor, miscellaneous L. 346.25

Total
Miscellaneous and Overhead—
Miscellaneous and overhead. ...

Grand total of expenditures
Unused balance of State approy
Balance on hand in First National Bank in Reno
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FINANCIAL SUMMARY

Bnget
Actual Snow Surveys— Af;‘;;lf;’;? fﬁ?ﬂ‘;‘&
BransSpolationWeess  SSs .. "o s L e e R $253.49
Meals and lodging.. 268.98
W Wagesies 0. 5 ST 1,206.00
:S’pffc-z'al Items-—
Inspection trips with California personnel.........._....___.. 11155 $150.00
{ Clearing and remarking Snow courses................._....... 95.70 200.00
Repaivs of cabins..._.... T AR, Iy Mo S 70.30 100.00
Construction of new cabin.........._._ .. 346.25 300.00
Repairs and installation of weather observation equip-
TDET i e e 77.00
Miscelluneous and Overhead— i
N7 EOUITEIN e, oo S S SRt e s 5140 175.00

185.00  200.00
158,00  175.00
193.35  200.00

Printing and forecasts......_.._...
Stenography and clerical work......_...
Miscellaneous supplies and incidentals...

General supervision and working up forecasts 500.00
TGRS oo oo e RS S SRS TR et $3,017.02 $4,300,00
. EsTIMATED RECEIPTS
From Nevada State appropriation LS. - oS ....... $2,500.00
From irrigation districts and power companies ... ... ... 1,000.00
IFrom California cooperation. ... ... S S800.90
$4,300.00
RECOMMENDATIONS

The financial summary gives total expenditures for 1929-1930,
including payments and salaries and expenses by the Sierra Pacific
Power Company and the Walker River Irrigation Distriet, which
were not handled by the Nevada Cooperative Snow Surveys.

The budget estimate for 1981-1932 calls for some increase in a
number of items. The increased estimate for actual snow surveys is
to care for anticipated increase in costs of the usual surveys because
of hoped for heavier snowfall and, also, to provide for winter surveys
of several courses and May 1 surveys of two or three of the high alti-
tude courses.

The item to provide for “general supervision and working up of
forecasts” is included for the first time, since there appears to be no
good reason why this work should continue to be done for nothing.
It involves a good deal of time, care and even responsibility when the
importance of the forecasts is considered and if it is worth doing why
not worth paying for?

The forecast committee recommends that the Legislature be respect-
fully asked to appropriate $2,500 for the biennium 1931-1932, to be
Iandled through the State Engineer’s office.
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ARTIST'S CONCEPTION OF HOOVER (BOULDER) DAM AND POWER PLANTS.

Estimated Date of Completion, 1937.

United States Reclamation Service Project.
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CHAPTER X
Related Activities of State Engineer

THE COLORADO RIVER DEVELOPMENT COMMISSION

The State Engineer was made a member of the Colorado River
Commission of Nevada in January, 1927, and sinece that time has
attended many conferences in Washington and other cities in an effort
to advance and protect the sovereign rights of the State of Nevada in
the development of the resources of the Colorado River.

The Biennial Report of this office for the years 1927 and 1928 con-
tains a brief summary of the preliminary work carried on by the State
Engineer during those years.

Renewed activity on the part of those interested in the construection
of a dam on the Colorado River resulted in six of the seven west-
ern States, Colorado, New Mexico, Wyoming, Utah, California and
Nevada, signing a compact or agreement in conformity with the Colo-
rado River compact. After this compact was signed and the Boulder
Dam Project Act passed it was necessary that the United States enter
into firm contracts with purchasers of electrical power before the
Act could become effective; said contracts assuring the United States
that the revenue derived from the sale of developed power would
return to the United States the government investment in the dam
and power plants within a fifty-year period.

(lontracts for lease of power privilege between the United States
and the city of Lios Angeles and the Southern California Edison Com-

.pany, acting jointly, were signed, and on April 30, 1930, Secretary
Wilbur sent a request for appropriation to the Bureau of Budget. On
July 3, 1930, President Hoover signed the second deficieney bill,
making $10,660,000 available for construction work on the Boulder
Dam. On July 5, 1930, the first contract was executed for initial work
on the dam, and since that time the United States Reclamation Service
has been very aggressive in speeding up the preliminary work which
is necessary before contracts can be entered into for the construction
of the dam and power plants.

The construction of the dam and power plant on the Colorado River
will ultimately yield a return to the State of Nevada of over $700,000
annually, according to the Secretary of the Interior, Ray Liyman

The State Engineer has devoted a great deal of his time

during the past biennium to the work incident to the beginning of
actual construction.

EXPENSE AND RESULTS

The Colorado River Commission records show a total of $33,113.31
expended during the period from March 28, 1927, to April 1, 1930,
which includes all appropriations made by the Legislature during that

time :

Appropriation and Expense
Appropriations

Legislature, regular session, 1927 ... ... ... ... $4,000.00
Legislature, special session, 1927 15,000.00
Legislature, regular session, 1929.. 4,113.31
Legislature, regular session, 1929 ... ... 10,000.00

$33,113.31
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Lxpenscs /

F. B. Balzar, expenses. ..o $328.25 .'I

Geo. W, Malone, expenses. o= 11,050.72 |

Chas. P. Squires, expenses and per diem...... ... 4,709.22 |

Roy W, Martin, expenses and per diem...................__..__.. 1,622.84 |

Ed. W. Qlark, expenses and per diem 585.29

True Vencill, expenses. 1,257.16

Stanley Palmer, expenses and $150 engineering tee........... 278.85

H. W. Crozier, engineering fees and exXpenses.........ccv.cccceeeeeee 2,934.19

Thos. R. King, expenses . T SR 185.00

C. Jones, expenses 106.40

Colin G. Fink, expert testimony and expenses.................. 132.26

Francis K. Weller, engineering fees 892.75

Engineering fees, miscellaneous 430.00

Printing and SupPlieS. ..o 2,846.23

Telephone and telegrapli. ... 3,414.23

Stenographic service. 2,339.92

Total $33,113.31

A large amount of private funds has been expended in addition to
the above amounts.

The Boulder Dam Project Act as finally passed, including the power
contraets, provides revenue for Arizona and Nevada in lieu of taxes
and power to use for the development of the States. According to
the Secretary of the Interior the revenue derived will amount to over
$700,000 to each State annually after the completion of the project,
and each State can withdraw, if, as, and when wanted, up to 117,000
firm horsepower of the electrical energy for use in the State, paying
cost at the switchboard when so withdrawn. It is thought that the use
of this power will increase the taxable wealth of the State several mil-
lions of dollars.

‘When the State administration took over the work of the Colorado
River Commission early in 1927 the then pending Swing-Johnson Bill,
proposing to econstruct the Boulder Dam on the Colorado River, did not
provide any revenue for the States of Arizona and Nevada nor power
from the project to develop those States, but provided that the All-
American Canal in Imperial Valley, costing $38,500,000, should be
paid for by power from the project in addition to the dam and power
plant. Provision was later made for the lands benefited to underwrite
the cost of the project.

By unanimous action of the Commission, early in 1927 it was agreed
to make a thorough study of the Colorado River Set-Up, employing such
assistance as found advisable, to determine the exact position the State
should take relative to the pending legislation for the development of
that river, so that our position would be found to be fair to all con-
cerned and supported by the facts.

Accordingly a conference was called for the three Lower Basin
States, Arizona, California and Nevada, in San Francisco, November
19 to December 16, 1927, at which time the power angle of the under-
taking was thoroughly reviewed and a report subsequently issued for
Nevada, definitely determining the effect of such development and
making certain definite recommendations for the protection of our
State and to aid the legislation by gaining the support, in so far as
possible, of the Upper Basin States. The State HEngineer acted as
chairman of that conference.

The conference, in addition to the members of the Colorado River
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C(immissions of the three lower States, included such outstanding
power experts as H. W. Crozier, Consulting Electrical Engineer,
employed by our Commission; E. S. Scattergood, Chief Engineer of
thejLos Angeles Bureau of Power and Light, and L. S. Ready, former
Engineer for the California Railroad Commission, employed by Los
Angeles; Chas. Cragin, Chief Engineer of the Salt River Project,
Arizona, and B. F. Jacobsen, Consulting Engineer of Los Angeles,
employed by Arizona.

From the results of this conference a report was made, January 1,
1928, by the Nevada Colorado River Commission, known as the Boulder
Canyon Lower Colorado River Power and Water Set-Up, and from
the conclusions drawn from this report nine definite recommenda-
tions were made, all calculated to distribute the benefits from the
project among the interested States in an equitable manner.

On January 20, 1928, the State Engineer of Nevada appeared before
the United States Senate Committee on Reclamation and Irrigation
and presented a statement made up from this report, including the nine
recommendations, viz:

1. That Nevada and Arizona should benefit from the proposed
development, at least to the extent that she would benefit if
developed by private capital, second only to Government pay-
ments and any reasonable reserve.

That the power be not sold as low as the repayments to the Gov-
ernment will permit, but should be sold at a competitive fig-
ure comparable with the cost of power available elsewhere
for these markets.

3. That arrangements be made for the sale of the power, so that fair
offers may be had, and that legitimate bidders be not handi-
capped.

4. That suitable readjustment periods be arranged for the power
charges per KWH and also for the proper charges for other
service rendered.

9. That proper charges be made for other service rendered flood
control, silt control, irrigation water storage and domestic
water storage.

6. That the States shall have the right to withdraw, upon proper
notice, certain blocks of power to be used within their own
States.

. That a board be arranged for, from the three lower States, to
assist the Secretary of the Interior, or any agency supervis-
ing the sale of the power and other service rendered, in an
advisory capacity to fix the proper charges per KWH for
power and proper charges for other service rendered.

8. That an attempt be made to equalize in some manner among the

three States the benefits from reclamation financing.

9. That after the Government advancement is entirely repaid the
benefits from this development acerue to the States.

The State Engineer was then cross-examined at length by members
of the Senate Committee, which testimony appears in full in the
Hearings before the Committee on Irrigation and Reclamation, United
States Senate, Seventieth Congress, first session, on S. 728 and S. 1274.

Senate Document No. 186, Colorado River Development, containing

o
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200 pages and 67 maps and illustrations was prepared by the Nevada
State Engineer to make available to our Senators and Congressma
complete information for use in the Congressional fight. This 1'ep‘0rt
was subsequently printed by the Government as a Senate Docunient
and was widely distributed as the official document on the (‘0101ad0
River development.

When the Swing-Johnson Bill was finally reported out of the Sen-
ate Committee, and including the amendments on the floor of the
Senate, eight of the nine recommendations were included in the legis-
lation as finally passed and called the Boulder Dam Project Act, and
together with the power contracts made by the Secretary of the
Interior in conformance with the Act, as amended, provide:

1. That 3714 per cent of all the money the project makes above the
payments due the Government each year after construction
1s finished is to be paid to Arizona and Nevada. The Secre-
tary of the Interior has announced that those payments will
amount to over $700,000 per year to each of the States.

That the power be sold at a competitive price.

That the Federal Water Power Act be made a part of the Act
in so far as determining between conflicting bidders is con-
cerned, so that any agency may bid for the power.

4. That there shall be a readjustment of the charges for power
after the first fifteen years from the date of signing the con-
tracts and every ten years thereafter, either up or down, as
the competitive price may indicate.

5. That a charge be made for domestic water in Los Angeles and
other southern California cities.

6. That the States shall have the right to withdraw, upon certain
notice, 18 per cent or 117,000 firm horsepower each for use
in the States. This power can be withdrawn and turned back
when not needed and withdrawn again as often as necessary
by giving such notice and pavulo' the cost at the switchboard
when used.

7. That an advisory board to assist the Secretary in the construetion,
management and operation of the project, consisting of one
duly authorized commissioner from each of the seven States,
may act in an advisory capacity with the Secretary of the
Interior.

8. That the All-American Canal, costing $38,500,000, shall be under-
written by the lands benefited and not be paid for by the
power from the dam (this inereases the revenue of the States)
and investigations shall be made by the Government in Ari-
zona, Nevada and the Upper Basin States to determine feas-
ible irrigation projects for development.

o

Recommendation number nine, providing for turning the project
over to the States when the cost to the Government has been repaid.
was not included in the Act. It was said that while that policy had
been adopted in the case of irrigation distriets, it would be fifty years
before the Government would be repaid, and during that time a gen-
eral policy toward this type of project would be adopted.

In connection with the Nevada amendments, we quote in part from
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al dlspatch from Washington over Universal Service, which appeared
m the Los Angeles Eraminer of September 19, 1930, viz:

The outstanding features of these amendments were the
provision for revenue for Arizona and Nevada from the
project in lieu of taxes after its completion, and the privi-
lege of withdrawing power at cost at the switecliboard for use
in those States when needed. The original Swing-Johnson
Bill did not provide either revenue or power for the States
of Arizona and Nevada, wherein the project is located, and
this fact formed the basis for objection to the project.

At a hearing of the United States Senate Committee on
Reclamation and Irrigation held in Washington, January 20,
1928, George W. Malone, Secretary of the Nevada Colorado
River Commlssmn made nine recomnmendations for changes
in the bill as oﬁered all those recommendations being calcu-
lated to distribute the benefits of the project among the inter-
ested States.

Eight of these recommendations were included in the
Boulder Dam Project Act as ﬁnally passed and, as a result,
Arizona and Nevada each will receive, accordmo to the Sec-
retary of the Interior, a revenue of over $700, 600 annually
after the project is completed In addition, through these
amendments, Arizona and Nevada will be allowed to with-
draw such amounts of power as they may need within their
State up to 117,000 firm horsepower, paying cost at the switch-
board for its use.

The Act as amended also provides for a Boulder Dam fund
to be built up from revenues from the sale of power and water
after amortization of the Government’s investment to be
expended within the seven Colorado River Basin States as
Congress may later direct.

Boulder Dam power will be the cheapest available in the
United States and it is believed that certain electro-chemical
industries using the metallic and nonmetallic minerals found
in Nevada and Arizona for the manufacture of their pro-
ducts will be encouraged to locate near the dam.

It is thought by clase observers that the Boulder Dam
Project Act as finally passed is as fair a piece of legislation
as it is possible to secure where so many interests are involved.

‘While the $33,113.31 of State money expended, in addition to a
considerable amount of private funds, seems quite large, 1t is, after
all, insignificant by comparison with the sum of over $700,000 that
the Secretary of the Interior has announced we will receive annually,
beginning when the project is completed. And when it is realized that
there is a possible chance to increase our taxable wealth by several
millions of dollars by the use of our allocation of 117,000 firm horse-
power at cost at the switchboard, and that this was secured without
the State putting up any money, we are well-satisfied with the final
results.

The testimony before the Senate Committee was given J anuary 20
1928 the bill came up, but failed of passage durmo that session; it
was brought up in the next session of Congress and passed the Senate
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in December, 1928, but the appropriation to start the work was not
made until the tol]ov»mg June. The celebration at Las Vegas on Se
tember 17, 1930, officially started the rail-line connection between tE
main line and the dam, and is counted as the first unit of the progect

The legislation had been presented to Congress during two previous
sessions, but had failed to get through the Commlttees

The approprlatlon of $4 000 made by the 1927 Legislature proved
entirely inadequate to finance the investigations necessary during 1927
and 1928, and a special appropriation of $15,000 was passed later in the
year of 1927; that too failed to meet the entire expense, so the Liegis-
lature of 1929 paid bills amounting to $4,113.31 that had been
incurred, making a total of $23,113.31 appropriated and expended on
the work during the years of 1927 and 1928.

The 1929 Legislature also appropriated $10,000 for the years 1929-

11930. This amount proved inadequate and was entirely expended dur-

ing the year 1929, although some of the accounts were not paid until
the forepart of 1930.

The Nevada Colorado River Commission and our Congressional
representatives have always worked as a unit for this legislation.

Disposal of any of the power or revenues accruing from the con-
struction of Hoover Dam will require direct action by the State Leg-
islature.

The newly created State Bureau of Mines, under John A. Fulton
of the Mackay School of Mines, University of Nevada, rendered a real
service to our Commission in securing power from the project for use
in the State, as did the Mine Operators, under Henry Rives, and the
Extension Serviece under Cecil Creel.

The suit filed in the Supreme Court of Arizona against the Secretary
of the Interior and the six States of Wyoming, Colorado, New Mexico,
Utah, Nevada and California, alleging the “Boulder Dam’ Project
Act to be unconstitutional and unfair, may be a source of expense to
our State in the event the case is tried, and while we do not fear the
final outcome, the importance of this development to Nevada behooves
us to be ready for any emergency.

The following brief statements on the major features of this project
give an idea of the magnitude of the undertaking :

) HGOOVER (BOULDER)' DAM
1. Locatrion—

30 miles southeast of Las Vegas, Nevada, on Arizona-Nevada
State Line on the Colorado River.
2. Purposes of Project—
Flood control; river regulation; silt control; power develop-
ment, and domestic water supply.
3. Project Includes—
Construection of dam ; power plant, and All-American Canal.
4. Cost Items—

Dam and reservoir ... $70,600,000
Power development ... 38,200,000
All-American Canal ... 38,500,000
Interest during construetion ... .. ... 17,700,000

Motals [COSTE 22T sieumnn | Jmi Smmie e, 8o ol 0008 $165,000,000
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. Reservoir Capacity—

30,500,000 acre feet.
Area of Reservoir—
145,000 acres, or 227 square miles. Lake Tahoe has an area of
193 square miles.
Length of Reservoir—
115 miles.
Width of Reservoir—
Few hundred feet to 8 miles.

. Elevation of High Water Line—

1,229 feet above sea level.
Length of Shore Line—

550 miles.

Annual Evaporation—

600,000 acre feet, estimated.

Duwviston of Capacity—

9,500,000 acre feet flood regulation; 500,000 to 800,000 acre
feet silt pocket; 12,000,000 to 15,000,000 acre feet active
storage.

St Deposit—

Annually, 80,000 to 250,000 acre feet; 3,000,000 acre feet at end

of 50-year period.
Allocation of Reservoir Water—

California, 4,400,000 acre feet.

Nevada, no agreement;

Arizona, no agreement. ;

Colorado River Flow at Yuma, Arizona—

Maximum, measured, 200,000 second feet.

Maximum, estimated, 300,000 second feet, 1884.

Minimum, measured, 1,200 second feet.

Colorado River Flow at Dam—
Average, 22,000 second feet. ‘
Average annual run-off, 15,700,000 acre feet.
Dam—

Height—T727 feet above bedrock; 582 feet above river bed.

Length of crest, 950 feet.

‘Width—Top, 45 feet; base, 650 feet.

Type—Arch gravity.

Volume of Conerete—Dam, 3,600,000 cubic yards; power plant
and miscellaneous works, 900,000 cubic yards; total,
4,500,000 cubic yards; cement required, 5,500,000 bbls.

.. Reinforcing steel required—19,000,000 pounds.

. Period of construction—Seven years.

. Number of employees—1,000 upwards.

. Temporary diversion tunnels—Four, 50 feet in diameter.

. Length of diversion tunnels—4,075 feet.

. Later use of diversion tunmnels—Two for penstocks for power

plant; two for spillway outlets.

. Outlets in dam—Forty 72-inch needle valve in canyon walls.
. Mud gates—6’ 9 diameter, controlled by 6” x 6” slide gates.
. Spillways—Two glory hole type 50’ diameter; 200,000 second foot

capacity.
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27. Location of power plant—U shaped structure, Nevada to Arizona,
below dam.
28. Power. Plant— |

Capacity, 1,000,000 or 1,200,000 horsepower.

Continuous firm power output, 663,000 horsepower.

Electrical energy available yearly, 4,330,000,000 KWH.

Installation, 12, 85,000 HP. hydraulic turbines; 12, 11’ x 10’
balanced valves; 12, 75,000 kilo-volt Amp. generators; 36,
25,000 kilo-volt Amp. 220,000 volt transformers; 4, 250-
ton cranes.

Power head, maximum, 582 feet; minimum, 422 feet; average,
520 feet.

Charge for power, $0.00163 per KWH for primary power;
$0.0005 per KWH for secondary power.

Revenue derived from power, first year, $7,057,900; average
annual, 50-year period, $6,550,000.

Disposal of revenue—Operation and maintenance, cost of con-
struction of dam and power plant: excess, 623% flood con-
trol; 182% Arizona; 183% Nevada.

