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Abstract:

This research problem is concerned with the blocks to an integrated irrigation system in southwestern
Montana, The reasons for choosing the Gallatin Valley for study are: (1) the valley needs additional
water to assure adequate irrigation throughout the irrigation season, (2) a large ground water reservoir
exists 10-40 feet below certain parts of the valley, (3) the valley has 100 years of irrigation history, (4)
no serious agriculture-industry or agriculture-municipal water conflicts have been experienced, and (5)
both ground and surface water resources are used for irrigation.

Mail questionnaires sent directly to farmers and personal interviews with local ditch company officials
is the method used to establish the blocks to ground-surface water integration. The Bureau of
Reclamation, 1958, established the benefit-cost ratio for a valley wide integrated system to be greater
than 1.52. Analysis of collected data indicates the blocks to development are physical, historical and
legal. Physical blocks exist because the farm land and the surface and ground water are in different
locations. Historical blocks are a result of the way surface water rights have been established in
Montana, The lack of a ground water code prior to 1962 created a legal drag on ground water
development.

The blocks to integration could possibly be overcome by a project demonstrating the merits of-
ground-surface water integration, A 25 well pumping system is proposed. This system would supply
water to one area of the valley, The High Line .Canal Company, for the 45 days during which they
usually have little or no‘irrigation water. Hydro-logical data for this system is taken from secondary
sources. Estimated costs of construction and operation of the project were submitted by various
irrigation supply companies, well drilling companies and construction companies in Montana, The
pumping system is designed to be owned and operated by The High Line Ditch Company, Total head
for the 25 wells varies from 30 feet to 259 feet. The estimated pumping cost for the designed system
averages $0.0326 per acre foot of lift.

The overall average cost of delivering water to the ditch is $4.17 per acre foot.

The decision to install a pump irrigation system is a management function of The High Line Canal
Company, A study budgeting the costs for typical farms under The High Line Canal would be helpful
in making this decision, A management study could establish the value of additional water, indicate the
opportunities to grow crops with high water requirements and show the effects of increased fixed
liabilities on the net capital ratio of The High Line Canal Company farmers.
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ABSTRACT

This research problem is concerned with the blecks to an integrated
irrigation system in southwestern Montara. The reasons for choosing the
Gallatin Valley for study are: (L) the valley needs additional water to
assure adequate irrigation throughout the irrigation seasen, (2) a large
ground water reservoir exists 10-40 feet below certain parts of the val-
ley, (3) the valley has 100 years of irrigation history, (4) no serious
agriculture-indust¥y or agriculture-mnicipal water confliets have been
experienced, ahd (5) both ground and surface water resources are used
for irrigation,

Mail questionnaires sent directly te farmers and personal inter—
views with local ditch compapny officials is the method used to establish
the blocks to ground-surface water integration. The Bureau of Reclama—
tion, 1958, established the benefit-cést ratio for a valley wide inte-
grated system to be greater than 1,52, Analysis of collected data indi~
catas the blocks to develepment are physieal, historieal and legal.
Physical blocks exist because the farm land and the surfaece and ground
water are in different locations. Historical blocks are a result of
the way surface water rights have been established in Montana, The lack
of a ground water code prior to 1962 created a legal drag on ground
waber developmenta

The blocks to integration could possibly be overcome by a project
demonstrating the merits of ground-surface water integration. A 25
well pumping system is proposed. This system would supply water to
one area of the valley, The High Line .Canal Company, for the 45 days
during which they usually have little or no irrigation water, Hydro-
logical data for this system is taken from secondary sources, Esti-
mated costs of construction and operation of the project were submitted

by various irrigation supply companies, well drilling companies and

construction companies in Montana., The pumping system is desighed to
be owned and operated by The High Line Ditch Company. Total head for
the 25 wells varies from 30 feet to 259 feet, The estimated pumping
cost for the designed system averages $0.0326 per acre foot of Lifth,
The overall average cost of delivering water to the ditch is $4.17 per
acre foot, .

The decision to install a pump irrigation system is a management
function of The High Line Canal Company. A study budgeting the costs for
typical farms under The High Line Canhal would be helpful in making this
decision, A management study could establish the value of additienal
water, indicate the oppertunities to grow crops with high wabter require-—
ments and show the effects of increased fixed lisgbilities on the net
capital ratio of The High Line Canal Company farmers.

xi




CHAPTER I
The Study din Perspective

Ground watber devélopmen? is generally conducted individually on a
well-at-a-time basis, Locations, timing, volumes pumped., and use afe
most frequently individual decisions unrelated to prior development
and resource potential, Surface water, in contrast, is usually developed
by water companies, public districts, muniéipalities, or state and feder-
al government in connection with a leng history of water rightse For the
most part, ground water and surface water have been brought into use in-
dependgntly of each‘other, legally and ecogomica}ly. Yet, surface water
and ground water are bubt two parts of ‘the same resource.
| In 1961 four western stabes, recognizing this common water problem,
jointlj agreed to make an V"Economic Analysis of Integrated Ground—Sur-
face Water Resource Management;? The 1961 reports of the Senate Select'
Committes on Waté% Resources brought the urgency ef this study into
focus by pointing out that new irrigation development between 1900 and
1909 included only 8 percent ground water, In a similar nine-year
period, 1950-1958, 69 percent of the new irrigation was accomplished
using groun& water, Continued devélopment along these lines would pro-
duce a system void of the benefits of integrated management.

.The goal of the regional study, begun in 1961, is to provide the
West with valuable information needed in counseiing legislative commit—
tees, private organizations and others about the development of gropnd

and surface water as one common resource, Montana has a uhique posi-




=D
tion in the regional mosaic since water development here is in its
inféncy, Only 13 percent of the hydroelectric power potential has been
developed, vast possibilities remain in recreation development, and
countless opporitunities remain for agricultural and industrial uses.
Montana is fortunate in that a critical water shortage has not yet
developed, In the fubure water is expected to become an increasingly
important reseurce in Monbana's social and economic developmen£ with
moyre pressing demands for watér being made by rapidly expanding agri~
cultural,.industrigl and recreational development.,

Montanat's unique contribution to the regional economic study is
focused on the Gallatin Valley, Figure l., This valley has irrigatioen
history dating back to 1864. Currently the valley reliss on both sur—
face and ground ﬁater as a source of irrigation water and ‘there is a
wealth of hydrological data available about the ground ;nd surface watgr
resources, Ihe valley has never experienced serious agriculture—indﬁs%ry
or agriculture-municipal conflicts over waber usage. The valley dees
experience ifrigation water shertages but it péssesses Water'resourcés
sufficient in quantity to fill its needs, These characteristics make
the Gallatbin Valley an ideal case study area for ground-surface water

integration.

Cbjectives

The objectives for this study are:
1. To estimate the amount of agricultural water usage that can

be expected te develop within the Gallatin Valley in the fore-
seeable future.




|
Eriirs

Figure 1, Gallatin County and Gallatin

Valley, Montana, 1964,
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To identify and delineate the present institutional, legal
and technologiecal blocks to the development and coordlnatlon
of ground—surface water integration.

To recommend policies and programs to coordinate the use of
ground and surface water,

Procedures

The procedures for pursuing each objective are as follows:

Objective l.——Future agrieultural needs for irrigation water will -

be estimated using primary and secondary data.

Objective 2.--The interest groups involved are farmers, ditch

companies, local courts and others. Each of these groups can contri-

bute unique information to the mosaic pattern of this study.

Le

Re

Farmers

The farmers will be divided into those with a full supply of
water and these needing additional irrigation waber. By means
of personal interviews, present water costs can be established
for both groups and these costs will allow some limits to be
set, if there are any, on the technical and economic possi-
bilities of private development of the lecal ground water re-
source, Secondly, from the farmers that actually have a heed
for more waber, the amount of water needed and the price they
can afford to pay for more water will be determined.

A third area teo be explored. is the attitude of both groups of
farmers toward integration of ground and surface water. Re-
actions here may set some limits upon the institutional al-
ternatives that can be considered,

Ditch Companies

Ditch companies can roughly be divided into those with a full
or nearly full supply of water and those with mostly floed
water rights, These two groups will be interviewed regarding
their interest in and ability te carry out a ground-surface
water exchange.




3o Local‘Courts
The local court has jurisdietion over the deecreed water’
rights of the valley. The Yegal status of ground-surface
waber integration is paramount in this study, therefore the
court will be consulted in order to determine any existing
legal blocks to integration, or to future expansion of indus-
trial and other uses.
Objective 3.--A study of the economic feasibility of privately
developing a pumping éroject‘will be made, The feasibility of such a
project will give direction to recommended—policies and_prograﬁs to

coordinate the use of ground and surface wafer,-




~ CHAPTER II
National Im@ortance of Water -

Water is deemed so important thatb pians are being made fér a 10~
year study of. the earth's water resources. Plans include an Interna~
tional Hydrologiéal Decade to begiﬁ Jamary 1, 1965 with scientists from
100 nations gathering data on the earth's water cycle with special
emphasis on infiltration, evaporation, streamflow, underground reser—
voirs, and erosion., Some of these projects may-coptinue for a century

in an effort to know more about our water,l/

Present Water Supply

As a nation we have acknowledged the importance of water to the
exbtent that during the. past 50 years our national government has author-
ized over 20 commissions or committees to examine our national water
policies and problems. Until fresh water can be taken frbﬁ ‘the ocean,
precipitation will remain the world's only supply of fresh water, For
the United States as a whole the present precipitation supply is stag-

gering, In a normal year, mother nature delivers enough water onto the

- United States to cover the whole country to a depth of 30 inches! How-

ever, about 21 of these 30 inches, after supporting our forests and hen-
irrigéted farms, returh to the atmosphere by evaperation and transpira-
tion and are not availeble for human use, Figure 2. The nine inches

remaining go into surface run-off or ground water storage. These nine

1/Bozeman Daily Chronicle, November 3,.1963, p. 13.




The National Water Supply.*

Select Committee on National Water Resources, United States Senate, Water Resources Activ-
ities in the United States, U. S. Govt. Printing Office, Washington, D¢ C.y; 1959, Ps 4.




' 78—.
iﬁcheé, apouE'l,léo billion gallons per daj; conétitute:our-managgable
.subply of water, .Undercpfesent conditions Weuutilize about three of |
%he nine manageable inches and aliow the other six'%oﬁrun off éf be
storéd underground. One inch of the three we utilize is‘bonsumsd either
through evaporation, transportation or incorporated inte préductso Two
of éhe'ﬁfiliéed inches dilute wastes, are used as coolants, creaté
péwér; etc., but are returhedutd'stream flow,

, National averages misrepresent our water problem by showing our
daily supply to be 1,160 billion gallons and our use to be only 250
billion gallons, We expect.to'use only slightly more than one half,
600“biliion gallons daily, of our average manageable éupply by 1980;
This; seems to presént a favorablé picture but overall figures are very

,misleading., There is a wide variation ;p the distribution o{ the aver-
age annual precipitation in the Qniﬁed Sﬁates——about tﬁb—thirdé.of—the
total precipitafion'falls oh one—thlrd of the 1and area, Figure 300 To|
further cémplicate the situation, there are Wideﬁyearly variations in

t

the precipité%ion received in most areas of the United States,

o
o

Q

Presént Water Usage

9 o

Human life dependé upon water. A human can survive oh about six
pints‘of water daily but t@g average American has become accust;med to -
using over 60 gallons daily for househeld and Lawn Watgring PUrpPOSeSas

In 1960 the United States utilized about 250 billion gallons of
water each day. The way water is used affects ‘the total supply;' Con—~

sumed water, that which is evaporated or incorporated into a product, .
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Figure 3. Approximate Average Annual Precipitation in the United States.
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is removed from our total supply. Irrigation using 46 percent of our
supply is one of the most consumptive uses of water, evaporating about
60 percent of the water used, Figure 4. irrigation accounts for 80-90
percent of all consumed waterog/ Industry also uses 46 percent of our
total water supply bubt only 2 percent of this water is evaporated.
Rural and municipal supplies account for 8 percent of the total usage
and are 10 percent consumptive.

Most industfial water is used in Bastern United States and most
irrigatioh occurs in the West, Figure 59: Comparing Figures 3 and 5 we
find industry, a low consumptive use, is located in a high rainfall
area. Irrigation, a high consumptive use, draws i#s water from the low
rainfall area of the United S:batese The relationship of consumptive

uses and rainfall areas intensifies the national water problem.

Institutional Watber Conflichs

Our national water supply is presently 4.5 times greatér ‘than our
consumption,‘ Qur other natural resources are not found in the same
places water is found and as a result the population of the United
States is not always located where the fresh water is most abundant,
Partly because of this mismatch an institutional problem has developed
around the question of who owns the water within the boundaries of a-

state or nation and who has the right or privilege of its use.

2/Select Committee on National Water Resources, United States Senate,
Water Resources Actbivities in the United States, Committee Print Nos
1, United States Government Printing Office, Washington, D. CG., 1959,
Pe Do




#Source: Select Committee on National Water Resource, United States Senate, Water Resources Activ-

ities in the United States, U. S. Govt, Printing Office, Washington, Ds C., 1959, p. 8.
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ities in the United States, U. S. Govte. Printing Office, Washington, D. C., 1959, p. 14,
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An example of the difficulties that arise over rights—of-water—
usage 1ls the l0-year old conflict between Arizona and Califernia over
who has the right to the water in the Colorado River that forms the
boundary between California and Arizona. In Southern California the
population increases at the rate of 1,000 people every day and these
people need water, the industries that employ these people use water,
and the agriculture that feeds them uses water, OSouthern California is
an arid region and must bring in water to support its industry, agricul-
ture, and cities, |

Arizona's population has doubled in ‘the past 10 years and the
Phoenix and Tucson areas have been pumping more water from the groﬁnd
than rainfall has made available for recharge. The irrigation ruins
near Phoenix:suggest another civilizatlon may have exhausted the water
suppl& in- centuries past. Phoenix and Tucson are looking for a hew
" source of water.

Each of these two developing states en opposite sides of the Colo-
rade River have‘considered themselves entitled to the water, A deci-
sion from the highest court in the land was required to settle the long
dispute between these two states. The Supreme Court decision delivered
on June 3, 1963 was split five to three in favor of Arizona getting
" more and Galifornia getbbing less wabter than they each received at that
time. This institutional decisien will force GCalifornia ‘te bring water
700 miles from Northern California ‘to replace the water presently piped

250 miles from the Colorado River,
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Since the Supreme Court decisién, Arizona can legally Llift her
share of the Colorade River 985 feet Lo a ridge 25 miles from the ri%er
and gravity-flow it through pipes 220 miles to a large, as yet uncon-
structed, distribution system in the Phoenix~Tucson complex, This de—
velopment will invélve still other inmstitutienal problems. Arizona
cannot develop her project without Federal aid and California has 40
gongressmen who proebably will do what they can to stop such aid, Ob-
structing Arizona's development will allow California ‘te use the water
from the Colerado River for a few more ysars until she can find some
replacement water,
This institutional conflict is not confined to California and
Arizona as is evident from the following editorial:
Califorhia doesn't want any of its water going to
Arizona, but proposes an agueduct and pumping stations
to get water from Idahofs Snake River for California.
Governor Robert Smylie of Idaho doesn't think much of
that idea, as could have been predicted. .
Governor Smylie suggests that California tap the
Columbia River at Astoria and pipe the waber south.
The pipe presumably would be submerged off shore. Ore-
gon doesn't like that piteh either. The Oregonian com-
ments that if people amnd industries want Northwest .
water, let them come to the Northwest. '
No state -wants to be the supplier.of water for another.
This applies to Montana as well as to Idaho and Oregone
We want, and should have, first call on the water that
arises within Montana borders. And we want prilor rights
to the pewer produced within the state.
Unless population growth is restrained, Southern Cali-
fornia and perhaps Arizona will have te get water from

the sea by conversion from salt to fresh. The Federal
government is doing a lot of research on this in an effert
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to get the cost downe

If the cost problem can be licked as a number of sci-
enbists think it can be, this makes more sense than try-
ing to move rivers from one seetion of the country to
another.3/

3/Editorial, Great Falls Tribuhe, December 6, 1963, ﬁ, 6, Col, 1-2.




CHAPTER III
History of Irrigation

Barly Irrigatiqn

The record of the first irrigation project is lost in antiquity.
No oﬁe seems to know if the first irrigation was in Asia, Africa,
Europe, or even America. Egypt had a project which diverted water from
the Nile River in a channel 12 miles long as early as 2000 BoCo This
chanhel may not have been a part of the first irrigation project but
it probably created the‘first man-made lake, Lake Moeris., Egypt had
" other probably firsts, é.g,, the first artesian well, the milometer
for guaging streams, a system of canals for irrigation and navigation;
and the first mechanical means for 1lifting water from one‘level te
another., Many of these "pumping" methods developed.first by Egypt are
still in use today.4/

Another ancien% irrigation project worthy of mention because of
its size aﬁd historiéal impertance is that of Babylonia. Inclﬁded in
her sysfem'was a lake 42 miles around and 35 fee% deép used for irriga—
tion water storage. Their Nehrawn Canal was 400 miles long diverting
waber from the Tigfis River and variedvin width from 250 to 400 feetl,
These facilities supported the large cities of Babylon and Ur.5/ Fail-

ure to keep these facilities clean and useable aided in the destruetion

4/duffman, Roy Be, Irrigation Development and Public Water Policy, The
Ronald Press Company, New York, 1953, pp. 7-8.

i)
.i/__.Ibid°3 Ps 9.
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of these great cities.

China and India also had irrigation systems very early in their
culture, possibly as early as Egypt's, and their use of the art of
irrigation went through differing stages of development through the
centuries.

Iréigation practices in the Mediterranean area proﬁably spread
from;the eafly Egyptian usage., The Greeks, Phoenicians, and Arabs
all used irrigation in their qulturés. The Romans and especially
Julius Caesar, spread the practice whe;ever he went, . The Romans in—
troduced a type of flood irrigation inte England that is still used
today., The AraBs took irrigation inte Spain with their conquest and
the practice remained and developed long after they were driven out.6/

Irrigation in the Western Hemisphere dates back to before the time
of Christ. In South America extensive irrigation was practiced in Peru,
Mexico, Chile, and Argentina. The Incas of Peru probably had the
largesf irrigation system in the Americas, with one canal overVAOO miles
long, They used long aqueducts which displayed their engineering skill.
Early irrigation in North America was confined to Whaﬁ is now South-
western United States and dates back to the beginning of the Christian
era, The most eléborate prehistoric developments were in the Salt River
Valley, Utah, where it is estimated canals and laterals exceeded 1,000

miles. Appreximately 250,000 acres were at one time under irrigation.

This vast civilization vanished about 1400 A,D. New Mexico, Arizona

6/Tbide, Po 1le
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and Kansas'also show remains of early irrigation systems but they too

had vanished before the Spanish came in the early 1700's.7/

" Modern Irrigatien

The modern irrigation era in the United States starts with the
establishment of the first Mormon Settlement in the Great Salt Lake
Valley in 1847, The Mormon Settlement is not givén this honor because
they were the first group in modern times to practice irrigation, far
from it, The Spanish missienaries of the Roman Catholic Church estab-
lished missions in Arizona, New Mexico, and California and each included
a small irrigation system for survival and instruction. The mission at
San Diego, established in 1768 included an irrigation system and an

. >
irrigation community was initiated at.Santa Cruz, California in 1776,
At the time of the Mormen Settlement irrigation was a common practice
at Sante Fe, New Mexico and some feel the Mormon freighters and team-
sters may have observed irrigatioﬁ first hand while freighting into
New Mexico from Missouri.8/

The Mormon picheers were Angld—Saxon people and heirs of the long
centuries of culture and civilization known to the Anglo-Saxons. ‘Thé
Mormons were pioneers in their own right. They moved from the humid
east into a desert to settle dowﬁ and liven‘ Living in this desert was

a challenge not known to the Anglo—Séxon ploneers before them who only

7/Ibide, PPe 12-Lbe.

8/Ibide, DPe L5
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passed ‘through this desert on their way to California and Oregon. The
Mormon ploneers came to stay and somehow they must subdue the land and
2t the same time keép their civilized life and standard of living.
Their sociél, economic apnd spiritual possessions they had to preserve,
Their society in the desert must be as good or better than they had had
in the humid region, "That was the challenge to the pioneers of 1847--
to build communities of modern, civilized people under the ditch, com-—
parable or superier to those in the rainfall regions from which they
came, That accomplishment is in mind when we speak of modern irriga-
tione g/

The Mormon experience proved modern irrigation was possible and
other groups soon took up the art. The 1849 gold rusk gave a big push
bo irrigation water usage as ili fated miners turned %o agricultufe.

In 1857 a settlement was started in what is now Anaheim, California,
and in the 1870's irrigation projects were started in Greeley, Boulder,
Longmont, Fort dollins, Loveland, and Colorade Springs, Colorade, Suc-—
cess in these adventures stlmulated national interest in the possibil-
itles of irrigation and the result has been a series of Judieial deci-
sions and legislative.acts from the 1870's until 1963, Examples are,
‘The Desert Land Act of 1877; The Carey Act of 1894, The Reclamation Act
of 1902l9/ and The 1963 Supreme Court judicial decision on California

VvSe Arizonae.

9/Ibido, Po L5 (citing "A Century of Irrigation®, by John A, Widisae,
Reclamation Era, XXXIII, Ne. 5, May, 1947).

10/Tbide, ppe 16-27.




CHAPTER IV
The Development of Modern Water Rights
Water rights are different in the various parts of the United

States and much of the difference is a result of topography and climate.

The Transitional Zohe

A plenary understanding of present United States water righﬁs is
impossiﬁle without some knowledge of the climatic and topographical
differences within the United States. ’

An imaginary Lline drawh nerth and south across the.United States
at the 98th -meridian would eross North and South Dakota, Nébraska,
Kansas, Oklahomg and Texas dividing the United States into'the humid
east and the arid west, Figure 6, These states bisected by the 98th
meridian form a transitional zone and great chénges are seen in the.
vegetation, topography, climate, and animal life when crossing the.zone
from east to west. .

The variaﬁions in elevation west of the tranéitional_zone are
extreme, starting frem 1,000 feet mean sea level (MSL} near the 98th
and increasing sfeadily to the Continental Divide, about 14,000 feet,
Beyond the divide elevations remain high until the western coastal
range of mountains are crossed where a sharp descent is made to'the
Pacific Coast,.

Vegetbation fh the transitional zohe changes from the eastern tim-
bered region to the western grasslands, 'This vegetaﬁional shift forces

a shift in the animal life on the plains where the buffalo roam, the
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antelope play and for the lack of a tree the chickadee becomes a ground
squirrel, A typical easterh reaction to changes in vegetation and
animal life west of the 98th are vividly described by Mark Twain in
his first étage trip west. He describes his first "jackass rabbit¥,
sage brush——-a gnarled and venerable live oak tree reduced to a little
serub, prairie dog villages, antelope, coyote and buffalo with all the
surprise of an eastern resident. His first impressions of the Seuth
Platte were:

We came te the shallow, yellow, muddy South Platte

with its low banks and its scatbering flat sand-bars pigmy

islands——a melancholy stream straggling through the center

of the enormous flat plain and only saved from being im-

possible to find with the nazked eys by its sentinel rank

of scattering trees standing en either bank. The Platte

was "up", they said—which made me wish I could see it

when.it was down, 1f it could look any sicker and sorrier.ll/

Mark Twain's surprise and derision were justified since the cli-
matic changes ekperienced in the transitional zZone are the most Iimpor—

tant as far as man is concernhed., The seasonal temperature-ranges west

of ‘the transitional zone are extreme but by far the mest important cli-

" matic difference is the lack of precipitation. East of the transitioenal

zone average rainfall is 20-60 inches per year, Figure 6, which is suf-
ficient for abundant agriculture, while most of the area west of the

98th receives a sparse L0-20 inches of rainfall.

11/Clemens, S, L., Roughing Tt, Rinehart and Gompany, Incorporated, New
YOI‘k, 19579 PPo 33-34.
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Figure 6. The 98th Meridian—The Transitional Zone.
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The differenée in annﬁal precipitation Between the east and west
has had a marked affect-upon the respective attitudes regarding rights
to run-off water, EFast of the transitional zone Land is scarce and
water is free, The institutional and legal structures of the expanding
United States were formed in the e?sf under the assumption of the
universality of these conditions., West of the ﬁransifional zone how-
ever, pioneers found land to be free (as evidenced by the great lengths
to which the government went to give it away to railreads and home~
steaders) and water to bg scarce (as gvidenced by the great length the
settlers and later the government went to preserve it),

In summary then it was the climatic and topographical changes ex—

perienced when crossing the transitional zone that foreced the early .

" settlers to alter most of their social and legal institutiens. This

alteration is elearly attested to in the difference in water rights

betwean the east and west.

