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FOREWORD

Inithe consideration of legislation and other matters relating to .the
Colo~ado River in the Congress, frequent reference has been made to
Bulle;tin No. 1, Surface Water Series of the Colorado Watj;lrConserva-
tion Board.

This bulletin is entitled " Report on Depletion of Surface Water
Supplies of Colorado West of Continental Divide." This report was

prepated by Leeds, Hill & Jewett, consulting engineers, under author-
ity of ithe 39th Colorado General Assembly.

Sinoe legislation of substantial importance bearing upon the
Colorddo River is pending before the Senate Committee on Interior
and In~ular Affairs, a copy of the above-mentioned report is presented
herewith.

MARbH 25, 1955.

CLINTON P. ANDERSON,
Ohairman, Subcommittee on

Irrigation and Reclamation.
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LETTER OF TRANSMI'fTAL

LEEDS, HILL & JEWETT,
CONSULTING ENGINEERS,

Los Angeles, Calif., October 31, 1,953.

COLORADO WATER CONSERVATION BOARD,
212' State Office Building, Denver, Colo.

GENT1EMEN: You directed us by contract dated May 18, 1953, pur-
suant toiHouse Document 457, 1st session, 39th General Assembly of
the State of Colorado, to make a study of the water resources available
lrom surface supplies in that part of Colorado which lies west of the
Continental Divide, and a study of the present and potential uses

thereof tp the full extent necessary to a unified and harmonious de-

velopme4t of those waters for beneficial use in Colorado to the fullest
extent pc!ssible under the law, including the law created by compacts
affecting :the use of said water. The studies so to be made were to

include ap,alyses of the extent to which water may be transferred
from one watershed to another within the State without injury to the

potential \3conomic development of the natural watershed from which
water might be diverted for the development of another watershed.

We wisb. to express our appreciation of the cooperation extended by
the director and his staff and by the engineering research committee
which has!. been advising the Colorado Conference Committee. We

particularl\)>: wish to thank the Bureau of Reclamation for making
data avail~ble in advance of completion of a number of its reports.

We had ,anticipated accepting the value of 3, 855, 375 acre-feet per
year as tlie amount by which Colorado could deplete the flow of
Colorado E.iver at Lee Ferry under the provisions of the law created
by compac~s, but we found it necessary to review previous studies
with considera,tion to more recent records of streamflow.

We concl).Ide, from analysis of all available data and from our own

independent studies, that:
1. All of the 7,500,000 acre-feet of water per annum apportioned to

the Upper :aasin by the Colorado River Compact may not actually be
available for use because of the requirement that 75 million acre-feet
be delivered, ll.t Lee Ferry during each consecutive 10-year period.

2. Compliance with this provision and limiting the carryover in

cyclic storag~ to the 22 years from 1930 to 1952 would have required
that reservoks of 21 million acre-feet capacity had been available in
1927 for cyclic regulation and that the aggregate depletion in the upper
basin be no more than 6, 200,000 acre-feet per year.

3. The total of all depletions at sites of use in Colorado of the flow
of Colorado River and its tributaries may thus be limited to 3, 100,000
acre-feet per iyear.

4. Depleti<ins in Colorado under present conditions aggregate
practically 1, 450,000 acre-feet per year.
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5. Oammitments far extensian af existing prajects and far ather

prajects autharized wauld increase present depletians almast 200,000
acre-feet per year.

6. The present uncammitted surplus which can be relied UPQn fQr
Ilse in OQIQradQ is thus 1, 450,000 acre-feet. per year.

7. DevelQpment Qf the Qil-shale reserves in western OQIQradQ shQuld
be anticipated and the cansumptiQD-af water far industrial, municipal,
and Qther purpases resulting therefrQm may reach 300,000 acre-feet

per year.
8. Oansumptive uses by expansian af irrigatian an the western

slape will depend upan the degree to' which new prajects are subsidized.
Shauld the subsidy be limited to' $200 per acre, the resulting depletian
wauld be nO' mare than 100,000 acre-feet per year. Shauld subsidies