Allocation of power—18% Arizona; 18% Nevada; 6% smaller
municipalities; 13% city of Los Angeles; 9% Southern
California Edison Company; 36% Metropolitan Water
Distriet.

Operators of plant—City of Los Angeles and Southern Cali-
fornia Edison Cémpany.

i Transmission lines—Installed by purchasers of power.
29. Irrigable Lands Below Dam— )

Arizona, 900,000 acres; California, 1,000,000 acres; Nevada,

75,000 acres, estimated ; no surveys available for new lands.
30. Classification of Irrigable Lands—

Publie, 44% ; private, 409% ; State, 1% ; railroad, 2% ; Indian,

8% ; entered, 5%.
31. Location Dam Town Site—

Six miles west of dam site in Nevada; elevation, 2,500 feet

above sea level; temperatures, 20 degrees to 120 degrees.

PUBLIC SERVICE COMMISSION

The State Engineer, by virtue of his position, is also an ex officio
member of the Public Service Commission.

This body is becoming more important as the State develops and
the municipalities, corporations and transportation systems increase
in size and influence, since it is primarily a rate-regulating body and
has full responsibility in the issuance of permits for intrastate trans-
portation.

The construction of the Hoover Dam will no doubt mean increased
responsibilities for this Commission on account of the anticipated
increased use of power from this source in the manufacture of electro-
chemical products and mining and irrigation activities. .

Several important rate cases have been heard during the past bien-
nium, as well as hearings held on applications from transportation
companies for permits to operate within the State.

Complete detailed information relative to the aectivities of this body
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will be available in a separate report issued by the Public Service
Commission. '

WESTERN ASSOCIATION OF STATE ENGINEERS

The Western Association of State Engineers was formed in Denver,
Colorado. in 1927, in response to a widespread need for a better under-
standing among the administrative officials charged with the adjudi-
cation and administration of the water resources in the arid States.

States

Nevada Arizona Montana
Texas North Dakota Nebraska
‘Washington South Dakota New Mexico
Utah Idaho Oklahoma,
California Kansas Oregon
Colorado Wyoming

Members

George W. Malone, President, Carson City, Nevada.
John A. Norris, Director, Austin, Texas.

Charles J. Bartholet, Director, Olympia, Washington.
George M. Bacon, Secretary, Salt Liake City.
Edward Hyatt, Jr., Sacramento, California.

M. C. Hinderlider, Denver, Colorado.

Frank P. Trott, Phoenix, Arizona.

Robert E. Kennedy, Bismarck, North Dakota.
Charles A. Trimmer, Pierre, South Dakota.

George N. Carter, Boise, Idaho.

George S. Knapp, Topeka, Kansas.

J. S. James, Helena, Montana.

R. H. Willis, Bridgeport, Nebraska.

‘Wm. Herbert W. Yeo, Santa Fe, New Mexico.

T. C. Harhill, Wagoner, Oklahoma.

James Rhea Luper, Salem, Oregon.

John A. Whiting, Cheyenne, Wyoming.

Purpose
The “Association of Western State Engineers,” comprising the sev-
enteen arid or semiarid States, has been organized and is now operating
along the lines laid down in its constitution, viz:
1. To formulate broad principles, applicable to all of these States
for the use, control and regulation of the waters thereof.
2. To assist one another in the solution of individual problems
through the exchange of ideas and experiences. :
3. To cooperate in making common cause for the preservation to
the States of their inherent sovereign right to use, control and
distribute the waters thereof, and to facilitate the adjustment
of interstate problems.
4. To help stabilize the commercial phases of the use of water by
*  encouraging the perfecting of the laws relating thereto, and
by other proper means.
5. To circulate among members such information as may be helpful
in the discharge of their official duties.
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Our western States are young in experience and are constantly
being confronted with new problems, the solution of which may well
affect their entire future development. It is the natural procedure,
then, for the men charged with the adjudication and supervision of
the water in that area to cooperate with each other.

It is well-recognized in the arid area that the limit of a State’s
water supply is the “limit of that State’s development.” The interest
then from the standpoint of the State is to secure the “highest bene-
ficial use” of that supply, to the end that the “greatest amount of
wealth’ may be created.

Water Control and Public Domain

Two subjects that have been much discussed by this organization
during the past three years are the matter of State versus Federal
control of the unappropriated, unnavigable waters within the State
and the control and administration of the public domain.

1929 Program

The program at the 1929 convention, held in Reno, Nevada, included
the following papers and addresses:”

Paper—“To Help Stabilize the Commercial Phases of the Use of
Water by Encouraging and Perfeeting of the Laws Relative Thereto
and by Other Proper Means,” by Edward Hyatt.

Paper—“Underground Water in California,” by Harold Conkling.

Statement—*Underground Water in Kansas,” by George S. Knapp.
~ Paper—“Public v. Private Ownership of Return Flow Waters,” by

R. 1. Mecker. '

Paper—“Conflict of Jurisdiction Respecting Control of Water in
‘Western States,” by Delph E. Carpenter.

Paper—‘“The Future Reclamation Policy of the Arid and Semiarid
States,” by George W. Malone.

Paper—“Range Control in Western States,” by H. W. Reppert.

Address—“Proposed State Laws Governing Dam Construction,” by
Edward Hyatt.

The above papers and subsequent diseussions are published in full
in the proceedings of the organization, published and distributed
yearly.

The State Engineer of Nevada called the original meeting in Den-
ver, Colorado, in 1927, where the organization was formed, and acted
as president during the remainder of that year, and was elected presi-
dent for the following two years, 1928-1929. M. C. Hinderlider, State
Engineer of Colorado, was president during 1930, and Edward Hyatt,
State Engineer of California, has been elected for the year 1931. The
1928 convention was held at Salt Lake City; 1929, in Reno; and 1930
in Denver.

This organization has been of great value in bringing the arid and
semiarid States together on controversial questions and matters of
policy in the administration of the water supplies of the States, and
it is expected that as time goes on it will play a greater part in not
only State legislation but in Congressional matters pertinent to these
States.

R R .,



REPORT OF STATE ENGINEER 99

STATE IRRIGATION DISTRICT BOND COMMISSION

The State Engineer, by virtue of his position, is a member of the
State Irrigation Distriet Bond Commission.

The theory under which this Commission was created is commend-
able, since it attempts to set up a commission to scrutinize public bond
issues in order to furnish protection to both the organization and the
investor. -

In actual practice, however, the law is faulty, for the following
reasons:

1. After the proposed bond issue has been investigated by the Com-
mission and the security for such issue is found sufficient and a favor-
able report made, the Commission has no authority to follow through
and require the money to be properly expended, or to require periodi-
cal reports to determine if this is being done.

2. When a State commission approves a bond issue, it is very liable
to give the impression that the State guarantees the payment of such
bonds.

The first fault could and should be corrected to give the Bond
Commission authority to require monthly reports of expenditures of
money on construction work that has had the approval of such Com-
mission, and the Commission should be empowered to estop any mis-
use of such funds; further, the distriet should be required to submit
to the Commission for its approval any change that may be made in
the plans as the work progresses.

The second fault can only be corrected by the State becoming
actually responsible for the payment of such bonds upon the approval
of the Commission, which does not seem feasible at this time, or by
stamping across the face of each bond a statement to the effect that
the State is not responsible for payment.

During the biennium of 1929-1930, the State Irrigation District
Bond Commission acted upon the following applications:

December 29, 1928—Upon application of Lovelock Irrigation Dis-
trict, approval was given for issuance of $7,500 in interest-bearing
warrants.

March 1, 1929—Upon application of Truckee-Carson Irrigation Dis-
trict, approval was given for sale of bonds in the amount of $24,700
for the acquisition of electrical equipment and construction of elec-
trical transmission lines in Local Improvement Distriect No. 10.

March 1, 1929—Upon application of Truckee-Carson Irrigation Dis-
trict, approval was given for sale of bonds in the amount of $12,600
for the purpose of acquisition of electrical equipment and construc-
tion of electrical transmission lines in connection with Local Improve-
ment Distriet No. 9.

March 1, 1929—Upon application of Truckee-Carson Irrigation Dis-
trict, approval was given for the sale of bonds in the amount of $25,150
for the purpose of acquisition of electrical equipment and construc-
tion of electrical transmission lines in connection with Local Improve-
ment District No. 8.

July 6, 1929—Upon application of Walker River Improvement Dis-
trict, approval was given for sale of bonds in the amount of $25,000
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for carrying out plans for drainage conducted in conneetion with
Local Tmprovement Distriet No. 3.

July 23, 1929—Upon application of Elko County Eleetrical Improve-
ment District No. 1, approval was given for issuance of interest-
bearing warrants in the sum of $5,000 for the purpose of meeting
preliminary organization expenses of said distriet. Approval was
also given on the same date for holding of special election by electors
of Elko County Electrical Improvement District No. 1 for the pur-
pose of voting upon proposed issue of bonds in the sum of $40,000.

August 2, 1929—Upon application of the Truckee-Carson Irrigation
Distriet the State Controller was authorized to certify bonds in Local
Improvement District No. 8 of Truckee-Carson Improvement Distriet
in the sum of $24,000.

August 2, 1929—Upon application of Truckee-Carson Improvement
District the State Controller was authorized and directed to certify
to bonds issued by Liocal Improvement District No. 9 in the sum of
$12,600.

September 4, 1929—Upon application of Pershing County Water
Conservation Distriet approval was given to said distriet to issue
interest-bearing warrants in the sum of $7,500.

October 14, 1929—Upon application of Washoe County Water Con-
servation Distriet approval was given to said distriet to borrow $12,000
to defray expenses incurred or to be ineurred by such Irrigation Dis-
triet.

October 23, 1929—Upon request of Walker River Improvement Dis-
trict consideration was given to application of said distriet to .issue
bonds in the sum of $40,000, such moneys to be used for the purchase
of necessary lands to acquire a site for Hoye Canyon Reservoir. Action
deferred until later date.

November 6, 1929—Upon application of Truckee-Carson Improve-
ment District approval was given for issuance of interest-bearing
warrants in the sum of $3,000 in connection with Liocal Improvement
District No. 11.

November 6, 1929—Upon application of Walker River Improve-
ment District approval was given to issuance of bonds in the sum
of $40,000 in conneetion with purchase of lands at Hoye Canyon
Reservoir site.

December 20, 1930—Upon application of Truckee-Carson Improve-
ment Distriet approval was given for issuance of interest-hearing war-
rants by said distriet in the sum of $6,000, in order to secure funds
for the purpose of constructing electrical power and transmission lines
to and in the town of Wadsworth.

THE COMMITTEE ON CONSERVATION AND ADMINISTRATION OF
THE PUBLIC DOMAIN
Appointed by Herbert C. Hoover, President of the United States
The proper utilization of the public lands of our State has been a
perplexing problem for a number of years. Our Stock Water Law,
enacted in 1905, making the utilization of the range the criterion for
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anting further rights to water stock on the public domain, is recog-

nized by most stockmen as a long step forward in the solution of this
question.

In 1929 President Hoover proposed a study of the public domain

question and its related problems to determine the policy that should

be

in

adopted in the management of this important resource, and later
that year appointed a committee for that purpose.

Members

Ray Lyman Wilbur, Secretary of the Interior.
Arthur M. Hyde, Secretary of Agriculture.

Ex Officio Members
James R. Garfield, Former Secretary of the Interior, Chairman.
H. O. Bursum, New Mexico.
I. M. Brandjord, Land Commissioner, Montana.
Gardner Cowles, Newspaper Publisher, Towa.
James P. Goodrich, Former Governor of Indiana.
Col. W. B. Greeley, Former Head of the Forest Service, Colorado.
Perry W. Jenkins, Land Commissioner, Wyoming.
Rudolph Kuchler, Land Commissioner, Arizona.
George Horace Lorimer, Publisher Saturday Evening Post.
George W. Malone, State Engineer, Nevada.
Elwood Mead, Commissioner of Reclamation, Washington, D. C.
Charles J. Moynihan, Colorado.
I. H. Nash, Lland Commissioner, Idaho.
William Peterson, Agricultural College, Utah.
Mary Roberts Rinehart, Writer, Washington, D. C.
Huntley N. Spaulding, Former Governor of Massachusetts.
R. K. Tiffany, Washington.
Wallace Townsend, Arkansas.
E. C. Van Petten, Oregon.
Francis C. Wilson, New Mexico.
Hueh A. Brown, Executive Secretary, Department of the Interior,

Washington, D. C.

—

Problems
1. Administration of the Public Domain—
a. State ownership.
b. Continued Federal ownership.
1. Supervision under Federal Bureau.
2. Under State laws.
The future reclamation policy.
. Federal aid for road construction.
. Completion of the public land surveys.
01l, gas and coal development policy.
Development of metalliferous minerals.
Reclassification of forest reserve areas.
Recommendation to prevent overlapping of Federal bureau
authority.
‘Watershed protection.
Administration of Forest Reserve grazing areas.
Water control.

RFO® ©ND YW
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Purpose
The Creation of the Committee on the Conservation and Adminis-
tration of the Public Domain was brought about through the sugges-
tion of the President, made to the Conference of Western Governors
last year, that the remaining unappropriated unreserved public domain
might better be given over to the States, and suggesting the appoint-
ment of a committee to study the problem. The Governors agreed that

_ such a study was desirable, and subsequently Congress created the

Committee, providing for the expenses and setting a definite date,
December, 1930, for its final report.

The administration of the public domain has been one of the out-
standing problems of our Government from the beginning; as early
as 1780 we find a resolution passed by the Congress of the Confedera-
tion to care for the unappropriated lands that might come into posses-
sion of the United States. :

Past and Present Policies

During the early days the public lands were considered as a source
of revenue and settlement of these areas was not encouraged.

It was soon realized, however, that progress could only be made by
encouraging settlement of the land and the general trend of congres-
sional action began to encourage private ownership. This led to the
Preemption Act in 1841, giving the right to purchase such land based
upon settlement.

Homestead Laws

The first homestead law was passed in 1862 definitely establishing
the policy of passing the public lands into private ownership at a
minimum cost to the settler, regardless of the value of such lands.
During the period from 1862 to 1900 most of that great area from
Ohio to the Rocky Mountains, containing some of the richest farm land
in the United States, passed into the hands of the settler for a nominal
filing fee to cover the cost of the transfer, no charge being made for
the land, the only requirement being that the settler make his home
on such land and farm it. ‘

As the land settlement began to reach the semiarid and arid sec-
tions west of the Mississippi River and beyond the Roecky Mountains
it was found that 160 acres were not enough land to support a family.
This condition led to the passage in 1909 of the Enlarged Homestead
Act and later, in 1916, the Stock Raising Act, all caleulated to pro-
vide the settler with enough land to supply his family. It was soon
apparent that even with these later Aets, which in all provided that
one man might acquire approximately 1,000 acres of land, it was not
sufficient in the arid sections; therefore the land could not be settled.
Abundant evidence can be found of the failure of all homestead laws
in the arid sections by the abandoned homesteads through that area.

At the present time practically all of the land of any value is in
Government or State forest reserves, or parks, or has been withdrawn
from entry for some specific purpose, or has passed into private own-
ership. Therefore the problem now confronts us, just what are we to
do with these remaining.lands of little per acre value? Shall we revert
to the original policy of 1780 of considering them a source of revenue
to the States and Nation, or shall we try to continue the policy of
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passing them into the hands of actual settlers at the least possible cost?
If they are to be passed into the hands of the settlers a complete reor-
ganization of the land laws will be necessary.

Private Ownership of Lands

1t is generally concluded from past experience that the ultimate
objective for all publicly owned lands should be private ownership by
individuals, except those areas that may be properly reserved by the
Government or the States for parks, forest reserves, Indian reserva-
tions and other proper reserves that may promote the highest ultimate
use of such land for the States and the Nation.

It is thought that any system pointing to perpetual ownership of
the land or the natural resources by either the separate States or the
United States, except such reservations as already mentioned, would
be doomed to failure.

Highest Beneficial Use

The development of the States depends upon a policy that will
allow the development of the natural resources in such a manner that
the highest beneficial use of them may be made over a long period
of years. L2

The only value contained in the western States, where the rainfall
is not sufficient to produee crops and where irrigation is not economi-
cally feasible, is the grazing value of surface area and such sub-surface
values as the lands may contain, such as metalliferous minerals, oils,
gas, coal and other valuable deposits that may be found from time
to time.

If the forest reserves, parks and other reservations are to be pre-
served and the intermountain States are to continue to develop
they must provide for the orderly development of whatever natural
resources they may have. These resources are not easily discovered,
and when found are not easily developed.

Sub-Surface Development

Only a very small area of the States, perhaps five to ten per cent
or less, have any sub-surface value at all and these areas are widely
scattered and, except in isolated cases, are of doubtful value until large
expenditures have been made in development work, and then more
often than not it is found that because of the cost of marketing the
produet it is -economically unsound and the venture must be aban-
doned, with a consequent loss of the investment. It is well-known
that only a very small percentage of mining and oil companies are
successful. The possible gain then must be made attractive to offset

the hazards.
Public Domain Areas

Forest Unreserved

State reserves Area public land Unsurveyed
Arizona 11,466,626 72,838,400 16,911,367 7,846,000
California 19,026,819 99,898,880 20,209,421 5,749,684
Colorado 13,309,549 66,341,120 8,218,875 1,136,694
Idaho 19,300,773 53,346,560 10,734,420 1,882,805
Montana 16,170,658 93,296,640 6,900,144 78,320
Nevada 4,978,198 70,285,440 53,410,938 21,915,318
NeWAMESIICO- - ot it e, 8,491,831 78,401,920 16,282,582 1,164,627
Oregon 13,297,838 61,188,480 13,227,141 92,411
Utah 7,475,762 52,597,760 25,147,867 11,955,734
Washington 9,698,372 42,775,040 951,903 14,202

‘Wyoming 8,460,755 62,460,160 17,035,537 617,501
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Grazing Areas

The chief value of these lands, in fact the only value they possess
at this time, except where minerals are found, is for grazing purposes
and they are being completely utilized for that purpose at this time.

The reason for the small value attaching to these lands is, of course,
primarily the lack of rainfall; wherever the precipitation reaches as
much as twelve to fifteen inches per year there is no problem, because
dry farming can be practiced on suitable areas and abundant grazing
values are available on the remainder; but when the rainfall is only
from three to six inches annually, no farming of any kind is possible
and large areas are necessary to support live stock; in faect, govern-
ment reports show that the remaining unreserved public lands in
Nevada require on an average of 140 acres to support one cow unit
and approximately 40 acres for a sheep unit. It can be readily seen
that an enormous acreage is necessary for the support of a family,
since the original 160 acres allowed under the old homestead laws
would support only a little more than one cow unit. There is the
problem.

It will be seen that for the support of a family an enormous acreage
of this range is necessary and to set up what is known as an economic
unit of 250 to 500 cattle or 1,500 to 2,000 sheep an area of 30,000 to
70,000 acres would be necessary and this would correspond to the
original 160 acres of land in the more productive areas. Any reor-
ganization of the land laws that might be attempted to permit private
ownership must of necessity be flexible enough to cover the highly
variable conditions found in these States.

Development Policy

The west and the east hold in general two diametrically opposed
1deas as to the undeveloped resources of the west; the west believes
that the resources contained within a State, subject to proper reserves,
should be developed in an orderly manner and considered as an asset
of that State, while a large part of the east believes that the unde-
veloped public domain in the western States should be considered as
an asset to the National Government, belonging to all of the people and
should be preserved for that purpose the same as any other investment.
Little conception is had of the magnitude of the development problem
of the arid sections.

Reclamation Development

The major development in the arid section is irrigation, and the
area affected can be roughly designated by the area west of the line
drawn north and south through central Kansas, which includes
approximately all of the arid and semiarid region, and includes
approximately 45 per cent of the entire area; about 20 per cent of
the population, and approximately 5 per cent of the cultivated area of
the United States.