Eastern United States Water Righﬁs

Eastern United States was settled by people directly from Eurepe
where moisture was sufficient for fayming and continued irrigation was
not necessary. Water thére was used primarily for domestic, powér, and
recreational purposes'and their laws and institutions were developed

around these three., The amount of rainfall in eastern United States is

t

comparable to western Europe and the traditional water law was applic-

able to both regions.
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The Doctrine of Riparian Rights
The Doctrine of Riparian Rights, the title given to the water right
system brougﬁt to the United States via ‘the transfer of English Common

law, was developed by people living in humid areas and evolved naturally

as a solution to their heeds,

The central theme of this doctrine isé

Access to the water is the key point. The lands must
somshow touch the stream or lakes.s. Those who do not own
lands touching the water body,..., do not have rights to
use those defined waters... Once the land is completely
severed by lawful means from access to the body of waber,
it may never again under the commen law recover water
rights in the natural water course, .That is a basic point
that makes the riparian system ever contracting never ex-
pandings.. Another limitation of the riparian system...
arises out of the main concept that each piece of riparian
land is entitled to have the full flew of the stream come
by substantially undiminished in guantity or unimpaired in
qualityees -

The riparian landowner is not held to any measure of
beneficial use and conservation of the water supply., His
right dees not arise by reason of usee.. His rights arise
by reasen of ewnership of land—-nothing more.l2/

Another writer explains the riparian rights as follows:

The common law riparian right 1s comparatively simple,
as far as the law with reference to it is eoncerned., It
is an incident of the ownership of land which borders upon
a stream, It is not shared in any way with those whose
land does not abut upon the stream. Except for the right
of the riparian owher to use so much water from the stream

12/Busby, Co Eo, "Regulation and Economic Expansion,® Yearbook
of Agriculture, 1955, The United States Department of Agricul-
ture, The United States Government Printing O0ffice,:pp. 669-670,
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as he reasonably requires for his own riparian purposes,

the stream must be left undiminished in quantity and unim-

paired in quality, He enjoys his riparian rights on a plane

of complete equality with other riparian owners.l3/

This riparian concept of water usage then would allew only for
domestic use, power (if no polution}, and recreational water uses by
those who owned the banks containing the water. This conecept inher—
ently creates many blocks to eastern development even today but suffice

it to say, such a concept of water usage could not meet the needs of

western United States.

Western United States. Water Rights

The gold rush éf 1849 brought many people from the East into Cali-
fornia., These péople‘crossed the transitional zone and passed westward
to a humid area much like the ene they knew in the Bast. Once in Cali-
fornia these "miners" were out of reach of the establishéd law and
riparian water rights., They found land,.watgr, and‘gold and they “wers
free to make any use of the land and thé Water‘(ip.neither of whicﬁ they
held any proprietorship) that they could agree upon among ﬁhemselvéso"lé/‘
TWhen they found gold they took the water to the gold because water Was‘a
mist to separate the precious metal from the rocks and dirt; Water for

mining was scarce?Afhe demand greatly exceeded the supply, so the miners

13/Patten, George Y., "Water Rights im Montana", Rocky Mountain Law
Review, Vol. 23, Ne, 2, December, 1950, pp. 2~3.

14 /Webb, Walter Prescot, The Great Plains, Grosset and Dunlap, New York,
1931, po 443.
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worked out a practical institution to allocate the water among them-

selves., This institution is The Doctrire of Prior Appropriation.

The Doctrine of Prior Appropriation

The early California miners agreed among themselves that the first
person to develop a use for water held a priority for its use over later
developments regardless of relative positions on a stream, From this
idea comes the phirase—"first in time, first in right®", and once a
priority was established the right" was valid as leng as use was con-
tinual and beneficial,

As the gold rush in California diminished it increased in Montana,
Colorado and other western states, As the miners moved from California
‘they naturally teok their new doctrine with them to other states. When
gold fields failed, many turned to farming. Much of the new farming
areas needed irrigatien and it was 6nly natural for them to apply their
mining water deoctrine to irrigation water, The Doctrine of Prior Approp-
riation has gone through many stages of development in several states
but the important features are:

1o It gives an exclusive right to the first appropriator

: and in accordance with the doctrine of priority, the
rights of later appropriators are conditioned upon the
prior rights of those who have preceded.

2.‘ It makéé all rights conditioned upon beneficial use.
The doctrine of priority was adopted for the protection
of the first settlers in time of scarcity. The doc-
trine of beneficial use became a protection te later

appropriators against wasteful use by those with earlier
rights, ‘

[y
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36 It permits water to be uséd en non-riparian lands as
well as on wiparian lands. :

4o It permits diVersien of water regardless of the dimihu—
tion of the stream.

5. Continuation of the right depends upon continued bene-
ficial use. The right may be lost by nonuse.l

The eight mountain states have found they could not follow ‘the
riparian doctrine and they completely abrogated it in favor.of the
Doctrine of Prior Appropfiation, Figure 70' These sbates are bordered
on the West by thg humid Pacific Coast States and on ‘the East by the
transitional zone étates° These two groups of states modified the
riparian doctrine to fit their own needs. Only the humid east has -

followed the common lgw dectrine.

Montana Water Rights

January 119.1965 will mark 100 years since the Bannock Aésembly,
territorial government for Montana, adopted "The common law of England"
and in so doing adopted the riparian doctrine of water fightsolé/ From
.that tiﬁﬁ to this the laws affecting uses and rights:to use both sur—
face and ground water have been shaped and reéhaped in an effort to find
a.stable useable water right code. ‘

Before the doctrine of riparian rights was adopted as law the

15/Huffman, ROy E., ODe.eite, Do 43.

16/Dunbar, Robert G., "The Search for a Stable Water Right.in Montana®,
Agricultural History, Vol, 28, October, 1954, pe 139.
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miners and ranchers were actually using a prior appropriation approach
to their common water problemé° This doctrinal dichotomy in water
rights contimmed in Monbana unbil 1921, In 1919 after three dry years
the A@es Reality Company, near Helena, decided to change the point of
their diversion on Prickly Pear Creek from a point belew the ranch of
one Anna Mettler to a poimt above her ranch. This change took all of
the water from the creek and the Mettler ranch was without water. A
necessary fact of the case was that the Mettler ranch used water from
the creek but had never made an appropriation or diversion of the creek.
The case of Mettler vs, Ames Reality Company came before the court. |
Anna Mettler wanted water on the basis of her riparian right while
Ames Reality Company based their case on prior appropriation. 'The
decision of the court was, "Our conclusion is that the common law doc—
trine of riparian rights has never prevaiied in Monbtana since the enact~
ment of the Bannack‘Statutes in 1865, and that it is unsuited to the

condition heree.."17/

. Surface Water Rights

Since the 1921 Supreme Court decision the Doetrine of Prior Appro-
priation has been the valid Montana water right law, Mbnténa water is
public property and rights to the use of water may be established in

one of three wayse. The first method applies only to unadjudicated

17/Ibid., pe. 141, citing Mettler vs, Ames Reality Company, Montana, 61:
152-71L (1921); Pacific Reporter, 201:702-08 (1921); Montana Supreme
Court Library Briefs, Vol, 128, No, 4475, Brief eof Appellant.
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streame and requires a notice to be posted at the point of diversion

and a copy of the notice to be filed within 20 days in the county elerk's
office of the counby in which the appropriation is being made. Censtruc-
tion of the diversion must begin within 40 days after the posting and
continue with reasonable diligence until completione.

A second method, not provided for by law; is simply to dig a ditech
and apply the Wafer to beneficial use., The Supreme Court has ruled an
appropriator may acquire a right by this method.

The third method applies to those streams where Waﬁer‘rights and
priorities hafe been determined by adjudicatien by the DistrictICourt,
Once the streams are adjudicated the court decree becomes the effective
deed of the appropriator to his water right. If a new appropriater
wants %o obtain‘weter from an adjudicated stream he must petition the
" District Court having jurisdiction over the stream for permission to
make ‘the appropriation. If the other wabter users make no objections
the court will give permission-and a supplemental decree granting the
right. This new right is then subject to the rights of the prior ap-

propriators.

Ground. Water Rigﬁts

In 1961 the Montana legislature passed an Underground Water Code.
Prior to this time the use of ground water was not recorded, coptrolled
or regulated. The Underground Water Code provides the.machinery where-
by a person or persons wanting to develop a ground water resource can

establish a right to use said ground water and can determine who has
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use priority. Gértain sections of the code are reproeduced in Appendix ‘
A, The basic philosophy of the code follows the Doectrine of Prior
Appropriation and ranks water rights in the following manner:

l. Any surface water right appropriated before Jammary 1,
1962 has priority over any ground water right,'prior

or subsequent to said date.

2o Any beneficial application of ground water prior to Jan-
nary 1, 1962 is recognized as a water right.

3. Any appropriafion of groun& water oen or after January 1,
1962 is based upon the provisions of the code.

In establishing rights "between all appropriators of surface or ground
water on or after January 1, 1962, the first in time is first in
rights8/

The code makeg provisions for the appropriation of ground water

after Japuary 1, 1962 in the following manner:

1. Before construction is started file a "Noticé of Appropriation
of Ground Water" with the county clerk.in ‘the county where fhe
appropriation is contemplaﬁedg This notice gives the right its
earliest possible date,

2, After filing the above notice construction of the well or
other development must begin within 90 days and be continued
$ill completion of the project.

3, Upen completion of the project a "Notice of Completion" musb

be filed with the county clerk stating the project is finished,

18/Underground Water Code, Montana Session Laws 1961, Chapter No, 237,
Section 2
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This "Notice of Completion' is very important. If ‘this notice
is filed’upon completion the date of the right is rélated back
to the filing data on the "Notice of Appropriation.' If the
"Notice of Completien' is not filed after completien then the
privilége of "relation back" is forfeited and the water right
will be dated when the "Notice of Completion" is filed rather
than the earlier date, Fifteen days difference in dating
surface rights mekes a bilg difference in the Gallatin Valley
and the demand may create fthe same pressure en ground water

rights.




CHAPTER V
“History and Characteristics of Gallatin Valley

History

The southwestern portion of Mbntana:was put~on—~the-map by Lewis
and Clark in 1805 when they discovered the source of the Missouri
River, IEnglish, Canadian and American fur traders traversed the area
fér 50 years following Lewis and Clark, but it wés the diéopvery of
gold in the 1850's and 60's thaf began to bring people into the area.
Gallatin County's first séttlement'was established near the mouth of
the Gallabin River in 1862 when the Gallatin Town Company laid eut a
town site later known as Gallatin City., Gallatin Gity, located near
the present'tcwn of Three Forks, and the Gallatin Town Company were in-
corporated and chartered respectively by the first legislature in 1865,
Thé first house in Gallatin County was constructed at Gallatin City in
1863, |

Bozeman was laid out and the first house built in 1864. That same
vear ‘the first irrigaﬁion ditches were dug and the first wheat crop
produced by John Thomas., Grain production ook hold rapidly and as a
result several flour mills, a malting plant, and a brewery were con-
structed. The first water right in ﬁhe valiey dates back to May 1,
1864 and water rights were established every year from 1864 to 1927.
In the 88 years from 1864 to 1952-(the year the Burgau‘of Reclamation‘
study was completed) wabter rights were dated in all but six years

(1928, 1930, 1941, 1944, 1946, 1949). In less than 20 years after the
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first water was diverted from the Gallatin River all of the normal
surface run-off had been claimed, The first two court cases involving
water rights were held in June, 1884, These first two cases established
a ‘brend and.in the 68 years from 1884 to 1952, 44 cases, an average of
.65 each year, are on record. a

Immediately after the first_settlement»ﬁhe population of the Gal~
latin.Valley began to grow and in 1865-66 the first school was taught,
1867 brought a militafy post, Fort Ellis, and 1869 saw the first news-
paper——The Montana Pick and Plow, Progresg then was slow as we know
progress today., Telegraph connections came to Bozeman from Helena in
1871, in 1878 the two ﬁrincipal hptelé in Bozeman registered 14,000
guests, Even with all of this development the valley waited until 1883

for the first railread and 1893 for Montana State College.l9/

Geography

Gallatin County, Figure 8, is located in the southwest portion of
Montana, Figure 1,. The county spans 50 miles from east to west and 116
miles from north to south, totals 2,517 square miles and ranks, accord-
ing to area, 25th of 56 counties in the state., The elevatien of the
county ranges from 4,000 feet near Trident to 11,293 feeb at Koch

MNountain north of Hebgen Lake,

19 /Water Resources Survey, Gallatin Gounty, State Engineerts Office,
Helena, Montana, January, 1953, pp. 6~8. United States Department
of Interior, op. cit., addendum to Appendix B, Vol, 1, Part IIIL
and IV, Ibid., Appendix A.. -




v @\
2

GALLATIN
COUNTY

HEBGEN

Gallatin County, Montana.

ELGRADE

BOZEMAN

W. YELLOWSTONE




~36—

| Although four rivers have drainage within the county only the
Gallatin River and its tributaries are of any irrigafion,significance,'
The West Gallatin River has its origin in the southerh reaches of the
county and flows northward for about 110 miles, draining 1,840 square
miles and emptying into the Missouri River‘above Trident. About &0
.miles~north of its lofty oriéin the‘Ggllatin River enters thg Gallatin
Valley, south of Gallatin Gateway, and flows north-northwesterly 28
miles through'the valley before passing through a tight gorge near
Logan and then on into the Wissouri River.
| The Gallatin Valley, the most important agricultural sector in
the county, is about 25 miles long and 20 miles wide and has an area
of abeut 540 square miles, The valley is bounded by hills and mountains
on all sides. The 7,000 fee£ Horseshoe Hills on the northwest, the
9,000 feet Bridger Range on the northeast, the 10,000 feet Gallatin
Range on the southeast, and 11,000 feet Madison Range on the southwest,
and ‘the low Camp Creek Hills on the Wesfo The valley floor is compara-
tively smooth, sleping northerly on an average of about 40 feet per
mile, The altitude within the valley ranges from about 5,400 feet on

the southern border downh to 4,100 on the north.20/

\

20 /Hackett, et. al., Geology and Ground Water Resources ef the Gallatin
Valley, Gallatin County, Monbana, Geological Survey Water—-Supply
Paper 1482, United States Goverament Printing Office, Washington,

Do Cay 1960, ppe 12-13.
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Climate

The climate in Gallatin County is characterized by large Variations‘
in temperature and precipitation., These are due, at least in part, té
the difference in elevation of the various parts of ‘the county, Table TI.
In general the County is characterized by long cold winters ané short
cool summers., The mean annual.temperéture at Bozeman is 42.1 degrees
Fahrenheit, the highest temperature én record is 112 degrees and the
lowest is =53 degrees Fahrenheit, The May-September average temperature
is 58,1 degrees Fahrenheit., There is an inverse relationship in Table I
between the elévation and the May—September average temperature. Tri-
dent the lowest MSL statien has the highest average temperature while
Hebgen‘Lake the highest MSL station has the lowest average ‘temperature.

The last killing frost in the spring in Bozeman averages abeut May
24 and thg first killing frost in the fall comes on the average about
September 16 allowing a growing seasen of about 115 days. At Hebgen
Dam the last frost is expected about June 15 and the first frost of tﬁe
f;ll rushes in by September 11 allowing for a growing seasen of only 88
days., Killing frosts come every month of the year, ﬁowever, aﬁ the
higher elevations.2l/

Precipitation in the Gallatin County is unevenly distributed. The

“annual average precipitation varies 12.5 inches, from a high of 25.17

inches at Hebgen Dam down to 12,65 inches at Trident, Table II. Ele-

vation and average annual precipitation are directly related with the

21 /Water Resources Survey, Gallatin County, op. cit., Pp. 10,
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TABLE I. TEMPERATURES AT SELECTED STATIONS, GALLATIN COUNTIY, MONTANA.:¢

No, of Highest Lowest
Years Average - Temp. Temp. May-Septa
on Annual on on Average - Elevation
Station Record Tempe Record Record Tempa MSL
Belgrade 15 © 4le3 100 =43 58,3 o, L45L
Bozeman 61 4261 112 -53 58,1 4856
Hebgen Dam 41 3666 99 -60 540l 6489
Trident 19 4565 105 . =45 62,0 - 4036

%*Source:  Adapted from United States Department of the Interior, Report
on Three Forks Division, Missouri River Basin Project-Montana,
Bureau of Reclamation, Upper Missouri Projects Office, Great
Falls, Montana, September, 1958, Appendix A, pp. 9, 1l.

TABLE IT, PRECIPITATION AT SELECTED STATIONS, GALLATIN COUNTY, MONTANA.#*

No, of Inches of © May—Sept.

Years Annual May—Sept. Percent of
on- Average Average Apnual Elevation
Station Record Precipitation Inches Average MSL
Belgrade 16 1411 8,40 60 4451
Bozeman 62 17,55 Qo4 54 4856
Hebgen Dam L, 25,17 9061 38 6489
Trident  °© 20 . .12,65 8o 51 67 4036

#Source: Adapted from United States Department of the Interior, Report
on Three Forks Division, Missouri River Basin Project—Montana,
Bureau of Reclamation, Upper Missouri Projects Office, Great
Falls, Montana, September, 1958, Appendix A, pp. A9, 10.
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highest annual average recorded at Hebgen Dam, 6481.MSL, and the lowest
annual average recerded at Trident, 4036 MSL, Precipitation during the
growing seasbn, May through Septémber, is inversely related to the ele—
vation-with Trident receiving 67 percent of its annual precipitation
during that season while Hebgen Dam only receives 38 percent of its
annual average precipitation during May;3§p£ember season, Within the
valley proper the 1952 record shows a 8,76 inch difference in precipi-
tation received within a 13 mile range with 10,8l inches recorded wesb
of Belgrade and 19,57 inches recorded at Bozeman, Obviously then it
follows that the precipitation for the valley is unevenly distributed

and the heaviest amounts are recorded in and nearest the mountains.22/

Agriculture

The terrain of much of Gallatin County is high and mountainous,
The total land area is about 1,618,800 acres and approximately 65 ﬁer~
cent of it is mountainous and mmch of it is included in the national
forests, Roughly 58°3hpercent of ‘the total land afea‘is ihcluded in
farﬁs and only 16 percent, 262,000 acres plus, is presently used as
crop land, The ratlo of dry land to irrigated land in the county is
about 1 to .75, approximately 150,000 and 112,000 acres respectively.23/
The number of harvested irrigated acres in the county varies from

year to year, In 1961, 68,923 irrigated acres were harvested in

i

22/Hackett, ope cit., Ppe 14 and 18,

23/Water Resources Survey, op. cit., pp. 1l1-12.
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Gallatin County. In 1960, 66,521 were harvested. In these two years
Gallatin County ranked third among Montana counhties in number of irri-
gated acres harvested, In 1961 the value of the irrigated harvest was
$4,412,400 or an average of $64,,02 per acre, There were only 12 counties
in the state that had a per-acre-average higher than Gallatin County and
only two counties had a higher gross value of pfoduction from irrigated
acreage .24/

Various crops are grown on the irrigated 1énd in the valley.
Almost all the croplénd in Gallatin County is in the area designated as
the Gallatin Valley, Using-lgél as a representative year we find 200
acres of durum wheat, 300 acres of rye, 500 acres of corn, 823 acres
of potatoes, 2,600 acres of spring wheat (other than durum), 8,800
acres of winber wheat, 11,100 acres of barley and 41,000 acres of hay
(all types}. Plainly wheat, barley, and hay are the most importanﬂ
irrigated crops in the valleyggj/' The Montana Department of Agriculture
does not record irrigated pasture.acreages or productionuper—éere, Forn
the Gallatin Valley irrigated pasture acreages would be high,

Many of the Gallatin Valley farmers summer fallow irrigated land,
Even though fa?meré can irrigate all their land and some of them have

the water they need, many of them summer fallow one half of their land

24 /Montana Department of Agriculture, Montana Agricultural Statistics,
Montana Department of Agriculture and United States Department of
Agriculture, Heleha, Monbtana, Vol, IX, December, 1962, pp. 9-10.

25/Ibide, Ppe 29-60, : o
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elaiming their long run average production per acre is higher using

summer fallow,
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Q
Bureau of Reclamation Heport on
° The Three Forks Division _ o

- .
Appendix B, "Volunteer Comments," of this thesis ihelude several
references to various alternative methods of supplying water for the
Gallatin Valley. ALl of the alternatives have some merit and most of

0
them have been considered at one time or anether. It is the authorjs

opinion that many of ;he people who submitted these alternative éugges—
tions withheld their suppért from the program proposed in Chapter VII
because they considered their alternatives far superior. In this chap-
.ber a detailed summary of the Bureau of Reclamation Report is presented .
in order that comparisons can be made,

The United States Department of Inﬁerior was created by an act of
the United States Congress in 1849. The Department of Interior ié re—
sponsible for advancing certain domestic interests and iﬁcludes the
Bureau of Indian Affairs, the Geologiéél Survey, National Park Service,
Bureau of Mines, Bureau of Land Management, and the Bureau of Reclama-
tions The Bureau of Reclamation was set up under the Reclamation Act
passed by Congress in 1902 and since its establishment its primary
interests have been flood control, -development of power, and irrigation.

’ The Missouri River Basin Project is a plan authorized under the
Floéd Control Act of 1944 and 1946 for the coordinated develoﬁment and
control of the Missouri River and its basin lands. Senate Decument No,

191, Missouri River Basin (report by Secretary of the Interior, Harold

L, Ickes on Bureau of Reclamation ﬁlan for Basin Development), dated
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April, 1944 coins the phrase "Three ForksrUnit" for the Jefferson,
Madison, and Gallatin River basins, Figure 9. In September, 1958 the
Bureau of Reclamation published a "Report on Three.Forks Division,

Missouri River Basin Project--Montana."

Provious Studies

Investigation in the Three Forks Unit began as early as 190541906
by the Reclamation Service, some private studies were conducted in the
1920's, but the first comprehensive inventory of the water resources in
the area was made between 1928 and 1933 by the War Department. Two
reports.were made by the War Department, House Document 193, 1931 and -
House Document 238, 1933,

The Bureau of Reclamation began an investigational program in 1938
aided by private and state funds that culminated in the afore menbioned
report, Senate Document 191 dated April 1944. This report contained
the original plan for the Three Forks Division which was submitted
subject to modifications that might be indicated as a result of more
detailed surveys and studies, The modifications made later were several
and extreme, To indicate the intention of the original plan a quotatien
is taken from Senate Document 191, page 633

»+.after Canyon Ferry Reservoir has been built, it will be

possible to utilize the Montana Power Company's Hebgen Res—

ervoir, on the Upper Madison River, with its eapaecity of

34.5,000. acre—feet, chiefly for irrigation., In the past it

has been used for peower., A long diversion canal from the

Madison River will deliver the regulated flow of that river

to a bifurcation works in the vicinity of Nerris, Montana,
where the main canal will divide into two branches, one




% THREE FORKS DIVISION
- GALIATIN SUB-DIVISION

Figure 9.

The "Three Forks Unit", of the Missouri River Basin Project, Bureau of
Department of Interior.

Reclamation,
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branch crossing the Madison River and entering the Gallatin
Valley, where 124,000 acres of irrigated land have suffered
frequent shortages of water. Importation of Madison River
water will preclude the necessity for constructing a large,
expehsive reservoir on Gallatin River, as heretofore proposed,
and- will permit the expansien of the irrigated area in the
Gallatin Valley by some 40,000 aeres of land. Reservoirs of
20,000 acre-foot capacity, on the Taylor Fork of the Gallatin
River, and 15,000 acre~foot capacity, on Bridger Creek, will
be required to supplement the water supply, in addition to

an 8,000 acre~foot reservoeir on Middle Creek, which has been
under construction by the Montana State Waber Board.

After conducting their study in 1958 and analyzing the data re-

ceived the Bureau of Reclamation reports:

The original basic plan to utilize the Madison River through .
transbasin diversiens to irrigate a great portion of the de-
velopment areas has been modified to limit the use of thatb
stream to the Madison Sub Basin onlye.. It is recognized
that considerable change has been made in the original plan
authorized in Senate Deocument 191 and modification of the
original authorization may be required.26/

Reported Alternatives by Bureau of Reclamation

Each of the following alternative plans submitted by the Bureau of
Reclamation's 1958 report on the Three Forks Division require the con-
struction of a dam abt the meuth of the Gallatin Canyen below Spanish

Creek.27/

Alternative No, l.——The Spanish Greek Dam and Reservoir location

26 /United States Department of Interior, Report on Three Forks Divi-
sion, Bureau of Reclamation, Upper Missouri Projects Office, Great
Falls, Montana, September, 1958, Appendix A, p. A—BB.

27/Ibids, Appendix W,
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seven miles up stream from Gallatin Gateway as shown in Figure 10 is
the same for all four of thé alternatives studied, For each alternative
the dam was to be an earth and rock fill strueture and for Alternative
No, 1 it was to be 332 feet high and 1,260 feet long at the crest ele—
vation of 5,469 M.S.L., Total storage capacity of this size structure
was estimated to be 260,000 acre—-feet,

The dam construction is the main feature of this alternative. It
would supply water to the existing ditch structure and would service
76,942 acres, The total cost_of the dam, includihg interest and mis-
cellaneous charges came to $24,495,000 in 1957 dollars, The annual
costs of the project was estgblished at $680,160. The benefits were
estimated at $1,034,800 (allowing for a $7,200 loss to recreation be-
cause of the‘construetion) yielding a benefit—cost ratio of 1,034,800/
680,160 = 1.52. | |

This 1452 benefit-eost ratio is less than the program.pfoposed by
the 1958 report., Any dam on the Gallatin River, says the report, wili
meet with objeetions from naturalists and conservationists. Because of
the lower benefit-cost ratio and the local objections, Alternative Plan

No., 1 was not proposed,

Alternative No, 2.~This plan utilizes a dam leocated :in the same
area as Plan No. 1, Figuré 10. Plan Noo'2, however, calls for a earth-
rock filled dam 390 feet high, 1,500 feet long at the crest and storage
of 382,000 acre-feet, The lérger storage capacity was needed becanse

of the extended ditching system as shewn in Figure 1ll, The proposed
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Kleinscﬁmidt Canal, Figure il, would be a 67 mile long supply works and
would abandon the present eight mile long Kleinschmidt Canal.

Anceney Canal would begin with a diversion dam aboult two and one-
half miles bélow the Spanish Creek Dam and would service 1and§ on ‘the
west bench of the Gallatin River. The canal would be about 4l.2 miles
Llong with no arable land located bétween the start and Mile 19 of the
canal.