af $400 per acre be given, the stream depletian wauld be a little mQre

than 400,000 acre-feet per year. Shauld subsidies as great as $ 600

per acre be permitted, the resulting stream depletian at sites Qf use

might reach 800,000 acre-feet per year.
9. Depletians by new transmauntain diversiQns will likewise depend

upan the degree to which irrigatian agriculture may be subsidized.
Same diversiQns eQuId be financed by municipalities withO'ut sub-

siqies, but these would be limited to abO'ut 200,000acrecfeet. Addi~
tidnal transmO'untain diversions for agricultural purpO'ses in any sub-
stantial amaunt wauld require subsidies in excess af $400 per acre.

Even if subsidies as great as $ 600 per acre were permitted, the to' tal
afall new transmauntain diversians fO'r all purpases wauld not be
mare than 300,000 acre-feet per year.

1P. If subsidies to' agriculture at any paint in Oalarada be limited
to' $600 per acre, future depletians caused by expanded irrigatian an

theiwestern slape and by transmauntain diversians wauld amaunt to'

1, 100,000 acre-feet per year. .
11. If any greater subsidies were to' be allawed, the PQtential deple~

tian! caused by consumptive uses in agriculture and industry and by
transmO'untain diversians WO'uld be in excess Qf the supply O'f water

available to' CO'larada. . '. ,'.
12. Increased diversians af water far use by agriculture and in-

dustry O'n the western slQpe and far transmO'untain diversiO'nswill

depe';nd upan the prQvisian Qf sufficient starage capacity in reservairs
far ~anservatian Qf flQad flaws and same cyclic regulatiQn; in Qrder
thatOQlaradQ may make full use af the water allocated to' it by the

cQmpacts, cyclic regulatiQn Qf CQlarada River O'ver periads langeI'
than ,20 years will alsO' be necessary.

In submitting this repart to' YQU we hQpe that it will serve as a basis
far recanciliatian af canflicts amang the citizens af OalQrada.

Respectfully yaurs,
LEEDS. HILL & JEWETT,

By RAYMOND A. HILL.
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DEPLETION OF WATER SUPPLIES ALLOCATED TO STATE OF
COLORADO BY COLORADO RIVER COMPACTS

Expa:nsion of agriculture, development of industry, and growth of
the cities of Colorado depend upon the most effective use of the avail-
able supplies of water. Substantially complete use has already been
made of those portions of the total flow of Platte River, Arkansas
River, aJJ,d Rio Grande to which Colorado is entitled. The contrary
is true, however, in the case of Colorado River l>nd its tributl>ries.
Hence, the bl>sic question: Is the amount of water available to Colo-
rado from this last source more than will be needed to satisfy all reason-

able beneticial uses within the drainage basin of Colorado River?
It,sholild be obvious to everyone familiar with physical cOnditions

that all of the woter to which Colorado is entitled under the provisions
of the Cqlorado River compact and the upper Colorado River Basin
Compact could be consumed in the irrigation of lands on the western

slope if nQ limit were to be placed on costs of construction and opera-
tion of irrigation works. It is equally true, although less apparent,
that all of the present surplus of Colorado River water could be con-

sumed' in' industrial processes if again there were no economic
limitations.

It follows, therefore, that existing conflicts between interests in
different parts of Colorado and potential conflicts between agricultural
and .industrial users of water on the western slope cannot be reconciled
linless reaslmable limits are placed upon the cost of providing water
to satisfy each potential demand upon the available supply from Colo~
rado River;and its tributaries.

WATER SUPPLY

The surp\us now available for agricultural, industrial, and other pur-
posesis materially less than might be presumed from observation of
the flow of the rivers on the western slope during the period, of snow-

melt each year, Under the provisions of the Colorado River Compact
some of the~e floodwaters must be passed down for use in the lower
basin, and by the Compact of 1948 Colorado agreed to limit its use of
water to a little more than one-half of the total allocated to the upper
basin. .