The entire irrigated area is approximately 18,500,000 acres, of
which anproximately 35 per cent has been brought under irrigation by
individuals; 10.5 per cent by irrigation districts; 8.5 per ecent by the
Federal Government, and 46 per cent by all other agencies, including
operation under the Carey Act.
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Irrigation Development

Irrigation

States Individuals Districts Government All others Total
R 80,511 300 257,547 129,207 467,565
.. 1,502,870 577,168 37,319 2,101,638 4,219,040
. 1,014,412 248,409 75,411 2,010,153 3,348,385
513,350 359,995 290,534 1,328,927 2,488,806
14,546 32,766 47,312
976,615 35,153 187,178 482,783 1,681,729
68,140 206,206 87,558 80,786 442,690
.. 355,901 80,000 49,645 30,901 516,447
New Mexico... .. 151,351 15,008 86,750 285,268 538,377
North Dakota. . 300,306 e SYT6.0N L S 12,072
Oklahoma.... 969 g 2,000 2,969
Oregon......... 590,626 92,081 58,981 224,474 986,162
South Dakota.... 31,664 e, 56,658 12,360 100,682
Texas .. 110,680 88,671 20,284 366,585 586,120
Utah 160,887 21,143 54,555 1,129,066 1,371,651
Washington. .. 142,215 79,918 192,379 115,387 529,899
Wyoming 724,620 22,935 75,565 364,872 1,207,982
Rotalst. a=ro e, Lo d o M) 6,448,663 1,822,887 1,539,120 8,437,218 18,547,888

These figures were compiled in 1920, and there has been very little

change since that time.
Present Policy

The present policy of the Government in the management of the
public domain includes close supervision of the forest reserves, parks
and Indian reservations, the supervision of livestock grazing within
these areas, and the leasing of certain areas for mineral development.
The unreserved unappropriated public domain is not supervised in
any manner by any government ageney.

Western States Development

It is not generally realized by people of the midwest and eastern
States just how small our western development really is in comparison
to the total development of the United States, or the obstacles that
must be surmounted for further development.

Nevada for example has a total area of 70,285,440 acres, of which
less than 500,000 acres are under eultivation, or approximately three-
quarters of one per cent (.75%). The total irrigated acreage in the
seventeen western States is approximately 18,500,000 acres, which is
in itself insignificant compared to the estimated total of 400,000,000
cultivated acres in the United States. Approximately 1,500,000 acres
of the 18,500,000 have been brought under cultivation on the Govern-
ment reclamation projects.

The Committee has held three meetings in Washington, D. C. Ten-
tative econclusions have been reached and it is thought that at a further
meeting to be held in January, 1931, a complete report will be pre-
pared and that it will be delivered to the President not later than
February 15, 1931.

The Committee is laking into consideration the various couditions
found in the eleven public land States and any report to the President
will probably recommend that:

1. The State’s method of range control be recognized, when it is
not desired by the Legislature of that State to take over the
publie lands or to be supervised by a Government bureau.

5[7
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2. That if any State so desires, the lands within its boundaries may
be included in the forest reserve or in a national range desig-
nation, to be supervised by the Government.

3. That any State desiring to take over the lands in fee simple,
classified as nonmineral at the time of the transfer, may do so.

4. That the reclamation program and Federal aid for roads be con-
tinued.

It is thought that the foregoing provisions are broad enough to cover
the varied stages of development within the States and that a definite
program can be adopted by each State Legislature conforming to its
needs, and all pointed towards the conservation and upbuilding of the
natural resources within the State.

Recognition by the Government of the State’s method of individual
control pending the transfer of such lands to the State, or their appro-
priation under the Federal Liand or Mining Laws—

This method seems the most feasible where the land eannot be taken
over by the State at once, since it will result in complete individual
control of range units, with the consequent and immediate result of the
“building up” of the range in acecordance with “good practice” and
adequate watershed protection, which will be the natural result of
range conservation, without any additional expense or personnel on
the part of the Government whatever, and very little on the part of
the State. .

Supervision by a branch of the Government, such as the Forest
Service—

Under conditions obtaining in some of the States where land is very
valuable for grazing purposes, or where such service is desirable from
the State’s standpoint, it may very well be that for a temporary period
such an arrangement might be satisfactory. The chief objection to
this method, however, is the enlarging of the central government
authority and persounel, as well as establishing a definite system of
grazing charges for all of the land. These grazing charges must be
met by the stockmen, and even in that event it generally results in a
net loss to the Government. In any case, if a decentralization of
authority is desired, it would seem unwise at this time to continue
immediately the building up of the bureaus of the central government
at the expense of the States.

State Ownership—

State ownership is feasible where the State has developed to the
point where the taxable property is of sufficient amount to stabilize
and safeguard a complete unit of State government, or where the
mineral or other values of such land insure the expense of adminis-
tration. But in the case of some of the less-developed States it may
very well be that some time will elapse before that condition is brought,
and it is thought that our State has not as yet reached that stage of
development.

The reclamation policy was inaugurated in 1902 under a system of
pooling of funds from the sale of public lands, oil and gas leases, ete.,
within the public land States, and it will be continued.

The policy of Federal aid for roads is well-established for the pur-
pose of making cross-country travel possible and for military purposes,
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and is not confined to the public land States. This policy will be con-
tinued until the objective is reached.

In addition to the foregoing recommendations the report will prob-
ably retain the tentative conclusions on the following :

1. That a fund be established by Congress to be loaned at a low
rate of interest over a period of years for refinancing irri-
cation districts.

2. That the State laws relative to the appropriation, use and con-
trol of waters within the State be recognized.

3. That the President be given authority to realign the work of the
various departments and bureaus to conform to good practice.

4. That in the development and utilization of the natural resources
in the “Public Land States™ the sovereignty of the States be
recognized through the use of the interstate eompaet method
of settling controversies with the advice and cooperation of
the Federal Government.

It is thought that if Federal recognition can be had of the State’s
method of range control, an Act supplementing the “Stock Water Law”
may be passed and range unit boundaries fixed in conformance with
actual use of such range upon the public lands, thereby establishing
"individual control; and if a range user is allowed to control his unit,
it is believed he will build up the range.

This method would in no way interfere with the mining industry,
the representatives of which have expressed themselves as being satis-
fied with the present status of the lands.

RANGE COMMISSION

The State Range Commission was created by the Legislature in
1929 to “conduct a study and investigation to determine the princi-
ples, laws or policies that should apply to the grazing uses of the
natural range forage resource of the publicly owned lands within
Nevada * ¥ * that should prevail for the best public interest.”
The State Engineer was made a member of this body by legislative
enactment.

The statute is designed to protect the livestock industry and the
public interest, by providing ways and means for the most feasible
method of administering and utilizing the public range, and its ulti-
mate object is the protection of the revenues of the livestock industry
in this State and its ability to maintain the herds and ranches and
tax contributions for the support of the county, State and National
Government.

The Commission has held hearings and taken testimony, as directed,
from the Nevada Livestock Association, the Mine Operators, the Bank-
ers . Association, the Extension Service of the University, the Farm
Bureaun, the Chambers of Commerce, the various clubs, and in fact
the record as built up eontains testimony from all persons and organ-
izations desiring to be heard.

There will be a report rendered by this Commission in time for
legislative action by the 1931 Legislature if such be desired; such
report will probably be delayed, however, until the report of the
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National Public Domain Committee has been delivered to the Presi-
dent of the United States, in order that our Commission may have the
benefit of whatever recommendations may be made by that body.

There have been no conclusions or recommendations made by this
body as yet, but it would appear that if the Nevada Stock Water Law
can be supplemented by a recognition by the Government of the State’s
method of control, range boundaries could actually be fixed by a
system of hearings, conducted as in the case of water applications,
thereby establishing a system of individual range unit control that
would be effective in building up the grazing value of the ranges and
protecting individual property investments from encroachment.

The argument in favor of such control is that if a range user is
allowed to protect his range unit he will build it up in the same manner
as he does his ranch property, and that overgrazing is the result of
trying to get the feed before someone else can get on the range, or of
feeding it down so it is not worth while for anyone else to enter that
area, so that if a method is provided for individual control of unit
ranges by recognition by the Government of the State’s method of con-
trol, it only remains for the Legislature to work out the method
whereby the right to the use of such unit ecan be determined, based on
use of range.

‘Where more than one user is entitled to use a certain area there is’
apparently no reason why a community range cannot be allowed, or
even grazing districts established.

The further argument for this method is found in the fact that
there is no expense to the Government for supervision, and no expense
to the user of the range unit, except sueh amounts as he may spend
in improving the range after he is convineed that he will get the bene-
fit of any improvements he may make for the betterment, or more
effective utilization of his unit.

There may be certain areas in the State where it might be advisable
to extend the limits of the forest reserve boundaries; and it may be
that it would be found advisable to exelude certain areas now within
the forest reserve where no timber is found of a commercial value,
but in general it is concluded that if by individual control the improve-
ment of the range can be bronght about, it would be unwise at this
time to enlarge or create any systemn whereby charges for the value of
the feed on the ranges would be made, as in the case of the forest
reserve at this time,.

It 1s freely predicted by range users that if a system such as out-
lined can be obtained, the number of live stock within the State can
be increased from twenty to fifty per eent, thereby creating substan-
tial, permanent returns to the State through the increased taxable
wealth.

In the event that such recognition cannot be obtained from Con-
gress hy recommendation of President Hoover’s “Public Domain
Comimittee,” then any State regulation must be exercised under and
by virtue of the police power of the State as in the case of our 1925
“Stock Water Law,” where we exercise our discretion in granting
further stock water rights on the public domain to where the feed
is not all being utilized from a subsisting right, to prevent conflicts
and to keep the peace; or as in the case of the Colorado law, which
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provides for the determination of preferred rights to graze live stock
upon any particular portion of the public domain, such determination
to be made in accordance with prior use of the range, as to whether
such use was for a cattle or sheep range. The jurisdiction to deter-
mine these rights is vested in the District Court with the power to
apportion, after final hearing, any range in accordance with the
equities and rights of the owners of different kinds of live stock using
such range. Whenever any cause is at issue, the court in the first
instance refers all questions of fact to three referees, who in turn
render a report of their findings to the court. Ten days are allowed
within which any person feeling himself aggrieved by such findings as
contained in said report may file an objection requesting a modifica-
tion or disapproval of the findings, as the case may be. Upon final
hearing on the referees’ report, or any other hearing before the court,
the court shall enter a decree, finding as definitely as may be the
boundaries of the disputed range area, those portions which shall be
designated as sheep or cattle range, and further apportioning the
number of head of live stock of each kind which may be grazed within
their respective areas.

As between the users of any range in process of adjudication and
adjudged to be overstocked range, those who have made prior con-
tinuous use of said range in accordance with customary use thereof,
and those who have privately owned lands accessible to said range
upon which their said live stock may be fed or grazed when not on
the public range, are given the preferential right up to the allotted
number which may be fixed by any decree.

A careful study of the Colorado law indicates that the objectives
in view by the enactment of such legislation were fundamentally the
same as that which prompted the enactment of the so-called Stock
Watering Act of Nevada, viz, regulation and control of range privi-
leges on the public domain in aceordance with customary usage. Both
Acts are based upon recognized rights of the State to preseribe police
regulations applicable to the public domain in the interest of the gen-
eral welfare of the community and the people. _

After reviewing the testimony submitted, the Range Commission
will probably recommend further legislation tending to regulate the
movement of live stock on the public range, in the publiec interest, to
prevent conflicts on the open range.

It is hoped that Congress will then accept the recommendations of
the National Public Domain Committee and that the “State’s method”
of range control will be recognized.

BUREAU OF INDUSTRY, AGRICULTURE AND IRRIGATION
The State Engineer, by virtue of his position, is a member of the
Commission of Bureau of Industry, Agriculture and Irrigation.

- This Commission has not been active, due to lack of appropriation
to support investigations and operations necessary to the proper
functioning of this body.

Range Control
The problem of proper utilization of the public range in our State
is difficult of solution due to the extremely low grazing value. Accord-
ing to Government reports covering the approximately 55,000,000
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acres of unappropriated and unreserved public domain, it requires
an average of 140 acres to graze a cow unit and 40 acres to graze a
sheep anit for one year. It is obvious then that any solution of our
range problems must be such that a very small expenditure for super-
vision will be required.
Range All Utilized

It is well-known to the stockmen and those familiar with range con-
ditions that all of the public range in Nevada has been utilized for 25
or 30 years, and during that period any new user who has placed addi-
tional live stock upon the range has only displaced stock that were
already there or caused the range to be overgrazed. No new wealth
has been created—rather it has tended to decrease the resources of the
State on account of the deterioration of thé range due to overgrazing.

Ranches Dependent Upon Range Land

The value of the ranches scattered widely throughout the public
lands of our State is for the most part directly dependent upon the
surrounding range. To preserve such value enough of the adjacent
range must be retained to graze the number of live stock during the
spring, summer and early fall that the ranch will provide feed for in
the winter.

The assessed valuation of such ranch property is based upon a com-
plete unit in nearly every case, and if the range is to be considered
separately or taken from the control of the ranches, then the assessed
value of the ranch must be reduced accordingly.

If each individual were to be given the range unit used by him no
new yvalues would be found or created, but the present assessed value
would merely be redistributed. The only new value created would
be whatever development of the range could be brought about by
virtue of more perfect control of the range unit, and it would require
considerable time to become noticeable.

Forest Reserve v. State Methods

The Forest Service has done and is doing a splendid work in con-
servation of the forests; however, when any branch of the government
created for a special service enlarges its field of activity and enters
into an entirely new work, its methods should be serutinized carefully
and the personnel of such branch of the government should study
local conditions carefully and consult men familiar with the partic-
ular territory before establishing principles and policies affecting an
important industry.

The Forest Service follows the policy of redistribution of range
and of charging the stockmen the full value of the feed. Redistribu-
tion in some instances means taking part of the range from one user
and giving it to another under certain conditions and at certain
periods. : '

The State’s method is to protect the range units, in so far as pos-
sible, as established by long use, allowing the natural economic situa-
tion to take care of any redistribution and appropriating sufficient
funds for the actual expense of supervision.

It would seem that when a complete livestock unit has been built
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up over a period of years, such unit consisting of a summer, winter,
spring and fall range, with a ranch of sufficient size to balance same,
one part of the unit as the summer range—which is largely controlled
by the Forest Service—should not be arbitrarily decreased, leaving
the owner of such unit with a reduced carrying capacity and with
the same investment in his plant.

In the matter of the charges for the use of such range, where the
land is of such small grazing value, it is concluded that any system of
charges must be subject to close serutiny or a real injustice may be
done.

Stock Water Law

The Stock Watering Act of Nevada became a law on April 1, 1925.
This Act is predicated upon the principle that the value of a right to
the use of water for stock watering at a particular source upon the
public domain is directly dependent, not upon the number of stock
that can water at said watering place, but upon the number of stock
that can graze and feed upon the available range readily accessible to
livestock watering at such place. In other words, there has been a
definite relationship established between the water and range value.
Thus, it would seem that the Nevada Stock Watering Act accom-
plished indirectly that which is intended by the Colorado regulation.
The constitutionality of the Nevada Act has been upheld by the Nevada
Supreme Court in the Calvo Case, decision No. 2747, February 21,
1927. The validity of this Act therefore seems to be unquestioned,
while the Colorado law remains to be tested in a higher court.

Contrary to the opinion held by many, the Nevada Stock Watering
Act did not change the manner or procedure in which a valid stock
watering right could be acquired. It has, however, fixed a method for
the more exclusive control of range by virtue of valid stock watering
rights and protects prior or vested users against subsequent appro-
priation. Neither has the Act, as asserted by some of its opponents,
granted any additional rights not previously enjoyed by stockmen,
such as a right to one day’s watering without penalty, as prior to the
enactment of this legislation there was no limit to the number of times
stock could be watered at a particular place.

Range Maps

In order that the State Engineer, who is charged with the admin-
istration of the Stock Watering Act, could intelligently formulate
departmental policies geverning the administration of this Act, it
has been necessary to make a comprehensive study of the whole stock
watering and range problem during the past four years. As an aid
in making this study and formulating policies, numerous stockmen
throughout the State have, upon request, submitted maps showing
boundaries of the range claimed by them. With these maps as a work-
ing basis a State Range Map has been compiled, showing the relative
locations of ranges claimed by various stockmen throughout the State
of Nevada. Up to the present time 224 range claimants have submitted
maps, which have proved an invaluable source of range and stock
watering information, and which will undoubtedly form the basis for
the ultimate determination of range rights and the settling of range
disputes.
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Vested Rights in Range

There has been considerable discussion as to whether or not a vested
right should be gained by long use of the range on the same principle
as laid down in our water law. Whether rights are vested or not, it
is generally conceded that any division of the range or the fixing of
range boundaries should be based on “use of range.” The State’s
method of control of range units built up over a long period of years
must be recognized as economically sound and protected as far as
possible under the police power of the State, provided Federal recog-
nition can be secured of the State’s method of control.

Further Range Legislation

It is proper at this time to proceed with further legislation under
the police power of the State to protect established range units from
further encroachment in order to prevent range conflicts, with the con-
sequent overgrazing and abuse of the range. J

The incoming Legislature should go as far as possible in working
out this problem, and if Congress follows the recommendations that
the President’s Public Domain Committee will make and will recog-
nize the method set up by them for range control, the next Legislature
can provide machinery to complete the working out of the established
units.
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CHAPTER XI
Supreme Court Decisions Relating to State Engineer’s Office

No. 2883

STATE oF NEvVADA ExX REL. GEORGE W. MALONE, 4S8 STATE ENGINEER

OF THE STATE OF NEVADA, AND GEORGE W. MALONE, Relators,
V.

District CoURT OF THE SIXTH JUDICIAL DISTRICT OF THE STATE OF
Nrvapa, IN AND FOR THE CouNTY oF HumBoLDT, FRANK T. DUNN,
Acming District JuDGE oF SAID CoURT, Respondent.

(Decision filed March 28, 1930)

By the Court, CoLEMAN, J.:

This is an original proceeding in mandamus to compel the respondent
to assume jurisdiction in a contempt proceeding in which he had
refused to proceed on the ground that he had no jurisdiction.

* % * The only question involved is the interpretation of one
section of our Water Law.

The State Engineer, pursuant to proceedings theretofore had, filed
with the Clerk of the Sixth Judicial District Court in and for Hum-
boldt County his Order of Determination of the Relative Rights of
the Water Appropriators of the Humboldt River Stream System and
Its Tributaries.

Thereafter the Honorable George A. Bartlett, District Judge,
entered upon a hearing of said matter preliminary to makinO' a decree
therein.

Thereafter one J. A. Millar and one Albert Quill were, pursuant to
statute (Stats. 1915 p. 382), appointed Water Commlssmners to dis-
tribute the water of said river in accordance with the order of defer-
mination of the State Engineer. After they had entered upon the
performance of their duties as such Water Commissioners, and in
pursuance thereof had constructed a dam for the diversion of water,
W. W. Whitacre and Emeterio Plaza, in defiance of their authority,
destroyed said dam, whereupon contempt proceedings were initiated
against them. The Honorable Frank T. Dunn was called in to hear
the same. Objection was made to his proceeding upon the ground
that he was without jurisdiction in that it was not charged that the
contemnors had violated any order of court. The respondent, being of
the opinion that the objeetion was well-founded, declined to proceed
further in the matter.

% * % * * % . % % # % %

‘While no order has been made by the court as to the adjudication
of the matter or as to the distribution of the waters of said stream
system, it is contended by the Attorney-General that the Water Com-
missioners were officers of the court and the action of the contemnors
constituted contempt. In support of this contention reliance is had
upon section 3614 of the Water Law, as amended (Stats. 1927, p. 337),
which reads:

From and after the filing of the order of determination in
the district court the distribution of water by the state engi-
neer or by any of his assistants or by the water commissioners
or their assistants shall, at all times, be under the supervision
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and control of the distriet ecourt, and said officers and each of
them shall, at all times, be deemed to be officers of the court
in distributing water under and pursuant to the order of
determination or under and pursuant to decree of the court.
* * % * * * % % * *

This leads us to inquire what could have been the purpose and intent
of the Legislature in thus amending the Water Law? To our mind
it is very clear. There is no room for a difference of opinion. It
means exactly what it says, that is, that from the time of the filing
the Order of Determination in the clerk’s office the water shall be dis-
tributed by those charged with that responsibility, in accordance with
the terms of the order, and that such officials shall be officers of the
court and that such distribution shall be under the supervision and
control of the court.

* ¥* * * * ¥* 3* ¥* #* * ¥

¥ * * Tt may be safely stated as a general rule than any inter-
ference with an officer of the court in the discharge of his official duties
constitutes contempt. ,

Pursuant to the statute in question the officers whose efforts in the
distribution of the water of the Humboldt River was interfered with
were officers of the court, under whose supervision and control it was
being distributed. This being so, if the reasoning in the above cases
is good law, as we think it is, there can be no doubt but that the sec-
tion of the statute quoted and the allegations in the complaint are
ample to confer jurisdicton upon the respondent to hear and deter-
mine the question of the guilt of the contemnors.