The incfeased dam size, and cdnstfuction of the two canals with
their laterals is the major differences between Plan 1 and Plan 2, The
total cost of Plan 2, including interest ahd miscellaneous chargés
comes to $56,932,000, Aﬁnual costs were estimated to be $1,665,140 and
annual benefits $1,871,800 yielding a benefit—cost ratio of L.l2,

Although the total benefit—-cost ratio was greater than 1, some o£
the areas within the system have a ratio of less than one when evaluated
separately. :The increaséd dam size reportedly brought increased opposi-
tion frém.local interests, conservationists, and naturalist groups.. Due
to these and other factors Plan 2 was considered less favorable thén
the proposed plan.

Alternative Nog 3.-——Plan‘l\',fo° 3 utilizes the same dam location and

size as described in Plan No, L and the same extensive ditch structure
as deséribed in Plan No. 2. The 260,000 acre-feet of storage from Plan
No, 1 is insufficient ‘te supply enough water for the extended ditch
system proposed in Plan No. 2. The unique feature of Plan No, 3 is the

use of ground water pumping to furnish the additional water.
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The general working of this plan woeuld use the storage water from
‘the Spanish Creek Dam ‘to supply the needs of the Kleinschmidt and
Anceney Canals while supplying the needs of the Gallatin Valley proper
from 193 wells locabted along the existing irrigation ditches.

This pumping system is tﬁe same as that used in the suggested plan
of development and is described in detall below under Proposed Bureau
Plan. The ground water supply for this pumping system'was established
in a study conducted in 1953 by the U. S, Geological Survey at the re-
quest of the Bureau of Reclamatione. )

The total cost for Plan No, 3 in-1957 dollars ineluding interest
and miscellaneous eharges was set at $55,731,400, The annual cost was
set at $1,77L,720 and the expected benefits were $1,87L,800 yielding a
benefit—cost ratio of 1,06,

The objections to this plan are basically thé same as for the
previous two plans., The local people object to a dam site in.the Spanish
Creek area, and some of the land under the extended canal sections when
considered separately has a benefit-cost ratio of less ﬁhan one and ‘there-
fore should not be developed, The overall beﬁefit—cost ratio for Plan No,

3 is less than for either N6, 1 or No. 2 and therefore has a lower prior—

ity

Alternative No, 4e——Plan No, 4 is a modification of Plan No, 3
attempting to eliminate the areas of low benefit-cost ratios, The
21,755 acres to be serviced by the Anceney Diversion Dam and Canal had

a ratio of .56 to 1,00 and are removed from this plan. The remainder
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of the plan is the same as No, 3, Water from the 260,000 acre-feet
storage project Woﬁld be used for irrigation in the 67 mile long Klein~
schmidt Ganal and also some would be released into the Gallatin River
.proper\to maintain a fish supply. This latter use would reduce some of
. the local objection to the de&elopment plan as a whols,

The total cost of this project weould be $40,026,100. Total annual
cost was set at $1,284,300 with the anmual benefit of $1,495,200 thus
yielding a benefit-cost ratio'of 1,16,

The same local opposition to the dam itself still applies to this
project, There still remains some land under the 67 mile Kleinschmidt
Canal that carries a benefit—cost ratio of .73 to 1,00, Because of
these.this plan was rejected in favor of ‘the plan suggested in the

"Report on Three Forks Division®.

Broposed Bureau Plah

Water Requirements.——(1l) Acres needing water., The Bureau of Rec-—

lamation established the area of the Gallatin Basin needing additionai
water as bounded on the south by the Kleinschmidt and High Line Canals
(diverted south of Gallatin Gateway)} and on the north by the land under
the White Ditch, Figure l2,lheading on the West Gallatin River, and
land unhder the Aagrad Ditch on the East Gallatin River. This area

includes 67,434 productive acres irrigated from the West Gallatin River

and 1,737 productive acres irrigated from the East Gallatin River,
Within this area the bureau established a "Gallatin Unit" that would

supply supplemental water to 59,096 acres. These acres are to be
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serviced by ground—surfacé water integration and are divided into 51,139
irrigable acres (50,601 productive acres) presently supplementally
irrigated and 7,?57 irrigable (7,614 productive acres) intermittently
irrigated, This is a total of 58,215 productive acres included in the
Gallatin Unit.28/ | |

Water Reguirements.——(2) Water needed per acre,  Net all of the

streams in the Gallaﬁin Unit have been adjudicated but for those that
have been the general ruls was to allow one minert!s inch (l/ZO of a
second—-foot in Montana} for each acre irrigated. To determine legal
requirements the Bureau assumed all water rights could be satisfied by
one miner's inch per acres

For &evelopment purposes the Bureau used a static measurement in -
acre feet, The Bureau estimated the soil in the Gallatin Unit would
use 2,03 acre feet anmally, The effective precipitation for the Unit
is o72 with a farm efficiency eof 65 percent. .The farm delivery require-
ment is estimated o be 2.02 feet.,

Tt was estimated 42 percent of total water diverted would be-lost
by transportation and wastes in the main canals and laterals in an
efficient system, and even greater lesses would occur in the Gallatin
Unit, The Bureau estimated a total diversion of four acre feet per

acre would be required and ‘they divided it as follows:

28/Ibid., Appendix B, ppe 148-157.




Acre—~feet

© per aecre
Annual consumptive use 2.03
Effective precipitation (80% of five dry years) \ —~o 12
Consumptive use of irrigation water ' 1,31
Farm waste and deep percolation losses {35%) +o 71
Farm delivery requirement 2,02
Canal losses and wastes (42%) +Ls48
Gross diversion requirement (efficient systems} 3450
Additional requirement for unit lands (average) 50
Gross diversion requirement for unit lands 4,00

Using the bureau's estimate of four A.F. per acre and the 58,215 pro-
ductive acres the gross diversion requirement would be about 233,000

acre~-feet anmually.29/

Water Supply.——{(1) Surface water. Continuous recordé of run-off
for the Gallatin River are available since 1929 and correlated records
have been determined from 1926, Permanent stream-gauging stations have
been located on the West Gallatin, near Qallatin_Gateway,'since 1930,
and at Logan, including both East and West Gallatin, since 1928, The
records at Gailatin Gateway show é low rup—off in 1934 of 295,700 acre—
feet, a high in 1952 of 714,600 acre-feet, and an annual average'in
1926~1952 of 520,000 acre-feet, ‘
The head of the White Ditch, -three miles west and two miles south
of Belgrade, Figure 12, is the point of minimum flow on the West Gallatin
River, Due to irrigation run-off all ditches with diversion points north
of this point have sufficient water supplies from surface water sources

and these lands were not considered by the Bursau of Reclamation for

29/Ibid.
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development. The point of minimum flow on the East Gallatin is just
below ‘the head of Aagard Ditch., ALl ditches diverting water below this
point were considered to have sufficient supplies of surface Wétero

The average annual run-off of 520,000 acre-feet is greater than
the estimated need of 233,000 acre—feet gross diversion. Because of
the down stream rights the total flow can never be diverted, - The uh-
regulated flow of any stream is not constant througheut the year and as
a result water is not available in the late summer when it is mest
neededg

On the West Gallatin the Bureau estlmated there would be sufficient
water for all. 67,434 acres above the controlling p01nt (based on one
miner's inch per acre) for full irrigation until July 1-5 on an average,
By the. end of July more than 30,000 acres would have their supply cut
off and by August 31 over 45;OOO.acres lose their supply of water.,

The East Gallatin was estimated to have a full supply of water
until between August 25 and 3L during the worst years and a long time
average full supply until mid-September.30/

Water Supply.-—(2) Ground waber, At the request of the Bureau of

Reclamation the Geological Survey conducted a study of the ground water

resource of the Gallatin Valley in 1953-54., Their findings were pub-

lished in Geology and Ground Water Resources of the Gallatin Valley,

30/Ibid.
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Gallatin County, Montana.3l/

This study points out there are large quantities of ground water
available in certain parts of the Gallatin Valley. Ground water is
not stationary and ‘the "flow" of ground wate; in the Gallatin Valley
varies from 120,000 acre-feet o 320,@00 acre—feet with a 240,000 acre-
feet average annual supply for the period l934~l953; The average annual
ground water supply of 240,000 acre-feet is only 20,000 acre-~feet short
of the amount of water that would have been stered behind the 332 foot
Spanish Creek Dam as shown in Figure 10? The average specific yield.
for the valley as a whole is .15, The aquifer for the Gallatin Valley
is an glluvial deposit ranging from 20 to 400 feet thick carrying a
coefficient of transmissibility varying from 38,000 gpd per foot to
670,000 gpd per foot., The U,S8.G.S. report divided the valley into
three major sections for the purpoée of analyzing the available ground
water, Figure 13.

(a) Gallatin Gateway Subarea.

This land area is abeut 10 miles long and comprises an area of
about 16 square miles., The average depth of the aquifer throughout the
area is 55 feet with coefficients ef transmissibility ranging from
170,000 to 380,000 gpd per foot. The water table in the subarea at the

time of the study was 10-15 feet below the land area. The average

31/Hackett, et. al., Geology and Ground Water Resources of the Gallatin
Valley, Gallabin County, Monbaha, United Statées Department of Inter—
ior Geological Survey, Geological Survey Water Supply Paper 1482,
United States Government Printing Office, Washington, Ds Ce, 1960.
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Figure 13, Gallatin Valley Ground Water Subdivisions.
Established by the USGS, 1957.
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annual discharge of ground water to surface flow for ‘the area was es-
timated to be 20,000 acre-~feet. |

(b) Belgrade Subarea.

The Belgrade subarea is a triangular shaped area comprising 67
square miles of the valley, Figure 13. The alluvium under the‘Belgrade
subarea is the principal ground water reserveolr in the Gallatin Valley.
The thickness of the alluvium ranges from 6é feet near the south boundary
to over 400 feet at ‘the north boundary. Coefficients Qf'transmissibility
in the subarea vary from 50,000 to-670,®®0 gpd per feoot. It was éstif
mated that at least 100,000 acre~feet of water are discharged from the
subarea via ground.and surface water flows., -The water table variations
show the extent of the storage ecapacity in the subarea.“ The water table
varies 10 feet or less near the edges of the area and over 40 feel near
Belgrade. During the 1953 irrigation season the water table south of
Belgrade came up 40 feet as the feservoir filled up with excess lrriga~
tion water.32/

(e} Central Park Subarea.

This northernmost sectipn of the ground water area comprises about
48 square miles and generally has a high water table making mest of the
' area swampy. The alluvium varies from 31 %o 300 feet thick and the co-
efficients of transmissibility var& from 38,000 to 480,000 gpd per

n
foot, It is estimated that 300,000 acre-feet of water enter the area

32/Ibid., plate 7.




._59...
annually by underflow and because'of this underflow more ground water
is reburned to surface‘water in this area than in any other part of the
valley. The water table over much of the area is five feet or less
below the surface., Pumping in the upper regions of the valley would
lower the water table only slightly. Artificial drainage would be re-
quired to lower effectively the water table over most of the area.

The Pumping System.——In light of their total study, the water

resources available and the local oppositien te the four altérnétive
plans mentioned above, the Bureau of Reclamation's proposed plan of
development utilizes only the available ground water resource and does
not recommend surface water storage. OSurface water storage is feasible
having a benefit-cost ratio of greater than one, but ground water uti-
lization has the highest benefit—cost ratio and accerding to the bureau's
findings dées not carry local o?position to the development.

The bureau's plan was to pump ébout 92,300 acre—~feet of water
annually using i93 irrigation wells, 180 wells on ditches diverting
from the West Gallatin River and 13 on ditches diverting frem the East
Gallatin. These wells would range from 16 inches to 24 inches in
diameter and from 30 -to 120 feet deeps The water was ‘to be pumped by
deep-well turbine‘pumps with capacities of.one to four cfs and powered
by electrié motors ranging from five to 40 horsepower, Electric pewer
for this system was to bome from the Bureau of Reclamation power planb

at Canyon Ferry Dam and wheeled over the Montana Power Companies high~
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power lines.33/ -

Cne hundred ninety—-three irrigation wells distributed over the
Gallatin Valley certainly would affect the priority water right system.
These wells were to be located along existing ditches and pumping would
mainbain flews ‘that would normally have been diverted from the river,
Since the existing flow would be.maintained in existing ditches from
ground water sources the stream flow (surface flow) could be diverted
onte other lands not over the ground water reservolr. This well loca-
tion would allow for a transfer of the surface water diversion but
would hot require a transfer of water rights.34/ The bureau recognizes
the water right problem of the project will not be esasy o solve, I
quote:

.o oWaber exchange agreements must be executed before ‘the

ground water development is started so that full coordinated

use can be made of both ground and surface water supplies.

This does not mean that an individual would relinguish his

water right. It would only mean that he would be agreeable

to a substitution of pumped water for "right" water where

necessary. In order for the ground water development to

succeed, it is essential that there be 100 percent accep-

tance of this principle of water exchange, always subject,
of course, to the priority of the private water rights.

The total annual OM and R (Operation, Maintenance and Replacement)

33/United States Department of Inberior, op. cit., pp. 68-69.

34/Ibide, pe 69.

_ 35/Speech by Ho E, Aldrich, "Summary of Report on Three Forks Divi-

sion", presented to Montana Reclamation Association, November 12,
19589 po 90

N
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costs for the project, 1957-58 dollars, were estimated to be $140,700,
Using their estimated 59,096 acres, this amounts to $2.38 cost per acre.

Pumping for this project was to be Limited to July, August and
September since there_usually is sufficiént surface water to meet all
requiremenﬁs th rough June. Pump capacities were to bé limited to 25
percent of the annualjgemand for apny particular ditch énd they would
pump a maximum of 60 percent of the total annual reguirement. Their

pumped water would be distributed 25 percent in July, 25 pefcent in

August, and 10 percent in September.36/

36/United States Department of Interior, op. cit., Appendix B, ppe. 13-178,




CHAPTER VII
ANATYSIS OF INSTITUTIONAL BLOCKS
The Sebtbing

The irrigation system presently existent in the Gallatin Valley
is the product of 100 years of pri%ate development. The first irri-
gation ditch was dug in 1864 and other ditches were added as the popu~—
lation grew, The result of this development is an irrigation maze, |
Figure l4, The Gallatin Valley ditch sysbtem is poorly organized,
ditches cross each other, some ditches use hatural streams or slough
channels for conveying waber and some ditches run parallel for long
distances. The overall result is a very ihefficieht syétém.of lrriga—
tiones Many recommendations have been.made, by government and priVate
organizations trying to rectify the inefficiencies but very little
progress has been made,

In addition %o, or as a result of, the inefficiencies listed above
the Gallatin Valley aléo experiences need of additienal irrigation water
and at the same time allows water to flow from the valley unused. Chap~
ter VI delineates the ground water supply estgblished.by thevGeologieal

Survey. One of the aims of this study is to deteérmine the factors

"blocking the development of this resource.

Procedure
There are 22 ditch organizations in the valley plus many privately
owned and operated ditches. Tracts of land in the valley having water

rights range from fractions of an acre to hundreds of acres. In light
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The Gallatin Valley Irrigation System
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of these wide differences the study area was limited to water diverted
from the West Gallatin River onbto tracts-of land 40 acres and larger.
The West Gallatin River was selected in order ‘to put some geographical
Limits on the study area and at the same time include most of the
valley's irrigation water. The 40-acre limitation was established to
gliminate the farmers that do not receive a sigﬁificant amount of their
ineome from irrigation. ’

Stratification of water users for analysis could not be developed,
Obviously every one used water but the users had differing watber
rights, applied their water to different types of soil, topography,
crops, and at different times of the year. Facing the lack of meaning-
ful homogeneity the consulting statistician advised against stratifica-
tion in favor of contacting as. many of -the delineated water users as
time and money would permit, The ™time" of the study was such that
farmer contacts were to be made during the summer months, the farmer!s
busiest season. In view of the season, and numbers invelved it was
decided to contact the farmers by maill guestionnaire, and to contact
the ditch companies by personal interviews. The questionnaire and
schedules used are included in Appendix Cs Mail questbionnaires are
notorious for their low percentage of return and in order to increase
gross return the identification material, items'l—é and 14 were filled
out in advance. The advance work seemingiy paid off. The gross ques—
tionnaire retwrn was 477 percent,

-

The mail questionnaire was logically arranged so data accumulation




—65—
would yield the amount of water presently applied per acre, the amount
the farmers need per acre and the price they are willing te pay for
additional water,\ Once the additional water needed and the price they
could pay was esbablished the economic feasibility of supplying the
water could be determined. The necessary institutional ofganizations
would follow and development could proeceed smoothly.

In the planning stages of this stu&y it was hypothesized that the
ditch organizations themselves might be a block to development. In
order to compare the ditch company officials attitude against individual
member attitude, as well as obtain other information, the "Schedule-
Ditch Companies" was developed,f Using this schédule officials of the

major ditch companies using Gallatin River water were cbntactedu

Present Water Usage

Questionnaires were sent teo 184 Gallatin Valley farmers. Use-
able questionnaires representing 26 different organized and private
ditehes were returned. In several cases only one or two questionnaires
were returned by farmers using private ditches, All private and or-
ganized ditches represented by two guestionnhaires or less were grouped
in a "iliscellaneous Ditches! sectien. Where three or more question-
naires were received for any one diteh or ditch company separate tabu-
lations were made, Table IIT,

Most of the West Gallatin River was decreed by the court in Case
Nuamber 3é50, 1909, In the Gallatin Valley decreéd-water_has been

granted on the basis of one miner's inch for each acre of irrigated




TABLE ITI.

NUMBER OF FARMERS BY DITCH COMPANTES USING VARYING AMOUNTS OF WATER AND THETR INDIGATED
NEEDS FOR ADDITIONAL WATER, GALLATIN VALLEY; w963

o5~

Mlner s Inches of Water

Under . 075~ Leo- 1,25~ 1.50- Lo75- 2.00- 2,25~ 2.50- 2,75~ 3.00
Ditch Gompany‘ 49 o't 99 . L.24 . 1,49 Lo74 1.99 2024 B 2:49 2.74 2,99 Over
' a/b/ a/b/ a/v/ a/v/ &/b/ a/b/ a/b/ a/b/ a/bv/ a/b/ a/bv/ a/b/
Farmers Canal Co. 11 3 2 1 3 L 2 1 1 11 5
High Line Canal -
Coa LY 4 4 4 4 5 4 11 1L 1 1615
Kughen Ditch Co. 2 3
Kleinschmidt Capal '
(West Gallatin
Canal Co.) -1 1 31 2 2 1 7 4 5
Lewis Ditch 1 2 | 3 T
Low Line Canal Co. 1 3 3 4 4 1 9 7
Lower Middle Creek
Supply Ditch 2 2 2 4 2
Spain Ferris Ditch
Co, . 1 21 11 5 3 1
Valley Ditch Co. 1 1 3
Miscellaneous .
Ditches 2 4 6 3 1 1 1 11 1 16 5
TOTAL 3 2 15 10 19 11 19 10 6 2 9 5 1

6

2

1

1

5 5 5836

a/This column represents the nunber

b/This column represents the number

of farmers applying water_at the specified raté,

of farmers indicating they want or can use additional water.
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land at the time of the decree, Many farms in the valley have been sold
several times sinece 1909 and the nqmber of irrigated acres per water
right could have changed over the years. One section of ‘the question—
nalre was designed to establish the amount of waber presently applied
per acre, Lt was hoped this section of the questionnaire weuld give
some indication of the adequacy of this one inch per acre limitation.
Tabulation of the queétionnaires and a few personal interviews revealed
farmers do not know how mich water they apply per acre, The reason for
this is twofold,

The organizational complex of ditch companhies is one reason no
record is kept éf the amount of water applied per acre. TFor exampie,
if 15 farmers belong to one ditch company and the company has rights to
a "ditch-full! pf'water,‘then the ditch is kept fuil and each farmer
draws frem it as required, or when no one else 1is irrigating,. No record
is kept to see who uses exactly how much water for how long. The second
reason ho one knows how much water is used stems from flood water
usagéo Early in ‘the spring when the river 1s high every ditch company
and private ditch carries a ditch full of water ahd everyone uses all
they need and no records are kept of this water. CGnly when the river
gets Low and the court appoints a water commissioner, July l-l5, is any
thought given to the amount of water diverted from the river,

It is assumed that few farmers, if any, apply water at a rate
less than ‘they have water rights to cover., Tor example, if a farmer

owns two shares of Ditch "X", then over the course of the irrigation
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season he will receive at least two shares of the water in Ditch X",
Using this assumption then, the present-use-of-water was tabulated by
dividing the number of acres each farmer,recorded into the number of
minerts inch or equivalents ‘to which he was entitled, Table ITI.

- irrigation‘water application in the Gallatin Valley varies from
under .49 to over 3 miner's inches per acre, Table III and Figure 16,
Forty (40} percent of the.reporting farmers apply water at the.rate of
2.00-2,"74 miner's.inches per acre, In contrast only 29 percent of the
reporting farmefs apply water between the rates of ,75-L,49 miner's
inches per acre, This percentage spread suggests the 1 miner's inch
per acre decree stipulation no lenger holds for the entire Gallatin
Valley.

A majority of the Gallatin Valley farmers indicate a need for ad-
ditional wabter, This need is shown by the shaded area of Figure 15,
The need for additional water is not limited to any specific segment
of the miner!s—inches—~per—acre continuuﬁ, All ranges with 3 or more
farmers reporting indicate a need for more water, The 2.25-2.49 is thé
modal range (that which occurs oftenest)} and 65 percent of these farmeérs
indicate a need for additional water, Many of the farmers, 34 percent
of those reporting, apply water between the .5-1,24 ranges and 58 per-
cent of this group want additienal water, fhe majority, 53 percent, of

all reporting farmers indicate a need for additional water.

Present Water Costs

The reported cost of water in the Gallatin Valley is irregularly
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‘spread between less than $.24 to over $3,99 per-miner!s—inch, Table IV
and Pigure 16. The "cost—per—miner’s—incheé" of Table IV and Figure 16
is a.fabricéted cost used for comparison of Gallatin Valley water costs.
The.cost—per—miner'S—inch is termed "fabricated" because of the way it
is derived., Tew, if any, of the Gallatin #alley farmers know the
amount-of irrigation water they use per seasons During. the "flood
water! season evéry ditch runs full and‘farmers use all the water they
need. No record is kept on this water¢' When the river waber supply
gets low July 1-15 diﬁch flows are reduced to their legal limits. It
is assumed, as in the'ﬁrevious section, all farmers will receive at
least their legal share of available water, Using ‘this assumption,
‘the numhér of miner's inches or equivalents to which each farmer is
entitled is divided<into his annual average cpst, This yields a fab-
ricated "cost-per-miner's—inch",

The modal cost ranée is $.50~.99 with 23 percent of the reporting
farmers represented. The $2,00-2.49 range contains 22 percent of the
reporting farmers. This large representation at a high cost is due to
High Line Canal Co., Eighty-eight (88) percent of High Line Canal Co.
is within this range.

Fifty-six (56) percent of the Gallatin Valley farmers pay less
than $1.50 per miner's inch for their water, Although a majority of
‘farmers pay leSS'thaﬁ $Le50 for their water 22 percent of the reporﬁf

ing farmers pay $2,00~2.49 for theif water and 39 percent pay $2.00

and over per miner'!s inch. Even this wide variation in costs does not




TABLE IV, NUMBER OF GALLATIN VALLEY FARMERS BY DITCH COMPANY REPORTING COST OF WATER PER
MINER'S INCH,.1963.

i ; Cost of Water Per Miner's Inch i
$.00~ $.25- $.50- $1.00- $L.50- $2.00- $2.50= $3.00- $3.50- Not
Ditch Company  $e24 49 099 . 149  1.99  2.49 299  3.49  3.99 Given

Farmers Canal Co, 2 6 - ) 3 : 2
High Line Canal Co. 1 - 15 1
Kughen Ditch Co. 1 2

Kleinschmid.t' Canal
(West Gallatin : - )
Canal Co.) 1 2 2 . 1 L

Lewis Ditch - 2 ‘ o : 1
Low Line Canal Co. " ' 1 3 4 1

Lower Middle Creek . . .
Supply Ditech Co. 1 ' 1 ' L. L ' 1

Spain Ferris Ditch ' '
Co. : 4 1

Valley Ditch Co. -2

Miscellaneous
Pitches 4 1 3 3 1

TOTAL NO. OF ' ' B B )
FARMERS } 4 9 18 6 6 - 17 5 5 1 5
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tell the complete story,.

Using this fabricated cost, two farmers'may have the same Ycost—'
per-miner?s—inch® and yet not be paying the samé price per acre foot of
water, & difference in per acre foot costs would be a function of the
waﬁer right, If one farmer has an old right he will receive a "minér's—
inch~flow" all summer long while another farmef, with the same "miner!'s-—
inch-cost" and a late right may have his wabter shut off by July 1l5.
Their costs per miner's inch would be the same yet their cost per acre—
foot would be very differenta This divergence in cost per acre-foot 1s
magnified when the old right has a very low cost pef miner?s inch and
the later early-cut—off right has a high cost per miner's inch, The
latter is typical in the valley with the Baker Ditch Company and the
High Line Canal Company being examples, The Baker Ditch Company has
an average annual cost of $.50 per minér's inch and very seldem has its
water shut off, The High Line Canal Compahy on the other hand has an
average annual cost of $2 per miner'!'s inch and has its water shut off
each year by July 1-15, If a Baker.Ditgh Company'water user would
allow his water to run constant frem June 1 to August 31, his water
would cest 1l cents per acre-foot. If a High Line Canal Cempany water
user would allew an equivalent amount of water to flow from June 1 to
July 15 his water would cost 90 eents per acre—-foot,

- Another fgcet of the cost structure net presented by the fabricated
costs 1s the different ditch company policies,“ In the Kughen Ditch

Company each waber user helps maintain the ditch from his property to
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the headgate. Using this system thé farmer on the extreme end of the
ditch has a higher water cest than the farmer nearest the headgate,
Another company policy affécting costs 1s the manner in which ditch re-
pairs are made., Some ditches with only a few users can be cleaned by
three to four days joint effort while other long ditches with 50-60
users will requife special expensive equipment, Some ditch companies
make annual repairs and thereby keep their anmual costs a£ about con—
stant levels while others allew the ditch to "run down" for 10 years
and thén incur high annual costs for five years putting the ditch back
into repair. Again some ditech companies have tovercharged" for water
through the years ana carry large cash reserves for special emergencies

and others enly charge for actual expenses.