The annu~l discharge of Colorado River and each of its tributaries
varies through wide limits and there has been a tendency for wet years
to occur in groups, followed by extended periods in which the runoff
ili generally l~ss than the long-time average. . For example, the quan-
tity of wate}\ passing Lee Ferry in northern Arizona, the point of
delivery to the lower basin, averaged 15. 9 million acre-feet per year
for the 17 ye~ s from October 1, 1913, to September 30, 1930, as com-

pared to only, 11.7 million acre-feet per year for the next 23 years;
also, thehistoi'ical runoff at Lee Ferry ranged from a maximum of 18. 0
million acre-feet to a minimum of 4.4 million acre-feet within this last
period in whicl,1 the average was 11.7 millionacre-feet per year.

60526--55----2 1
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2 DEPLETION OF SURFACE WATER SUPPLIES

It is therefore evident that large reservoirs must be provided for
cyclic storage as well as se~ sonal regulatio~ in order tJ;tat full use ma;ybe made of those waters of Colorado RIver to whICh Colorado IS
entitled.

ORIGIN OF SUPPLY

While very long periods of carryover will be necessary in some reser-

voirs for other purposes, it is unlikely that more than lO years of carry-
over would be justified to satisfy future demands for water in Colorado.
The lO-year period ending September 30, 1950, was reasonably typical
and more records of runoff were available for these years than for any.
earlier period; hence, it has been used as a basis for comparison.

The quantity of water originating in the Colorado River Basin
within Colorado and which passed out of Colorado during these 10
years averaged 9, 347,000 acre-feet per year. The total drainage area
includes 38,932 square miles in Colorado, so that the average runoff'
was 240 acre-feet pel' year pel' square mile. A little more than 19 per-
Cent of this total was contributed by Yampa River, White River, and
certain smaller tributaries of Green River; the contribution from the
main stem of Colorado River was 31.7 percent, Gunnison Riveradded
21.4 percent, and Dolores River only 7. 5 percent; and San Juan River
contributed the balance of 20. 1 percent.

Yampa River and small streams directly tributary to Green River
drain the northwesterly portion of Colorado. The combined drain-
iJ,ge area includes 6, 820 square miles in Colorado and 2, 000 square
miles in Wyoming. The average discharge of Yampa River during
the lO-year period ending September 30, 1950, was about 1, 500,000
acre-feet, of which about 1, 290,000 acre-feet originated in Colorado.
The latter quantity is equivalent to 189 acre-feet pel' square mile.

White River drains an area in Colorado just south of Yampa River,.
containing 3, 863 square miles, but its headwaters do not extend back
to the Continental Divide. The average runoff at the westerly
boundary of the State for the same lO-year period was about 510,000
tcre-feet per year, equivalent to 132 acre-feet per square mile. .

Next in order from north to south is the drainage basin ofthe main
stem of Colorado RiVer. The total drainage area, excluding the.
Gunnison River Basin, is 10, 180 square miles, of which 8,055 square
miles are above the point of diversion to lands in the vicinity of

rand Junction. The average runoff at the State line for the 10-year
period ending September 30, 1950, was about 2,960;000 acre-feet per
year ( exclusive of the contribution from Gunnison River), equivalent
to 291 acre- feet per square mile.

Gunnison River actually enters Colorado River at Grand Junction
but may properly be treated separately because little use is now, or

is expected to be, made in Colorado of water diverted below the'
jonfluence of these rivers. Gunnison River drains 8, 020 square miles
l!>nd has its origin along the Continental Divide opposite the head-
waters of Arkansas River. The average runoff for the 10 years ending
September 30, 1950, was 2, 007,000 acre-feet, equivalent to 250 acre-

fj:letper square mile.
Dolores River drains that portion of Colorado lying west of the

Gunnison River Basin, and north of the San Juan River Basin, The
drainage area of Dolores River includes 4, 160 square miles in Colorado.
the runoff originating in Colorado during the lO-year period ending

t
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DEPLETION OF SURFACE WATER SUPPLIES 3

September 30, 1950, averaged about 700,000 acre-feet per year,
equiv,alent to 168 acre-feet per square mile.