Pursuant to the statute quoted, from and after the filing of the Order
of Determination with the Clerk of the Court by the State Engineer,

- the water of the Humboldt River Stream System, during the irrigation

season, was In custodia legts. Such was clearly the intention of the
statute. '

Holding these views, it follows that the writ must issue as prayed.
It is so ordered.

No. 2853

In April, 1924, G. Gallio filed a complaint in the Sixth Judieial
Court against Margaret Ryan. This suit was instituted for the pur-
pose of establishing the rights of said Gallic in the waters of Star
Canyon Creek. Gallio’s rights to the use of said waters were evidenced
by a filing made in the State Engineer’s office in March, 1914. The
evidence introduced at the hearing in the District Court brought forth
clearly the fact that all the waters used by Gallio were waste waters
from lands being irrigated by Ryan. The District Court rendered a
decision in favor of Gallio, establishing his right to the use of waters
in Star Canyon Creek. Ryan, being dissatisfied with the Court decis-
ion, filed a motion for a new trial. The District Court denied the-
motion and Ryan appealed to the Supreme Court, requesting an order
for a new trial in the District Court.

On April 25, 1930, the Supreme Court handed down a lengthy and
complete decision which set aside the judgment and deeree of the
District Court and remanded the case for a new trial. :

The substance of the Supreme Court’s findings was that waste water
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is not subject to appropriation until such waste waters had returned
to the parent stream.
No. 2920 )
Paciric Live Stock COMPANY (A CORPORATION), Pefitioner,
V.
Gro. W. MALONE, STATE ENGINEER OF THE STATE OF NEVADA,
Eespondent.

A study of this decision discloses the fact that the waters of Quinn
River had been adjudicated by the Second Judicial Distriect Court on
April 9, 1919. An appeal was taken from this decree to the Supreme
Court of the State of Nevada. '

On April 2, 1930, the Supreme Court entered an order dismissing
the appeal, thereby affirming the judgment and decree of the Seeond
Judicial Distriet Court.

The State Engineer’s office was not involved in any of the proceed-
ings enumerated above.

July 1, 1930—The State Engineer received a petition from the
Pacific Live Stock Company requesting the State Engineer to assume
charge of the distribution of the waters of Quinn River. This request
was made pursuant to the provisions of section 54, chapter 140, Stat-
utes of 1913.

July 2, 1930—The State Engineer refused to comply with the
request outlined in the above petition on the grounds that the rights
of the various water users of Quinn River had not been adjudicated
in aceordance with the provisions of sections 18 to 50 of the Water
Law, wherein the State Engineer compiles an Order of Determination
deﬁnmg the relative rights ot the claimants and appropriators of any
stream system and files same with the court of jurisdiction.

August 12, 1930—The Pacific Live Stock Company filed a petition
for an alternative writ of mandate in the Supreme Court against the
State Engineer, requesting the Supreme Court to issue a writ of
mandate commanding the State Engineer to assume and take control
of the waters of Quinn River and its tributaries.

January 2, 1931—The Supreme Court handed down a decision
which quashed the alternative writ and dismissed the proceedings.

Nore—There are several streams in Nevada that have had their
water rights adjudicated directly through court procedure and these
streams face the same problem in securing the services of the State
Engineer in their distribution problems as confronts the water users
on Quinn River. It is suggested that the water users on these streams
either apply to the court of jurisdiction for the appointment of a
water commissioner or initiate proceedings which will bring about a
statutory adjudication.

No. 2895
StepTOoE LivEsTock COMPANY (A CORPORATION), Respondent,
‘Y
RoserT F. GULLEY, THOMAS J. WIGMJLLAN FirsT DOE AND SECOND
Dog, Appellants

A resumé of the litigation mvolved in this lawsuit shows that for

a period of over forty years last past the Steptoe Livestock Company
and its predecessors had been watering live stock from certain springs
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and creeks in Elko County, Nevada, without resorting to artificial
means of diversion and had grazed a sufficient number of live stock
upon the adjoining range to utilize all of the available range. During
the month of May, 1929, the appellants in this cause grazed some
2,000 head of sheep on this range and watered this stock from the
streams traversing the range without the consent of the respondent.
The Steptoe Livestock Company sought relief from this invasion of
their range by filing suit in the District Court requesting the District
Court to issue an injunction restraining the appellants from watering
their live stock from certain creeks and springs.

The Honorable E. P. Carville of the Fourth Judicial Distriet Court
presided at the hearing held in the District Court, and upon conclusion
of the trial issued an order enjoining the appellants from watering
their live stock fromn creeks and springs claimed by the respondent.

The principal argument advanced by the appellants was that an
artificial diversion of water was required for the watering of live stock
before a lawful right could be established to the exclusive use of the
waters of any spring or stream.

At the conclusion of the District Court hearing, the appellants
appealed to the Supreme Court of the State of Nevada, requesting the
Supreme Court to set aside the injunection issued by the Distriet Court.
The following excerpts are taken from an opinion handed down by
the Supreme Court on February 4, 1931:

Incident to making the order granting an injunction
pendente lite the court made specific findings of fact. It
found, inter alia, that for more than forty years last past the
plaintiff and its predecessors in interest have had and now
have a subsisting right to water in excess of 500 head of live
stock at and upon the watercourses in question, and have
watered their live stock in sufficient numbers to utilize sub-
stantially all that portion of the public range available to
livestock watering at such places; that said watering places
on said watercourses are natural watering places formed by
natural depressions and by the making of cattle trails into
such particular watering places on said watercourses; that
said watering places on said watercourses could not have
been and could not be improved by the construction of dams,
ditches, pipe lines, troughs or other artificial means; that
the use of said waters and range by such live stock of the
plaintiff and its predecessors during said period was exclu-
sive, except as to other live stock that would drift or stray in,
and that said right on the part of the plaintiff to water their
said live stock in sufficient numbers to utilize substantially
all that portion of the public range readily available to live-
stock watering at said places was recognized by other owners
of live stock whose stock drifted or strayed to such places.

The evidence taken upon the hearing of the motion to dis-
solve the temporary injunction failed to show that any dam,
ditech, reservoir, or other artificial means was used by the
plaintiff, or its predecessors in interest, by way of appro-
priation of the waters in question for the watering of stock.
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Counsel for appellant state in their opening brief :

" “This appeal is upon the sole question of whether or not
mechanical means are necessary to appropriate water for
stock watering purposes. The plaintiff and respondent main-
tain that no mechanical means are necessary to appropriate
water for live stock; that the turning of cattle upon the pub-
lic domain adjacent to a stream system constitutes the nechani-
cal means of appropriation. The defendants and appellants
maintain that in order to approptiate water it is necessary
that some mechanical means be installed; that the mere turn-
ing of live stock upon the public domain does not constitute
such act or acts as will constitute an appropriation.”

* * % And when, in addition, it is known that the livestoek
industry is our second, if not first, most stable industry, it
can be fully appreciated why the little water which we have
is almost as priceless as rubies. In this sitnation it was but
natural that the people from the very earliest territorial
period should put the available water to some beneficial use.
This they did for many years without statutory or constitu-
tional direction as to the manner of so doing, and though
statutes were finally adopted specifying the manner whereby
water might be appropriated, it was subsequent to the date
of the alleged appropriation relied upon by the plaintiff, and
hence cannot influence the determination of this case.

While the right to thus appropriate the public
waters of Nevada was recognized from the very earliest days,
no specific method of appropriation was ever declared to be
neeessary, other than by putting it to an economical beneficial
use, except as was the customary practice, and since it was
the custom in those days to build dams and ditches to divert
the waters of streams for agricultural, milling, mining and
fluming, it is insisted that in pre-statutory days it was neces-
sary to use some mechanical method of diverting water by
way of appropriation for the watering of live stock. We are
unable to follow this line of reasoning, for at least two rea-
sons. First, all the cases cited to support the contention,
except as hereinafter noted, are cases pertaining to the appro-
priation of water for irrigation purposes, and while all of
those cases are founded upon a recognized custom, proponents
of the rule are willing to overthrow a custom just as long-
standing and well-established as to watering live stock. All
of the authorities hold that no one ean appropriate for irriga-
tion purposes more water than he can put to a beneficial use,
and this element would naturally lead to a repudiation of the
contention asserted by respondents in Walsh v. Wallace,
supra, under the facts of the case. The method of diverting
water from streams by the use of dams, ditches and the like
for irrigation purposes was but the natural thing to do, since
water, to be put upon a traet of land, had to be taken out of
the stream, and this could not be done except by some arti-
ficial structure. * * *

117
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The State Engineer’s office has maintained that the only feasible
method of exercising supervision of our public range is to so limit
the right of various claimants to use of water for stock watering pur-
poses as is consistent with the ability of the public range to support
the live stock of those claimants who have a prior right to the use of
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While it was absolutely necessary to divert water from a
stream to appropriate it to agricultural uses in an economical
manner, and the custom of so doing was recognized as an
appropriation, it would not seem necessarily to follow that it
would be necessary to do so to constitute an appropriation of
the water where it could be put to a beneficial use without
such diversion, where there was a practice of appropriating
the waters of the streams to a beneficial use without such
diversion, where it could b& done just as well or better, at less
cost and economically, so far as the use of the water is a
factor, and where the practice of so doing has developed into
a well-established custom, we see no reason for holding that
such appropriation is not valid.

% * * % * * * * % %

* % ¥ Tn this case the court below found that a well-
established, well-recognized custom, of over forty years dura-
tion, of appropriating waters in the manner shown for the
watering of live stock, existed in the State of Nevada. We
think that our conclusion is not only justified by such well-
established custom, but that it is fortified by the Act of
Congress referring to streams upon the public domain, which
provides that rights based upon priority of possession, which
have vested and acerued and are recognized and acknowledged
by local ecustom, shall be maintained and protected.
¥ * * * % * * * * #*®

Counsel * * * wurges that since all authorities hold
that a diversion of water must be made with the intent to
apply the same to a beneficial use, if the drinking by cattle
constitutes a diversion then the necessary intent must be that
of the cattle, since the owner could not make the cattle drink.
It is certainly true that the owner cannot make cattle drink; -
if he built the most expensive pipe line conceivable and the
most beautiful trough that human ingenuity and skill could
produce for the cattle to drink out of, there would be no way
of compelling the cattle to drink out of the trough instead
of out of a puddle made by the overflow from the trough. No
doubt it was this consideration which lead the hardy and
practical livestock men of half a century ago to adopt the well-
and widely - established custom which the court found to
prevail.

It is eclear to our minds that the conclusion of the trial
court as to the appropriation alleged was right, and in view
of the law as enunciated in Re Calvo, 50 Nev. 125, 253 Pac.
671, the judgment and decree should be affirmed.

It is so ordered.

any particular range area.
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The decision as rendered clarifies to a considerable extent what has

" heretofore been a vexatious question as to what constitutes a vested .

right for the watering of live stock upon the public domain, and vir-
tually means that whenever a livestock owner has been grazing his
stock upon the public domain since a time prior to 1905, he would
have a vested right to the use of the waters of any spring or watering
holes which were used by stock in connection with such grazing use.
It would seem that the decision is in line with the policy which has
been pursued by this office during the past four years, since it gives
to the person who has been making continuous beneficial use of any
range a priority right to such use as against a subsequent user, or in
other words the State Engineer must reject any application for per-
mission to appropriate water for stockwatering purposes where the
rights sought would deprive a prior user of the range in the vicinity
of the watering hole applied for, even though such prior user had never
installed any artificial means of diversion. We do not believe, how-
ever, that the decision will take away any rights which have already
been granted in the form of permits, as such permits have always been
granted subject to any prior or existing rights, and once a permit has

-been granted all that is necessary for the applicant to consummate his

water right is to complete the appropriation in accordance with the
terms of the permit. It would seem that those who now enjoy the
privilege of a permitied right would have a certain amount of advan-
tage over any one who claims a vested right, as the permitted right is
determinate and fixed, while with respect to a vested claim, until such
rights were adjudicated, the burden would always be on the claimant
in any proceeding affecting his rights to substantiate his vested claim
with evidence as to prior usage of range and water.
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CHAPTER XII
Opinions of Attorney-General

Following are several of the more important opinions of the Attorney-
General rendered to the State Engineer during the past biennium in
response to definite requests. These opinions have been condensed
into brief statements, with the exception of those relating to Boulder
Dam :

Carson River Adjudication—Opinion of April 27, 1929. The State
Engineer is prohibited from proceeding in the administration and
distribution of the waters of the Carson River for such time as the writ
of prohibition issued by the Supreme Court in the matter of the Mexi-
can Dam and Ditch Company et al. v. Distriect Court of the First
Judicial Distriet is effective, and until the final determination of such
matter in the Supreme Court.

State Engineer’s Authority To Deliver Water To Users in Com-
munity Ditehes—Opinion of July 20, 1929. The State Engineer is
authorized and has authority to regulate and distribute the water
among the various users under any ditch or reservoir where such user’s
right has been adjudicated or listed with the Clerk of any District
Court; provided, however, that the water user has not transferred
his ownership of such water to a ditch company or corporation in lieu
of shares of capital stock. If such water rights were evidenced by
shares of stock in a corporation the duty of delivering water to the
water users would come under the jurisdiction of the parent corpora-
tion.

Boulder Dam—Opinion of February 10, 1930. (Questions) 1. Is
there a limit, under our Constitution, to the amount the State Legis-
lature can obligate the State for annual payments, where no bond issue
is required ?

2. If so, what is'such limit?

3. Is there any reason why the State Legislature cannot act as a
“medium” in case any certain amount of Boulder Dam power 1s
allocated to the State, securing the necessary funds or bonds from
other sources, with which to make proper contracts with the Govern-
ment, and fully protect the interests of the State through a direct
contract ?

4. Could the State Legislature, under our Constitution, set up an
organization or authority such as the New York “Port of Authority”
to handle any particular business of the State, such as the “Boulder
Dam power allocation,” with proper authority to secure proper means
of finaneing from other sources to properly safeguard the Govern-
ment against loss from any power allocated the State and in turn fully
protect the State’s interest in a separate contract?

5. What is the procedure and the minimum time required to change
the Constitution of the State of Nevada? ,

Opinion—Points 1 and 2. These two questions may be considered
together, and they are answered by the provisions of section 3, article
IX, of the Constitution of the State of Nevada, which provides:
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For the purpose of enabling the State to transact its busi-
ness upon a cash basis from its organization, the State may
contract public debts; but such debts shall never in the
aggregate, exclusive of interest, exceed the sum of three hun-
dred thousand dollars; except for the purpose of defraying
extraordinary expenses as hereinafter mentioned, every such
debt shall be authorized by law for some purpose or purposes,
to be distinctly specified therein, and every such law shall pro-
vide for levying an anual tax sufficient to pay the interest
semiannually, and the principal within twenty years from the
passage of such law, and shall specially appropriate the pro-
ceeds of said taxes to the payment of said principal and inter-
est; and such appropriation shall not be repealed, nor the
taxes be postponed or diminished until the prineipal and
interest of said debts shall have been wholly paid. Every
contract of indebtedness entered into or assumed by or on
behalf of the State, when all its debts and liabilities ammount
to said sum before mentioned, shall be void and of no effect.
Except in cases of money borrowed to repel invasion, sup-
press insurrection, defend the State in time of war, or if hos-
tilities be threatened, provide for the public defense.

To enable the State to function on a cash basis, authority is given
to incur indebtedness not exceeding three hundred thousand ($300,000)
dollars, exclusive of interest.

Answerlng your questions propounded under pomts 1 and 2, you
are advised that the limit for which the State may become oblwated
is the sum of three hundred thousand ($300,000) dollars, and this
amount controls irrespective of the form which may constitute the
evidence of such indebtedness.

Points 3 and 4. These questions are answered by that portion of
section 3, article IX, reading as follows:

Every contract of indebtedness entered into or assumed
by or on behalf of the State, when all its debts ‘and liabilities
amount to said sum before mentioned, shall be void and of no
effect.

An arm or agency of the State would possess no greater right than
the State itself. Any contract, therefore, entered into by such an
agency as you describe would be a State contract.

I am of the opinion that the Legislature might legally set up
an organization to handle Boulder Dam power allocation, but such
agency conld not enter into contracts which the State would be pro-
hibited or incapacitated from entering into by virtue of the provisions
of the Constitution.

Point 5. In reply to interrogatory No. 5, the Constitution may be
amended under the provisions of article X VI, section 1. In the absence
of a special session of the Legislature, a six-year period would have to
elapse before an amendment could properly be made under this pro-
vision.

Under the amendment of article XIX of the Constitution adding
section 3 relating to the initiative and referendum, the people are

given the power to amend the Constitution by initiative petition. The
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Legislature, however, has failed to provide a method for carrying into
effect this amendment to the Constitution and, until such procedure
is adopted by the Legislature, in our opinion this method may not be
used.

Boulder Dam—Opinion of February 14, 1930. (Questions) 1. If
a special session of the Liegislature was held and a definite procedure
laid down by them to proceed under article XIX, section 3, then by
following such procedure could the proposed amendment to the Con-
stitution of the State of Nevada be decided by the vote of the people at
the general election in November, 1930 ¢

2. If, in the regular session of the Legislature in 1931, such pro-
cedure should be laid down, then could the matter be determined by a
special election following such regular session ?

3. If the Boulder Dam power should be divided among the States
by compact, or allocated to them by the Secretary of the Interior,
with the understanding that such allocation could be assigned or
transferred to municipalities or other agencies, allowing such muniei-
pality or agency to become primarily responsible to the Government
for such allocation, could our State legally aceept such allocation and
make such assignment or transfer?

4, If assignment or transfer of such power is made, may the State
legally specify the conditions under which such assignment or transfer
be made, to fully protect the interests of the State, or may the State
and such municipality or agency mutually agree on the conditions to
be written into the contract between the Secretary of the Interior
and such municipality or agency for the full and complete protection
of the interests of the State?

Opinion—Before answering the foregomcr inquiries, I desire to make
a eorrection in the statement contamed in Opinion No. 360 (opinion of
February 10, 1930.) In this opinion it was stated that the limit of the
State’s indebtedness was the sum of three hundred thousand dollars.
This statement is incorrect. Under the Constitution, as amended, the
State’s indebtedness shall not exceed the sum of one (1%) per cent of
the assessed valuation of the State.

1. An answer to this question requires a conjecture as to the possible
procedure to be adopted by the Legislature. It is usually customary in
cases where an amendment to the Constitution is authorized by direct
vote of the people, for the Constitution itself or the Legislature to pro-
vide a method of procedure to accomplish this purpose. The method
usually adopted is for the Legislature to designate the number or per-.
centage of electors whose names must be affixed to the petition request-
ing an amendment to the Constitution, to designate the time when such
petition must be filed and the office where the same must be deposited,
and then a further provision that the amendment be submitted to the
people for their approval or disapproval at either a general or special
election and a limitation of time before such election when the petition
must be filed.

2. If the procedure adopted by the Legislature authorized the sub-
mission of the question at a special election, the amendment could
then be determined at a special election.

3. If the rights of the State are fixed by compact or allocated by
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the Secretary of the Interior and the State’s primary obligation does
not exceed the amount specified in the Constitution, the State could
legally accept. such allocation. An Aect of the Legislature, however,
will be required to divest the State’s interest by assignment or transfer.
4. An answer to this question would require an intimate knowledge
of this State’s position as heretofore asserted before the Secretary of
the Interior and in the several conferences had between this State
and other States in the attempted reconciliation of their differences.
In view of the fact that this office did not participate in any of these
negotiations before the Secretary of the Interior nor was this office
consulted regarding any of the legal phases arising thereunder, we
have not sufficient information as to the stipulations or terms that may
be lawfully inserted in the compact between the States or in the allo-
cation of the Boulder Dam power by the Secretary of the Interior to
this State and, therefore, cannot intelligently answer this guestion.