Attitudinal Expressions
The mail questioﬁnaire wés designed to check the attitudes of

the valley farmers to find out if the farmers over the ground water
areés would be willing to accept pumped water in place of their surface
watér rights, If the farmers were agreeable, this exchange would allow
the upstream farmers to divert additional surface water. The upstream
farmers were qﬁeried regarding ‘their willingness to share the cost of
pumping water in the lower regions of the valley for the privilege of
diverting more surface water, If both areas were agreeable to such a
transfer an institutional organization could be developed to facilitate

the exchange and at the same time protect prior rights.
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Farmers Over the Ground Water Area

The ground water area lies alonhg the river and inecludes much of the
central part of the Gallabin Valley, Figure 17. Thirty—eight percent
(38 percent) of the reporting farmers have land over the ground water
area, Table V., Two of the ditches, Spain Ferris Ditch Company, Figure
19, and Lower Middle Creek Supply Diteh, Figure 23, reported all of
their land is over ground water and two companies, High Line and Low
Line Canal Companies, Figure 19 and 21, reported no land over the ground
water, An interesting phenomenon is evident from Table V. The ditch
companies that cover large areas of the valley have little or no land
over the ground water area, The magnitude of this phenomenon is ap—
parent by comparing Figure 17, Table.V and the location-maps, Figures
18-23, Besides the High Line Canal, Figure 19, and the Low Line Canal,
Figure 21, which have no land over the ground water area, there are
other canal companies representing large blocks of the %alley with very
Little land over the ground water areé, 8.8. the Farmers Canal, Figure
18, Kughen Ditch Company, Figure 20, and the Kleinschmidt Canal. .

The majorifys 53 percent,vof’ﬁﬁe farmers having "ground water land"
reported they would not accept pumped Wgter‘in place of their sﬁrface
water rights., The Lower Middle Creek Supply Ditch, Figure 22, is the
only diteh where all reporting farmers werg over gﬁound water and al}
refuse to accept pumped water. This is probably.a result of the sub-
irrigation in that area and the fear that pumping would lower ﬁhe water

table, ALl of the farmers from the Farmers Canal, Kleinschmidt Canal,




TABLE V. ATTITUDE OF GALLATIN VALLEY FARMERS OVER THE GROUND WATER AREA, 1963,

"Those Farmers
Total TFarmers Over Accepting Not Farmers Ditch
Farmers  Ground Water  Pumped Accepting Not Location
Ditch Company Reporting  Area b/ Water ¢/ d/ Committed Figure No.
Farmers Canal Co. 13 a/ 2 2 19
High Line Canal Co.’ B ‘ 20
Kughen Ditch Cos o 3 1 1 21
Kleinschmidt Canal : :
{West Gallatin Canal Co.} 7 1 1 ) 22
Lewis Ditch ) 4 3 2 1
Low Line Canal GCo. 9 23
Lower Middle Creek
Supply Ditch o 4 4 4 2/,
Spain Ferris -Ditch Co, 5 5 2 2 1 20
Valley Ditch Co. . 3 2 2 - : 25
Miscellaneous Ditches 18 14 5 9
TOTAL . A 83 d/ . 32 ' 14 17 1
Percent of Total Farmers ----100 - .- -. 38 -. €44)-e/ - (53) ¢/ (3) e/

a/One farmer Hag Yand~in both afeds——o¥ér and Hot ovér groﬁnd water.

b/Number of farmers that replied in each company or under the ditch with land over the ground
water.’ T ’ '

¢/Number indicating they would accept pumped ground water so others could use their surface
water. T o i '

d/Number not willihg to exchange ground surfaece water.

e/Percent of farmers in ground water area.

~9L~
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Figure 17, Ground Water Location, Gallatin Valley, 1957.
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Figure 18,
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and Valley Ditch Company reporting land over the ground water would
accept pumped water,

In summary, ‘the attitudes of.farmers over the ground water area is
negative toward accepting a ground-surface water exchange with 53 per—
cent .voting against it. The attitudes of individual companies exhibit
extrems variandes wilth members of some cempanies being 1@0 percent
against accepbing an exchange, e.g., Lower Middle Creek Supply Ditch,
Thereas members of other‘eompanies voted 100 percent to accept a ground-

surface water exchange, e.g., Farmers Canal Company.

Farmers Not Over the Ground Water Area,

Sixiy;two percent (62 percent) of the reporting farmers have land
that is not over thé ground water area, ALl of the land in High Line
and Low Line Canals is away from the ground water, Figures 20 and 23,
In addition, all but two of the farmers reporting in the Farmers Canal,
Figure 19, all but one of the farmers reporting in the Kughen Ditches,
Figure 21, and all but one of the farmers reporting under the Klein-
gchmidt Canhal, own land away from the ground water area.

Although 53 pereent of the valley farmers stated they needed addi-~
tional water, only 42 percent of those not over ground water are will-
ing ‘to share pumping costs to receive the additional water. The absence
of general consent to share pumping cost may be the result of the far—
mers not knowing what is inhvolved in the water exchange process and
therefdre unwilling to express coopasration. Some informatlon meebings

in the valley might increase the percentage of cooperators but it is
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doubtful if 100 percent ceoperation in'a ground—surface water exchange
could be attained. |
The High Line and Low Line Canal Companies, Table VI, are the only
two ditch companies in which a majority of the reporting farmers are
willing to pay for additional water. This is probably due to their
long history of being eritically short of water and thelr separate ef-

forts to increase their water supplies.

Tmplications
Through the course of this sbudy we.have established the existence
of a large supply of ground water and a need within the valley for more
irrigation TI.V'ateJ:un This section is a summarization of the apparent
blocks to the ilntegrated deve}opment of the existing supply to satisfy

the expressed need.

Economic

In this study no positive economic blocks to integrated ground—
surface water development were discovered. There are certainly no
blocks to integrated development as far as economic theory is concerned,
Given a situation sterile of existing institutions an integrated irriga—
tion system can be developed using economic theory where the marginal
cost of applying water is just equal to the marginal benefit received
from the application of the water or a system'where the return/price
rafio is equal ‘to ‘the return/brice.ratio of all other production inpﬁts,

The benefit—-cost ratio of developing the ground water resource 1s




TABLE VI. ATTITUDE OF GALLATIN VALLEY FARMERS NOT OVER GROUND WATER AREA, 1963,

Tarmers = Farmers Not

Total.” Farmers Not Willihg to Willing to Farmers Diteh
Farmers Over Ground Share Share Costs Yot Location
Diteh Company Reporting  Water b/  Costs ¢/ 4/ Committed Figure No.

Farmers Canal Co, . 13 a/ 12 3 9 19
High Line Canal Co. 17 17 9 - 8 20
Kughen Ditch Co, 3 2 o 2 21
Kleinschmidt Canal -
(West Gallatin Canal Co.) 7 6 1 A -1 22
Lewis Ditch 4 1 |
Low Line Canal Co. 9 9 5 4 23
Lower Middle Creek
Supply Ditch o , 4 . 24
Spain Ferris Ditch Co. 5 20
Valley Ditch Co. . 3 1 ' 1. 25
Miscellaneous Ditches 18 4 : 4 |
TOTAL * - L 83 4/ 52 22 29 1
Percent of Total Farmers 100 ;‘ 63 N (42) e/ (52) e/ (2) o/

a/One farmer h&§ land in both areds——ovsr afd Hot over ground water, ‘

_/Number of farmers that replled in. each company or under a dltch that did not have land over
the ground water area.

‘¢ /Number willing to share cost of pumping water elsewhere to increase their own supply of
surface water.

d/Number not willihg to share pumping costs.

e/Percent of farmers not over greund water area.

~98~
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greater than one as submitted by the Buregu of Reclamation and nothing
in this study indicates it should be otherwise., Many of the farmers
submitting reasons for net wanting to go along with ahy type of ground
water development gave the high-cost—of-pumping as a reason, and mapy
- of those with very low waber costs said they could not pay mere for
water. Ab the same time ‘the High Line Canal users, which have a rela-—
tively high cost of water per miner's inch, Table IV, indicated -they
wanted more water and would pay more money for it, _The real monetary
value éf water in the valley seems to be set or suggested by those who

have very little of it or apply it to marginal land,.

Physical

One of the apparent present blocks to ground water development is
the location of the ground water supply. The Belgrade Subarea, Figure
17, is the valley's main source of ground water and in this same area
are located some 6f the oldest surface water rights in the valley,
Those farmers with plenty of inexpensive surface water oertainly do not
want to increase their costs by pumping their irrigation water. These
farmers with old water rights do not want to risk lesing their rights
via some pumping scheme, Therefore, they refuse to cooperate and block
any atbempts to development of the ground water resource.

Another physical block to development is the high water table
through much of the area, This high water table causes much of ‘the land
to sub-irrigate and this benefit has been inoorporated.into many farm

operations and even capitalized into the value of the land. If farmers
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owning this land would develop their own pump irrigation or agree to
allow someone else ‘to supply their present surface rights from pumps
they run the risk of losing their "sub" and they are net going o allow
this to happen if they can bleck it.
The comments submitbted by the reporting farmers indicate the pre-
valent animosity to loss of "sub-water',

Typical comments are:

101 - We try to start lrrigating early in the season to get
the water table up and make the lower ground to sub,
If we pubt pumps in there would be no sub, Crops would
burh up.

Maybe a dam could be bullt up ‘the canyon somewhere to
hold some of ‘the spring run-off,

110 - The underground water table is high only when there
is plenty of water in the river. We believe the pre-
sent water laws are fair, and should not be changed.

119 - Qur irrigation system is very simple and economical to
operate, Besides I have some ground that subs and if [
pumpaed I would probably have to irrigate more land and
my costs would rise, Why would I want to inecrease my
costs, when our supply is perfectly adequate and our
costs are low, We always have all the water we need.

We having one of the oldest rights in the valley, have
never been cut at the river when the water gets low ex—
cept to our decreed right.

236 - (This comment is paraphrased to coneceal identity of
writer), Because of uneven nature of my land leveling
is too expensive, sprinkling is too expensive, therefore
I use most of my water raising ‘the water table. I would
consider legal action against anyone pumping oh or near

my property.

Other adverse comments are recorded in Appendix B 050, 192, 265 and

905,
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Historic and Legal

The history of the valley as it developed within the legél frame-
work has produced a water right system rigid te change. The first water
was diverted from the Gallatin River in 1864 and in less than 20 years
all of the relisble river flow had been claimed., The farm population
in the valley increased and even though the normal surface water ;un—éff
" had been claimed the new farmers claimed a right to tbe use of surface
water, The natural result of this action was a series of couf%icases
to settle the disputes. The first two court bases were held in June,
1884 and from then to 1952; a period of 68 yéé;s, 44, court cases are
on record. | B

There are three methods of establishing water rights in Montana
and over the years these have created a resistént attitude t?ﬁgrd
wabter deveioﬁment and change. The courts have allowed ahy farﬁer-%bzdigﬂ
a ditech, pﬁtfthe water to beneficial use and acquire a Water‘n¥gﬁ§ oh
an unadjucated stream, This construction.and diversion can bévdééé
without respect for those who have prior rights, If the léte coﬁer can,
fend the oppositien and continue using the waber he can establish a
water rights. The legends are legion about the strife and struggles,
both verbal and physical, between neighbors and otherwlse-friends re-
garding the rights and uée of waﬁer,_ During ‘the course of this study
the author received a first hand account of one,water”uéer who had
bersonally barged into the Montana Supreme Gpu;tuand in hi§ rage angounch

his intention %o kill his neighboi# if something was not done legally to
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step the man from illegally using water. This strife was resolved
legally but a system developed by such strife and existing on such a
legacy is resistant to change., This attitude is evident in the velun-
teer comments submitted:

086 — The upgoing taxes, plus increase in price of water will
break every farmer,
Don't want anybody interfering with our water rights.

060 — I am not interested in this in any way, shape, or form.

210 — We have plenty of water and don't need to pay.more if
government don't interfere and take it away. Leave
our water alone, use fleood control and help tweo ways-
out on expense, We have plenty of water, why take the
uhderground water, Why don't the government put dams
in these canyons and hold the flood water and have
flood ecentrol and irrigation water at the same expense.
Our taxes are too high new. Save some money. We don't

want to lose our wabter we need it.

R23 — Present system satisfactory for 75 years——can get along
without Bureatric (bureaucratic) interference.

Other similar comments, 110, 160 and 296 are recorded in Appendix
Another legal drag if not a block to development has been the lack

of a ground water code in Monbana, Until Januwary 1, 1962, the effective

data of the Underground Water Code, Montana did net have legal étruc—

tures for governinhg priority of ground water usage. The 1962 code
allows those persons who put ground water ‘to beneficial use prior to
Jamary 1, 1962 to file claims on this ground water on or before January

1, 1964. The clerk and recording offices in mest counties of the state
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received a rush of claims in December, 1963, and it remains to be seen
if this code will remove the drag on development, Beneficial use is
the extent and limit of appropriative rights that are established
under the code. The application of ground water for beneficial use
before Janmuary 1, 1962 is stated in the code to be sufficient to estab-
lish a ground water right. Perhaps the most significant statement in
the code regarding priorities and development is in Section 2 which
states "Rights to surface water where the date of appropriation precédes
Januvary ly 1962 shall tske priority over all prior or subsequent ground

water rights."

Summary

Surface-ground water integration for the Gallatin Valley, Montana
appears to be potentially beneficial and feasible with only two excep—
tions. Integration is feasible from both the standpoint of econemic
theory and benefit cost ratios. Integration would be possible within
the present leggl structure with only minor adjustments. Physically
the points of surface water diversion and ground water pumping can be
integrated to inerease total water supply.

The first restriction ‘to ground-surface water integration comes
from the possible lowering of the ground water table and thus decreas—
ing the sub-irrigation in parts of the valley. .

| The second and most important block to ground-surface water de-
velopment seems to be the emotional or attitudinal set of the farmers

in the valley. Their system of water rights has been won by many per-
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sonal and ancestoral fights with courts, water commissioners, and neigh—
bors and they are loath to enter into any governmental, organizabional,
or contractual arrangements that may endanger one of ‘their most precious
possessions——an early water right.

One action that is physically possible and institutionélly per—
missible and which hopefully would remove some of the attitudinal
blocks ‘to developmsné would be thé establishment of a small privately
organized and financed pumping project in the valley. The feasibility
study in Chapter VIII is presented with the dual purpose of supplying
some greatly needed supplemental water to the High Line Canal and at
the same time providing the valley with a demenstration projéct that

may serve as a stimulation for further ground-surface water integration.




CHAPTER VIIT
PROPOSED DEVELOPMENT PLAN
Introduction

As this project developed it seemed the blocks to the initial
proposal were paramount. A demonstration project appeared .necessary to
give the farmers an opportunity to observe what can be done via'pump
irrigation in the Gallatin Valley,

The High Line Canal, Figure 24, is the most logical area for a
proposal since more farmers responded from that ditch than any other;
thgs showing their interest. The water cost to the High Line_Canal
users is among the highest, $2.00 to $2.49 per miner's inch?‘therefore
they know the value of the Water they buy. The High Line Canal has a
flood-water-right of 6,800 miner's inches which is cut off each year
about July 1-15. All but ohe of‘the 17 farmers reporting said- they
could use waber for a longer period of time ‘to irrigate pasture and hay.
Nine of the 17 High Line farmers, 53 percent, indicated they would be
willing to pay for additional water, The project under study consists
of 25 wells to supply 3,400 miner's inches of water to the High Line
Canal during the last, of July and most of Auguste.

The proposed development plan takes the form of a feasibility -
study, First consideration is given to the physical resources avail-
able, next comes the needs of the canal, then a plan df development of
the resources is presented, followed by the problems of water rights,

and last is the cost structures of the proposed development.
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Characteristics of Soil .

Anyone who has dug post holes or observed the road side cutbs knows
there are several types of soil diffused over the face of the earth.
We are concerned here mainly with the water bearing capabilities of the
earth's surface and shall confine our descriptions within these limits.
Some surface material such as sands, gravel, and some rocks, such

as sandstone, have the ability to "hold" water (or allow it te pass

through slowly). Water-bearing rocks that will yield enough water to be

a source of supply are known as aquifers. The various characteristics
of aquifers are very important to hydrologists and mucﬁ study has gone
into the measurement and comparison of thém, Let us examine only a

few,

gpecific yield is one important concept. A strict definition is
given in Appendix D-—-Definitions, but broadly spesking it is a meabgre
of the quantity of water that a saturated aquifer will yieid when

drained by gravity. The opposite of specific yield is specific reten-

tion which is a measure of the quantity of water retained by a saturated
aguifer.against the pull of gravity. The quantity of water which drainé
out, specific yileld, plus the quantity retained, specific retention,
equals the total wolume of interstices in the aquifer, i.e., the
porosity. |

Another iﬁportamt characteristic of any aquifer is its ability to
transmit water, Thils capabllity is termed "transmissibility." The

coefficient of transmissibility is "the number of gallons of waber per
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day, at the prevailing water temperatureb.that is transmitted through
each (one) mile strip extending the full saturated thickness of the -
aquifer under a hydraulic gradient.of one foot per mile,"37/
Permeability is the characteristic of porous material that allows
it to transmit water. Experimentatien on permeability was carried on
as early as 1856, and today the Geological Survey uses a sbandard

coefficient of permeability defined "as the rate of flow of water in

gallons a day at 60 degrees Fahrenheit through a cross—sectional area
of one square foot under a hydraulic gradient of 100 peréentq"gg/
~This is a laboratory concept so a related coefficient was developed

called the field coefficient of permeability which in "the rate of flow

of water, in gallons per day, under prevailing conditions, through each
‘foot of thickness of a given aquifer in a width of one mile, for each

foot per mile of hydraulic gradient."39/

Characteristics of Ground Waker

First let us understand "ground‘wétero" Not all water below the
surface of the earth is "ground water." "Ground water' occurs only
where all of the pores in the earth are saturated. Thus ground water

is found only in the "zone of saturation.” The saturation zohe may be

level with the land surface in some areas‘or may be hundreds of feet

37/Hackett, op. cit., p. 18L.

E/USDA’ Wa'beI', Qp_o g_j_-_iq, po 298.

39/Hackett, op. cite, D 101,
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below ‘the surface in other areas, If the zone of saturation is below

the land surface then a "zene of areation' exists between the land

surfaceland the zone of saturation. Water always exists in ‘the zone of
areation by molecular attraction and this water will not be given up

to wells. Well water is obtained by drilling through the zoﬁe of
areation to the zone of saturation. Thus not all water in the ground
is "ground water" by definition.

Water in the zone of saturation usually is in constant metion
"downhill" via the pull of gravity. The rate of flow of surface water
is measured in feet per second but the rate of ground water flow is
measureé‘in feet per day or even per year., One factor that affects the

flow of ground water is the slope of the water table. This slope is

known as the hydrauliq gradient and is measured by wvariations in the
height of water in wells divided by the distance between wells,
Figure 25,

The water table is a common term which refers to the upper surface
of the zone of saturation, If a well is drilled into the zone of sat-
uration, water will”fill the hole and the water level in the well will
also be the water level in the zone'of saturation, (except for artesian
water). The water level in the Weil will also be fhe level of the
water table., TWe have all heard the phrase "Watér seeks its own level®
yet this is not necessarily true of ground water in the sense that the
water table is a cértain number of feet above sea level for any large

area, The water table usually approximates the surface terrain or "land
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Figure 25, Hydraulic Gradient.

table." Also, since a ground water reservoir is subject to the same
gravitational forces as a surface reservoir, the water table will fall
as water flows out or is drawn out of the reservoir and the water table
will rise as water flows into the reservoir (recharge).

Not all ground water is free or unconfined, Some water is under
an impervious layer and when tapped by a well the water rises in the
well higher than this impervious layer, Figure 26, and under some con-
ditions the water will even rise onto the land surface and become sur-—
face water. Water under an impervious layer which will not allow the

water table to raise is called confined or artesian water. Obviously

the level of water in a well that taps confined or artesian water would
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not correspond with our definition of the water table. Hydrologists say
the height of water standing in a well tapping confined water corres-—

ponds to the hydrostatic pressure under which the water is confined.

Further "an imaginary surface that coincides everywhere with points to

which this confined ground water will rise is called piezometric sur—

face," Figure 26,

There is another defined type of ground water which is trapped
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above an impervious layer or hard pan and cannot seep deeper into the

’ground@ This confined water is referred to as perched water.

In conclusion, let us consider the total supply §f grouhd waber.
Underground reservoirs are reportedly the largest supply Qf fresh water
our nation has. The capacity of ground water reser%oirs exceeds that
of surface reservoirs and streams including the Great Lakes., Our sup-
ply has been estimated ét 10 yearls anmual precipitation or 35 years
ran-of £140/ The. reason for cohcern regarding ground water usage does
not invdlve the total supply but rather smaller basins. Many of the
ground water reservoirs, especially in the western states, are being
pumped at a faster rate than the long . run average precipitation can be
expected to recharge them, This dilemma arises when heavier and heavier
demahds, via population increase and industrial and agricultural growth,
are placed on ground water supplies without regard for the amount of

precipitation that is available for recharge.

Characteristics of Wells

When a well in an uncenfined ground water supply.is pumped,, the
water level in the weli is lowered, and water from the immediate satur-
ated area will flow into the well casing. Continued pumping will cause
continued lowering of the water in the well which in turn causes the

flow from the saturated zone ‘to increase until the inflow equals the

40 /Thomas, Harold E., "Underground Sources of Our Water,! in Yearbook
of Agriculture, 1955, p. 62.
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. discharge. The amount the well's water level is lowered below ‘the water
level in the saturated zone is‘called draw down.

Water moving toward a well must pass thrqugh millions of small
pores in the aguifer and as the water appreoaches the well its velocity
must accelerate because ﬁhe area through which it travels decreases
approaching the well, ¥For example, a well with a 12 inch diameter will
have a 37.7 inch circumference (circumferendé =wrd, 7= 5014, d =
diameter). An imaginary circle tﬁree inehes away from the well (d = 18
inches)} has a circumference of 56,6 inches and just like the increase
in the velocity of water as it passes through a nozzle on the end of a
garden hose, the velocity of the water approaching the well must ihcrease
as the -area through which it passes becomes smaller and smaller, le€oy
from the larger circles ‘through smaller ones.

Water runs faster as it goes down hill so it naturally follows
that the wvelocity of water.in an aguifer is directly prop;rtioned to
"the slope of the water surface., B8ince the velocity of the water in-
creases as it approaches the well the slope of the water surface alse
increases as the water approaches the well. The result of this bit of
physics is a funnel shaped water surface around a pumped well. This |

funnel shape is known as the cone of depression, Figure 28. The area

of influence, a term nearly synonymeus with cone of depression, is the
total area under which a drop in the water ‘table is experienced as a
result of pumping a well, An average area of influence has a 1,000

foot radius af usual rates of pumpinge
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Specific capacity is a measurement for evaluation of wells. It

A

is the discharge in galloﬁs per minute per.foot of draw down. To es—
tablish specific capacity it is assumed that wells penetrate the full
depth of any aquifer, therefore the.capacity of é'well is direetly pro—
portional to the thickness of the agquifer. Specific capaCiﬁy is direct-
ly proportiened to. the draw down of a well so leng as the draw down is
small when compqred with the water depth in the well. For example if
we have tWO'wellé, one with a water depth of four feet agd the othef
with a water depth of 12 feet, a pumped draw down of thrée feet will
not yield the same amounts of water, The first well will be dyawn down
three—~fourths its water depth while the sscond well will only be drawn
down one—fourth of its water depthe. |

The size of a well affects. its capacity but net as muech as one

might expect. If we assume an area of influence of 1,000 feet and a
constant draw down, a two foot well will theoretically produce only
10 percent more discharge than a one foot well, A four foot wéil will
increase discharge only 21 percent over a one foot well,

If-we wanb to develop wells of maximum capacity we must make them
as deep as the aquifer or.at!least deep enough so the draw down is small
when compared to the waber depth in the well., The casiné size of deep
wells need be only large enough to accommodaﬁe the pumping equipment
since the cost of increasing size will not be offset.by increasing

yields.
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Water Measurement

Comparisons of water volume are impossible without seme common
unit of measure., Waber can be measured either standing or flowing.
Standing water is measured by specific velume, for example: (1) An
acre inch, the volume of water required to cover one acre .one inch deep,
3,630 cubic feet, and (2) an acre foob, the volume of water required to
cover one acre one foot deep, 43,560 cubic feet. Acre inches and acre
feet can also be expressed in gallohs° One gallon is equal to 13386
cubic feet and by simple division, an acre inch equals 27,117.8 gallons
and an acre foot equals 325,852,8-gallonse

Flowing water has several types of measure such as gallons per
minute, cubic feet per second, acre-inches per hour, acre-feet per day,
énd the minerfs inch. 'Each of the flowing measurements, except the
miner's inch, are stated as a volume per unit of time. The miner's
inch is defined as the quantity of water that will flow through a one
inch square hole when the hole is made in a vertical wall four to seven
inclies below the surface of flowing water., The western states have
each defined the miner!s inch in cubic feet per second. Southern Cal-
ifornia, Idaho, Kansas; New Mexico, North and South Daketa, Nebraska,
and Utah each define the miner's inch as 1/50 of a cubic foot per sec-
ond., Arizona, Northern California, Nevada,vdfegon and Montana each
define it as l/ZO of a cubic foot per second., In Colorado 38.4 miner's

inches equals one cubic foot per second.4l/

41/Isrealsen, OpP. ¢ite, P 20-21.
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All of the flow and standing measurements are interchangeable,

i.is’oed below are some equivalents,.