Thll extreme southerly portion of Colorado lying west of the Con-
tinental Divide is drained by San Juan River and its tributaries, most
of wliich loin San Juan River in New Mexico. The combined drain-

age ll!'rea In Oolorado amounts to 5, 889 square miles. The average
annual flow across the boundary of Colorado during the 10-year
period ending September 30, 1950, was about 1, 880,000 acre-feet,

equivMent to 319 acre-feet per square mile.
Most of such variations in runoff per square mile of drainage area

are due to differences in the elevation of the watersheds. Precipita-
tion on the high mountains is much greater than in areas of lower
elevation and consumptive uses at high altitudes are less, due to pre-
vailing low temperatures and shorter growing seasons. Hence, a

large j:)art of the total contribution of each stream originates near its
headwltters. For example, the average runoff per square mile from

drainage areas above 9,000 feet in elevation, for the same 10-year

period,' was found to be 1, 000 acre-feet per year on the RoarinK Fork,
600 acte-feet per year in the Colorado River Basin east of Gore Range,
and 440 acre-feet per year in the upper portion of Gunnison River
Basin.

LIMITATIONS ON USE

Colorado has entered into two interstate compacts limiting its use

of Oolor;ado River water: the Colorado River Oompact signed in 1922;
the UpI1er Colorado RiverBasin Compact signed in 1948. The former

allocate!l the waters of the stream system between the upper basin and
the Lower Basin; the latter allocated the Upper Basin share among the
States in that basin.

OoloradO, River Oompact
During the 30 years which have elapsed since the Colorado River

Oompac~ became effective, many disputes have arisen regarding the
intent and applicability of various provisions. However, for purposes
of this report we need be concerned only with two sections of Article
III in w~ich the waters of the Colorado River system are allocated;

a) Thete is hereby apportioned from the Colorado River system in perpetuity
to the UPRer Basin and to the Lower Basin, respectively, the exclusive beneficial
consumptIve use of 7,500,000 acre-feet of water per annum, which shall include
all water n~cessary for the supply of any rights which may now exist.

d) The :States of the upper division will not cause the flow of the river at
Lee Ferry to be depleted below an aggregate of 75 million acre- feet for any period
of 10 conse'cutive years reckoned in continuing progressive series beginning with
the first da! of October next succeeding the ratification of this compact.

When this compact was negotiated it was thought that the flow
of Colorado River under natural conditions would average considerably
more than 15 million acre-feet per year. It is now evident that such
is not thei case and that the provisions of section ( d) of Article III
will probaibly limit depletions of the waters of the upper basin to

some amount less than that allocated in section (a) of the same article.
In order for the requirement of section Cd) of Article III to have

been satisfied during the past 36 years, with depletions in the upper
basin aggregating 7. 5 million acre-feet per lear, 

it would have been
necessary to have had 38 million acre-feet 0 reservoir capacity avail-

0<'"
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4 DEPLETION OF SURFACE WATER SUPPLIES

able 'in 1917 for storage of all floods since then. Such a reservoir, or
combination of reservoirs, would not have filled until] 930, as shown
on plate A, and would not have been more than half full at any time
during the past 19 years. Furthermore, even if the next 13 years
should be as wet as those from ] 917 to 1930, these storage reservoirs
would not refill until 1965, a carryover of 35 years. If such a series
of wet years should not recur, the delivery of 75 million acre-feet at
Lee Ferry in each 10 consecutive years could not be maintained with
depletions of 7. 5 million acre-feet per year in the upper basin. .

While it is true theoretically that there could have been annual
depletions in the Upper Basin aggregating 7. 5 million acre- feet without
breach of the provisions of section (d) of Article III to the present time,
it is believed that a more conservative value should be used in the
planning of new projects until the supply actually available to the
upper basin has been determined by many more years of record.