What procedure should the State Engineer follow when administer-
ing a stream where the date of priority in the Order of Determination
does not agree with additional findings—Opinion of May 18, 1930.
‘When priorities being served on a stream are cut below the date of a
water user and there 1s a reference in the Order of Determination
which states that the water user is entitled to the entire flow of said
stream reaching his point of diversion, it therefore follows that the
water user is entitled to water regardless of priority.
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CHAPTER XIII
State Water Right Surveyors

"~ In 1921 the State Legislature enacted the following amendment to
the Water Law (Chapter 106, Statutes of 1921) :

Szc. 91. All maps and surveys and measurement of water
required under the provisions of this Act shall be made by
State water right surveyor, as hereinafter provided.

Any engineer or surveyor who has a practical knowledge
of surveying or engineering and who is familiar with land
surveying and mapping and the measurement of water, and
who 1s of good moral standing, shall be entitled to be
appointed a State water right surveyor, upon application to
the State Engineer, such applications to be in the form pre-
sceribed by the State Engineer.

Every applicant for appointment as State water right sur-
veyor shall pay a fee of five dollars ($5) at the time of making
his application to the State Engineer. If the application be
not granted the amount of such fee shall be returned to the
applicant.

Whenever the State Engineer shall approve the qualifica-
tions of an applicant, he shall issue a certificate to such appli-
cant designating him as a State water right surveyor, and
such applicant shall, within ten (10) days thereafter, file
with the State Engineer a good and sufficient bond, pay-
able to the State of Nevada, in the sum of five hundred dol-
lars ($500), conditioned for the faithful performancé of his
duties as such officer. Said appointment may be revoked by
the State Engineer at any time for good cause shown.

The State Engineer may require any applicant for appoint-
ment to the position of State water right surveyor to pass
such reasonable examination as to his qualifications as may
be provided by the State Engineer. The State Engineer may
also provide such additional rules and regulations govern-
ing the qualifications and official acts of State water right
surveyors as may be reasonable, and not inconsistent with
this Aect. '

No survey, map, or measurement of flow of water, shall be
approved by the State Engineer uuless such survey is made
by a State water right surveyor, as herein provided.

The State of Nevada shall not be liable for the compensa-
tion of any State water right surveyor, but said surveyor
shall be paid by the party employing him.

Since this statute has been effective, 117 State water right surveyors
have been licensed to practice before the officel Of this number 80
are at the present time still in good standing, the remainder having
been dropped from the roster on account of death, removal from the
State or for other causes.

It is desired to express sincere appreciation for the spirit of coopera-
tion shown by the practicing water right surveyors, as evineed by their
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evident desire to become familiar with and closely follow the rules and

regulations of this office regarding the conduct of their duties.
Following is a complete list of State water right surveyors licensed

and in good standing to practice before the office of the State Engineer :

STATE WATER RIGHT SURVEYORS OF NEVADA
Nevada

Alamo—Wm. F. Thorue.
Battle Mountain—O. P. Adams.

" Milton A. Pray.
Beatty—Charles G. Walker, Box 316,
Carson City—E. H. Sweetland.

.M. Payie.

R. A. Allen.

Albert Quill.

C. A. Bovett, care ot State Highway Department.

W. T. Holcomb.
Currant—L. A. Harris.

Elko—Charles I'. DeAvmond.

W. H. Settelnieyer.

R. A. Kiune.

Ely—R. P. Arnold.
F. W. Millard.
Neil A, McGill.
C. R. Towusend.
East Ely—George I. Saxton.
Eureka—L. A. Harris.
Fallon—L. W. Greliore,
E. P. Osgood.
Hugh Wilson.
Fernley—W. A. Pray.
Gardnerville—S, Kruinmes.

O. L. Hussman,
Gerlack—Mont. E. Hutchison.
Goldfield—Corrin Barnes.

Ed. S. Giles. -
Hiko (Lincoln County)-—H. I', McQuiston.
Indian Springs—1I. M. Rapp.
Las Vegas—C. D. Baker,
J. I'. Hesse.
J. T. McWilliams,
Earl W. Banister,
A. R. Thompson, Box 872,
Lovelock—John A, Runner.
J. H. Causten.
Mina—S. J. Shafer.
L. W. Whiting.
L. B. Spencer.
Palisade—W. S. Raine.
Paradise Valley—F'. B. Stewaurt.
Pioche—Frank Walker.
Reno—Thos. R, King, Cladianos Building.

C. V. Taylor, 208 Title Insurance Building.

John V. Mueller, Box 2012,

L. H. Taylor, 208 Title Insurance Building.

D. H. Updike, 132 Vine Street.

Carl Stoddard, 749 Ralston Street.

Parker Liddell, Box 414.

R. A. Fraser, 208 Nevada State Life Building.
Sparks—C. C. Taylor, City Engineer.
Tonopah—H. F. Bruce.

D. S. Jobnson.
W. A, Ray.
John C. Rodder.
C. A, Liddell.
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Tuscarora—Chester L. Woodward.
John W. King.
Winnemucca—W. W, Fisk.
J. A. Millar.
F. R. O'Leary.
H. H. Sheldon.
California
Alturas—A. M. Green.
Berkeley—R. E. Tilden, 2829 Benvenue Street.
Fort Bidwell——George 1. Cline.
Saeramento—@G. F. Engle, 2680 Ninth Avenue.
San Franeisco—J. H. McClymonds, 65 Market Street.
D. R. Warren, 1303 Waller Street.
J. W. Williams, Mills Building.
Los Angeles—L. C. Stubbins, 858 S. Normandie Avenue.
Ventura—Robert B. Swadener.
Utah
Garrison—G. 8. Quate.
Ogden—H. B. Way, Utah Construction Company.
Louis H. Baukol, Southern Pacific Company.
Salt Lake City—Norman Blye, 530 Scott Building.
L. G. Burton, 252 E. 13th Street.
C. J. Ullrich, 422-23 Ness Building.-

Idaho
Twin Falls—Harold Wm. Merritt.

Oregon
Bend—L. D, Wiest, 1309 E. Third Street.
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CHAPTER XIV
Upstream Storage Investigations

The unusually low run-off of several of the larger streams in the State
during the past biennium has been responsible for renewed activity
on the part of the irrigation interests toward the development of
storage facilities. Studies that have been made of feasible storage
sites bring forth the fact that it will be necessary to enlist the aid of
Federal agencies in any future construction work, as the cost of these
various projects will be so great that it will be imperative that the.
water user be granted a long period of time in which to repay these
costs, as well as a low rate of interest on advanced moneys.

The State Engineer has worked with the Congressional representa-
tives of the State and others during the past biennium to interest the
United States Reclamation Service in our need for storage facilities
on several of our streams, and as a result of these efforts the Commis-
sioner of Reclamation, Dr. Elwood Mead, has indicated his intention
of making a personal investigation of our irrigation projects. It is
hoped that this visit of Dr. Mead will result in the initiation of a
definite program of storage construction.

A brief resumé of the major storage projects now under way or
contemplated in the future is herewith given:

TRUCEKEE RIVER

On January 12, 1927, Congress approved an appropriation of
$50,000 for the purpose of making surveys and examinations of water
storage reservoir sites on the headwaters of the Truckee River, investi-
gation of dam sites at such storage reservoirs, examination and survey
of lands susceptible of irrigation from waters so impounded, ete.

On May 29, 1928, a second deficiency Act was approved by Congress
continuing the appropriation for the unexpended balance of the
$50,000 appropriation, authorizing examinations and surveys to be
conducted of water storage reservoir sites on the Carson River, these
examinations and surveys to be conducted in conjunction with the
surveys of reservoir sites on the Truckee River.

These examinations and investigations were undertaken by the
United States Reclamation Service and resulted in the compilation of
a complete report on storage possibilities on the Truckee River. The

report of the investigations of reservoir sites on the Carson River is

not available at this time.
Excerpts from the Truckee River Report, written by E. B. Debler,
are as follows:

The locality usually referred to as the headwaters of
Truckee River is that portion of the drainage area lying
above the Reno valley and largely located in the State of
California. Some consideration has also been given the
Spanish Springs and King Basin reservoir sites, located in
what might be called the intermediate headwater region.
Preliminary studies of the Washoe Lake site indicate that it
has relatively little bearing on the utilization of the Truckee
River by Truckee River irrigation canals and consideration
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of the site is being left to be covered by the report on the
Carson River investigations to be completed at a later date.

RESERVOIR S1TES

On account of unsatisfactory foundation conditions storage
reservoirs are impractical at the following sites: Squaw
Valley, Prosser, Twin Valley, Henness Pass, Holcomb, Martis
Valley, Boca, and King Basin. 0

At the Squaw Valley, Twin Valley and Holeomb reservoir
sites the dam sites are in each case. apparently on glacial
moraines largely made up of sand, gravel and cobbles through
which leakage losses would be large, while the cost of a safe

- dam would in each case be high per acre foot of storage capac-

ity. At the Henness Pass reservoir site there is grave danger
of excessive leakage through the lava ridge bordering the res-
ervoir site on the south and west. At the Martis Valley site
heavy leakage is anticipated through the west abutment which
is largely of loose sand and gravel with the cost for any plan
to cut off such leakage unduly high. At the Prosser, Boca
and King Basin reservoir sites lava formations at and above
stream levels would be conducive to undue percolation losses
although the dams themselves could be built to a safe design.

Upper Martis Creek and Webber Lake reservoir sites are
limited in water supply and the cost of dams would be exces-
sive per acre foot of storage capacity. While the impounding
dam at the Dog Valley site would not be excessive in cost nor
is there apparently any material danger of leakage, the water
supply available from the local watershed is too small to war-
rant storage construction for agricultural purposes. * A feed
canal from Little Truckee River to augment such water supply
would be excessive in cost. Little Truckee Canyon reservoir
site has an excellent dam site but its capacity is limited to a
maximum of 42,000 acre feet. The cost for this capacity
would be somewhat less than for an equal capacity at the
Stampede site which is, however, adapted to a maximum
capacity of 150,000 acre feet. The water supply for the two
reservoir sites is practically identical.

Donner Lake. Constructed recreational facilities and high-
ways will not permit raising the level of the lake much, if
any, above the high level of past operations. Avoidance of
unsightly shores in turn preclude extensive lowering of the
lake during the late summer months, when recreational uses
and demand for irrigation are at a maximum. The plan of
operation contemplated is to lower the lake but little during
the irrigation season and to withdraw all storage in the non-
irrigation season at which time Donner Lake waters would
be furnished the Truckee River power plants in lieu of waters
now supplied from Lake Tahoe, establishing a credit in Lake
Tahoe for owners of Donner Lake storage. Waters so acecu-
mulated at Liake Tahoe would be released upon demand. Low
levels in Donner Lake would occur at times when unnoticed

o
B .. —— ---4‘



REPORT OF STATE ENGINEER

by the general public. A range of 15 feet in lake levels is
contemplated with a storage capacity of 11,600 acre feet. A
feed canal roughly 6,000 feet long would bring in waters from
Cold Creek and the combined supply would then in most
years be materially greater than the proposed storage
capacity.

The owners of lake shore property have asked $300,000
for the privilege of lake regulation which amount, together
with the cost of the necessary changes in the present outlet
works, the deepening of the ontlet channel and the feed canal,
would bring the total cost to $396,000.

Independence Lake Reservoir Site. The plan of utilization
is in every way similar to that described for Donner Lake,
the storage capacity with a proposed lake range of 25 feet
being 16,300 acre feet and the total cost, including $100,000
for the privilege of lake regulation, $210,000.

Stampede Reservoir Site. The site occupies a sparsely
timbered mountain meadow on Little Truckee River where
this stream is crossed by the Truckee-Lioyalton road. At the
dam site, located immediately below the mouth of Stampede
Creek, the valley width at stream level is 350 feet, the abut-
ments sloping upward sharply. Extensive drilling and test
pits show the abutments to be but thinly mantled with loose
materials which reach a maximum depth of 30 feet on the
valley floor, the underlying rock being a conglomerate tuff
suitable for foundation of an earth dam and unlikely to be
snbject to material leakage losses. For a capacity . of 150,-
000 acre feet, the maximum for which the site is adapted, the
dam would be 195 feet high with a top length of 1,300 feet
and the reservoir cost for this capacity is estimated at $2,959,-
000. The cost for a reservoir of 42 000 acre feet capacity has
been roughly estimated at $1,245,000, with costs for inter-
mediate capacities in direct proportion. The cost of a feed
canal from Prosser Creek diverting about one mile above
Hobart Mills and with a total length of 12 miles and capacity
of 300 second feet is estimated at $400,000,

Little Truckee Canyon Site. This site is located on Little
Truckee River just below Stampede site. At the dam site
located about four miles from Boca, California, the valley
width at river level is 80 feet with the sides sloping steeply.
Diamond drilling and test pits show a tuff formation some-

- what weathered at the surface and covered to a maximum

depth of 15 feet. For a capacity of 42,000 acre feet, the max-
imum for which the site is adapted, the dam would be 155
feet high and 700 feet long at the top. The reservoir cost
for an earth fill dam for this ecapacity would be $1,002,000.

WATER SUPPLY
The principal controlling factors in determining Truckee
waters available for additional storage development are the
requirements of the Newlands project for diversion by the

131
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Truckee canal with a capacity of 1,000 second feet, at Derby
Dam, and the requirements for the power plants on Truckee
River between Iceland, California, and Reno, Nevada.

The Newlands project irrigation works were by contract
with the Truckee-Carson Irrigation District transferred to
that distriet for operation at the end of 1926. This contraet
dedicates to the district out of the water rights of the United
States a prior supply adequate for the irrigation of 80,000
acres of Carson lands served from Lahontan reservoir and
7,500 acres of Truckee lands.

A study of the demands on Truckee River for the distriet
lands based on inflow to Lahontan reservoir of Carson River
waters as in the past indicates that the Truckee canal would
not have to be operated to full capacity at all times in order
to furnish waters which can beneficially be used for irriga-
tion. It was further found, however, that surplus Truckee
River waters are largely winter waters which eannot be with-
held in the headwaters of the Truckee River but must pass
down the stream for use by the power plants.

Benzwrirs To Sierra-Paciric Power COMPANY

The benefits that might accrue with additional storage are
intimately dependent on the administration of the tentative
Truckee River decree. Should all artificial Lake Tahoe stor-
age be accorded the Newlands project and storage be devel-
oped for that project only, then the water capacity of existing
plants would be filled except for very short periods of infre-
quent intervals. Such a contingency appears unlikely.
Starting with the probable result of Truckee River adminis-
tration, additional storage, wherever used, will increase power
output in an amount conservatively estimated at 1,000,000
KWH annually after allowing for load fluctuation in the
power company’s operations. Tentatively a value of .4 mill
might be placed on this power or $4,000 per year.

CONCLUSIONS

(a) Storage possibilities in Truckee River headwaters per- :

mit a wide range of irrigation development.

(b) Storage costs, per acre benefited, increase rapidly as
the area benefited is expanded.

{¢) While no estimates have been prepared on the cost for
added distribution works in Reno valley, it is apparent that
the combined costs for storage and distribution works will not
at this time warrant the development of lands now entirely
without water and located largely in Spanish Springs Valley.

(d) The area of Truckee lands that may be served with
water can be expanded to 18,000 acres at moderate cost for
distribution works but the undue increase in storage costs
with increasing areas does not warrant a large increase in the
irrigated Truckee lands area.

ReEcoMMENDED PLANS
M—Use of Lake Tahoe Waters by Reno Vallev—Not desig-
nated and would be taken into consideration only when costs

gl e ], g S B o
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are apportioned. Area of Truckee lands to receive water
supply—In Truckee-Carson Irrigation Distriet, 7,500 acres;
new lands under Truckee canal, 2,500 acres; total, 10,000
acres. Area in Reno valley to receive added water supply—
Present canals, 26,800 acres; lands with partial supply, 5,100
acres; total, 31,900 acres. Additional storage facilities to be
provided—Little Truckee Canyon reservoir, capacity 42,000
acre feet, with exchange privilege in Lake Tahoe. Cost of
storage feature—$1,002,000 with earthfill dam.

N—Use of Lake Tahoe Waters by Reno Valley—Not desig-
nated and would be taken into consideration only when costs
are apportioned. Area of Truckee lands to receive water
supply—10,000 acres. Area in Reno valley to receive added
water supply—DPresent ecanals, 26,800 acres. Additional stor-
age facilities to be provided—Donner and Independence Lakes
with exchange privilege in Lake Tahoe. Cost of storage
feature—$606,000.

RECOMMENDATION

It is suggested that consideration be given by interested
parties to Plans M and N of the preceding paragraphs and
here designated Plans I and II. In allocating benefits, no
part of the storage cost-has been allocated to the power com-
pany, it being suggested that the company in return for such
benefits ereate pondage in the immediate vicinity of its plants
to eliminate operating wastes. With both plans an area of
2,000 acres is indicated as the equivalent of municipal use
in Reno and Sparks, With the plans for storage on ILittle
Truckee River, 5% of the storage cost has been tentatively
allocated to Reno and Sparks on account of flood control bene-

fits. No part of the cost is allocated to the 7,500 acres of

Truckee lands now within the Truckee-Carson Irrigation Dis-
trict, the benefit to this area being considered an off-set to
the use of Liake Tahoe storage capacity for holdover purposes.
The allocations shown are tentative only and the plan and
allocation should be considered a suggestion only for a con-

crete feasible development:
~—PLaNI— —PrLANII—
Donner and  Little Truckee
. Independence Canyon or
Storage Reservoirs Lakes Stampede

Reservoir capaeity, acre feet 27,900 42,000
Storage cost, total ... $606,000 $1,002,000
Storage charged to irrigation R et s oo $952,000

‘Arca benefited (in acres)—
Reno valiey—

Present canals 26,800 26,800

Partial supply lands....oooooiiiieiiiiee e 5,100
Municipal use ... 2,000 2,000
Truckee lands (outside district).................... 2,500 2,500
Total 31,300 36,400
Cost per acre henefited $19 $26°

‘While Plan IT costs per acre are somewhat higher than
Plan I, the apparent advantage may readily be lost through
increased costs for the privilege of controlling the lakes and
through unforeseen interference in their operation by inter-
ests concerned only with recreational matters.
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During the past biennium many conferences have been held between
the various water users diverting water from the Truckee River and
its tributaries looking toward an amiecable settlement of the contro-
versial problems that must be concluded before the construction of
upstream storage is possible.

On December 5, 1930, a bill was introduced in Con(rress requesting
an appropriation by the Government of $750,000 for the purpose of
constructing upstream storage.

WALKER RIVER

Investigations of additional storage or reservoir sites on- the
Walker River have been under way for several years. The Topaz Lake
Reservoir has a capacity of 50,000 acre feet, which mayv be increased
to 87,000 acre feet by the construction of a 3,500 foot embankment on
the south rim of the lake and increasing the size of the feeder canal
from the West Walker River.

There is being cornducted, at the present time, an investigation of a

Oreana Reservolir Site On Humboldt River Near Lovelock, Nevada.
(Courtesy of Lovelock Review-Miner)

reservoir site in Hoye Canyon, and when completed will give a basis
for comparison as to which onc of the two reservoir sites is the most
economical.
HUMBOLDT RIVER

There are several reservoir sites on the Humboeldt River that are
possible of development with a reasonable cost per acre foot for stor-
age. There is no questiou but that construetion of storage reservoirs
will be undertaken on this stream as soon as Federal aid is available or
- funds can be secured through the sale of bonds.

CARSON RIVER

Investigations of upstream storage on the Carson River have been
intermittently carried on for a period of several years. There are
several controversial problems among the various water users that
‘must be settled, either by arbitration or by Federal Court decree,
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before a definite storage program can be started which will lead to the
initiation of actual construction.

MUDDY RIVER

During the year 1929 an application was received by the State Engi-
neer’s office for permission to appropriate 10,000 acre feet of the
waters of Muddy River for storage purposes. This 10,000 acre feet is
to be applied to 8,000 acres of land now holding a partial water right.
Construction of this proposed reservoir site is being held in abeyance
until such time as it is possible to secure finaneial aid from the Fed-
eral Government,
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. CHAPTER XV
Irrigation Districts and Canal Companies in Nevada

The information herewith presented has been gathered by the office
of the State Engineer through the medium of questionnaires that have
been mailed to the officials of the various districts in the State of
Nevada. This office has. been in receipt of numerous inquiries during
the past biennium from financial institutions, loan companies and
homeseekers requesting 1nf0rmat10n of the salient features of our
various projects.

It is desired to express-the appreciation of this office for the coop-
eration of irrigation district. and eanal company officials in responding
to requests for information.

WALKER RIVER IRRIGATION DISTRICT
- By S. P. KaFoURY, Secretary

Organized-—April 14, 1919.