Standing Measurements

1 acre inch

1 acre foot

]

3,630 cubic feet

43,560 cubic feet

L1 gallon = 13386 cubic feet

1 cubilc foot

1 cubic foot

7.48L gallons

1,728 cubic inches

Flowing Measurement in MINER'S INCHES

1

S S S S

B B B BB EBEBEBERE
i

40
50
50
50
100

200

mi = 1/40 of a cubic foot per second (cfps)

2025 (cfps)

= ,025 X 60 sec, = iOSO cfp minute
= Lo5 X 60 min. = 90 cfp hr.

= 90 X 24 hr, = 2,160 cfp day

= 2,160/43,560 = ,0496 AF per day
= 1 cfps |

90 X 50 = 4,500 cfp hr.

= 4,500 X 24 = 108,000 ¢fp day

]

108,000/43,560 = 2,48 AF per day

it

4o96 AF per day

= 216,000 /43,560

432,000 /43,560

it

9,92 AF per day

Physical Resources

Gateway ground water subarea covers an area of about 16 square
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miles gnd includes the head of the High Line Canal and ‘the proposed
pumping proJject, Figure 27. Under the Gallatin River is a water bearing
alluvial bed oné and one-half to two miles wide and an estiméted 55 feet
thick, The alluvium is considered to be uniformly coarse and permeable
and three dquifer tests gave the following coefficients of transmissi-
bility: 380,000 gpd per foot, 270,000 gpd per foot, and 170,000 gpd
per foob.42/ |

The water table in Gateway subarea i1s 10-~l5 feet below the land
surface yeot it is higher than the wabter level in the river and water
flows from the ground into the river, Figure 30, It is estiﬁated the
Gateway subarea discharges an anhual average 20,000 aére feét of water
into the Gallatin River, This estimate is based upon the gain in flow
- of the Gallatin River between gauging stations located near Gallatin
Gateway and Axtell Bridge two miles north of Gallatin Gabteway in Sec— .
tion 34e. Measurements of the change in flow were made in November.and
December of 1952 and January and February of 1953, These were months
of very little surface run—-off and when no irrigation diversions were
madé .43/

It is estimated that the 20,000 acre feet of annual discharge from

the Gateway subarea should be available for consumptive use. By drawing

42 /Hackett, eto al., Geology and Ground Water Resources of the Gallatin
Valley, Gallatin County, Mentana, United States Départment of Inter—
ier, Geological Survey, Geological Survey Walter-Supply Paper 482,
United States Government Printing Office, Washington 25, D. Ce, 1960,
Do 136,

éi/Ibide 9 De 139,




-
S L

i
3T

|
1
-y

eig]

ze 2
29— .20

T
"

Flitn. SXERY

=

N
S
>

a

o

AncEWEY |

O ]

'/// CENTRAL PARK
7% SUB AREA

BELGRADE
SUB AREA

I s0s area

Figure 27. Ground Water Area for Pumping Project.




~107--
on this supply for consumptive use the annual flow of surface water

across the north boundary of the subarea would be reduced by about an

equivalent amount.44/ It is important to note that the anmual flow

would be reduced. This dees not mean that waber pumped in July and
Migust will necessarily reduce the river flow by aﬁ equivalent amount

in July and August. It means that some of the water thaﬁ would normally
be discharged inte the river in September and October is being brought
to the surface a month orltwo earlier,

Pumping 20,000 acre-feet or less in the subarea will naturally
Llower the water table but not below that of the river. As long as the
waber table remains above the river water level the surface-water out—
flow from the subarea will always be equal to or greater than the sur—
face-water inflow,

In summary the physical resources of the subarea are estimated at
20,000 acre-feet of ground water that can be used consumptively. With-
drawal of 20,000 acre-feet or leés will allow all of the surface-water
inflow to cross the north boundary of the subarea undiminished., Con-
sumptive use of ground water will decrease the annual surface water
outflow by an amount equal ‘to or less than the amount withdrawn. Not
all of this deecrease will necessarily be evident in the same months . ﬁ

that the withdrawals are made.

4t /Toide, Po 139.
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High Line Canal Needs

The High Line Canal is 1oné and expensive te maintain. The canal
serves 37 farmers that currently irrigate about 8,300 acres. There are
about 1,800 potentially irrigable acres under the ditch making a total
of about 10,100 irrigable acres under the canal. The ecanal has three
decreed water rights: (L) 3,400 miner’é'inches appropriated May 9,
18903 (2) 3,400 miner's inches appropriated June 1, 190L; and (3) 700
minert!s inches appropfiated June 1, 1913.45/ The dates of these rights
are véry‘late, making thém.only "flood rights" and the ditch company
of ficlial interviewed reported one-half of their supply was usually cut
off on July 1 and the rest about.duly 15,

Que stionnaires were sent to 72 percent (27 of 37} of the members
of the canal and 63 percent (17 of 27) responded. This high response
shows the interest these farmers have in alleviating their water shori-
age. Ninety>fogr percent (94 percent) of the farmers (16 of 17) reported
. they needed water for a longer period of time and 56 percent of the
farmers (9 of 16) said they would be willing to pay for additional
water.

On the basis of supply available and the need expressed ‘the feasi-
bility study proceeded, Tt was assumed that grain irrigation would be
complete by July‘15 and an assured supply of 3,400 miner's inches,

roughlyjone—half their decreed right, during July and August would be

45/Water Resources Survey, opP. cit., p. 38.
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adequate for hay-and pasture needs.

A Development Plan
We have established a physical resource of 20,000 acre-feet annu—
ally in the Gateway subarea and the High Line Canal Company heeds 3,400
miner's inches for 30-60 days during July and August. The problem ﬁowl

is to develop a plan to utilize the resource to satisfy the need,

Number of Wells Requifed

First we shall consider the quantity of water needed. Under the

Hydrology section we defined one miner's inch of water
L mi= 1/40 cfs = .025 cfs

The quantity needéd for the High Line Canal is 3,400 mi.or
3,400 mi = 3,400 X ,025 = 85 cfs

Based upon the Bureau of Reclamation's stud& it is assumeé that wells
drilled the full depth of the aguifer in the Gatewsy subarea will pro-
duce an average of 3.5 cfs per well, Under this assumption 25 wells are
required to preduce 85 cfs,

85 cfs = 24.3 wells
3.5 cfs/well

Spacing of Wells

A batbery of 25 irrigation wells must have proper spacing to main-

tain a constant flow of 3.5 cfs. The equation
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Q= fh'P‘m(l'le‘2 - hwz)
2.303 logyg (re/rw)

Q = Quantity of water pumped in gallons per day

hg — hy = drawdown

P, = permeability factor

T = 3,1416

re = radius of imfluenhce

ry = radius of the well in feet

was used to calculate well spacing for this project. The equation as—
sumes certain data are known for the well and Figure 28 helps visualizei
the data required.

The shape of the drawdown curve or cehe of depression'wéé discussed
earlier, It has been calculated that in a thick water-bearing medium a
well will drawdown one foot for each 100 gallons pumped per minute.46/

The wells in this project produce 3.5 cfs or

3.5 cfs X 60 sec = 210 cfp minute
L cf = 7,48 gallons‘
210 X 7,48 = 1,570 gallons per minute

1,570 ¥ 1,600 gpm

Under the assumption, of one foot drawdown for each 100 gpm, wells in

this project will have 16 feet of drawdown,

46/Israelson, op. Cite, Pe 110
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Ground Level Te T

Water Table

Drawdown Curve or
Cone of Depression

o g4— 2 r,
l hy

J rImpervious Layer

Figure 28, Well Profile,

1,600 gpm = 16 feet
100 gpm

Assuming an aquifer depth, hg, of 50 feet hy will equal 34 feet,

hg - 16" = 50-16' = 34!,

hy = 34 feet

Well size is another important factor., It is assumed the project
wells would be 16 inches in diameter. This diameter will allow a
smaller casing to be lowered inside the 16 inch casing should ‘the
larger one rust out in future years. A 16 inch well has an eight inch

radius which gives us
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8/12 = ,666

ry = 0,67 feet

The quantity of water pumped is assumed 3.5 cfs which, as estab-

lished above, yields about 1,600 gpm,
1,600 gpm X 1,400 minutes.per day.= 2,304 X 106 gpd.,
fherefore,
Q= 2,304 X 106-gpd
Summarizing the data used to calcﬁlate well spacing we find

Q = 2,304 X 100 gpd

= 3,1416

Py = 4,000 gpd/ft2 see Appendix E
ry = 0667 ft,

heg = for an average well 50 feet

drawdown = 16 feet

hy = hg — drawdown = 50' — 16! = 34 fee}

and using the above equation to solve for ry, we get

2.30 X 106 = 3,1416)(4.0 X 103)}(502 = 34%)
‘ 2,303 logyg (re/0.67)

loglo (re/0.67) = (3.1416)(4.0 X 103)(L1.344 X 103)
(2.303)(2.304 X 100)

loglo re = logyp 0.67 = 3.18247
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3618247 + (9.82607 — 10)

logyp rg
loglo re = 3,60854
Ty = 1,202 feet

Minimam well spacing using this method is approximately 2,000 feet.

Loecation bf Wells

The Gateway subarea is very narrow near the head of the High Line
Canal, Gareful planning was required to locate 25 wells west of the
Gallatin-River, over the aquifer, and always 2,000 or more feet apart.
it seeméd apparent most of the recharge for the area mist flow toward
and in the same direction as the river. Using this assumption it seemed
logical that wells should net be plasced in three rows parallel to the
river, If wells are located "three deep" the middle row would be
"robbed" by the two "outside® rows of its share of recharge. Incorpor—
ating'this assumption into the well-loeation required considerable more
pumping area ‘than was originally considered‘necessaryo

Tells could have been located on the east.side of the river but
the expense of crossing the river was considered too great for the bene-
fit reeceived. Another reason for no wells east of the river was the
possibility that other companies would want to use that area if this
project is successful. .,

Considering the aquifer location and .the above assumption it was
decided the 25 wells should be located (1} west of the river, (2) above

the ditch where possible, (3) a reasonable distance from the river, and
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(4) in no more than two parallel rows along the river, The result of

the planning located the 25 wells as showh ih Figure 29 and Figure 30,

Pipe Requirements

Wells 1-5.-—Under the propesed project water is to be piped from
the well location to the High Line Canal. Water from wells one to five
could be delivered to the canal in an open ditch but this would reguire
right of way, ditch construction and increased'evaporation loss. If
the water was piped to the canal the pipe could be laid underground, er
along fence rows, and not be a menace to the property crossed.

It was desired that the water from wells one to five would flow
freely viﬁ gravitational pull from the wells to the canal, Fiéure 3l.
This would allow the water to remain encldsed and yet not require any

pump horsepower to force it through the pipes. ThHe equation

d' = 2,159 q 3/8
5172
where
4! = diameter
R = quantity flowinhg
n = 0,0L2

&)
1

slope of the pipe

was used to calculate the approximate pipe diameters required. The

actual calculations for each well can be found in Appendix E. The
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Figure 3l. Location of Wells 1-5 With Respect to the Ditch.

a/Approximate mean-sea-level and elevation.
b/Approximate distance between wells.

c/Approximate distance to water when pumping at full capacity.

actual calculated sizes were in inches and fractions of inches and in
every case the recommended size was increased to the next largest
number.

A summary of the required pipe size and lengths is given in Table
VII,

Wells 6-8.—Wells six to eight are located near and just below the

ditches For planning purposes these wells were individually connected
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to the ditch using 10 inch pipe. This pipe size was used because of
the velocity and friction factors for 10 inch pipe allow for the lowest
friction head-loss, Thé calculations for these wells using 10 inch
‘pipe are included in‘AppendiX B. Figure 32 shows the location of these
wells with respect te the ditch and Table VIII shows the pipe‘required.

Wells 9-12.—Wells nine to twelve are grouped in such a way that
1t seemed logical to deliver their output through one common pipe from
well number 10 to the ditch, The calculation regarding pipe size for
this gréup of wells is included in Appendix E and Figure 33 shows the
location of ‘the wells With.¥e§pect to the ditche Table IX shows ﬁhe
pipe requirements. |

Wells 13-22.-—Wells thirteen to tﬁenty>£wo_are located in two rows
parallel to the ditch and the river, The odd numbered wells are closer
to the ditch and the even numbers are closer to the river, These wells
are located so every two ﬁelis have a common delivery pipe to the
ditch, These wells, like all the rest, wse 10 inch pipe for one well
and 14 inch pipes for two wells, The calculation for these wells are
included ih-Appendix E. Figure 34 shows the loecation of the wells with
respect to the ditch and Table X shows the pipe required.

Wells 23-25,—-Wells 23-25 are grouped so they can deliver to the
ditch through one common pipe. These three wells fofm the northern-
most boundary for the pumping preject, Calculation for these three
wells are included in Appendix E, Fiéure 35 shows the locabtion of the

wells with respect to the ditch and Table XTI shows the pipe required.
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TABLE VII. PIPE REQUIREMENTS, WELLS 1-5.

Inside

Pipe Q Diameter Lepgth
(1-2) ‘345 cfs 120 2000
(2-3) . 7.0 cfs 16n 2000
(3-4) 10,5 cfs 184 2000
(4~5) 14,0 cfs 20 © 2000
(5-D) 17.5 cfs . 22 © 14001

TABLE VIII. PIPE REQUIREMENTS, WELLS 6-8.
| Thoide .

Pipe Q Diameter . Length
(6-D) 3.5 cfs 1o | 300!
(7-D) . 3e5 cfs 1o 4@6'
(8-D) 3.5 cfs 10m 600"

TABLE IX. PIPE REQUIREMENTS, WELLS 9-12.
- Inside

Pipe @ Diameter Length
(9-10) 3.5 cfs - lom o 2200
(16-D) 10,0 cfs - 20m 2800
(c-10) - 7.0 cfs 140 ' 1100!
(11-C) 365 cfs 1ot 1700

(12-C) 3.5 cfs 10" 1100¢
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5025
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q—400"
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Hg = 35¢/
(75
H7 = 40

Figure 32, Location of Wells 6-8 With Respect to the Ditch.
a/Approximate mean-sea level elevation.

b/Approximate distance.

c/Approximate depth to water when pumping at full capacity vertical
distance from the ditch to water when pumping at full capacity.
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44— 2800'b/

1100' 1100

4950
Hjp = 100!

Figure 33. Location of Wells 9-12 With Respect to the Ditch.
a/Approximate mean-sea-level elevation.
b/Approximate distance.

¢/Approximate vertical distance from the ditch to water when pumping
at waters full capacity.
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a/Approximate mean-sea-level elevation,

b/Approximate

distance.

5020
D
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500!

o1 4860
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42100

170! 22 = 190!

Location of Wells 13-22 With Respect to the Ditch.

¢ /Approximate vertical distance from the ditch to water when pumping
to full capacity.
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@«———3000'b/

Hpg = 205! é3 4840
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Figure 35, Location of Wells 23-25 With Respect to the Ditch.

4820
Hps = 225'c/

a/Approximate mean-sea-level elevation.

b/Approximate distance.

¢/Approximate vertical distance from the ditch to water when pumping
at full capacity.
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TABLE X. PIPE REQUIREMENTS, WELLS 13-22,

Inside
Pipe Q B Diameter Length
(13-D) 7.0 cfs sPAL 30001
(14-13) 305 cfs 10" ' 2000
(15-D) ‘ " 7.0 cfs L4m 3000
(16-15) 3¢5 efs 10 2300
(17-D) 7.0 cfs 141 34001
(18-17) 3.5, ofs 10" 24001
(19-D) 7,0 cfs . 14w 31001
(20-19) 3¢5 cfs 1o 24001
(21-D) 7,0 cfs L4 25007
(22-21) 3.5 cfs 10 2100!

TABLE XI. PIPE REQUIREMENTS, WELLS 23-25.

‘ Inside
Pipe . Q Diameter Length
(23-D}) 1005 cfs 17w 3000"
(24-~23) 365 cfs 1on | 2060'

(25-23) 3.5 cfs 104 2200t
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Horsepower Regquirements

Deep well turbine pumps were assumed-throughout the entire project.
These pumps have a large range of édaptability for capacity and total
head. Turbine pumps can be lubricated by either water or o0il and do
not need to be primed before,they'will start pumping. A typical pump
installation is shown in Figure 36,

The horsepower requiremeﬁts vary for most of the 25 wells in this
proposed pumping sjstem, The most common unit for measuring horsepower
‘requirements for irrigation pumping is "water horsepower," Water horse—
power is defined "as thg_power.theoygpicé}ly_;eggéyed to 1ift a given
quantity of Water-per second to a qugifiedmhgight."QZ/ The'equation

used in this project to calculate water horsepower is

where

Hp = Water horsepower;
Q= Qqantity discharged in cubic feet per second;
= 62,4, the weight of one cubic foot of water;

. Hy = Total vertical 1ift in feet plus the head loss of piping
in feet; .

550 = 550 ft.-lb, per second, the measurement of one horsepower;

E = The pumping plant efficiency, This was assumed to be 1.00.

47 /Israclsen, 0De Cites Pe 82.
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TYPICAL

DEEP WELL TURBINE PUMP

WELL INSTALLATION

DISCHARGE PIPE

DEPTH TO WATER
TABLE=5'-20'

M

“—— WELL CASING
—— PUMP SHAFT

— — — — —

DISCHARGE COLUMN
WATER TABLE

DRAWDOWN =16’

PUMPING WATER

WELL DEPTH ASSUMED
EQUAL TO DEPTH OF
PERMEABLE AQUIFER
=45'-90'

AvG. DEPTH =60’

TOTAL LIFT = 30' — 225'
TOTAL HEAD= 30' - 259' Ib/Ib.

[ PERFORATED CASING

Q»3.5cfs Rw=0.67'

MIN. WELL SPACING=2000'

BOWLS AVG. WELL DEPTH=60

STRAINER

Figure 36,

Typical Well Installation.
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Using this equation the water horsepower for well number one would

be,
Hp = g Egé}g 62oé:lg 3 E} = 1309
550
where

Q = 3¢5 cfs

Hy = Hy = approximate depth to water when pumping at o
full capacity . 4

= 1,00

This same equation was used for wells one ‘to five where the water was
brought to the surface and allowed to flow, gravity-pull, through pipes
to the ditch. The individual caleulations for these wells are included
in Appendix E, The calculated horsepower requirements for these wells
are included in Table XII,

Wells 6-25 have two factors, vertical lift and pipe friction, in-
cluded in their total horsepower requirements, The vertical 1lift fac-—
tor 1s computed in exaectly the same manner as it was for wells one %o
five, i.e., it is the vertical distance the water must be lifted from
the well when pumping at full capacity to the ditch. The pipe friction
comes from forcing the water ﬁhrough ‘the pipe ﬁrom the well to the A
ditch. To force tﬁe water' through the pipe requires additioenal horse-—
power, This additional power is referred to as head-loss and can be

computed by
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TABLE XITI, WATER HORSEPOWER FOR WELLS NO. 1-25.

Horsepower

Well Number ;Well Number Horsepower
1 14 14 61
2 14 15 55
3 12 16 66
4 12 17 64
5 12 18 77
6 16 19 71
77 18 20 85
8 25 21 78
9 40 22 90

10 38 23 85
11 52 2/, 95
12 48 25 106
13 47




where

_.]_29_.

LY :

= Frictien head—loss;

Hy, =

f = A friction factor (for computatlon of ‘this factor
see Appendix EJ;

L = The length of the pipe;

V = Velocity in feet per secbnd;”

d = Diameter of the pipe in feety

g = Pull of gravity.

Using this equation the water horsepower for well nunber six is

where

Hp = 3.5 X 62,4 X Hy = 2397 Ay
550 X 1.0

Hy = 357 + Hp _

Hy, = 0.016 X 300 X (6.42)2
834 6lyots

E=1,00

£= 016

L = 300

d = diameter of 10 inch pipe in feet = 0,834

V = 6,42

g = 32,2
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therefore

3.7 faet 4 feet

ey
f

351 + 4% = 39 feet

ae)
ck
I

Hp = 2397 X 39 = 15,5

In allocating the head-loss for wells 9-23, it was aséumed that
since the wells were all connected with one or more other wells, the
head-loss would be equally distributed between the eonnected wells,

The total head-loss was divided by the pumps involved and each water
horsepower increased proportionally.

The calculation of horsepowef for each individual well is included
in Appendix E and a_summarj of the ealculated horsepower is given in

Table XITI,

Rights po the Ground Water

Rights to the use of the ground water required for this project
must be established in two steps, First a "Notice of Appropriation®
should be filed with the elerk and‘recorder.of Gallatin County and actual
work on the project mst theh begin within 90 days. The second step in
establishing the ground water right is filing a "Notice of Completion.®
After the second notice is filed, the effective date of the water right
becomes that of the first notice. -If the first netice is not filed,
the effective date of the right is the date on the sécond notice.

Once established, the grouna water right for this proposed project

will have priority over any subsequent ground water development. Accord-—
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ing to Montana Under Ground Water Code, Appendix A, Section 2, surface

water rights have priority over ground water rights. The Attorney

General's office, Helena, Montana, indicates this proposed project does
hot need to fear being foreced to stop pumping because of injury to sur-—
face water rights down strgamo It is their opinion the proof.required'
by down stream users to establish a claim against the proposed preject

is all but impossible to obtain.4i8/

Installation Costs

To establish cost estimates for the entire development project
information was sﬁbmitted to three contractors and their cost estimates
were solicited. Each eompény'was given the size and amount of pipe
required and the tetal 1ift of the water from each well. The cémpanies
were then asked for their recommendations about the type of pipe, type
of pumps and horsepower requirements, The companies were asked to make
estimates separately on pipe and pumps so ‘the lowest éost unit from
each company could be used. The composite estimate of the lowest cost

units from each company is given in Table XIIT,

Cost of Wells

The number and location of weLls was submitted to three well
drillers and each asked for their recommendabions about test wells,

casing thickness, etc. The leowest cost estimate was submitted by Van

48/Interview with L, Forsell, Attorney General's office,




TABLE XIII. COMPOSITE OF THE LOWEST COST UNITS FOR EACH OF 25 WELLS IN THE PROPOSED HIGH LINE
‘PUMPING PROJECT, 1963.. ‘ _

Cost Cos’t ’
Cost Cost Cost Tof of” Cost

Well Horse of of” of’ Laying "Electric of Total

No. . Power Wells Pumps Pipe. Pipe Installation Land Cost
1 20 1,800 1,884 4,250 1,400 750 500 " 10,584
2 20 1,800 1,884 6,990 1,600 750 500 13,524
3 20 1,800 1,884 6,990 2,000 750 500 13,924
4 20 1,800 1,884 8,690 2,000 750 500 15,624
5 20 1,800 1,884 6,170 1,400 750 500 12,504
6 20 1,800 1,884 542 210 750 500 5,686
7 25 1,800 1,984 626 280 750 500 5,940
8 30 1,800 2,362 794 420 750 500 6,626
9 50 . 1,800 2,763 2,138 1,540 750 500 - 9,491
10 50 1,800 2,763 12,050 2,800 750 ) 500 20,663
11 60 1,800 3,185 5,066 2,070 750 500 13,371
12 60 1,800 3,185 1,214 880 750 500 8,329
13 60 1,800 3,185 8,630 2,400 750 500 17,265
14 75 - 1,800 3,500 1,970 1,400 750 500 9,920
15 75 1,800 3,500 8,630 2,400 750 500 17,580
16 75 1,800 3,465 2,222 1,610 750 500 10,347
17 75 1,800 3,635 9,742 1,120 750 500 174547
18 100 1,800 4,110 2,306 1,680 750 500 11,146
19 100 1,800 44,150 8,908 2,480 750 500 18,588
20 100 1,800 4,110 2,306 1,680 750 500 11,146
21 100 1,800 44275 74240 2,000 750 500 16,565
22 125 1,800 44575 2,054 1,470 750 500 11,149
23 100 1,800 4,275 10,340 2,400 750 500 20,065
2/, 125 1,800 4y 575 1,970 1,400 750 500 10,995
25.. 125 .1,800 4,900 2,138 1,540 750 500 11,628

Totals - - - -+ 45000 79,801 - 123,976 40,180 18,750 12,500 320,207

—2ET—
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Dyken Drilling Company of Bozeman, Montana. Their estimate for twenty—
five wells with 16 inch perforated casings, developed and test pumped

was $1800 per well.

Cost of Pumps

Total 1lift and wabter volume data were submitted to three companies
asking for recommendations and‘cgst estimates, The lowest estimate
was submitted by the Midland Implement Gompany of Billings, Mbntana,
Table XIV, Their estimate includes five feet of suction pipe, 10 feeﬁ
of pump bewl submergence, five feet of discharge pipe, plus the ip- - -
stallation of pumps and motor control pahels. Their puﬁps have 12
inch bowls and vary from one to six stages in proportion to the Lift.
The horsepower requirements submitted by the commercial companies was
higher than the water horsepower calculated by formula. This was ex—
pected since actual efficiencies range from.70—85 percent and the formula

assumed the efficiency to be 100 percent,

Cost of Pipe

Pipe cost estimates were submitted to_thfeg companies asking for
their recommendations and approximate costs. The lowest estimate was
submitted by Van Dyken Drilling Company, Bozeman, Mbnﬁan;, Table XV,
Their recommendation was for reinforced concrete pipe connected by
rubber "O" rings, Included in their estimate was the cost df pipe,
"o pings, and 25 jéints, elbows, valves, etc. to connect the pumps to

the discharge pipe.




TABLE XIV. RECOMMENDED PUMP SIZE AND ESTIMATE COST--MIDLAND TMPLEMENT COMPANY, 1963.