Should the years of carryover of water in storage be limited to the
period from 1930 to 1952, the aggregate depletion of the natural
supply in the Upper Basin could not be more than 6. 2 million acre-feet
per year. A total of about 21 million acre-feet of reservoir capacity
would be required for regulation under this condition with the delivery
of 7. 5 million acre-feet annually at Lee Ferry to comply with the
provisions of section ( d) bf Article III of the Compact. The perform-
Jance of such reservoirs is shown on plate B. Initial filling would have
had to commence in 1927, the reservoirs would have been full in
1930, substantially empty just prior to the flood in the spring of 1941
and would have refilled only in ] 952. .

Upper Colorado River Basin Compact
The Compact of 1922 did not apportion water among the several

States. This was done as to the upper basin in the compact entered
into in 1948 without change of any of the provisions of the earlier
compact. Basically, there was apportioned to Colorado 51.75 percent
of the total quantity of consumptive use per annum apportioned in
perpetuity to, and. available for use each year by, the upper basin
under the Colorado River Compact, after allowance of 50,000 acre-feet
per annum apportioned to Arizona.
J This percentage of the difference between 50,000 acre-feet and
7, 500,000 acre-feet amounts t03,855,375 acre-feet per year. The same

percentage of the difference between 50,000 acre- feet and 6, 200,000
acre-feet would be 3, 182; 625 acre-feet per year.

It is the position of Colorado and of the other States signatory to
the 1948 compact that credit should be taken for any reductions in
iJ.atural depletions which may be brought about by construction of
lew works but that they will be responsible for evaporation losses
from reservoirs including those required to provide for the delivery of
15 million acre-feet of water at Lee Ferry during each period of 10
Ilonsecutive years.

It is our understanding that Colorado anticipates that its share of
the maximum allowable depletion caused by acts of man will be
4,043, 000 acre-feet per year and that the evaporation losses charge-
able to Colorado would be 3] 6, 000 acre-feet per year. This would
ltlave 3, 727, 000 acre-feet as the limit (under section ( a) of article III
of the Colorado River Compact) of all depletions in Oolorado arising
from consumptive uses by agriculture, consumptive uses by industry,
IJ!Ild diversions out of the drainage basin of Colorado River.
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DEPLETION OF SURFACE WATER SUPPLIES 7

Shpuld the total net depletion in the Upper Basin be limited to

6,200,000 acre-feet per year by the provisions of section Cd) of Article
III of the Colorado River Compact, then the aggregate of such deple-
tions. in Colorado could not exceed 3, 100, 000 acre-feet per year in
addit~on to reservoir evaporation losses.

Use of the waters of Yampa River in Colorado is limited somewhat

by A# icle XIII of the Upper Colorado River Basin Compact in which
it is stated in part:

The State of Colorado will not cauSe the flow of the Yampa River at the Maybell .
gaging' station to be depleted below an aggregate of 5 million acre-feet for any
period pf 10 consecutive years. * * *

Inasmuch as the total flow of Yampa River at Maybell during the
10 con;secutive years of most deficient runoff of record amounted to

9.4 million acre- feet, this provision will not prevent reasonable use in

Colorllp.o of the waters of this tributary of Colorado River.
Arti~le XIV of this Compact, however, does impose definite limita-

tions on future developments in the basin of San Juan River. The
pertinent provision reads in part as foHows:

The State of Colorado agrees to deliver to the State of New Mexico from the
San Juail River and its tributaries which rise in the State of Colorado a quantity
of water 'which shall be sufficient, together with water originating in the San Juan
Basin in the State of New Mexico, to enable the State of New Mexico to make full
use of th'e water apportioned to the State of New MexiCo by Article III of this
compact,* * *.

The quantity of water allocated to New Mexico by Article III is

substantially 22 percent of that allocated to Colorado. At least 90'

percent of the total flow of San Juan River originates in Colorado and
less thaI! 10 percent in New Mexico. Hence, New Mexico is entitled
to conSUlne one-fifth as much as Colorado of all of the runoff from
the west~rn slope of Colorado. It so happens that the flow of San
Juan River and its tributaries across the boundaries of Colorado into
New Me~ico also equals one-fifth of the total originating in Oolorado.
Therefore, because of this provision in the compact and the physical
situation) it is generally recognized by those who have studied the

problem that there can be little additional depletion in Oolorado of
San Juan: River and its tributaries above the confluence of Animas
River, an~ that expansion of use in the San Juan Basin will be limited

largely by the extent to which the waters of Animas River can be

put to belileficial use.