Joseph 1. Wilson, President; A. Charlebois, Viece Presi-
dent; George Parker, Treasurer; Frank W. Simpson, Director; Fred
M. Fulstone, Director; S. P. Kafoury, Secretary.

Distriet Office—Liyon County Bank Building, Yerington, Nevada.

Walker River Irrigation Distriet comprises all the irrigable land of
the East, West and Main Walker Rivers and tributaries, in the State
of Nevada, with the exception of the Walker River Indian Reservation.
These rivers have their source in the eastern slopes of the Sierra
Nevada Mountains, drawing from a water shed of some 3,000 square
miles. The total area of the distriet is 260,000 acres, of which 160,000
acres arc irrigable. At present, 151,153 acres are held under private
ownershlp, desert land or homestead claim by 450 owners, with a
minimum holding of 3 acres and a maximum holding of 13 720 acres.
The irrigated area is approximately 85,000 acres.

The electors of the district on September 19, 1919, authorized a bond
issue of $918,500 for the purpose of building reservoirs to conserve
the run-off during the nonirrigating season and the peak of the floods
which occur normally in June. The Bridgeport reservoir which was
completed in December, 1924, with a capacity of 42,000 acre feet, is
situated in Bridgeport Valley, Mono County, California, on the Rast
Walker River. The construction eomprised the building of an earth
embankment of 132,000 cubie yards, concrete cut-off walls and syphon
spillways. The cost, including purchase of rights of way, in bonds at
par, is $422,000. The Topaz Lake reservoir with a capacity of 50,000
acre feet, is situated near the West Walker River, and was completed
in 1922, at a cost, in bonds, of $424,500. This reservoir is a natural
lake. Water is econveyed to the reservoir through a feed eanal of about
650 second feet capacity. The outlet works consist of a 2,100 foot
tunnel of a diameter of 914 feet, and an open cut of 10,000 feet in
length to the river. This reservoir capacity may be increased to
87,000 acre feet by the construction of a 3,500 foot embankment on
the south rim of the lake and adding a larger feed canal. This, how-
ever, will receive tonsideration only in the event the present investi-
gations conducted in Hoye Canyon prove less economical.

The rights to the natural flow of the Walker Rivers were adjudicated

617
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and set out in Decree No. 731 of the United States District Court of
Nevada. These vested rights range in priority from 1860 to 1907 for
83,613 acres, of which 57,784 acres are situated in Walker River Irri-
gation District. The average duty of water in the distriet is 3.5 acre
feet of water per acre. The average growing season is six months, and
irrigation generally commences about March 20 and ends about Sep-
tember 10. Irrigation water is served entirely by gravity flow.

The schedule of bonds maturities of the district’s original issue is
as follows:

January 1, 1931 $46,000
January 1, 1932 56,000
January 1, 1933 (5,000
January 1, 1934 73,000
January 1, 1935 : 82,000
January 1, 1936 91,000
January 1, 1937 101,000
January 1, 193S.............. 120,000
January 1, 1939 138,000
January 1, 1940 146,500
AT O ZCARTSSTCIFMNINSCN SN, e $918,500

These bonds are dated January 1, 19"0 and bear interest at six per
cent per annum pagyable sem1annua11y Of the authorized i issue, $890,-
500 are now outstanding.

The average assessment per acre for 1930, is as follows

I‘or interest - $0.90
HlorMEcAEMP IO St il L e e il
Current expense 12
For operation and maintenance .10
‘Water distribution* 06
Total : . $1.89

' *River administration only.

These assessments do not take into account the diteh riders’ services
paid for by ditch companies, nor do they include assessments for
interest and retirement of Liocal Improvement District Bonds, which
assessments do not atfect the district in general. Assessments for dis-
triet purposes are applied to the county tax roll and collected in the
same manner as State and county taxes. The delinquent rate over a
period of years is negligible, being around 2 per cent.

The principal crops grown are alfalfa, wheat, barley, potatoes and
alfalfa seed—average yields as follows: Alfalfa, 4 tons per acre;
wheat, 114 tons per acre; barley, 1 ton per acre; potatoes 7 tons per
acre; alfalfa seed, 250 pounds per acre.

The average date of the last frost is May 20, and of the first frost,
September 15. The elevation of the lands in the distriet range from
4,500 to 5,000 feet.

For the purpose of furnishing relief to certain localities due to con-
ditions peculiar only to those sections, local improvement districts
have been formed for the purpose of securing funds through bond
issues which are lienable only against the areas affected. Three of
;hese local districts have been formed, namely, numbers one, three and
our.

Local No. 1

Area—13,850 acres, located in the northern portion of Smith

Valley.
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Purpose—Drainage; 12 miles of open drains now completed.

Bonded Debt Author1zed—$30 000. 6%, maturing annually begin-
ning July 1, 1930, for 10 years.

Bonds Redeemed —$4,000.

Bonds Outstanding—$20,000.

Bonds Unissued-—$6,000.

Average assessment for 1930, for interest and redemption, 51 cents
per acre. '

Local No. 3

Area—41,745 acres, comprising all lands of the east side of Mason
Valley from the East Walker River bridge south to the northern
boundary of the Schurz indian Reservation, with the Main Walker
River as the western boundary.

Purpose—Drainage: 16 miles of open drains and laterals now com-
pleted. Approximately 10 miles more contemplated.

Authorized Bond Issue—$90,000. 6%, maturing annually begin-
ning July 1, 1929, for 20 years.

Bonds canceled and retired—$8,000. .

Bonds Qutstanding—$35,000.

Average assessment per acre for 1930, 16 cents.

Local No, 4

Area—10,382 acres located in the southern portion of Smith Valley
and comprising all the lands irrigated by the Saroni Canal. Organ-
ized for the purpose of purchasing the irrigation canal and laterals,
and for the reconstruction and repair of the same.

Authorized Bond Issue—$120,000. 6%, maturing January 1 and
July 1 of each year from January 1, 1927, to January 1, 1946, inclusive.

Bonds sold—$85,000.

Bonds retired—$10,000.

Bonds outstanding —$75,000.
: Average assessment per acre for interest and redemption for 1930,

1.75.

Average assessment per acre for operation and maintenance, includ-

ing ditch rider, 1930, $0.40.
General

In addition to the crops mentioned, the development of the dairy
industry is notable. Dairying, hog raising, poultry and sheep and
cattle contribute in a very large measure to the success of Walker
River Irrigation District. A safe estimate of the value of agricultural
produets grown in the district is $2,000,000.

NEWLANDS RECLAMATION PROJECT, NEVADA
Truckee-Carson Irrigation District
By D. S. STUVER, Project Manager

Historical and Organization

The Newlands Project, located in western Nevada, embraces lands
mainly in Churchill and Lyon Counties. This project was the first of
the numerous Federal projects to be investigated and upon which con-
struction work was commenced by the United States Reclamation Ser-
vice under the Act of Congress approved June 17, 1902, commonly
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known as the Reclamation Aet. Aectual construction work was com-
menced during September, 1903, and water was delivered to project
lands from the new system of works during 1905. The project was
operated and maintained by the United States Bureau of Reclama-
tion until December 31, 1926, on which date control was transferred
to the Truckee-Carson Irrigation District under a contract dated
December 18, 1926. The irrigation district was organized on Novem-
ber 25, 1918, under the laws of the State of Nevada.

The business and affairs of the distriet are managed and conducted
by a board composed of seven directors, the present officers being W. A.
Harmon, President; Mrs. L. V. Pinger, Secretary; Geo. B. Snow,
Treasurer, and D. S. Stuver, Project Manager. The district office is
located in Fallon, Nevada.

Project Areas

The Truckee-Carson Irrigation Distriet embraces within its bound-
aries a total area of 108,000 acres, of which 77,000 acres are irrigable,
in addition to which the district has acquired custodial rights from the
United States for the use and control of a considerable area of public
lands outside of and adjacent to the present boundaries of the district,
included in which are approximately 18,000 acres of pasture land
under fence in the Carson Lake area. For development purposes the
project irrigable area has been fixed at 87,500 acres of agricultural
lands and 50,000 acres of pasture lands.

Irrigable areas totaling 65,492 acres are now covered by water
right contracts, of which 21,775 acres are vested right lands which do
not share in the repayment of original construction costs due to recog-
nition of old natural flow rights. New water rights to the extent of
1,374 acres have been sold by the distriet since early in 1929. An area
of about 55,000 acres was irricated during 1930, being served by
gravity flow, water deliveries being made to about 710 farms and to
the Carson Lake pasture.

Pumping from drains was resorted to during the latter part of the
1929 season to supplement the water supply available from the Carson
River for the irrigation of limited areas in the Stillwater and Island
districts.

Water Supply

The project water supply is derived from the Truckee and Carson
Rivers, the flow of these streams being combined for storage in Liahon-
tan reservoir on the Carson River, a diversion canal 31 miles in length,
with a capacity of 1,500 second feet, from the Truckee River having
been provided to carry water into this reservoir. Bench lands to the
extent of about 5,800 acres were irrigated during 1930 directly from
this canal. The outflow from Lake Tahoe into the Truckee River is
controlled by the irrigation district under a stipulated decree entered
in the United States District Court during June, 1915.

Main Features
The main features of the project system of works include the con-
trol dam at the outlet of Liake Tahoe, a diversion dam in the Truckee
River near Derby, the Truckee canal, the Lahontan dam and reservoir,
the Carson River diversion dam, 582 miles of canals and laterals of
capacities varying from 15 to 1,500 second feet, 270 miles of deep
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open drains, 51 miles of telephone lines constructed for use in con-
nection w1th the irrigation distribution system and transferred under
an agreement to Churchlll County, a pipe-line system consisting of
about 9 miles of six-, four- and three-inch diameter wood stave pipe in
the Fernley district, an 1,875 KW hydroelectric power plant at Lahon-
tan Dam and 220 miles of 11000-6600-2300 volt single and three-phase
rural electrical distribution lines. The type of construction is per-
manent, concrete and steel having been used to a large extent.

Project Costs and Charges

Commencing during September 1903, reclamation work, in various
phases, has been in continuous progress. Following the transfer of
the project to the irrigation district on December 31, 1926, work was
continued until during May, 1929, by the United States, under special
contracts with the district, for the completion of supplemental con-
struction on drains and Truckee canal improvements. Expenditures
made by the United States to the end of May, 1929, for all work except
operation and maintenance, amounted to a total of about $7,915,362,
allocated to the following major cost features:

Original Construction:

Examination and surveys $457,755
Storage system, Lahontan dam, Iake Tahoe dam,
investigations, etc. 1,699,766
Canal system . 2,300,176
Lateral system ........ 1,569,926
| Dy R eIy SRS HETIT) e R P e 89,100
Flood protection (old Carson River)..........c. 131,821

Power System — Lahontan power plant, Lahontan-
Fallon transmission line, ete., not including rural

power lines constructed by districet..... ... 324,794
Lands, farm units, etc. ... i 93,936
Permanent improvements 118,319
Telephone systeni . 42,642
Subtotal, original construction . $6,828,235

Supplemental Construction.:
Canal System — Truckee canal improvements and
Derby dam wasteway $92,051
Lateral system—Fernley pipe lines 16,003
Drainage System—Under contracts of January 22,
1921, and April 30, 1925, between United States

and ITrrigation District 5 055,243
TLands, Farm Units — Leveling farm lands under

water right contract . 23,830
Subtotal, supplemental .- construction : 1,087,127
Total, original and supplemental construction : $7,915,362

Under the Act of Congress approved May 25, 1926, the United States
wrote off, as a definite loss to the Government, an amount of $4,437,-
820, not including $211,292, also charged off on account of an operation
and maintenance deficit, as the result of errors, mistakes and reduc-
tion of irrigable area, leavmfr a construction balance after the write-
off of $3, 477 542,

Repayments by the project water users to the United States for
original and supplemental construction are based upon a present total
amount of $3,305,882. Original water right construction charges are
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variable, ranging from $22 to $107 per irrigable acre, payable to the
United States, without interest, over a period of not to exceed 40 years.
The present charge for the sale of water rights is $54 per irrigable
acre.

Except for the activities of the irrigation district, subsequent to its
assumption of control on December 31, 1926, funds for project develop-
ment purposes have been advanced, w1th0ut interest, by the Unlted
States.

The total cost of district operations from January 1, 1927, to July
1, 1930, amounted to $689,544, of which the major items were as fol-
lows:

Operation and Maintenance of storage and distribution systems*________.. $275,405
Operation and Maintenance of drainage system....._..._..............ccoooo. 10,260
Construction of additional new drains 44,352
Construction of electrical power distribution sy I | S 179,344
DISTEICt BOANAl EXPETISE oo et e e e e sieeeeime st e e 26,239
Adjudication of Carson River water rights. . ..., 19,275
Operation and Maintenance of electrical power distribution system._....... 36,680
Reconstruction Lahontan power plant turbines 16,558
Lahontan power plant operations, charge for water deln’eLed credited

to O. & M. of storage and distribution systems e . 25,354
Carson Lake Pasture, O. & M. and construction . 20,600
Fernley Pipe Line System, O. & M. and extensions 5,468

*Includes Truckee River water right expenses and upstream storage investigations.

Water Rights

A portion of the Carson River water rights claimed and used by
this project have priorities extending from 1862. All of the unappro-
priated waters of the Carson and Truckee Rivers have been acquired
and reserved by the United States for irrigation, storage, power,
domestic and other purposes on the Newlands Project with pI‘lOI‘ltleS as
of July 2, 1902,

An actlon initiated by the United States with the filing of a com-
plaint on March 3, 1913, in the United States District Court in Carson
City, Nevada, has been pending for the final adjudication of the rela-
tive rights to the waters of the Truckee River. This action resulted in
the entering of a temporary restraining order by the court on Febru-
ary 13, 1926, in accordance with which the regulation and distribution
of the stream flow has been handled by a Federal Water Master.
Negotiations now in progress between the interested parties indicate
that this entire matter, together with arrangements for Truckee River
upstream storage development, will be settled by stipulation for a
final decree within the near future.

A suit for the adjudication of the water rights of the Carson River
and its tributaries has been pending before the United States Distriet
Court in Carson City sinece May 11, 1925, on which date a bill of com-
plaint was filed by the United States. Considerable testimony in this
matter has already been presented, and a date has been set during
February, 1931, for the continuation of the case, which involves all of
the water rights on the stream.

Electrical Power Development
The care, operation and maintenance of the Lahontan power plant
was transferred to the distriet, subject to the existing lease on the
plant, under the contract between the United States and the distriet
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dated December 18, 1926. This plant, which derives its water supply
for power generation from the Truckee canal and Liahontan reservoir,
together with the Fallon-Lahontan 33,000 volt transmission line and
Fallon substation, was leased by the United States to the Canyon
Power Company for a ten-year period beginning December 1, 1924.
This lease, together with certain power lines and equipment owned and
constructed by the Canyon Power Company and its subsidiary, the
Nevada Valleys Power Company, was purchased by the Sierra Pacific
Power Company, and operation of the plant by the latter company
was assumed on July 1, 1930. This transfer included the Virginia
City-Liahontan transmission line and other lines constructed by the
power company serving the towns of Hazen, Lovelock and Rochester
and mining and other properties in the vicinity of those places.

Revenues from the power generated at the Lahontan plant are made
available to the irrigation district and have resulted in considerable
benefit to the project water users by being applied upon drainage and
other construction repayments to the United States and for the redue-
tion of general operation and maintenance charges. The installation
of additional power generating equipment at Lahontan is contem-
plated by the distriet for inereasing power revenues and conservation
of water supply. Revenues to the distriet from the power plant lease
for the period January 1, 1927, to July 1, 1930, were as follows:

Year
1927 1928 1929* 19307 Total
Gross returns on KWH

generated by lessee.......... $18,870.97 $25,433.14 $14,440.66 $5,934.47 364,679.24
Less Cost to District for Operation and Betterments—
Charge for water (credit

to O. & M. of project

ORI _ L0 s D 5,929.35 8,081.01 6,003.34  3,385.12  23,398.82
Allowance to lessee for

stubbing poles ............... 1,836.84 118.62 it e, 1,955.46
Reconstruction of turbines.. ................ 6,472.32 10,085.49 ... 16,557.81
Total cost to district......... $7,766.19 $14,671.95 $16,088.83 $3,385.12 $41,912.09
Net returns to district........ $11,104.78 $10,761.19  $1,648.17 $2,549.35 $22,767.15

*Power plant shut down September 1, 1929, to March 10, 1930, inclusive. {Janu-
ary 1, to June 30. Italic fizures denote deflcit.

Shortly following the transfer of the project to the irrigation dis-
triet, the construction of power lines and installation of equipment to
serve rural consumers was quite rapid.

Commencing with the formation of Loeal Improvement District
No. 1, embracing portions of the Sheckler and Soda Lake Districts of
the project, for which an election was held on August 30, 1927, eight
local improvement distriets have been formed under section 4914 of
the Nevada Irrigation Distriet Act, resulting in the ecompletion of lines
and facilities for the serving of electricity to most of the farms on the
project with the exception of the Old River District, north of Fallon.
A few miles of power distribution lines had previously been con-
structed by farmers acting cooperatively without formal organization
to serve a portion of the area south of Fallon.

Work in Local Improvement Distriets Nos. 8 .and 9, the Island and
Leeteville Districts, respectively, the last distriets undertaken, was
completed during November, 1929,

"For construction work in the local improvement distriets above
mentioned, funds were derived from the sale of three-to-twelve-year
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bonds, bearing interest at the rate of six per cent, payable semiannu-

ally. Total bonds sold for the eight improvement districts amounted
to $152,400. The local bank and project water users purchased prae-
tically all of the bonds offered immediately following their issuance.
To provide for the repayment of these bonds, benefits were appor-
tioned against the lands affected and charges for prinecipal and inter-
est are collected on the county tax roll. The total construction cost
per consumer’s unit, including transformer and meter, upon which
basis apportionments were made, ranged from $291.27 to $576.59 for
the eight districts involved.

For the purpose of operation and maintenance, all power lines on
the project constructed by local improvement districts and private
individuals have been transferred to the irrigation distriet.

On July 1, 1930, approximately 220 miles of single and three-phase
11000-6600 and 2300 volt distribution lines were being operated by the
distriet, serving about 450 consumers, including the town of Fernley.
Extension of facilities to serve the town of Wadsworth is expected to
be completed at an early date. Three substations, a portion of the
main line into the town of Fernley, and the Harmon-Stillwater main
line, about 12 miles in length, were constructed by and at the expense
of the district to aid in the development of the rural power system.

Salient Features Regarding Newlands Project, Nevada

Construetion commenced by United States, September, 1903.

First irrigation from works constructed by United States in 1905.

Control, operation and maintenance transferred to Truckee-Carson
Irrigation District on December 31, 1926, by contract between United
States and distriet, dated December 18, 1926.

Water Supply—Jiake Tahoe, Truckee and Carson Rivers and tribu-
taries. .

Truckee Canal—31 miles in length, capacity 1,500 second feet.

Truckee River Diversion Dam—16 concrete sluiceways, total height
22 ft., erest length 171 ft., completed 1905, cost $114,398.

Lahontan Dam—Earth aud gravel fill, concrete spillways, total
height 124 ft. (ine. cut-off walls), crest length 1,400 feet, reservoir
eapacity 294,400 acre feet at elevation 4164 ft., completed June 1915,
cost $1,324,782.

Carson River Diversion Dam—28 concrete sluiceways, total height
20 ft., erest length 240 ft., completed 1905, cost $80,770.

Lake Tahoe Dam—-Outlet into Truckee River, concrete sluiceway
regulator, total height 14 ft., crest length 109 ft., reservoir capacity
840,000 acre feet between elevations 6223.0 ft. and 6230.0 ft., control
acquired by United States under court decree entered June 4, 1915,
cost $139,500.

Canals and Laterais—Total length 582 miles, as follows:

Capacity 801 to 1,500 second ft., 42 miles.
Capacity 301 to 800 second ft., 62 miles.
Capacity 50 to 300 second ft., 82 miles.
Capacity less than 50 second ft., 396 miles.

Drains, Open—Total length 270 miles.

Telephone System—Total length 51 miles.

Pipe Lines—Domestic and stock water, 9 miles wood stave pipe,
6-inch, 4-inch and 3-inch diameters.
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Carson Lake Pasture—18,000 acres under fence in community irri-
gated pasture operated by distriet.