T Control Total

Well Total Pump No, "of Horse Pump Panel Pump
No, Lift Size Stages Power Cost Cost Cost
1 35 12D 1 20 1,690 194 . 1,884
2 35 12D 1 20 1,690 19/ 1,884
3 30 12D 1 20 1,690 194 1,884
4 30 12D 1 20 1,690 194, 1,884
5 30 129D 1 20 1,690 194, 1,884
& 39 12D 1 20 1,690 194 1,884
7 45 124D 1 25 1,790 194 1,984
8 62,5 12D 2 30 2,115 247 2,362
9 101 12D 3 50 2,485 278 2,763
10- 9% 124D 3 50 2,485 278 2,763
11 130 ' 1 3 60 2,650 535 3,185
12 120 121D 3 60 2,650 535 3,185
13 117.5 121D 3 60 2,650 535 3,185
14 152,5 - 124D 3 75 2,965 535 3,500
15 137.5 124D 3 75 2,965 535 3,500
16 166 12D 4 75 2,930 535 3,465
17 159.5 124D 4 5 3,100 535 3,635
18 194 124D 5 100 35535 575 45110
19. 178" 12Mm 4 100 3,575 575 4150
20 212.5 12D 5 100 35535 575 4,110
21 195.5 121D 5 100 3,700 575 42775
22 226.5 12D 5 125 4,000 575 45575
23 212 124D’ 5 00 3,700 575 L4275
24 232 12"D 5 125 2,000 575 44575
25 259 12D 6 125 45325 575 44900
fotal - o 69,295 10,506 795801

e
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TABLE XV, PIPE SIZE AND ESTIMATED COST—-VAN DYKEN DRILLING COMPANY,

1963,
_ Length of :

Well Pipe Pipe Cost Pipe Total
No, Size in Feet Per Foot Joints Cost
1-2 12m 2,000 1.98 290 $ 4,250
2-3 16" 2,000 3635 290 6,990
3-4 18n 2,000 3635 290 6,990
4—5 20" 2,000 4620 ’ 290 8,690
5-D 221 1,400 4o 20 290 6,170
6-D 1on 300 084 290 - 542
7-D . 1low 400 084 290 - 626
&-D 10n 600 o84 290 794
9-10 10m 2,200 084 290 2,138

10-D 20" 2,800 4620 290 12,050
C-10 VAL 1,100 2,78 290 3,348 a/

11-C 10" 1,700 284 290 1,718 a/

12-C 104 1,100 <84 290 1,214

13-D L4m 3,000 2,78 290 8,630

1~13 1o% 2,000 o84 290 1,970

15-D L14n 3,000 2,78 290 8,630

16~15 104 2,300 284 290 24222

17-D 144 3,400 2.78 ' 290 9,742

18-17 10t 2,400 «84 290 2,306

19-D L4 3,100 2,78 - 290 8,908

20~19 104 2,400 84 290 2,306

21-D L4n . 25500 2,78 290 74240

22-21 10 25100 84 ‘ 290 2,054

23-D 17s 3,000 3035 290 10,340

24~23 lon 2,000 -84 200 1,970

25-23 1on 2,200 084 290 2,138

Total . 53,000

$123,976

a/These total $5,066.
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Cost of Laying Pipe

Gardner Construction of Bozeman, Montana was the only firm submit-
‘ting an estimated cost for laying the pipe in this project, Table XVI,
Their estimate calls for all ditches to be dug two feet wide and four
feet deepe. This size ditch allows for work space and the required hand
covering of the pipe, Their estimate was 70 cents per foot to dig, lay
and back £ill the 10-12 inch pipe, 80 cents per foobt for 15 inch pipe

and $L.00 per foot for the 18-2L inch pipe.

Cost of Electric Installations

The Montana Power Company has agreed to supply the power for this
project, but at the time of writing, their final estimate was not avail-
able, Previously, they estimated the cost for a simiiar project and
this previous estimated figure has been used here as an estimated cost

pending the final figure from the Montana Power Cempany.

Cost of Land and Easements

Some land will be required for the propose@ projects The well
drillers estimate a plot 100! x 100! will be requiréd for setting the
drilling rigs and a permanenf plet éO' x 40' for the pump and discharge
pipe, This land can be purchaséd or ieaseda For purposes of the
feasibility study it is assumed the land will be leased on a ;ong—term
bésis with the privilege of developing a water right. It is assumed
a lease agreement wou;d be.negotiated with the necessary access and de—

velopment privileges,
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TABLE XVI., ESTIMATED COST OF LAYING PIPE--GARDNER CONSTRUCTION
COMPANY, 1963.
Length of
Well Pipe Pipe Cost Total
No. Size in Feeb Pér Foot Cost
1-2 . 1o 2,000 $ .70 $1,400
2-3 16" 2,000 .80 1,600
34 18w 2,000 1,00 - 2,000
4=5 20" 2,000 1,00 2,000
5-D 221 1,400 1,00 1,400 .
6-D o 300 70 210
7-D 1o 400 70" 280
8-D 1o 600 70 420
9-10 1o 2,200 .70 1,540
10-D 201 2,800 1,00 2,800
C-10 AR 1,100 «80 880 a/
11-C 1o 1,700 70 1,190 a/
12-C 1o 1,100 .70 880
13-D L4 3,000 .80 2,400
1/-13 1o 2,000 70 1,400
15-D APAL 3,000 +80 2,400
16~15 Lo . 2,300 70 , 1,610
17-D VAL 3,400 680 1,120
18-17 1o 2,400 .70 1,680
19-D 14N 3,100 »80 2,480
20-19 1om 2,400 . .70 1,680
21-D L 2,500 «80 2,000
22-21 Lot 2;100 .70 15470
'23-D 17m 3,000 80 2,400
2423 1o * 2,000 .70 1,400
25-23 1om 2,200 70 1,540
Total 533000 $40,180

a/These total $2,070.
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Drilling the wells and laying the pipe cah be done in the late
fall and winter, This will cause mihimal damage to meadows and crop
land. Access roads and well drilling ﬁill disturb very little land.
The trenches for laying pipe will be long and cross several fieids.
It is assumed an average cost of $500 per well will reimburse farmers _
for damages imcurred in well drilling and laying the pipe.

Once the pumps are installed and operating, maintenance ﬁill be
the only reason to visit specifiec well sites. Pipe lines will be
buried and require infrequent maintenance. For the right to visit
pump sites and pipe lines when necessary, an annual rent, of $100 perl

well is assumed.

Financing

The Agricultural Stabilization and'Conservatiqn Ser¥ice is author—
ized to financially assist farmers who make certain types of develop-
.ments, The ASC cannet share the cost of drilling irrigation wells but
they will share up to 50 percent of the cost of permanent distribution
line. In addition, they will contribute 10 cents per cubic yard toward
digging ditches, two cents per cubic yard for back f£ill, and 75 cents
per hour toward amy hand labor required. for back filling,

The financing and cest sharing of these wells is calculated for
groups of wells in order to examine the marginal cost and refurns of
each group; |

Wells 1-5.,——These wells require 9,400 feet of pipe to deliver their

water to the ditch, The ditches for this preject are two feet by four
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feet and contain 2963 cubic yards per linear foot,
9,400 X ,2963 = 2,785,2 Cu. Yds.

The ASC pays 10 cents per cubic yard to dig the ditch and two cents
per cubic yard for back f£ill, making a total of 12 cents per cubic

yard.
2,785.2 X .12 = $334.22

The ASC will pay 75 cents per hour towards back fill labor apd the con-

tractor suggests this would amount to about two cents per foot.

N

9,400 X .02 = $188

The total ASC contribution toward installing the 9,400 feet of ditch
£or Wells 'Ic5 is $188 + $334.22 = $522,22. The total estimated cost of

the digging of the ditch and laying the pipe is $8,400., The actual
cost to the ditch company is:

$8,400,00

— 522,22

$7,877.78

The ASC will share 50 percent of the pipe cost. Pipe costs for
Wells 1~5 is $33,090. The ASC share is $16,545 and the company share
is $16,545. The total cost of these wells to the ditch company is:
Five wells at $1,800. $ 9,000.00

Five pumps 9 4420,00
One-half pipe cost 16,55400
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Ditch and laying pipe 7,877.78
Electric line - 3,750,00
Land and easements 2,500,00

$49,092,78

The Farmers Home Administration loans money for this type develop-
ment at five percent simﬁle interest, If any-projeot meets Soil Con~
~ servation Service standards, they will lean 100 percent of the cost,
amortized over a 40-year périod; The annual amorfiéed cost for these

wells is:
49,092,78 X ,05828 = $2861.13.
Wells 6-8.,~~These wells require 1300 feet of pipe.

1300 X ,2963 = 385,2 Cu, Yds.
385,2 X .12 = $46.23
1300 X ,02 = $26,00

Total ASC share - $72.23
Total estimated cost of laying pipe is $910,

$910,00
—72o2§
Cost to ditch company $837.77 :

The total cost of pipe is $1,962,00, SCS will share one-half,

leaving ‘the diteh company share...

$1,962 = $981,00 .
2

The total ditch company cost for these wells is:
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Three wells at $1,800 $ 5,400,00
Three pumps 6,230,00
Ditch and pipe cost - 1,818,77
Eleetric line 2,250,00
Land and easement 1,500,00
Total ' $17,198.77

The total cost amortized yields an annual cost of:
$17,198,77 X 05828 = $1,002.34
Wells 9~12.——These wells require 8900 feet of pipe.

8900 X .2963 = 2,637.07 Cu. Yds.

2637,07 X .12 = $316.45
8900 X ,02 = $178,00

Total ASC share $494.45

The tobal cost of laying this pipe is:

$7,290.00
Total ditch company cost $6,795.55

The total cost of pipe for these wells is $20,468, leaving the ditch

company a cost of:

$20,468 = $10,234.
2

The total cost of these wells to the ditch company is:

Four wells at $1,800 $ 7,200,00
Four pumps 11,896,00
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Ditch costs 6,795+55
Pipe costs - 10,234.00
Electric line , 3,000,00
Land and easement i 2,000,00
Total $41,125.55

The annual amortized cost of these wells is:
$41,125,55 X 05828 = $2,396.80
Wells 13-16.-~These wells require 10,300 feot of‘pibe.

10,300 X 2963 = 3,05L.89 Cu, Yds.
3,051.89 X .12 = §366,23
10,300,00 X .02 = $206,00
Total ASC share $572.23

The-estimated total cest of laying this pipe is: .

$7,810.00

Total ditch company cost $7,237.77

The total pipe cosé for these ditches is $21,452, yielding a ditch

company cost of:

$21,452 = $10,726.
2

The total cost of these wells to the ditch company is:

Four wells at $1,800 | $ 7,200,00
Four pumps _ : 13,650,00




—~143-

Ditch cost . . 7523777
Pipe cost 10,726,00
Electric line 3,000,00
~ Land easement - '2,000,00
Total $43,813.77

The annual amortized cest for these wells is:

$43,813.77 X ,05828 = $2,553.47;

Wells 17-20.~-These wells require 11,300 feet oflpi;pe°

1l

11,300 X ,2963 = 3,348,2 Cu. Yds.

3,348.2 X .12 = $401.78
11,300 X .02 = $226,00

Total ASC share $626.78
The total cost of laying pipe is:

$6,960,00 .
= 627,78

Total ditch company cost $6,332.22

The total cost of the pipe for these wells is $23,262, yielding a ditch

company cost of $11,63L,

$23,262 = $11,63L.
2 .

The total cest of these wells to the ditch company is:

Four wells at $1,800 ' $ 7,200,00
Four pumps 16,005,00
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Diteh cost - 6,332.22
Pipe cost 11,631,00
Electric line - - 3,000,00
Land and easement ’ 2,000,00
Total $46,168,22

The apnual amortized cost of these wells is:
$46,168,22 X 05828 = $2,690.68.
Wells 20-21,.,-~These wells require 4600 feet of pipei

4600 X 42063 = 1,362,98 Cu. Yds.

1326,98 L .12 = $159.24
4600 X 002 = ﬁs 92.00

Total ASC share $251.24

The total cost of laying the pipe is:
$3,470.00
— 251,24

Total ditch company cost  $3,218,76

The total cost of pipe for these wells is $9,204.00, yielding. a ditch

company cost ofs

$92294 = $4,647.00,

The total cest of thése wells to the company is:

Two wells at $1,800 : $ 3,600,00
Two pumps : 8,850,00
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Ditch cost 3,218,76
Pipe cost - 4,;647,00
Electric line 13500,00
‘Land and easement 1.,600,00
Total $22’ 815076

The anmual amortized cest of these wells is:
$22,815.76 X .05828 = $1,329.12,
Wells 23-25.-~These wells require 7200 feet of pipe,
7200 X ,2963 = 2,133.36 Cu. Yds.
2133.36 X .12 = $256,00
. 7200 X .02 = $$144.00

Total ASC share $400,00

The total cost of laying pipe is:

$5,340,00
— 400,00

Total ditch company cost $4,940,00
The total pipe cost is $14,448,00, yielding a ditch company cost of:

$L4,448 = $7,224.00,
2 .

The ‘total cost of these wells to the ditch company is:

Three wells at $1,800 _ "$ 5,400,00
Three pumps 13,750,00
Ditch cost £4940,00

Pipe costs 779224600
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Electric line ' . 2,250,00
Land and easements 1,500400
Total $35,064,,00

The annual amortized cost of these wells is:

$35,064 X ,05828 = $2,043.53.

Operation Cost
The 25 wells in the project are assumed to operate 24 hours per

day for 45 days each season, producing 7 acre feet per well, per day.

One acre foot = 325,872,36 gallens

325,872.36 = 204 minutes per AF
1600 gpm (well production)
204 = 3.4 hours per AF

60
;g§,= 7 AF/QA hours /well
3ol .

Electrical Charges

Electriéity is sold by the watt hour or kilewatt hour {(kwh.)., The
Montana Public Service Commission allows the Montana.Power Company o
sell electricity at different rates for different’purpos}es° Residential

electricity both rural and urban is sold at the following rates:

Schedule R~57;—Res;dentia1 Electric

85 cents for the first 12 kwh, or less.

3.9 cents per kwh, for the next 88 kwh,
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2.6 cents per kwh, for the next 100 kwh.

1.3 cents per kwh. for all additional kwh.

The minimum bill for residential electricity is 85 cents per month.

| In contrast to household usage, general electric service is avail-
abie for "all electrid service required when supplied through one meter
at one point of delivery, Not available for standby, breakdown, supple-
mentary, resale or shared service.",9/ Pumping for irrigation comes '
under this Y“general service' category and is charged according to the

following schedule:

Sehedule GS—57——Geheral Electric Service

90 cents for the first 12 kwh., or less

3.9 cents per kwh., for the next 280 kwh.

2,8 cents per kwh, for the next 1,500 kwh.

1.7 cents per kwh, for the mext 3,200 kwh.

1.0 cents per kwh. for the next 15,000 kwh.

0.8 cents per kwh. for the next 200 kwh. per kilowatt

55 cents per kwh. for all additional kwh.

The minimum bill under this schedule is 90 cents per month.

In addition to the above rate schedule the cbﬁpaﬁy also levies a

monthly demand charge. On all general service lines the lMon%tana Power

49 /From data published by the Montana Power Company——a copy of this
material is included in ‘the appendix.
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Company permanently installs a mefer that registers the kilowatts drawn
through the line at all times. For example, if three, 20 horsepower
motors were running on a metered line and another was turned on, the
kilowatt demand register (kilowatts being used) would increase from 51
kilowatts to 68 kilewatts (at 17 kilowatts per 20 horsepower motor).
To establish a demand charge the company selects the 15 minutes of
-highest use recorded on the meter,Javerages the use for this 15 minute

period and sets their demand charge accerding to the following schedule:

First 10 kilewatts—-no charge
Next 20 kilowatts——$L,00 per kilowabths

All additional kilowatts——.90 per kilowatt

For example, é 20-hersepower mbtor draws 17 kiléwatts under full
load. The monthly dgmand chargé for running this motor 15 minutes is
$7, iccss the first 10 kilowatts are free and the next seven kilowatts
cost $1,00 each, If another 20-hérsepewer motor would be turned on
(longer than 15 minutes) it would cost $13.00 qu the first thirteen
kilowatts, (making a total of $20 for 30 kilowatts) and 90 cents per
kilowatt for the remaining 4 kilowatts or $3.60., The total monthly
demand charge for running these two 20~horsepower motors is $7 plus
$13 plus $3,6O or $23,60, This is a flat rate charge incurred by turn-
ing the motors en. In addition to the demand charge, the kilowatt hours
used by these two motors muist be paid for aécordipg to the regular GS-57

schedule,
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A second rate schedule is available from the Montana Power Company
for irrigatioﬁ or sprinkling service, This rate is known as Rider-3
and reads as follows:

There a customer has an irrigation pumping or sprinkling
outfit which is operated enly during the irrigation seasen and
which may be discentinued during the remaindér of the year,
service will be billed .at a rate of 1.5 cents per kileowath
hour, subject to a minimum seasonal bill per point of delivery
of $7.50 per horsepower connected. Cusbomers must select to
take service under this rider or the standard scheduile GS-57
at the beginning of the season and cannot change rates during
the season.50/

An example of how this Rider—3 schedule operates may be helpful,
A person with a 20 horsepewer irrigation motor would be Eharged a mini-
mun seasonal bill or 20 X $7.50 or $150, This $150}wdula purchase
10,000 kilowatt hours for the season at l.5 cents per kilowatt hour.
4 20 horsepower motor demands, under full lead, about 17 kilowatts °
therefore the farmer could run his pump 10,000/17 = 588 hours for the
minimim charge. Tables XVIT and XVIIT supplied by the Montana Power
Company show the cempany charge for metors of various horsepower. A
20 horsepower motor under schedule GS-57, their géneral service rate,
would cost $151 for three weeks of operation (504 hours) while the same
motor could run 588 hours for $150 under Rider-3. The Rider-3 advantage

is four weeks operation for $1.00 less than three weeks operation under

schedule GS-57,

50/Tbid.
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TABLE XVII. HOURLY OPERATING COSTS PER HORSEPOWER--ONE MONTH.

Kilowatt
Demand GS-57 Schedule
Horsepower Full Load (ggg.mggz?

HP KW : ¢/ ¢/Hp.Hr, Bill

10 8.8 1,92¢ 1,686 $ 122
15 13.0 1,66 Lolids 155.
20 17.0 Le54 1.30 188, a/
25 C2l.l Lo45 1022 222,
30 252 Le4l 1,19 255, "
40 33.5 1o3L" 1,09 315,
50 417 1,22 1,02 . 36s.
60 50,0 Lels 0,95 410,
75 62,2 1,06 0,88 475.
100 82.3 0,98 0,81 583.
125 103,0 0,94 0,77 694
150 123.0 0.9L 0.% g0L.
175 143.0 0,88 0.72 909.
200 1630 0.87 0,70 - 1,016.
300 2400 0,83 0,66 15429,
400 320.0 0.81 0,65 - 1,855.

g/Horsepower above ‘this line ecould be mere seeconomical on Rider-~3 if
the seasonal minimum of $7,50 per horsepower can be used.

2
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TABLE XVIIT. HOURLY OPERATING COSTS PER HORSEPOWER——THREE WEEKS.
Kilowatt
‘Demand GS-57 Schedule
Only Three Weeks
Horsepower Full Load (504 Hrs.) .

HP K ¢ /KWH ¢ [Hp.Hr. Bill
10 8.8 2423 1,96¢ 5 99
15 13.0 1o9% 1,69 127.
20 17.0 1.77 150 T
25 21,1 1.65 1,39 176.
30 2502 158 133 201, a/
40 33.5 Lo49 Lo2 251,
50 41,7 Lokl 1,18 297.
60 50,0 Lo34 1o12 338.
75 62,2 1o27 1,05 401.
100 82,3 1,17 0,96 485.
125 103.0 1.10 0,90 569.
150 123.0 1,06 0,87 655.
175 14340 1,02 0.8/ 738.
200 163,0 1,00 0.81 - 820.
300 240.0 0.95 0.7 1,14
400 320,0 0,92 0074 1,475.‘

a/Horsepower above this Lline could be more economical on Rider—3 if
the seasonal minimim of $7.50/horsepower can be used.
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Table XIX, also supplied by the Montana Powef Company, is a use—
ful guide in comparinhg the cest of electric metors with other fuels

as sources for pumpihg power.

/

Wells 1-5.—Motors of 20 horsepower or less have their most inex—
pensive operation under Rider-3, page 149. The pumps on this project

will run:
24 hours X 45 days = 1080 hours

Under a full load, a 20 horsepower motor has a 17 kilowatt demand;

therefore, it has

1086 X 17 = 18,360 kilowatt hours

for the seasons Under Rider-3, the first 10,000 ilowatt hours cost

$150,00 and the balance éost $.0L5/kilowatt. Therefore,

18,360 total kilowatts
-10,000 Rider-3

8,360 X $,015 = §$125.40

The seasonal charge ber 20 horsepower motor running 1080 hours under

full load is:
$L50 + $1L25.40 = $275.40

Maintenance charges are allowed for each pump at two percent of the

purchase price, thérefore,
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TABLE XIX. COST OF OTHER FUELS FOR IRRIGATION PUMPING.

Type of Fuel Horsepéwer per Gallon
Diesel ' 14?5'Hp.Hf./Gal.
Gasoline ' ‘ 11,6 Hp.Hr./Gel.
Propane _ 9:0 Hp.Hr./Gal.
Natural Gas 100,06 Hp.Hr./Gal.

For converting horsepowsr-per—-gallon into cents—per-horsepower—

hour, use the following formmla:

_ ¢/Gal, of Fueél
¢/Hp.Hr, = Hp.Hr./Gal.

For example: Gasoline at 2L.5¢/Gal.

= 21.5¢/Gal. -
¢ /peHre = e T, © Le8¢/Hp.Hr.

Use the local-area fuel cost for converting any of the above.
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1,690 X .02 = $33.80
Summarizing the operation costs for Wells 1-5:

5 wells (275.40 Electrical Charge + $33.80 Maintenance) +
2,861.13 Amortization ]
(7 AF /day X 45 days) 5 wells

$4.,407.13 = $2.,80/AF
1,575 AF

Wells 6-8.—~Operational cost:

Demand Charge

#6  Rider-3
#7  (21,1-10) $1.00 = $11,10 .
' . #8  (25.2-10) $1.00 = 15,20
$26,30
Kilowatt Charge
" #  Rider-3 $275.40

#7 (1080 X 21,1} 0145 330,42
#8  (L080 X 25.2) ,0L4l 383,75

$989.57

Maintenance Charge

5595 X $,02 = $111.90
Total cost per acre foot is:

(989,57 + 26,30} + 111,90 + $1,002.34 =
(7 AF X 45 days) 3

$2,130,11 = $2,25/AF
945
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Wells 9-12.——-Operational cost:

Demand Charge

#9  (41.7-30) $.90 + $20,00 § 30,53
#10  (41.7-30) $.90 + $20,00 30,53

#LL  (50-30} $.90 + $20,00 38,00
#12 (50-30) $.90 + $20,00 38,00
$137.06

Kilowatt Charge
# (1080 X 41.7) .0Ll22 $ 549444

#10 (1080 X 41,7} .0122 549 o2y
#11 (1080 X 50) ,0114 615,60
#12 (1080 X 50} ,0Ll14 61.5.60

$2329.08
Maintenance Charge at two percent of‘pump cost:
€10,270) $.02 $ 205,40
"Total cost per acre foob is: o

(2.329,08 + 137.06) + 205,40 F $2.,369.80 =
(78F X 45 days) 4 wells

$5.068,34 = $4.02/4F
ro 1,260,00

Wells 13-16.—~—Operational cost:

Demand Charge

#13 (50-30) $.90 + $20,00 $ 38,00
#14 (62,2-30) $.90 + $20,00  48.98
#15 (62,2-30) $.90 + $20,00 48,98
#16 (62,2-30) $.90 + $20,00 48,98

$ 184.94
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Kilowatt Charge -

#13 (1080 X 50) 0Ll $ 615,60
#14 (1080 X 62.,2) .0106 712,06
#15 (1080 X 62,2) 0106 712,06
#16 (1080 X 62,2) .0106 712,06
$2751,78

Maintenance Charge
(11,510} $.02 $ 230,20

Total cost per acre foob is:

($184.94 + $2.751.78) + $230.20 + $2.553.47 =
(7AF X 45 days) 4 wells

$5,720039 = $4.54/AF
1,260,00

Wells 17-20.——Operational cost:

‘ Demand Charge

#17  (62,2-30) $.90 + $20.00 § 48.98

#18 (82,3-30) $.90 + $20,00 67,07
#19 (82,3~30) $.90 + $20,00 67,07
#20 (82,3-30) $.,90 + $20,00 67,07
$250,19
Kilowatt Chargs
#17 (1080 X 62.2) .0106 $ 712,06
#8 (1080 X 82.3) .0098 871,06
#19 (1080 X 82.3) ,0098 871,06
#20 (1080 X 82.3) .0098 871,06

$3325.24
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Maintenance Chafge

$13,745 X $.02 ‘ $274..90
Total cost per acre foot is:

($250,19 + $3.325.24) + $274.90 + $2,690.68 =
(78F X 45 days) 4 wells

$6 ,541 0L = $5.19/AF

1,260,00

Wells 21—22;—-Operational cost:

Demand Charge

#21  €82,3-30) $.90 + $20,00 §$ 67,07
#22 (103-30) $.90 + $20,00 85470

$132.77

Kilowatt Charge

#21 (1080 X 82,3) .0098 $ 871,06
#22 (1080 X 103) ..0094 1045,65

$1916,7L
Maintenance Charge
7,700 X $.,02 = $L54.00

Total cost per acre foét is:

($132.77 + $1916.71) + $154.00"+ $1,329.12 =
(74F X 45 days) 2 wells

$3.532.60 = $5.60/AF
630 |
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. Wells 23~25.~—0perational cost:

Demand Charge
#23  (82.3-30) $.90 + $20,00 $ 67,07
#24 (103-30} $.90 + $20.00 85,70
#25 (103-30} $.90 + $20,00 85,70

$238.47

Kilowatt Charge
#23 (1080 X 82,3} ,0098 $ 871.66

#24 (1080 X 103} .0094 1045.65
#25 (1080 X 103) ,0094 1045465
’ $2962,36

Maintenance Charge

11,700 X $.02 $234,00
The total cost per acre foot for these wells is:

($238,47 + $2,962436) * 234,007+ $2,043.53 =
(78F X 45 days) 3 wells

$5,478,36 = $5,80/AF
945

. Summary of_Gperaﬁiqnal Costs

-The toﬁai cost of operation is:

Cost Acre Feet
Wells 1~5 $ 45407413 1,575
Wells 6~-8 2,130,11 . 945
Wells O=12 5,068, 3/ 1,260
Wells 13-16 5,720,39 1,260

Wells 17-20 6,541.0L 1,260
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Wells 21-22 $ 3,532.60 630
Wells 23-25 5447836 945

$32,877.94 7,875

The average water cost for the whole project is:

$32,877.94 = $4.17/AF
7875
The cost of water per aere foot of Llift is an indicatibn of the
efficiency of a pumping system. Tigured on an average per well basis,

this projeet pumps water for:

3194 total 1ift = 127.8 feet of lift per well,
25

7875 tokal acre feet = 315 AT fwell,
25

$32,877.94 total operation cost = $1,315;12lperawell,
25 ) .