Lahontan Power Plant—1875 KW capacity, hydroelectric, three
generating units, served by 78-inch steel penstock from Lahontan
reservoir and by 72-inch steel penstock from Truckee canal.

Electrical Rural Power System—220 miles of single and three-
phase, 11000-6600 volt and 2300 volt distribution lines. Substations:
Harmon-Stillwater, 300 KV A capacity; Soda Lake-Sheckler, 100 KVA
capacity; Northam-Swingle Bench, 75 KVA capacity; Stillwater
pumping plant, 300 1{V A capacity.

Irrigation—Normal deliveries of water almost entirely by gravity,
although three pumping plants installed for emergency use of drain-
age waters.

Elevation of Irrigable Liands—3,915 feet to 4,180 feet.

Average Liength of Irrigation Season—March 1 to December 1.

Area Trrigated in 1930—55,000 acres.

Principal Crops Grown—Alfalfa, grain and corn, potatoes, canta-
loupes, truck garden.

Principal Industries—Dairying, stock feeding and honey, turkey,
poultry, swine, sheep and rabbit raising.

Principal Markets—Nevada and Pacifie Coast.

Farm Population—2,600.

Prineipal Project Towns—Fallon, Fernley and Hazen.

Transportation—Southern Pacific Railroad, Lincoln and Vietory
Highways. ;

Operation and Maintenance Charges, Year 1930—For O. & M. of
irrigation system, $1.40 per irrigable acre; for O. & M. of drainage
system, 22 cents per irrigable acre under water right and 11 cents
per irrigable acre lands not covered by water right.

WASHOE COUNTY CONSERVATION DISTRICT
By THos. R. KinG, Engineer-Manager

The Washoe County Water Conservation district was legally formed
in June, 1929.

The present officers of the district are as follows: C. W. Mapes,
President; J. L. Raffetto, Vice President; J. E. Johnson, Secretary;
J. F. Kleppe, Treasurer; Arthur Peckham, Director; R. C. Turrittin,
Director; Peter Thomsen, Director.

The attorney for the district is Lester Summerfield and the engineer
for the district Thomas R. King.

The distriet offices are located in the Cladianos Building, Reno,
Nevada.

The district embraces 32,840 acres within its boundaries, of which
approximately 26,000 acres are irrigated each year.

The source of water supply is the Truckee River. The distribution
is through a system of thirty-three canals varying in ecapacity from
five to one hundred cubic feet per second; and in length from one to
thirty-seven miles.

The lands irrigated lie in a ecompact hody surrounding the cities of
Reno and Sparks in Washoe County, Nevada, in the territory gener-
ally known as Truckee Meadows.

Approximately one-half of the area is bottom land where the soil
is generally uniform, of good workability and good productivity. The
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balance of the area is on the gentle slopes of the western side of the
valley and of varying classes. The irrigation season is approximately
one hundred and eighty days.

The average elevation of the lands in this district is approximately
4,500 feet. The principal crops grown are alfalfa, potatoes, wild hay
and grain. The alfalfa production is from three to five tons per acre,
grain from thirty-five to sixty bushels per acre, and potatoes from six
to eleven tons per acre.

There is now in existence a proposed decree issued by the Federal
Court defining rights of all of the users of the waters of the Truckee
River. This decree has not yet been signed as final, but has been
administered for four years for trial purposes by a water master
appointed by the Federal Court.

There have been occasional shortages during the latter part of the
season for irrigation on the lands within this district, as well as other
lands below and shortages of water for generation of hydroelectric
power. Since the organization of this district negotiations between all
interests on the Truckee River have been under way with a view to
construction of upstream storage in sufficient amount to insure the
present needs against the aforementioned shortages.

On December 5, 1930, a bill was introduced in Congress calling for
an appropriation by the Government of $750,000 for the purpose of
constructing upstream storage.

IRRIGATION DISTRICT NUMBER ONE, CARSON VALLEY UNIT,
TRUCKEE-CARSON PROJECT

Officers—H. F. Dangberg, President; W. F. Dressler, Director;
Louis Stodieck, Director; L. A. McInnis, Secretary.

District Office—Minden, Douglas County, Nevada.

This district was organized on August 17, 1914, primarily for the
purpose of creating a legal organization to be in a position to deal with
the Government on matters pertaining to storage on the Carson River,
The district has never initiated work on any project nor has it con-
trolled distribution of water, therefore no detailed records are avail-
able. The boundaries of the district include practically all of the
irrigable lands in Carson Valley in Douglas County, Nevdda, the total
area of which is 53,773 acres.

HUMBOLDT, LOVELOCK IRRIGATION LIGHT & POWER COMPANY
By V. A. TwicG, Assistant Secretary

Organized—1908.

Officers—George C. Stoker, President; W. C. Pitt, Director; John
Holmstrom, Director; John S. Taylor, Director; George C. Stoker,
Director; William Licorz, Director; V. A. Twigg, Assistant Secretary.

Distriet Office—Lovelock, Nevada.

This company was organized for the purpose of storing water during
the nonirrigation season to augment the natural flow supply of the
Lovelock farmers from the Humboldt River during the irrigation
season. Practically every farmer in the Lovelock Valley is a stock-
holder in this company, and water is distributed to them in propor-
tion to the number of shares owned at the rate of seventy-five cents
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per acre foot. The water to which each stockholder is entitled depends
upon the number of shares owned and the amount of water stored.

There is a total investment of $268,182.64 in this project which is
segregated as follows: $241,557.90, dam, reservoir site and canals;
$2,774.20, permanent improvements; $23,850.54, real estate.

The only debt owing by the company is represented by outstanding
notes in the sum of $25,500. Water was stored for the first time in
1913 and since that time the largest guantity stored in the company
reservoir was 40,000 acre feet. The quantity stored each year depends
entirely upon the run-off of the Humboldt River, and during the past
two years only a small quantity was stored and delivered to the
farmers. The year 1928 was the last year that an appreciable quantity
of water was stored, and that year 10 320 acre feet was delivered to
the stockholders by the company.

The capacity of the main canal for this project is 200 second feet.

The annual maintenance cost averages $3,000 per year, regardless
of the quantity of water stored and delivered.

There are eighty-two farms served by this company, the guantity
of water delivered to each farm depending upon the number of shares
owned and the available water supply. The irrigation season extends
from March 15 to September 15 of each year, and the principal crops
are hay and grain. A duty of water of three acre feet per acre is an
average seasonal duty for the Lovelock Valley lands.

PRESTON IRRIGATION COMPANY
By HyruM WHITLOCK, Secretary-1'reasurer
Officers—M. D. Bradley, President; Hyrum Whitlock, Secretary-
Treasurer.
Organized

1911.

, Nevada.

This company owns two small reservoirs and necessary ditches for
the irrigation of about 400 acres of land in White Pine County.

The two reservoirs have a total capacity of 1,900 acre feet and were
constructed at a cost of approximately $20,000, which was represented
to a large extent by labor performed by farm owners.

This farming section has a growing season of about seven months
and the prinecipal crops grown and yields are as follows: Alfalfa,
three tons; grain, forty bushels; potatoes, six tons.

The maintenance cost per share of stock owned was eighty-five
cents in 1928 and 1929, and sixty-two cents for 1930.

There is no outstanding indebteduess.

ALAMO IRRIGATION CANAL COMPANY

Organized—1922.

Ofﬁce—Alamo Nevada.

This company has expended a total of $3,600 for the irrigation and
drainage of about 520 acres in Lincoln County. The main canal has a
capacity of eight second feet and delivers water on a rotation basis.
Maintenance costs average $1.50 per acre per year or $1.75 per share
of stock.

Average length of irrigation season is six months and principal crops
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grown are hay, grain, and corn. There is no outstanding indebt-
edness.
LUND IRRIGATION AND WATER COMPANY

Organized—1907.

Office—Lund, Nevada.

This company delivers irrigation water to 1,200 acres of land in
White Pine County through a gravity canal eight miles in length.
There are twenty-five farms served by this canal from April 1 to Sep-
tember 30 of each year.

The total cost of permanent improvements and lateral system 1is
estimated to be $3,000. i

Maintenance costs vary from eighty cents to one dollar an aecre.

Principal erops are hay, grain and potatoes.

PERSHING COUNTY WATER CONSERVATION DISTRICT
(Formerly Lovelock Irrigation District)

Organized—February, 1926. :

Officers—A. Jahn, President; L. A. Friedman, Vice President;
C. H. Jones, Secretary and Treasurer; Thos. R. King, Engineer.

Directors—Frank C. Jones, C. Arobio and W. W. Carpenter.

Aggregate amount of bond issue certified by Irrigation Distriet
Bond Commission is $1,287,000. No bonds issued.

Aggregate area in District, 34,000 acres.

Aggregate area with water rights, 22,000 acres.

The source of water for lands in this distriet is the Humboldt River,
and it is planned to augment the present water supply by the con-
struction of a dam on the Humboldt River near Oreana, Nevada, which
will create a reservoir with a storage capacity of 120,000 acre feet.

INFORMATION CONCERNING CERTAIN LAKES IN NEVADA
Greatest  Average  Elevation
Length, ‘Width, Area, depth, depth, above
Name of lake miles miles square miles feet feet sea level
Lake Tahoe....cocooiivennnees 20 13 193 1,500 1,000 6,230
Lahontan Reservoir.. RS 2 16 120 60 4,164
Carson Sink......... .. 10 10 100 5 2 3,894
Carson Lake..... 1 - 2 11 3 1 3,909

Pyramid Lake..... SO, 6 —11 3,783
‘Winnemucca Lake. .. 26 3 — 5.5 3,771
Walker Lake....... - 1.5—- 7 74,044
Ruby Lake. ..c.... &l 2 — 4 fomes % 5,800
Snow Water Lake.............. 6 IEEPSNGE o PR R | e 6,000

*Approximate. t1Elevations as of March 8, 1930.

Remarks—Carson Lake and Carson Sink are subject to great fluctuation in
area, dependent upon the run-off conditions.

Walker Lake—Soundings, as shown by the Naval Ammunition Depot Hydro-
graphic Map of south end of Walker Lake covering a distance of 4,000 feet
easterly from the west shore and 30,000 feet northerly from the southerly shore
show a depth of 180 feet below the water surface of March 8, 1930. No other
data is available at this time as to its maximum depth. The water surface of
Walker Lake is gradually falling, as much of the water from Walker River, the
main source of supply, is being stored for irrigation. In August, 1928, the eleva-
tion was 4,050.2 feet above sea level.

Lake Tahoe—The elevation of the bottom of the outlet of Lake Tahoe to the
Truckee River is 6,223 feet. i

Ruby Lake—According to data submitted by B. G. McBride of Elko, Nevada,
this lake contains very little water except during the very wet years.

Snow Lake—This lake has water early in the spring but dries up practically
every summer, as much of the water supply is used for irrigation.
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CHAPTER XVI

Pumping Development of Ground Water in Nevada

There are approximately 110,000 square 1niles of sparsely populated
territory in the State of Nevada which ofters many opportunities to
the homeseeker who has sufficient financial means for developing desert
acreage through the method of initiating a water supply by pumping
from an underground flow.

The general type of agriculture found in any locality in Nevada
will deteymine the limit of expense to which a new settler may go in
order to reclaim his land. The greater portion of Nevada’s irrigable
lands ard so located that the principal erops produced are those that
are allied to the stock raising industry, principally hay and small
grains.

Many of the areas susceptible of irrigation by means of pumping
are in valleys that are far removed from ready markets that would
consume special crops which could profitably be grown under irriga-
tion from pumping; hence the expense of transporting these special
crops to market consumes the profit that acerues from the produetion
of these special crops. _

" At the present tiine much of the development in the State by pump-
ing water from wells has been for the purpose of angmenting the late
seasonal supply of water from surface streams. This augmented flow
of water is being used principally for the production of hay and
grain, although in several instances the farmers are securing greater
vields ot potatoes by the use of additional water late in the seasomn.

Several years ago some of the foremost citizens of the State recog-
nized the necessity of furnishing some inducement to the settler in
order that he, the settler, would be justifted in expending several thou-
sand dollars in the drilling of wells in order to determine the feasibility
of reclaiming areas of desert land. On October 22, 1919, the United
States Congress approved an Act commonly known as the Pittman
Act, which authorizes the Secretary of the Interior to grant permits
for the exclusive right to explore for water in a single tract previously
designated as subject to disposal under the Aect. This law is only
applicable to arid lands in the State of Nevada.

This Act provides: _

" That the Seeretary of the Interior is hereby authorized to

erant to any citizen of the United States, or to any associa-
tion of such citizens, a permit, which shall give the exclusive
right, for a period not exceeding two years, to drill or other-
wise explore for water beneath the surface of not exceeding
two thousand five hundred and sixty acres of unreserved,
unappropriated, nonmineral, nontimbered public lands of the
United States in the State of Nevada not known to be suseep-
tible of successful irrigation at a reasonable cost from any
known source of water supply.

That on establishing at any time within two years from the
date of the permit to the satisfaction of the Secretary of the
Interior that underground waters in sufficient quantity to
produce at a profit agricultural crops other than native grasses
upon not less than twenty acres of land has been discovered
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and developed and rendered available for such use within
the limits of the land embraced in any permit the said per-
mittee shall be entitled to a patent for one-fourth of the land
embraced in the permit, such area to be selected by the per-
mittee in compact form according to the legal subdivisions
of the public land surveys.

A copy of this Act in full may be obtained by writing to the Sur-
veyor General of Nevada, at Carson City.

Due to, the fact that manufacturers of equipment for use in pump-
ing waten from wells are making rapid strides in perfecting machinery
that will use cheaper grades of Fuel oil, it is anticipated that there will
be renewed activity in the reclamation of some of our arid lands in
localities that are unable to secure electrical power for use in pumping
water.

The following quoted paragraphs are excerpts from a bulletin pub-
lished by the University of Nevada Agricultural Experiment Station,
written by F. L. Bixby and George Hardman. This bulletin eontains
the latest published data on the underground resources of the State
and is quoted for the purpose of rounding out the information that
has been gathered by the State Engineer’s office during the past bien-
nium. The plates herewith published were also loaned to this office
by the office of the Agricultural Experiment Station, and acknowledg-
ment of this cooperation is hereby made.

RAINFALL

“The average annual precipitation for Nevada is 8.75 inches. That
is, if the rainfall were uniformly distributed, every spot of land in
the State would receive this amount of moisture. HHowever, the rain-
fall in Nevada is, of course, not uniform, but varies within wide
limits, as shown by plate in this report. In general, the valleys
receive much less and the mountains more than an average of 8.75
inches.

“The altitude of the valleys in the northern and eastern sections
of the State ranges from 4,000 to 5,000 feet, and these valleys receive
an average of about six inches of rainfall per year. The valleys in
the southeastern section are lower and somewhat drier. Las Vegas, at
an altitude of 2,000 feet, has an average of 4.64 inches of rainfall.

“The total annual precipitation increases progressively with ele-
vation, though the rate of increase is not uniform in'the various sec-
tions of the State, and in any area rather wide variations may occur
in the total precipitation at different stations at the same elevation.
Storms oceur more frequently in certain localities than in others.
This is especially true of the summer thunderstorms.

“W. 0. Clark and C. W. Riddell in estimating the underground
water supply of the Steptoe Valley in White Plne County assembled
the weather records from 17 stations in Elko and White Pine Coun-
ties. When arranged according to altitudes these stations show a
fairly regular increase in precipitation with increasing elevations.
The factor of increase, or rate of increase for each 100 feet of rise
in elevation, was calculated to be about 0.45 inches. The elevations of
these stations ranged from 4,812 to 7,977 feet. It is probable that
this factor will be found to give comparatively accurate results in
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estimating the precipitation for the areas represented by these sta-
tions. It may, in fact, be applicable to the entire northern and east-
ern part of Nevada east of the Sierra.”

UNDERGROUND WATER

“There is no mystery about the supply of underground water in
the desert valleys of Nevada. It must all come from the precipitation
that falls in the form of rain or snow. Also, this supply is subject to
the same losses as surface waters, although the losses take place at a
much slower rate. Losses from surface waters may be divided into
four parts: run-off, evaporation, transpiration, and deep percolation,
the latter being the part of the total rainfall that enters into the
underground channels and forms the ground water supply.

“ Although not subject to evaporation or transpiration losses while

in the deep channels. the underground water does have outlets and
hence a run-oft loss. These outlets may be springs, streams, lakes,
swamps or merely wet lands where evaporation from the moist sur-
face of the ground and the transpiration from the growing plants
afford the outlet. If no such outlets existed, then the yearly increase
in the water stored in the underground reservoirs would in time fill
them to overflowing, and the water would appear on the surface.
Then, instead of our interior valleys containing dry lakes, real lakes
would again appear.

“If the annual rainfall over the State were 40 inches instead of 8.75
inches, this condition would obtain and Nevada would be dotted with
innumerable bodies of water.

“The exact percentage of the rainfall that penetrates deeply enough
into the soil to be lost to the surface and thus to become part of the
underground water supply is variable and depends upon such factors
as the topography or character of the surface of the ground, the
texture and depth of the soil cover, and the amount and distribution of
the rainfall,

“Qver a considerable part of Nevada the topographic conditions are

favorable for the accumulation of underground water. The narrow,
flat valleys filled with deep, rather loose sediments and surrounded by
barren, precipitous mountains afford ideal conditions for the catch-
ment of a large part of the run-off. Moreover, along the bases of the
mountain ranges there are long alluvial fans of coarse sediments
ideally situated to absorb the run-off.”

Indicators of Underground Waters

“When any considerable amount of ground water exists in any par-
ticular place there is always some visible evidence of its existence.
In the case of a sheet or underground reservoir, if it is close enough
to the surface to be tapped and pumped its presence will be indicated
by the growth and the character of the native vegetation.

“Salt grass and alkali crusts on the surface indicate a high water
table, usually within a few feet of the surface. Rabbit brush, the
false goldenrod, grows where the water is down a few feet below the
surface, but still quite close. Greasewood indicates a high water
table, but grows over a wider range than the other plants men-
tioned. * * * An estimate of the probable quantity of under-
ground flow can be made from the area covered by the growth of the
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indicator plants just described; an extensive area indicating a strong
underflow, a small area 111dlcat1nrr a light underflow. * * %

“Sprlngs and water mounds that occur in the axes of the valleys or
near the valley floors are, aside from the visible flows, good indicators
of ground water at a shallow depth. Their presence near the valley
floors means that the reservoirs under these valleys are filled and
some of the water is escaping through the springs. * * * The
complete absence of springs, wet lands, and water-indicating plants
can usually be taken as proof that the water table at that particular
place is quite low, probably below 50 feet, since the larger greasewood
sends its roots down nearly that distance in search of water.”

ARTESIAN WATER

“Aside from the artesian water that has sufficient pressure or
hydraulic head to cause it to rise to the surface and flow, the pres-
ence of artesian pressure is a vital factor in successful pumping from
wells in many localities in Nevada. Artesian pressure causes the
water to rise in a well from the depth at which it is encountered to
various heights, depending on the amount of hydrostatic pressure
present. In many cases where the water fails to come to the surface
and flow, it still rises close enough to.the surface to eome within reach
of a pump.

“Several conditions are necessary for the creation of an artesian
water supply. The water must have a relatively free entrance into
the underground strata at a comparatively high. elevation above the
valley floor, and the strata must be continuous, and open and porous
enough to carry the stream without too great resistance.

“There are several other conditions that operate to check the flow
of water in the underground channels and to cause an artesian pres-
sure to be built up. The water-bearing strata may pass under the
valley floor and rise on the opposite side, intrusive dykes may cut the
water streams, a bend or twist in the gravel beds may act as an obstruec-
tion, and occasionally a slip or fault may elevate the water-bearing
beds until they come opposite impervious strata so that the flow is
checked. Usually the obstructions do not form perfect dams to the
underground streams, and the flows, instead of being entirely checked,
are merely impeded and part of the water continues to escape through
the deep channels.

“Pumping from an artesian supply is entirely feasible and serves a
double purpose. More water can be secured from the wells, and the
head or pressure on the artesian water within the limits of the influ-
ence of the wells is lowered by the depth to which the pumps drop
the water in the wells. This lessened pressure means reduced losses
of water through the natural outlets and a consequent greater avail-
able supply in the district.”