$1,315.12 = $0,0326 per acre foot of lift.
315 X 127.8

It is estimated a modern plant'pumping 1,000 hours or more per season.
should pump water for a total cost of $,05 per acre foot of 1ift and

- ‘the costlcould double for older or inefficient systems.5L/ Using this
criterion, the proposed project is very efficient and is an inexpensive

source of additional irrigation water.

51/Carl Rohuer, "Wells and Pumps for Irrigated Lands," Water, op. cit.




CHAPTER IX

SUMMARY AND FURTHER RESEARCH

Summary
The Gallatin Valley

The largest suppyy ofkfreshmwatgr_in’phe_Uhiped States is stored
uhderground. There is more.ground water in the United States than all
surface str?ams and dams including the Greab LakeE;s° The Gallatin
Valley, between'4,000 and 5,500 feet mean sea level, in southwestern
Montana, is over one of these ground water reservoirs. The Gallatin
Valley reservoir stores more than 240,000 agre—feet_of water. A survey
of the valley farmers regarding their irrigation water needs shows 53
percent of those reporting need additional water. Many of these far—
mers have adequate irrigation water early in the year but their supplies
are shut off by July 1-15, These farmers cannot "irrigate again until
late August or September, The Gallatin Valley is, unique because it
uses both ground and surface wabter for irrigation?.has nged for addi-
tional irrigation water aﬁd at the same time, water flows from the valley
unused .

'The'majority of fhe reporting farmers in ‘the valley -do not own
land over ‘the ground water and ‘therefore cannot satisfy their need for
additional water by pump irrigation, The farmers over the ground water
area are not willing to share their surface water with the "have not"
farmers and allow their own water supplies to be pumped, Ground sur-

face water integration is blocked.
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Blocks to Integration

The reasons the farmers will not accept a surface-ground water ex-
change, are physical, historical and legal, Economicaliy, the develop-
ment of a valley wide integrated irrigation system is possible. The
benefitfcost ratio for such a system is greater than 1,52, |

The physical block te development exists:

Ci) because the old inexpensive water rights.are located over
the ground water reservoir; and ‘

(2} because much of the land in the valley is subirrigated.

These farmers wiﬁh "sub" will not co—operate in an intégfation plan
begause they fear pumping would lower tﬁe water table eneugh o elimi~
nate their "sub",

Legally, a development drag has existed becaiise Moribana did not
have a ground water code prior to 1962, Present evidence gives ho
indication of the effect the 1962 law will have en iﬁtegrated develop-
ment.

A "historical block" is inherent in Montana's water right struc—
ture. Water rights can be established in three ﬁgys in Mbnténa and be-
cause of this, otherwise-friends and neighbors haye been:put;at—odds.
Once water rights have been established through such a.system, péople

are very reluctant to change.

A Proposed Development Plan

A project to demonstrate the benefits of ground-surface wabter in-

tegration through a private pumping enterprise is‘proposed. The High




-162~

Line Canal Co. needs additional water. Their water costs are high,

. their sﬁpply is limited and their needs can_be supplied through a pump-

ing project. Twehbty five- (25) irrigation wells pumping 45 days can
supply enough water to ifrigate hay and pasture during that part of the
irrigation season when they normally receive little or no water. The
25 well project can supply 7875 acre feet of water for an average cost

of $4.17 per acre foot.

Suggestions for Further Research

A farm management study budgeting the costs for typical farms

‘under the High Line Canal would help them establish the value of addi-

tional irrigation water. Such a study would consider their present
farm organizations and their ability to lncorporate more water and
water using crops. A second management factor would be their finan—
cial positions. The net capital ratios these farmers' have and how
these ratios would be affeected by an increase in fixed liabilities suf-
ficient to install the proposed project, is of utmost importance. A
study of this type would be a help to the farmers under the eanal,

The effect of a vall¢y>wide pumping pfoject on the valley water
table, needs to be established, After the proposed project has estab-
lished the merits of ground-surface water integration, the effect on
the general water table must be determined before a valley-wide preject
can be developed. Studying the water table for the whole valley will
point out the benefits of Llowering the -hable in sdﬁe areas to allew

some swanmpy ground to eome imto full prodﬁctioﬁa
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A model of an iﬁstitutional organization that would allow farmers
to exchange surface water for ground water without endangering their
present water rights is needed. This institutional structure would
delineate legal responsibilities for both parties during its operation
and dissolution., This model would be the ape# of what is physically

possible and institutionally permissibles
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APPENDIX A

SELECTED PORTIONS OF THE UNDERGROUND WATER CODE
CHAPTER NO. 237
MONTANA SESSION LAWS 1961
HOUSE SUBSTITUTE FOR SENATE BILL NO. 78
AN AT RELATING TO AND PROVIDING FOR THE APPROPRIATION AND REGULATION
OF GROUND WATER; DEFINING TERMS USED IN THE ACT; PROVIDING FOR THE APPRO-
PRTATION OF GROUND WATER; PROVIDING FOR THE FILING OF CLAIMS OF VESTED
GROUND WATER RIGHTS WITH THE STATE ADMINISTRATOR AND COUNTY CLERK AND

RECORDER; PROVIDING FOR THE FILING OF NOTICES OF APPROPRIATION OF

GROUND WATER AFTER THE EFFECTIVE DATE OF THE ACT WITH THE STATE ENGINEER

AND COUNTY CLEEK AND RECORDER; PROVIDING FOR PRIOR RIGHTS; PROVIDING FOR
THE DESIGNATING AND MODIFYING OF BOUNDARIES OF GROUND WATER AREAS AN'.D
SUB-AREAS BY STATE ADMINISTRATOR; AUTHORIZING STATE ADMINISTRATOR TO
MAKE SURVEYS, ﬂ\TVESTIGATIbNS AND STUDIES OF GROUND WATERj; PROVIDING
FOR THE LIMITING OF WITHDRAWALS FROM GROUND WATER AREAS OR SUB—-AREAS BY
THE SUPERVISOR; PROVIDING FOR CHANGE OF LOCATION OF GROUND WATER WELLS
AND OTHER WbRKS 3 PROVIDING FOR ABANDONMENT OF GROUND WATER RIGHTS; PRO-
VIDING AGAINST WASTE OF GROUND WATERS AND PROVIDING FOR THE REGULATION
OF WELLS TO PREVENT WASTE: PROVIDING FOR A HEARING BEFOf?E TEE DISTRICT
COURT TO CONFIRM THE ORDERS OF THE STATE ADMINISTRATOR; PROVIDING FOR
APPEALS; AUTHORIZING COUNTY ATTORNEYS TO PERFORM CERTAIN SERVICES;

AUTHORIZING STATE ADMINISTRATOR TO ADMINISTER OATHS AND TO PRESCRIBE

REASONABLE RULES AND REGULATIONS; PROVIDING FOR FEES; PROVIDING PENALTIES
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FOR VIOLATIONS OF THE ACT; AND REPEALING SECTIONS 89-2901 TO 89-2910,
INCLUSIVE, REVISED CODES OF MONTANA, 1947, AND ALL ACTS AND PARTS OF
ACTS IN CONFLICT WITH THE PROVISIONS OF THIS AGT; PROVIDING FOR A SAVING
CLAUSE; AND- PROVIDING FOR AN EFFEGTIVE DATE,
BE IT ENACTED BY THE LEGISLATIVE ASSEMBLY OF THE STATE OF MONTANA:

Section 1., DEFINITIONS. As used in this act or regulations
issued hereunder: |

(a) "Ground water" means any fresh wabter under the surface of the
land, ineluding the water under_the bed of any stream, 1ake,_re§ervoir'
or other body of surface W;':Lter° Fresh water shall be deemed to be watber
' fit for domestic, livestock or agricultural use. The Administrator,
after notice and hearing, is authorized to fix definite standards for
determining fresh water im any controlled ground ﬁaber area or subarea
of the state,

(b)\ "Agquifer" means any underground geological struchbure or forma-
tion which is eapable of yielding water or is capable of recharge.

(c)_ Mlell" means any artificial opening or excavation in the
ground, however made, by which groundwater can be obtainea or through"
which it flows under natural pressures or is artificially withdrawn,

(d} "Beneficial use" means any economically or socially justifi-
able withdrawal or utilization of water.

(e) "Person" means any natural person, association? partnership,
corporation, minicipality, irrigation district, thg State of Montana or

any political subdivision or agency thereof, and the United States or
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agency thereof,

(f) vAdministrator" means the State Engineer of the State of
Montana.

(g) “Ground water area' meaﬁs an area which, as nearly as known
facts permit, may be desigﬁated so as te enclose a single and distinct
body of ground water, which shall be described herizontally by surface
description in all cases and which may be limited vertically by de-
scribing known geological formations should conditions dictate this to
be desirable., For purposes of administration, large ground water areaé
may be divided into coﬁvenient administrative units "known as subareas."

Section 2. RIGHTS TO USE. Rights to surfacevwater:where ‘the date
of appropriation precedes January l,_1962 shall take prierity over all
prior Subsequent ground water rights, The application of ground water
to a benefigial use prior to January l, 1962 is heéreby recognized as a
water right. Beneficial use shall be the extent and Llimit of the approp-—
riative right. As to appropriations of gréund water completed on and
after January 1, 1962, aﬁy and all rights must be based upon the filing
provisiens hereinafter set forth, and as between all appropriators of
surface or ground water on and after January 1, 1962, the first in time
is first in right. The right to use ground water may be obtained with-
out a well, as a sub-irrigation and other natural processes, and approp-
riations by such means are provided for under section three hereof.
Appropriative rights shall relate only to guantities of water for ﬁene—

ficial uses and not to water levels, means of use, or ease of withdrawal;
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and appropriative rights shali net apply to minimal household use as

provided in section five hereof.

Section 3, FILING-—NOTICE OF APPROPRIATION--NOTICE OF COMPLETION. \
(a) The administrator shall prepare and publish forms for the -
filing by approepriators with the county clerks. They shall be known as
a "Notice of Appropriaﬁion“ and a "Notice of CompIetion“; respectively.
The Notice of Appropriation-shall require, and pfovide space for answers
to such questions as: (1) ‘the name and address of the appropriator;
(2) the beneficial use for which the appropriation is made, ineluding a
description-of the lands to be benefited if for irrigation; (3) the
rate of use in gallons per minute of ground water claimed; (4) the annual
period (inclusive dates) of intended use; (5) the probable or intended
date of first beneficial use; (6} the probable or intended date of com=~
mencement and completien of the well or wells; (7) the location, type,
size and depth of the well or wells contemplated; (8) the probable or
estimated depth of the water table or artesian aquifer; (9) the name,
address and license numbef (if any) of the driller engaged; and (10)
such other similar information as may be useful in carrying out the pol~
icy of this act.

The Notice of Completion shall require answers to the same sort of

questions as required for the Notice of Appropriation, except that for
the most part it shall inguire as te accomplished facts concerning the
well or means of withdrawal, including information as to the static

level of water in the casing or the shub-in pressure if ‘the well flows
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naturally; the capacity of the well in gallons per mimute by pumping or
by natural flow; the approximate draw down or pumping level of the well;
the approximate surface elevation at the well head; the casing record
of the well; ‘the drilliﬁg log showing the charaeter and thickness of all
formations penetrated; the depth te which the well is drilled; and simi~-
lar information. |

For the benefit of persons obtaining (or desiring to obtain) ground
water without a well (as by sub-irrigation and otﬁer natqral processes)
a specially pfepared "Notice of Completion" shall be provided, enabling
such persons to describe the means of using ground water and to estimate
the amount of water so used, and requiring such other similar informa-
tion as shall be pertinent to this particular class of user. The ad-
ministrator shall distribute said forms to the county clerks.

{b) On and after January 1, 1962, any person desiring to approp—
riate ground water may complete a Notice of Appropriation and file it
with the county clerk of the ecounty in which the appropriation is lo—
cated. .

(c} Upon the filing of a Notice of Appropriétion, the county clerk
shall transmit a cbpy thereof te the Administrator, and to the Montana
Bureau of Mines and Ggology, retaining the originél on file locally.

()} After filing a Notice of Appropriation, in ord;r to acquire a
right based therson, the person must, within ninety (90) days, commence
actual excavation and diligently prosecute construction of a well and,

upon its completion, file a Notice 6f.Completion with the county clerk
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of the county in which the appropriation is located. The county clerk
shall handle and transmit such filed notices as in the case of a filed
Noﬁicg of Appfopriation°

(e} A failure to file a Notice of Appropriation deprives the ap-
propriator of his right to relate his défe of appropriatien back, and
results in the datiﬂg of his appropriation as of when he files a Notice
of Completion. Until a Netice of Completion is filed with respect to
any use of ground water instituted after January 1, 1962, no right to
that use of water shall be recognized, However, ;n the case of uses
instituted prior to January 1, 1962 and diligently prosecuted to com-
pletion on or after that date, the date of approp?iation éhall'relate
back to the date of commencement of construction, upon the filing.of a
Notice of Completion. |

' (f)”'Pérsons required to file well logs andnpﬁher information under
the laws 'governing the conservation of oil and gag and who do so in
compliance therewith, shall be deemed to have complied with all of thé
filing requireménts of this act insofar as it appiies\to such particular
0il and gas wells, salt water 5isposai wells, and injection wells. The
daﬁe_bf appropriation in such cases shall be the ggte thét written
notice of intention to drill ié given to the oil gnd gas conservation
commission of the State of Montana. _

(g} It shall be the respénsibility of ‘the driller of each wFll-to
£ill out the Notice of Completion for the appropriator, and the latter

shall be responsible for its filing.
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(h) Persohs who have put ground water to a beneficilal use, in—
cluding sub-irrigation or other natural process, prior to Jamuary 1,
1962, shall within two (2) years after Jamuary 1, 1962, file a declara-
tion in the office of the county clerk of the county im which the
claimed righf is situated. The declaration shall be .made on a form
known as a "ﬁéclaration of Vested Ground Water‘Rights" aﬁd shall contain
the following information: (1} the name and addrgss of phe claimant;
(2) the bénefiecial use on which fhé claim is based; (3) the date or
approximate date of the earlieét beneficial use, and how continuous the
use has been; (4) the amount of ground water claimed; (5} if the
beneficlal use has been for irrigatidn, the acreage and description of
the lands to whiéh such water has been applied and the name of the
owher “thersof; (6} the means of “withdrawing such water from the ground |
and the location of each well or other means of wﬁthdrawal;‘(V) the date
of commencement and completion of the construction of thé well, wells or
other works for withdrawal of ground water; (8) the depth of water ‘
table; (9) so far as it may be:available, ‘the tjpe, size and depth of'
each well or the general specificatians of any other works for the with—

drawal ef ground water; (lO} the estimated amount of ground water with—

drawn each year; (11) the log of the formations encountered in the drill- -

ing of each well; and (12) such other information of a /similar nature as
may be useful in carrying out the policy of this act.
The ecounty clerk shall transmit copies to the office of the Admin-

istrator and the Bureau of Mines and Geology. The Administrator -shall
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attend to filing copiesAin any other éouﬁties affected by the appropri-
atione

The Declaration of Vestéd Ground Watef Rights herein provided for
shall be taken and recei&ed in all courts of this state és prima facie
‘evidénce of the statements therein contained.

Failure to comply with this requirement shall in no wise work a
forfeitﬁre of such rights; or prevent any such claimant from establish-
ing such rights in the courts, but he must maintain the~bufden of prov—
ing such unrecorded rights, Provided, hoﬁever, that persons who have
filed the water well log form, provided for in Section 1 and 2 of
Chapter 58, Session Laws of Montana, 1957, shall be deemed to have com-
plied with the requirements of this section. These latﬁer forms may be
returned to the county clerks by ‘the Administratpr for the purpose of
correction or for the entry of material fadts necessary. to fully com—

plete the filing,

Section 15. APPROPRIATION MUST BE FOR A USEFUL PURPOSE-—ABANDON-
MENT, The appropriation must be for some beneficial purpose and when
the appropriator or his successor in interest abandons and ceases to
use the water for such purpose, the right ceases; but questions of
abandonment shall be questions of fact and shall be determined as other

questions of facte.

Section 16, WASTE AND CONTAMINATION OF GROUND WATER PROHIBITED-~

EXCEPTION--DUTIES OF ADMINISTRATOR. No ground waters shall be wasted
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without beneficial use. The Administrator shall require all wells pro-
ducing waters which qontaminate other Watérs ﬁo be plugged or capped.
He shall also require all flowing wells to be so cépped or eguipped with
valves that the flow of water can be stopped when the water is not being
put to beneficial use, Likewise, both flowing and non-flowing wells
shall be so constricted and maintained as to prevent the waste, contam-
ination or pollution af ground Wétefs through léaky casings, pipes,
fittings, valves, or pumps either above or below the land’ surface,
provided however, in the following cases the withdrawal or use of grouﬁd
water shall not be construed as waste under this act:

(1)} the withdrawal of reasonable gquantities of ground waber in
connection with the construction, development, testihg, or fepair of a
well or other means of withdrawal of ground waters; _

(2) the inadvertent loss of ground water owing'£o brgakage of a
pump, valve, pipe, or fitting, if reasonable diligence is shown by the
person in effecting the necessary repair;

(3} the disposal of ground water without further beneficial use
that must be withdrawn for the sole purpose of improving or preserving
the utility of land by draining the same, or that removed ffom.a mine
to permit miﬁing operations or to presefve the mine in gooed condition;

(4) the disposal of ground water used in conneqfion wifh production,
for reduction, smelting and milling metallic ores and indus?rial miner-—
als, or that displaced from an aquifer by the storage of other mineral

resources.
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The Administrator at any time may held a hearing on his own motion,
or upon petition signed by a representative Body of users of ground
water ;n any area or subarea, ‘to determine whether the water supply

within such area or subarea is used in compliance with this act,.

Section 17. INSPECTION--ENTRY ON PREMISES. The Administrator or
any‘assistanﬁ, any repreéehtative of the State‘Bureaﬁ of Mines and
Geology or thé étaté Board of Health, shall have the right of entry on
the property of any appropriator, where a well is situated, at any
reasonable hour of the day, for the purpose of investigating any matters

in connection with this act.

Section 18, INFORMATION AVAILABLE TO PUBLIC. Such information as
is required or secured under the provisions hereof shall constitute
public recerds, and as such shéli‘be avallable to the public at all

reasonable times.

Section 21, RULES AND REGULATIONS, The Administrator may pre-
scribe and enforce reasonable rules and regulations coencerning and pro-
viding for inspection and entry for that purpose by the "Administrator
or his official representative; the circumstances under which the con—
struction of weirs or other measuring devices may be required; énd such
other similar matters as are required by, and consistent with the ad-

ministration of this act,

Section 25, FEES. For the filing of any notices, declarations,




-175-
applications for a licepse, petition, or other matters with the .county
clerks, or Administrator, a feée of two dollars ($2.,00) for each such
document shall be paid. Fees ﬁaid to the Administrator shall be péid'by
him to the General Fund of the State; fees paid to the county clerks

shall be paid by them to the General Fund of their respective counties.

Section 26, PENALTIES. Any person who violates or fefuses or
néglecté to comply with ény provision of thié act, -or of any order, rule
or regulation promulgated by the Administrator, or who commits waste,
shall be guilty of a misdemeanor, and upon conviction shall be fined

not less than ﬁwenty;five dollars ($25.00) ner more than two hundred

..and fifty dollars ($250.00) for each offense.

Section 29, EFFECTIVE DATE. This act shall take effect on and

after January 1, 1962,
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APPENDIX B

VOLUNTEER COMMENTS

que No,

003 —~ I start irrigating as soon as possible in the spring and use my

water in the best possible manner. Most of my irrigating is

finished by July 15,

020 -

048 —

I think that when the water supply gets short and when (our
ditch) goes dry there should be mere work done on seéing whéther
the old right’ditches are wasting water and if they are using
their water in the best possible manner. If we could keep water’

an extra 10 -days or two weeks that would be all that is neces-

sSary.

We haven't irrigated on our farm since 1959. We are in Soil

Banki

Mylwater supply is adequate. I would nhot care to chaﬁge to some
scheme which at this timé we know nothing about,. |

I don't need any more water, Although, of course, I would be
willing to cooperate‘to help some other person.to get an a&equaﬁe

supply.

050 — We would probably lose our sub-water here which‘really helps us.

I have considered drilling a well which I would use when {our
ditch) went dry. When the ditch goes dry our water table drops

several feet in a day or two, i thought if I had a well that
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wou.ld pump 150 inches of water I could save my pastures and an
meadows with flood irrigation. I have my doubts if this water
would help my sub-irrigation any, because it would ﬁrobably

lower the water table at the upper end of the farm.

060, ~ I am not interested in this in ény'way, shape or form.

065 — OQur Ppresent setup is so convenient énd so adequate.

080 —~ It -would in my.estimation change the water flow to divert the
water from this part of the valley.
We need a storage dam in the Gallatin Canyon;.agd at the pre—'
sent cost of electrical power 1t would be impractical to pump

water to irrigate this valley.

' 085 - Putting a pump some other place you would not help this farm.
When the ditch runs dry in July and there is no water in the

river,

086 —~ The upgoing taxes, plus increase in price of water will break
every farmer.

Don't want anybody interfering with our water rights.

100 -~ The price for drilling a well is too high and water is too far
down, What we need is a dam up ‘the Gallatin River some place

to increase our water about 30 to 40 days.

101 - We try to start irrigating early in the season to get the water
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119 -

131l -
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table up and make the loﬁer ground to sub, If we put pumps in
there would be ro sub. Crops would burn up.
Maybe a dam could be built up the canyon somewhere to hold some

of the spring run off,

The underground water table is high only when there is plenty
of Watér in the river. We believe the present water laws are

fair, and should not be changed.

Our irrigatiop system is‘very simple and economical ‘to operate.
Besides I have some ground that subs and if I pumped I would
probably have ‘to irrigate mofe land and my costs would rise.
Why would I want te increase my cosbs, when ourrsupply:is per—
fectly adequate and our costs are low., We always have all the
water we need, TWe having one of the oldest riggts in the val-
ley, héve never been cut at the river when the water gets low

except to our decreed right,.

Don't think someone else should pump water to bake place of whab
I alréady have. Productivity of land Woﬁld not“justify oo
mch additional expense., I don't understand the purpoée of this
setup——I can't see any advantage in pumpihg watér abové and cut-
ting off supply I have, Would be glad to have aﬁy additional

information you get from these questionnaires.

136 — I am well pleased with our system.
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152 — I am satisfied with what I got.

156 — I think we should have laws passed to protect our water for
Montana use and developmehnt. Also to protect existing water

rights,

158 - I am satisfied with the water I have, What is ‘the purpose of

all this information? I would like %o khow,

160 - We have enough water as it is. And when it is a little less we

have learned to get along with that.

lfO ~ In normal years we céuldn't use more water then we how hé%e.
‘The "X" acres we cultivaté‘is cropped and summer fallowed every.
other year and mostly seeded to winter wheat. It often has no
need of irrigation. We irrigate the barley and;pasturé so our
water supply usually is adequate, It could all be‘irrigatgd by

sprinkler if necessary and we had the hecessary pipe.

177 - I don't think it is necessary to pump water elséwhefe.j A good
water commissioner to see to it that less water is wasfed wourld

give everybody enough water the year around,

18l -~ Have sold &ll but five acres, but kept all the water, 5/16

share in "X" Canal and 20 AF in Hyalite Reserveir, -

191 - If (our canal) could be kept three-fourths full through the

season I would have plenty with the shares I have,
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192 —~ I have more than enough water now, quite a lot of sub-water.

209 - In the first (place) we have to drill 90 feet to get a suffi-

cient supply for winter stock water and for domestic use. In
the second place there is no one can predict or give an accurate

estimate as to what the additional output of water and (what)

"~ the cost would ba, So I don't feel free to sigh my rights away

210 ~

213 -

215 -

on the'strength of estimates.

We have plenty of water and don't need to pay more if government
don't interfere and take it away. Leave our water alone use
flodd control and help‘two ways out on expense, We have plenty

of water, why take the underground water. Why don't the govern—

ment put dams in these canyons and hold the flood water and

have flood control and irrigation water at the same expense.
Our taxes are oo high now, ©Save some money. We dom't want to

lose our water we need it.