Drilling

“@enerally it will prove more satisfactory and economical to use a
drilling outfit in putting down wells. If the territory is new and
there are no wells to serve as guides, a spudding or percussion rig
with solid tools is the safest to start with. A jet rig in which water
is pumped through iron pipes forming the drill stem to outlets just
back of the cutting edge of the bit is an excellent outfit for putting
down small holes in exploratory work. The water returning to the
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surface outside the drill stem carries the material loosened by the bit,
so but little bailing is necessary. Also, the mud from the hole itself
is forced into the material forming the sides of the hole, making a
rather effective plaster. This rig will readily handle stiff clays,
cemented sands and gravels and soft rock such as the cemented mate-
rials and limestones found in lake beds; but it is not so good for hard
rock or loose gravel. It is not difficult to convert any standard per-
cussion rig into a jet rig and the attachment is extremely valuable.

The Union Pacific Well Near Las Vegas, Nevada.
(Courtesy of University of Nevada, Agricultural Experiment Station)

A mud scow, which is a heavy bailer with a cutting edge, is probably
the best tool for sinking large holes in the average sedimentary
material found in alluvial plains and lake beds. It is not so efficient
in sinking wells of the smaller sizes. The rotary type of drill has
been used successfully where deep beds of clays must be penetrated
and the water-bearing beds are widely separated, but does not lend
itself so readily to pioneering as the other types of drills. Tt is
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most successfully used with the very large holes such as the oil wells.
“The cost of drilling will naturally vary with the distance from
railroads and highways; but at the present time it ranges from $1 to
$2 per foot for the first 200 feet of hole, with slight increases for each
100 feet below this depth. The larger the hole the higher the drilling
cost. Casing costs from around fifty cents a foot for 4-inch standard
screw casing to about $1 a foot for standard 8-inch serew casing.

Perforating or Screening

‘“ After the casing has been set in place without regard to the water
beds, it should be perforated at each water-bearing stratum shown in
the log. The perforations should be numerous enough and large
enough to admit all the water into the casing that is carried by each
water-bearing bed. In this respect the stovepipe casing is possibly
slightly superior to the screw casing, perforating a little more readily.
Under some circumstances where sufficient wells have been sunk to
give fairly exact infermation concerning the depth of the different
water-bearing strata, it is sometimes practical to use factory per-
forated sereen casing.”

Size of Well

“In prospecting for water in an unknown territory the size of the
well should be kept as small as it is practicable to sink. The cost of
sinking a 4-inch hole is not great; and yet, when properly perforated,
this size will permit the entrance of water freely enough to give a fair
indication of the quantity of the water in the material penetrated.
* * *  Another good combination is a section of 8-inch casing from
the surface to about 100 feet with reduction to 6-inch, and for depths
below 500 feet a further reduction to 4 inches.”

Well Testing

“After a well has been dug or drilled it should be tested by pumping
for a sufficient length of time to determine rather accurately the
vield of the well, the drawdown when pumping, and the time taken
for the well to recover after pumping ceases. From this information
it is possible to tell whether or not the well produces enough water
within reasonable drawdown limits to be worth developing. In start-
ing the test of a drilled well the pump should be run at slow speed
until the water begins to clear up. The speed should then be increased
until the water again becomes muddy, and run at this speed until the
well clears again. This process should be repeated until the maximum
capacity of the pump or well is reached.

“The information secured from the pump test likewise affords a
means of selecting the proper type and size of pump for the well in
question. If the owner is in doubt after the test has been made as to
the pump that will be required, the test data can be submitted to any
reliable pump manufacturing company, and expert advice obtained
concerning the type and capacity of pump required. It seems scarcely
needful to state that the pumping equipment should not be purchased
before a thorough test of the well has been made. Too large a pump
for the supply of water means uneconomical operation, while too
small an outfit does not permit using the source of the water supply
to its full capacity.”
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Vertical Section of Pumphouse and Pit Showing Electric Control and Direct-
Connected Horizontal Centrifugal Pump.
(Courtesy University of Nevada, Agricultural Experiment Station)
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Pump Capacities
“The following table shows the average capacity of various sizes of
centrifugal pumps, together with their efficiencies and the horsepower
per foot of lift required to operate each pump :

Theoretical Actual
No. of Discharge horsepower horsepower

centrifugal per minute per foot Efficiency per foot

pump U. S. Gals. * of lift Per cent of lift*
2 100 0.025 40 to 45 0.08
2% 150 .038 45 to 50 .08
3 225 056 50 to 55 L
3% 300 .075 55 to 60 .14
4 400 100 60 to 62 A7
5 700 175 621to 66 .28
6 900 .225 66 to 68 .34
7 1,200 .300 68 to 70 44
8 1,600 .400 70 to 74 57

Above efficiencies are for pumps properly designed and installed for heads of 40
to 60 feet. Plant efficiencies can be estimated by subtracting 10 per cent for direct-
connected electric motors and 17 to 22 per cent for belt-connected power.

*Efficiencies taken as the lower in preceding column.

“This table is from United States Department of Agriculture
Farmers Bulletin No. 1404, ‘Pumping from Wells for Irrigation.’

“The horse power required to lift any quantity of water any
specified distance may be obtained from the following formula:

—gpmxh
4000 X E
‘Where g. p. m. = gallons pumped per minute.
h = total head in feet against which pump must
work.
This includes the total vertical lift plus
frictional and other losses.
E = the efficiency of the pump.

“An efficiency of 509 is usually assumed for any type or size of
centrifugal pump, though the actual efficiency varies with the size
of pump, and to some extent with the head against which the pump
is operating.”

Horsepower

Cost of Pumping

“Under any system of farming where water must be lifted, the cost
of pumping becomes a vital factor in the economic production of
crops. The upper limit of this cost can scarcely be expressed in
definite figures because the cost of pumping is only one of the factors
affecting farming profits in any locality. Pumping ecosts should
rather be .considered in connection with the net returns per acre.
The soil, its fertility and adaptability to particular crops, the climate
which governs the class of crops that can be grown, the distance from
market and the means of transportation which govern the costs of
marketing, are all factors influencing the returns per acre. In gen-
eral it may be stated that the higher the net returns per acre the
higher will be the various items of expense in growing the crop, and
the higher will be the permissible cost of pumping. In other words,
with a crop that gives a very high return per acre the cost of pumping
may be quite high without greatly affecting the net return; whereas,
with a crop that gives a very low return per acre, the margin between
the return and the cost of production does not permit of a very large
expenditure for pumping. To illustrate further: Consider the con-
dition of some of the interior valleys in Nevada. The climate is such
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that only the rather hardy, short season crops can be grown, and the
distance from market is so great that only those crops that can be
consumed on the farm are profitable. TUnder such conditions the
returns per acre from farming are necessarily small and if pumping
is practiced the cost per acre for lifting the water must be very low.
This means that the first cost of the wells must be moderate and that
the distance through which the water is lifted must be small.

“On the other hand, the extreme southern end of Nevada has a mild
climate with a very long growing season. The distance from markets
is considerable, but means of transportation are available. These
conditions permit the growing of a rather wide range of crops and
the selection of those crops that give large returns per acre, and this
in turn permits a higher water cost.

“The quantity of water that must be applied to a crop to bring it
to maturity is likewise a variable factor, depending on the crops
grown, the soil, and the climate.

“Until all the factors that enter.into the cost of produection and
the possible returns per acre are known it is impossible to state a
figure expressing the highest cost of pumping or the maximum lift
that will allow a profitable return per acre on the erop grown.

“However, the items of cost vary considerably. The price of fuel
fluctuates rather widely, and the cost of transporting the fuel from
the railroad to the farm increases rapidly with the distance hauled.
If electric power is available the first cost of an extension from the
power line to the pumping, plant must be considered and the interest
and depreciation added to the power costs. The first costs of wells
and pumping equipment range over wide limits. It costs more per
acre-inch to lift water with pumps of small capacities than it does
with pumps of larger capacities. Also, the rate of cost of pumping
increases appreciably as the total lift increases. That is, if the rate
is b cents per acre foot per foot lift with a total head of 40 feet the
rate may be as much as 74 cents when the head is increased to 100 feet.

Rate
(Cost of lifting one Cost of lifting one acre
. Pumping lift feet acre foot one foot) foot maximum lift for rate
10— 20 $0.06 $1.20
20~ 40 .08 3.20
40-100 .10 10.00

“With so many variable factors entering into the cost of lifting
water, it is impossible to establish a general basic rate for pumping
costs. Hence it is difficult to forecast the pumping cost or to deter-
mine the maximum pumping limit for any locality without exact data
on the cost of all the various factors entering into the problem. In the
absence of more exact information the above rates may be used in
making rough estimates of pumping costs and allowable lifts for aver-
age conditions in Nevada.”

During the past biennium the State Engineer’s office has received
many inquiries from ranch owners requesting information on the cost
of pumping water from wells. Karly in December, 1930, question-
naires were malled to a score or more of ranchers who have had one
or more years’ experience in the operation of small pumping plants
requesting information as to their experiences and detailed cost data.
The replies from these questionnaires have been disappointing, prob-
ably due to the fact that too many pertinent questions were asked.
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Replies from four well owners are given for the purpose of showing
the wide variation that exists in the cost per acre foot of water
pumped :
Well No. 1

‘Depth drilled—320 feet.

Depth to water table—Surface.

Power—50 horsepower motor.

Make of pump—Byron-Jackson.

Draw down—52 feet.

Lift—52 feet.

Discharge—4.5 acre feet per 24 hours, maximum,

Irrigated acreage—100 acres.

Crops irrigated—Hay and grain.

Investment—Well, pump and motor, $6,060.

Power cost—$285.82, seasonal.

Interest and depreciation annually on investment—$969.60.

Well No. 2

Depth drilled—470 feet.

Depth to water table—40 feet.

Casing—16 and 14 inches.

Power—60 horsepower motor.

Make of pump—Western Well.

Draw down—19 feet.

Lift—>59 feet.

Discharge—1,600 gallons per minute, maximum.

Period of operation—One month, half time.

Irrigated acreage—125 acres.

Crops irrigated—Hay, grain and potatoes.

Cost of drilling—$3,850.

Cost of casing—$1,664.84.

Cost of well—$5,514.84.

Investment—Well, pump and motor, $9,524.

Interest and depreciation annually on investment—$1,523.44.

Net cost per acre foot of water pumped, excluding interest and
depreciation—$2.90.

Well No, 3

Depth drilled—265 feet.

Depth to water table—12 feet.

Casing—14 and 12 inches.

Power—25 horsepower motor.

Make of pump—4-stage turbine.

Draw down—60 feet.

Lift—72 feet.

Discharge—350 gallons per minute, maximum.

Period of operation—20 days per month for four months.

Irrigated acreage—35 acres.

Crops irrigated—Hay and grain.

Cost of well—$3,000.

Investment—Well, pump and motor, $5,200.

Interest and depreciation annually on investment—$830.

Net cost per acre foot of water pumped, excluding interest and
depreciation, $4.06.
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Well No. 4

Depth drilled—80 feet.

Depth to water table—27 feet.

Casing—14 inch.

Power—25 horsepower fuel-oil engine.

Make of pump—Byron-Jackson turbine.

Draw down—10 reet.

Lift—25 to 30 feet.

Discharge—1,500 gallons per minute, maximum.

Period of operation—100 to 130 days.

Irrigated acreage—Wells No. 4 and No. 4A, 250 acres.

Crop irrigated—Alfalfa.

Yield from 250 acres—1,200 to 1,500 tons.

Cost of drilling—$2.50 per foot. -

Cost of casing—$1.60 per foot.

Investment—Wells, pumps and engines (wells No. 4 and No. 4A)—
$15,000. 4

Seasonal power cost—$10 per day.

Interest and depreciation on investment (wells No. 4 and No. 4A)—
$2,400.

Net cost per acre foot of water pumped, excluding interest and
depreciation—$0.75.

Well No. 4A
Depth drilled—80 feet.
Depth to water table—18 feet.
Casing—18-inch.
Power—25 horsepower fuel-oil engine.
Make of pump—10-inch centrifugal.
Draw down—10 feet.
Lift—25 to 30 fect.
Discharge—1,500 gallons per minute, maximum.
Period of operation—100 to 135 days.
Cost of drilling—$2.50 per foot.
Cost of casing—$1.60 per foot.

SUMMARY
Well No.1 Well No. 2 Well No. 3 Wells Nos. 4 and 4A
Estimated cost per acre foot..._... ... $17.14 $10.56 $2.34
Estimated annual cost per acre,
irrigated” - .. e Ted = e $12.55% 14.64% 38.63% 14.20%

#*Supplemental water. 7Total supply, fuel oil.

In addition to the cost per acre foot the interest on the investment
and depreciation charges on the equipment must also be taken into
consideration.

The State of Nevada has just completed a well at the Prison Farm,
near Carson City, and on December 22, 1930, an engineer from this
office conducted a test on this well. Due to the faet that the well has
not been fully developed and that the engine and pump had been
installed but a short time the results obtained are not conclusive as
to the cost per acre foot for pumping water from this well. After a
seasonal run by this plant, during which period accurate data will
be secured of all the operating features, accurate and authentic cost
data will be available.
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An interesting feature of the equipment in use at this plant is a
40 horsepower Fabco-Tuxham low compression, full Diesel 2-cyele oil
engine, which uses a low grade of fuel oil. This engine has a maxi-
mum rated speed of 450 revolutions per minute.

The well was drilled to a depth of 230 feet, the first 80 feet being
cased with 18-inch casing and the balance, 150 feet, cased with 12-
inch casing. The pump is a Western Deep Well Turbine Pump,
belted discharge head, with 70 feet of 10-inch discharge pipe, tubing
and shafting. One two-stage 14-inch pump, length 4 feet, and 30 feet
of 10-inch suction pipe.

A test was run on this plant for a period of one hour, during which
time one and three-quarters gallons of fuel oil was consumed by the
engine. As the engine was speeded up it developed that a speed of
380 revolutions per minute pumped the maximum quantity of water
that could be supplied by the well, or a discharge of 1.965 second
feet, which is equivalent to 880 gallons per minute. The lift was
estimated to be 80 feet at this period. The following cost items ou
this well may be of interest to the reader:

Well and test bore .. $1,998.00
Pump and installation 1,341.70
Engine and installation .. ... 2,815.00
(I treafl e ¥ ANt W O ot il $6,154.70

This office is not interested in any way in any particular make of
well casing, pump equipment, motors or fuel-oil engines and does not
desire to enter into any discussion as to the merits of the advantages to
be gained by the use of either electrical power or fuel-oil engines, but it
is interested in protecting as far as possible the interests of its land-
owners who are adding to the wealth of the State by bringing under
cultivation additional areas of our arid lands. We feel that the State
Engineer’s office should be the source of authentic information for
problems of this kind, and it is our earnest desire to render this service.
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Farmers Bulletin No. 813—Construction and Use of Farm Weirs.

Farmers Bulletin No. 1904—Pumping from Wells for Irrigation.

k The following Water Supply Papers of the United States Geologieal
urvey :

‘Water Supply Paper No. 224—Some Desert Watering Places in
Southeastern California and Southwestern Nevada, by Walter C. Men-
denhall.

Water Supply Paper No. 365—Ground Water in Southeastern
Nevada, by Everett Carpenter.

‘Water Supply Paper No. 423—Geology and Water Resources of Big
Smoky, Clayton, and Alkali Spring Valleys, Nevada, by Oscar E.
Meinzer.

Water Supply Paper No. 425p—Ground Water in Reese River
Basin and Adjacent Parts of the Humboldt River Basin, Nevada, by
Gerald A. Waring.

Water Supply Paper No. 540c—Ground Water in Pahrump,
Mesquite, and Ivanpah Valleys, Nevada and California, by C. A.
Waring.

‘Water Supply Paper No. 467—Exploratory Drilling for Water and
Use of Ground Water for Irrigation in Steptoe Valley, Nevada, by
W. O. Clark and C. W. Riddell, with an Introduction by O. E. Meinzer.

United States Department of Agriculture, Bureau of Soils—Soil
Survey of the Las Vegas Area, Nevada, by E. J. Carpenter and F. O.
Youngs.

For information concerning duty of water for various crops refer
to Bulletin 96 of the Nevada Agricultural Experiment Station, “Irri-
gation of Field Crops in Nevada,” by C. S. Knight and George Hard-
man. Also various bulletins of the Department of Agriculture and of
the State Experiment Stations.
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CHAPTER XVII
Status of Applications Filed During 1929-1930

STATUS OF APPLICATIONS FILED DURING THE BIENNIUM 1929-1930

Following is a condensed statement giving the salient data in con-
nection with applications filed during the calendar years 1929-1930, in
the order of :

8802....
8803....

8804....
8805....
§806....
8807....
§808....
§809__..

8810....
8811 ...
EEET
8814._.
8815....

8§816....
8817...

8818....
8819....

8820....
8821....
8IS 2AL
8823....
8824....
8825....
8826....
8827....
8828....

1. Application Serial Number.
2. Date of Filing.
3. Name of Applicant.
4. Source of Water Supply.
5. Purpose of Appropriation.
6. Action on Application.
Status of Permits as of December 31, 1930.

1929

1- 2-29._W. C. Pitt Co.; West Fork Say Canyon Sprmg and Creck; Stock-
watering and domestic: Approved March 5, 1930. G. S.

1- 2-29...C. J. Carpenter and Tula M. Carpenter, Surprise Shaft of Western
Nevada Mines Co.; Mining, milling and domestic; Approved
March 19, 1930. . S.

1- 2-29...Robison Brothers; Willard Creek; Stockwatering; Approved
March 19, 1930. G. S.

1- 2-29_._Heidenrich Brothers; Underground waters from well; Irrigation

and dolnestic; Aporoved June 10, 1930. G. S.

1- 2-29...Parker Liddel; Mountain Spring; Domestlc mining and milling* ;
Withdrawn January 9, 1930,

1- 3-29....State of Nevada, Board of Capitol Commissioners; Lower Rose
Spring ; Irrlgatlon and domestic; No action.

1- 3-29....State of Nev&da, Board of Capitol Commlsswners, Upper Rose
Spring; Irrigation and domestic*; No action.

1- 7-29._.Frank Charlebms Lower Reese River Canyon Spring and Creek ;
Stockwatermg and domestic; Approved January 23, 1930,

(G

1-10-29...Victor E. Matteucci; Willow Spring; Mining and domestic;
Approved March 29, 1929. G. S.

1-14-29...) W, M. tKearney; Armagosa River; Irrigation and domestic; No
action.

1-14-29___W. C. Bradley; Armagosa; Irrigation; No action.

1-17-29....Handley Brothers; Cottonwood Canyon Springs and Creek (No. 2
or South Branch) Stockwatering and domestic; Approved
April 30, 1930. s.

1-17-29._..Handley Brother%, Saw Mill Spring and Creek Stockwatering
and domestic; Approved April 30, 1930.

1-17-29...Handley Brotherq' Cottonwood Sprmgs and Creel\ (No. 1 or main
ll)g%{]lch%} Sbtockwa.t@rmg and domestic; Approved April 30,

1-21-29..._Alex Ranson; Granite Spring; Mining, milling and domestic;
Approved October 16, 1929. Certificate.

1-22-29.._George E. Turpin; \IcCoy Spring No. 3; Mining and domestic*;
No action.

1-23-29....Clarence A. Lewis; Muddy River and tributaries; Irrigation and
domestic; No action.

1-23-29...Los Angeles & Salt Lake Railroad Company; TUpper Cottonwood
(S}prsing' Railroad and domestic; Approved November 18, 1929.

1-25-29___Silver Banner Mining Company; Maraposa Springs; Domestic and
milling ; Approved October 28, 1929. G. S.

1-25-29...Silver Banner Mining Company; Lindsey Springs; Domestic and
milling ; Approved October 28 LI G, Si

1-25-29....Silver Banner Mining Company; East Fork of Owyhce River;
Milling; Approved October 2§, 1929. G. S.

1-27-29_...Geo. T. Toombs, a5 Undcrground waters; Irrigation and
domestic; Approved October 14, 1929. sy

1-29-29.._Irene Watt; Waott Spring No. 3; Stockwatermg* Denied Janu-
ary 24, 193

2- 1-29.._.Seven Troughs Gold Mines Company; Deep Tunnel; Mining, mill-
ing and domestic; No action.

2- 1-29.... L., A. Friedman; Deep Tunnel of the Seven Troughs Gold Mines
Company ; Stockwatering*; No action. A

2- 1-2