Depending upon ‘the weathef, we are short of water after July 1,
usually. Enough water to use border dike irrigétion'wduld save
a lot of labor, expense and increase production of hay and pas-

ture in which we are mainly interested.

The'only way I would want to change the water right is to have
a larger right in the same ditch as I would rather flood ‘irri-

gate ‘then sprinkle,
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216 - Do not know (the amount of water used at present). We do not

~employ a rider on ditch. When one neighbbr is not using any
water another may use all water contained in ditch. If proper
management is used (we) do not heed any more water.

If we had a reliable water commissioner there would be enough
water for mest ditches. As 1t is run now there 1s too much
waste and run off inte East Gallatin.

We have %X" inches of water in (our ditch) and all of the years
we had the farm have had jo fight with the water commissioner
as he sajS‘we only have'"Y" inches, Seems to be too good a
friend of Judge‘Léssley‘so

-(NOTE:' Actual number of minus inches and name of difch withheld

to conceal identity.)

217 - The cost of maintaining these ditches is only a’ two or three
" day Jjob a year, so I wouldn't want to pay cost of pumping also
I'm afraid if nuch pumping is done in the valley I might lose

this water as a lot of it is surface water and seepage.

223 «~ Present system satisfactory for 75 years——can get along without

Bureatrie (bureaucratic) interference.,
227 — Water supply now adequate but could use more at times,

236 ~ (This comment is paraphrased to conceal identity of writer).
Because of uneven nature of my land leveling is ‘too expensive,

sprinkling is too expensive, therefore I use most of my water
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raising the water table. I would consider legal action against

anyone pumping on or near my property.

258 — As I understand your plan, it was all worked out several years
ago by the Water Board, Reclamation and the S,G,S.——and.I

answered the same questions at ‘that bime.
260 — Dear Sir: I am not interested in trading '66 water for pumpsi

265 ; We already own one of the oldest underground water righbts—-we
can't see changing it for a 1963. Well, also it is question-
ablé if this water could be used upstream, that is if these
springs could be tapped by-wells somewhere else, If it would be
possible to tap these springs at the present moment, aﬁd it was
done this well or wells would'héve to stop operation if our
water supply was cubt down or stopped. Now if we were given
wells that produced the water we have and also give us .an 1881.v

right on them then this would of course be a different story.

\

279 — Would want more information,

287 - I would like to see a student engineer appointed as an assistant
to the water commissioner. His duties to study the water and
be sure that it iis all used farther down the river. It has been
reported to us that thousands of inches,gq to waste on down the

river.
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293 - I can irrigate all the land belew the ditch with the water I -

now have,

294 — I feel the cost of pumping, etc,, would be too high and the re-
sults too small to make it practical., My main need on this
place is for extra water from July 10 or 15; on to the first of
September. Up to that time I am not 1imited to just 80 inches
inasmich as there is extra water. However, from about the
middle of July on I couldlbeneficially use another 50 inches of

canal . water,

206 — Sirg: I feel these questions are personal and of no concern ‘o
others unless they are cooperating ih some scheme %o jﬁnk the

‘rights of priorify and useage and substitute another Federal

project with its wasbted millions,.

299 - I'd prefer dams up the river to hold the run off in spring and
pfevent flood damage, I'd be satisfied if I could have 120
miners inches (his allotted share) all season, ‘As it is (our
ditch) has its water turned (eoff) early in July each year as

water gets low in river and the early rights take all the water.

308 - We would have an excellent farm if we had a little betﬁer water
right. Most years we run out of water from the 6th to‘the 15th

of Julyo

310 - You should have giveﬁ a definition or example in regards to
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313 -

316 -

318 ~
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miners inches per acre.
I think the more surface water used fer upstream use, is most
beneficial for all concerned. It would help keep the down-

stream water level more normal and also would be more economical

to supplement.,

If you would drill a well, what ground would you have to stand
on if some other company would claim the underground water.
For instance some other state I do not know if this is facts

but was told that it eould happen. -

The possibility of pumping water for (my pla@e), has been

checked into and does not promisé to be too possible.

The theory behind this is very goed, But if other people are
going to ﬁay for their water, I am afraid there will be a large
amount of wasted water, with this thought in mind--If the other

fellow is going to pay for my water I will use all I can. . »

I believe water could be diverted from the Madison River through
a canal from the West Yellowstone area, to the Gallatin or a
dam enlarged at the Hebgen Area to generate power to pump water
over ‘the Grayling Pass into the Gallatin River from.HeBgen Lake,
This water would then be picked up by our canals, even if ohly

half of our water shares are available we could benefit.

331 - Satisfied with the water I control, With growing ohly:one orép
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905 -
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of hay or grain per séaSon I couldn't afford to pay more for
water. If farm crops were up in price like everything we buy,

things would be different.

We do not care for more water because the cost would be toeo

high, We paid already $180 for 90 inches of water a year,

Why increase our productioﬁ wheh we cannot move (at a profit)

that which we already produce.

I have a decreed rite of 283 inches; but at the flood stage I
use possibly 500‘inches or more and by pumping I would recgive
but the decreed rite which Would reduce the amount of water
available,

Under ﬂhe.present circumstances this amoﬁnt of water has proven
very satisfactory and uhder ho circumstancés do I wish it
changed. |

The underground water table is at present at a favorable height
and many farms have been arranged to use this to an advantbage

therefore, I do not wish te lewer our water table by pumping.
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APPENDIX C

SURVEY SCHEDULES
MATL, QUESTIONNATRE

Project W-75 June, 1963

Name:

Code Number  Address:

Your land is located in: (Please correct) ' : :

Section(s)

Township(s)

and Range(s})

You are a member of

ditch companye.

You are served by the follewing major ditches:

L.

Re

3e

Lo Others

You own the following shares of the above named ditch company:
Shares Approximate inches of water

e

Co

d.
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6. TYou own the following water rights:

e

%

10,

1le

D-Decreed
N-Notice Amount
Date U-Use Stream Allowed
Qe
b.
Ce
de
G -3 \

The total anmual cost of your water is:

5 year estimated average

a. Operation and Maintenance $

b. Special assessments $.

TOR OFFICE USE ONLY:

Total Water Cost

Cost per miners inch -

Total number of acres in your farm

Number of acres irrigated (estimated average of

last 3 years) '

Total possible number of irrigable acres

About how much water do you use per irrigated acre at present {an

average amount)

Check ohe:
2. »75 miners inches per acre
_b. 1.00 miners inches per acre

c. 1lo25 miners inches per acre
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Check one (continued)

de 1.50 miners inches per acre

€, l.75 miners inches per acre
fo 2,00 miners inehes per acre

ge Other—write in amount

12, About how much water would you use IF THE SUPPLY WAS PLENTIFUL AND
CONSTANT: (on the average)
Check one:
3o 1500 miners inch per acre
be 1,50 miners inch per acre
Co Lle75 miners inch per acre
de 2,00 miners inech per acre
‘e.  2.25 miners inch per acre
£, 2650 miners inch per acre

g€o Other—write in amount

13. 1If a plentiful supply could be delivered constantly to your farm
about how much COULD you pay for the additional water:
Check one:
ae P 50 pér miners inch
ba 75 per miners inech
Co Lo00 per miners inch
de  1le25 per miners inch
8o Lle50 per miners inch

fo 1lo75 per minhers inch
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Check one (conbinuedy .
g, $2.00 pe¥ Hiners ihéﬁ
he 2,25 per miners inch
ie 2050 per miners inch

Je Other—write in amount

If one (1) is written in the box at the right of this page fill in
Question 15,
If two (2) is written in the box at the right of this page fill in

Question 16,

' l4. (Loecation with respeet to ground-water reséurce)

15, The location of your farm makes it possible to supply your irriga-
tion water from wells., o |
If farmers upstream paid the cost of wells and
pumping your present supply of watér——AT NO'COST

T0 YOU——would you allow ‘them to divert yeur pre-

sent surface water supply for upstream use? CHECK ONE
NOTE--NOTE: . You would NOT in any way dhange Yes No -
'———_"_—4_‘? et

your present water right!!

If no, state why:
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16, The location of your farm makes it possible for you to increase
your irrigation water supply by sharing the cost of pumping water

for some other farm..

Would you be willing to share the cost of pumping CHECK_ONE
water elsewhere in the valley to increase your - Yes No
own supply?

If "mo" please briefly state why:

Use this space for any additional comment you wish to make——all

infermation and comments are confidential.

/.
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SCHEDULE—--DITCH COMPANIES

W-75: Economic Analysis of Integrated Ground-Surface Water Resource
June, 1963

l. Name:

a, Of the company

b, Of the person being interviewed and title

e. -Legal structure (co—op, corp., etc.)

2. Present operation:

3., Number of farmers served

b, Number of irrigable acres served

c., Water: -

1) Amount supplied

a) Company waber

b) Private water

2} Cost of water supplied
a) Company water

(1) Operation and Maintenance costs
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(2) Other——specify

- b} Private

d. Water rights owned by company

1) Dates and type (decree, notice, use, etc.)

2) Amount of each right
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3) Date when water is shut off (average for each right).

——

Optimm operation

e

Ce

How muich water can your ditches supply?

On an average, how much water i1s needed for the land served by
your companye .

1) Per irrigable acre

2) In total

In your opinion, what is the maximam charge farmers under your

ditches can afford to pay for additional water?

How much water would they use at the additional price?
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ds Vhat development is needed to irrigate all irrigable acres under

your ditches?

General.:

a. In 1958, the Bureau of Reclamation published a study of the

Gallatin Valley and made several proposals to increase the total

supply of irrigation water. The next few questions are to re-

cord your knowledge of their study.

Do you know?

Yés

1) The Bureaw had conducted the study

2) There is-enough ground water available fer

irrigation plus some industrial uses

.. 3) The "ground water" area is about one mile

4)

wide near Gallatin Gateway and 12 miles

wide near Beigrade,

They suggest the development of 193 irriga-

~ tion wells

5)

6)

That under their system present water rights

would not be changed

That under thelr system most of the valley noﬁ.

under irrigation would receive a full. supply of

water.

No
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be .Réaction to the Bureau study Yes No
1) It is a very good study and should be developed

2) A good study but no more wabter is needed

3) There are better ideas for development (specify)

c. Water development: Nuﬁbér according to priority
1)} If more water is to be developed, who
do you feel should develop it?
a) Ditch companies
b) Federal Goverhment

c) Others—;specify

2) Disregarding question "l)":
a) Could this ditch company finance the digging of irrigation

wells, is the organization strong enough to do this?

If you feel this company could develop the water, de you

feel they will?

1
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b) If additiondl water was developed, could this ditch

company distribute the additional water?

If not, why?
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APPENDIX D

Definitions
Acre inch =~ An acre inch of water is the amount of water required to

cover one inch deep or 3,630 cubic feet of water.

Acre foot — An acre foot of water is the amount of water required to

cover one acre one foot deep or 43,56@ cubic feet of water.,

Aquifer - Wateruﬁearing rocks (formations, groups of formations, or
parts of formations)} that will yield sufficient water to be a

source of supply.52/

Coefficient of Transmissibility — The capacity of an aquifer to transmit
water is termed'"transmissibility." The coefficient of transmis-
sibility is the number of géllons of water per day; at thg,pre—
vailing water temperature, that is transmitted through each mile
strip extending the full saturated thickness of the aguifer under

a hydraulic gradient of one foot per mile.53/

Drawdown -~ The difference in feet between the:static water table and -
the water level in a well being pumped at full capécity. Drawdown

is necessary to establish the cone of depression,.

Head — Pressure head, the height of water in feebs..

iz_/T‘IaCket;b, ODe c_i_t_o, Pe 100,

" 53/Ibid., p. 10L.
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Hydraulic gradient - The difference inh head betwéen two points divided
by the distance between the same two points in the slope of the

water table.

Miner's inch'f Tﬁé ﬁiner's iﬁch is a flow measurement equal to the
quantity of water %hat'will flow through an epening one inch square -
in a vertical wall under a pressure head ranging from four to
seven inches. The western states also define‘mhe minef's'inch in
terms of cubic feet per second.' In Montana one miner's inch-is

equal to 1/40 cubic feet per second .54/

Permeability — The characteristic of a porous material that allows to
transmit water is called permeability. The ‘standard, coefficient'
of permeability of a material . . o.is defined as the rate of
flow of water in galloné a day at 60 degrees Fahrenheit through
a cross—-sectional area of one square foob undef a hydraulic gradi-

ent of 100 percent.55/

Recharge —~ The hydrologic term for the addition of water to thé ground

water reservoir.56/

54/Israelsen, oPo Cites Ppe 20-23.

55/Dean C. Muckel, "Pumping Ground Water So As To Avoid Overdraft",
Water, Yearbook of Agriculture, 1955, The United States Department
of Agriculture, United States Government Printing Office, Washing-
'bon, Do Co’ 1955, Pe 2980

56/Irving F. Davis, Jr., Golorado's Ground Water Problems——The Economic -
Picture, Colorado State University Experiment Station, Bulletin 506-S,
Fort Collins, Colorado, June, 1960, p. 5. .
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Specific'capacity‘— The rate of diSCharge of a well per unit of draw-
dowh., The specific capacity can be determined by.dividing the dis—
charge of the well, generally in gallons per minute by the water

level drawdown, generally measured in feet.57/

Specific yield —. The ratio of 1} The volume of water that a saturated
aquifer will yield by gravity to 2) The volume of the aquifer.
It is a measure of the quantity of water that a saturaﬁed‘aquifer

will yield when drained by the gravity.58/

Water Table — The upper surface of a zone of saturation, if the zone 1is
not confined, In general, the water table is not a level surface,
but conforms, in subdued relief, to the irregularities of the

overlying land surface . o 59/

Zone of saturation - Sub-surface water occurs in the pores and chinks
of the rocks, When ‘these interstices are completely full with

water the area is referred to as the zone of saturétion;é@/

57 /Mackett, ope cites De 100.
58/Ibids, po 100,
59/Ibide, pe 100,

60/Dean Co Muckel, op. cite; pe 296.
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APPENDIX E
Wells Noo (1-5)
Given:

Hy = 35', Hp = 35', H3 = 30!, Hy = 30', H5 = 30' H = The approximate
depth te water when
Q = 3.5 cfs (each) Q= 17.5 cfs . pumpidg at full
. : capacity )

Formilas:

Q=LA V= 9-&399 a?/3  §/2, n=o0,012

Trgr = [2el39 Qn 3/8 (For approximate pipe diameter to allow water
g3 " to flow freely without pressure) ‘
Hp = %é%gﬁ-, E = 1,0 (assumed)
Well 1:

= 3.5 cf = _20! = 0,01
Q= 3¢5 cfs, s 200Q° :

qr = (2.159(0.212)_ %3/8 = (04259 Q)3/8
. (0,01)=

at

(0,259 x 3.5)3/8 = 0,964 = 11,6 — L2
*Pipe 1-2: d =120 = 1,001, Q = 3.5 ofs A = 0.785 sqo fhe

vy = 6‘%% (1)2/3 (0,0L)Y/2 = 4,91 £ps Q = (0.785)(4.91) = 3.86 cfs’

P l: HP = (3:5)(62.4)(35) - R
ump 550 13.9

s#Check equation to be sure caleculated pipe diameter will carry the re-
quired amount of water.
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Well 2:

Q = 7,0 CfS, s = 20' = 0D,01
20001

= (0,259 Q)3/8 = (0,259 x 7,0)3/8 = 1,250"

150 —p&u
#Pipe 2=3: d = 16" = 1.33', Q = 7,0 efs, Ay = 1.39 sq. ft.

V2 = 512 0 (1.33)%/3 (0,01)*/2 = 5195 fps, Q= (1.39)(5.95) = 8.26 ofs

Pump 2: HP = 13,9

Well 3:

= 10.5 ofs, s = 29 _ = 0,01
< > ? 2000

= (0,259 Q)3/8 = (0,259 x 10,5)3/8 = 1.455" = 17,5m ~18n

#Pipe 3-%4: d = 18" = 1,50, Q = 10,5 cfs, A3 = 1,77 sq. ft.

73 = 259 (1,50)/3 (0.0L)/2 = 6.45 £ps, Q = (La77)(6445) = LLok ofs

" pump 3: - BP = (325)(62:4)(30) _ 1y g

550
Well 4: ‘
= = ____20 ' =
Q@ = 14e0 cfs, s 36007 0,01
= (0,259 Q)3/8 = (0,259 x 14.0)3/8 = 1,605' = 19,3" — 20"
*Pipe 4—*5: = 20" = 1,671, Q = 14:0 cfs, Ay = 2,19 sqe. fte

v, = 2399 (1,67)2/3 (o, 0L)L/2 = 6,92 £ps, @ = (2.19)(6,92) = 15.2 ofs

Pump 4: HP = 11,9

#Check equation to be sure calculated pipe dlameter will carry the
required ameunt of water.
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Well 5:

Q = 17.5 cfs, s = ﬁ_ZLL. = 0,01

00!

at = (0,259 Q)3,/8 = (06259 x 1’745}3/8 = 1,761' = 21,1" —P22v

*¥Pipe 5-%D: d = 22" ='1.84', Q = 17.5 cfs, Ay = 2,66 sq. ft.

Vs = 22590 (1.84)2/3 (0,01)1/2 = 7,39 £ps, Q = (2:66}(7.39) ="19.6

0,012

Pump 52 HP = 1109

#Check equation to be sure calculated pipe diameter will carry the

required amount of water.

cfs -




Wells No, (6-8)

Given:

Q = 365 cfs, Qp = 10,5 cfs

@ = AV

3¢5 cfs —>LOY Pipe (Assumed)
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Hg = 35", Hy = 407, Hg = 55; H = the approximate vertical distance

from the ditch to water when pumping
at full capacity

d = 09834', .A. = 0054'6 ch fto, V = 6042 fpS

_ a0V _ 0,834 x 1,94 x 6,42

Np = = 380,000
BT 2,735 x 1075 %
e = 0,00015 Cpmmercial Stesl or Wrought Iron ‘
8 = 9.00015 - o _opols
- d 0,834
f = 0,016
= ¢ LI2
Hy, = £ 3 28
Well 6 ,
= 0,016 x 300 5 (6.42)2 _ 5 o
B, = 0,016 x 5300, x (0e42 3_1
Hy = 35! + 4' = 30!
_QfH:E o o_ 44
HP = 5508 E = 1.0 (Assumed)
HP=3°5X62°4X'39,=1, HP
550 T L0
Well 7:
- 2
. = Ooo 6 ..A‘QQ..XM.)_ = ° 1
B = 00M0 X583 Bhes T Y
By = 401 + 51 = 45! |
Hp = 305X 62,4 X 45 - 10 g pp

550




g:
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.
an 6 600 g 62é22 = ° !
10X L * by Lk

55 4+ Te5" = 62,5!

= 305 X 62:4 x 62,5 ..

550

24.8 HP
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Wells No, (9-12)
Given: '
Hy = 707, Hyg = 90', Hyp = 100, Hy, = 100; H =

Q = 3.5 cfs (each), Qp = 140 cfs

the approximate vertical

distance from the ditch
to water when pumping at
fall ¢apaciby.

f = 0,016

Q = AV
3.5 e¢fs 10" pipe
d = 0.834', A = 0,546 sqo ftey Vi = 6042 fps,
Pipe 9-10:
-, LVR . 2200 _ (6.42)2 _
H, = £ 3 2z - O 016 x 55 o e 27,
Pipe lL—G:, .
_ 1700 (6.42)° _ \
Hp, = 0,016 x 834 S T 20,9
Pipe 12-C:
: 2
P O 016 x 1100 (6942) l o 1
O, 834 blols = Le2
7.0 cfs Vi = 6,42 fps, Ay = 1,090 sq. fte
= 1.178' ¥ 14" pipe [a = 168", v, = 6055 £ps
_dPV 1,168 x 1.94 x 6555 _ = 542,000
M 2,735 x 10~5
& = 0.00015 _ ¢ 00013
d  1.168
f = 0,0146
Pipe C-10:
. o
= 0,0146 1100 (6:55)° - 21
Hr, = 00040 x o * ey~ 222
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1440 cfs V ¥ 6.5, Ay = 2,154 sq. ft.

d = 1,655! & 20" pipe {d = L.667!, V, = 6.41 fps

N—l667X194—X6e41— 000
R 2.735 x 10-5 49,

0400015 = 0,00009
1.667 3

B oo
i

0.0137
Pipe 10-D:

2
2800 < (6,41}

HE = 0.0137 x 2500 x Al = 14,71

=L, & = 1.0 (assumed)
5508 |
"Well Os
Hy = 707 + 27! + 4! = 101!
HP=35X62.4.'X101'-—40@HP
550

Well 10:

Hy = 90 + 4 = 94"

Hp = 325 % 62.4 % % _
550 773 BP

Well 11:

Hg = 1007 + 21! # 4.5' + 3,5' = 130°

HP = 3e 5 x 62 4 X 130 = 6 H
550 5.6 HP

#Assumption: Hy, distributed evenly to branch laterals.
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Well 12:

=
ct
l

= 100" + 13.5' + 4.5f-+ 4' = 120"

HP

\

305 X'6254 X 120___ 6 HP
55 47
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Wells No, (13-22)

Given:
Hyg = 105!, Hyy, = 115', Hys = 125', Hyg = 125', Hyy = 145", Hyg = 150!,
Hig = 165", Hpy= 170", Hoy = 185'y Hop = 190'; H = the approximate ver-—
: tical distance from
Q = 3.5 cfs each, Qp = 35.0 cfs the ditch to water
. when ‘pumping at full
Q = AV capacity.
35 cfs 10" pipe: d = 0.834", A7 = 0,546 sq. The, V7 = 6,42 fps,
f = 0,016
7.0 cfs 14" pipe: d = 1,168', Ay = 1.090 sq. fte, V2,= 6055 fps,
£ = 00,0146
o= £ 22 (3,5 0857 Hy = 0,016 x L x (Eal2? _ g 0123L
L™ %42 $ 06834 7 bheh . T
= L (6.55)2 _ o "
(7.0 cfs} Hy, o. 0146 % Y58 X fn 0.00834L
Pipe 13-D: ‘
Hf = 0.00834 (3000) = 25,07
Pipe 1/~13:
Hf = 0.0123 (2000) = 24.61
Well 13:
Hy = 105" + 12,5 = 117,5!

Hp = 02397 Hy = (0.397)(LL7.5') = 46.6 HP

*Assumpbions

Hy, distributed evenly to branch laterals.




Well 14:

Hy = 115! + 25! 4 12,5! = 152,5!

Hp = 0,397 Hy = (0.397)(152.5) = 60,5 HP
Pipe 15-D:

Hp, = 0,00834 (3000) = 25.0!
Pipe 16-15:

Hy, = 0,0123 (2300) = 28,3’

Well 15:

H'b = 125' + 1205' = 13705'

Hp = 0,397 Hy = (0.397)(137.5') = 54,6 HP
Well 16:

Hy = 125! + 28,5! + 12,5' = 166,0"

Hp = 0.397 Ht = (0.397)(166.0') = 66,0 HP
Pipe 17-D: )

Hp, = 0.00834 (3400) = 28.4'
Pipe 18-17: “

Hp, = 0.0123 (2400) = 29,5!

Well 17:

Hy = 145' + 14.5! = 159,5!

Hp = 0,397 Hy = (0.397)(159.5) = 63.4 HP
Tell 18:

Hy = 150" + 29.5" + 14,5' = 194!

Hp = 0,397 Ht = (0.397)(194) = 77.0 HP
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19-Ds
= 0,00834 (3100) = 25,8!

P

20-19:

= 0,0123 (2400) = 29.5'

19:
= 1651 + 13! = 178!
= 0.397 Ht = (0.397)(178) = 70.7 HP

20:

170' + 2905‘ + 13' = 21205l

84,05 HP

0.397 H, = (0.397)(21:2, 5)

21-Ds=

= 0,00834 (2500) = 20,8!

22-21:

= 0,0123 (2100) = 25,8!

21:
= 185" + 10,5 = 195.5!
77.6 HP

= 0.397 Hy = (0.397)(195.5)

222
= 190! + 26! + 10.5' = 226,5!

= 0.397 Hy = (0.397)(226.5) = 90.0 HP _
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Wells No. (23-25)

Given:
/ \
Hz3 = 205', Hpy = 200', Hps = 225'; H = The approximate vertical dis-
tance from the ditch to water
Q = 3¢5 cfs each Qp = 10,5 cfs when pumping at full capacity.

Q = AV

3.5 cfs 10" pipe: d = 0.834%, A1 = 0,546 sq. fte, V| = 6.42 fps,

£ = 0,016 .

Hy, = 0,0123L

Pipe 24-23:
Hy, = 0.0123 (2000) = 24.6!'
Pipe 25-23:

Hy, = 0.,0123 (2200) = 27.0!

10.5 cfs V3 ¥ 6.5 fps, A3 = 1.615 sq. ft.

d = 1,434 ¥ 17" pipe {4 = 1.417', V3 = 6.65 tps

- 40V _1.417 x 1,94 x. 6,65 =
Np = S RS - 669,000

e = 0.00015 - o o011
d WAL

f = 0,014

Pipe 23-D:

_ L VR _ 3000 . (6.65)° _ on ;1
g =f LY = 0.0 = 2064
W R yavy ﬂ

Well 23:

2051 + 71 = 2121V,

o
cf
Il

s
av)
|

= 0.397 Hy = (0.397)(212) = 84.1 HP
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Well 24:
Hy = 200! + 25" + 71 = 2321

Hp = 0,397 Hy = (0.397)(232) = 92,1 HP

Well 25:

2258 4 271V 4+ 7V = 2591

Hy

Hp = 0,397 Hy = (0.397)(259) = 106,0 HP
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