In briet Oolorado would theoretically be entitled to deplete the
flow of Cplorado River to an aggregate of at least 3, 700,000 acre-

feet under, the limitations of the compacts, after allowance for its
share of Qredits for salvage of natural depletions and charges for
reservoir evaporation losses. The practical limit of all permissible
depletions ;in Oolorado may not exceed 3, 100,000 acre-feet per year
in addition to its share of reservoir evaporation losses. Increases
from the Present level of depletions to either of these limits will be

subject to; certain legal and physical restrictions upon where the
water is us~d.

PRESENT DEPLETIONS

During the period of negotiation of the upper Oolorado River Basin

Compact an engineering advisory committee made very thorough
studies of the depletions which had taken place. These are reported
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in d,etail inyolume III .of, the official record of Upper Oolorado River
Basm Oompact OommIssIOn. In the case of Oolorado, it was found
that its contribution to the historic flow of Oolorado River and its
tributaries at the boundaries of the State had averaged 10,408,400
acre-feet per year for the period from 1914 to 1945 and that its con-

tribution to the virgin flow at the same points would have averaged
11, 451, 200 acre-feet per year. The historical depletion within Oolorado
was thus found to have been 1, 042,800 acre-feet, per year, which was

the difference between computed depletions at sites of use aggregating
1, 062,753 acre-feet and about 20, 000 acre-feet of salvaged natural
losses.

This total value was the summation of depletions in 30 subareas
caused by irrigation of different types of crops, by the consumption of
water on seeped lands, and by transmountain diversions, reservoir
losses, and other uses. It has been deemed advisable for the purposes
of this report to group such depletions in five geographic divisions;
to wit: '.

1. All of the northwesterly portion of Oolorado within the drainage
basin 'of Green River, including YampaRiver and White River, its
principal tributaries. The reason for grouping these is that some of
tbe potential irrigation projects involve diversions out of Yampa
Rivedor irrigation in part oflands in the White River Basin or diver-
sions from White River for irrigation of lands in the YampaRiver
Basin. The other tributaries of Green River are too insignificant to .
warrant segregation. '.

2. All of the drainage basin of Oolorado River from its headwaters "
to the westerly boundary of the State, exclusive of the portion drl;tined } <

by Gunnison River. Gunnison River is excluded because little use

qan be made in Oolorado of water from this source hy diversions below
its confluence with Oolorado River.

3. All of the Gunnison River Basin.
4. . The areas drained by Dolores River and by tributaries of San

uanRiver which enter the latter below Shiprock. This portion. of
the San Juan. Basin is grouped with the Dolores Basin because ' of
tt:ansfers of water from Dolores River for the irrigation of llj,nds in
San Juan Basin, and because the westerly tributaries of San Juan.
R~ver are not physically available for use in New Mexico.

5. San Juan River Basin in Oolorado a.bove Shiprock, including
LIiPlata River, Animas River, Florida River, and Los Pinos River.

lJ'he average depletion in each of these subdivisions of the drainage
haiJinof Oolorado River during the 32 years ending September 30,
19405, was found by the Engineering Advisory Oommittee to have
helln:

Acre-feet
perf/ear

Green River Basin____ ___ __ _ ___ _ _ _. _ _ ____ __ __ _n__ __ _ ___ __ __ _ _ _ 99, 123
ColQrado River, main stem_ _ _ 

c-- -: --- - _ -- - - - - - -: -- --" c _ _ ___ ____ 385, 939
Gunnison River Basin_________.________._______________________ 351, 613
Dol6res River Basin and lowei' tributaries of San Juan Rivern____n_ 120, 367
San 'Juan River above Shiprock_____.______________._________n_ 105, 711

Total depletion at sites of
use_______,__________________~__ 

1, 062, 753

Sihce these data were assembled for use in the negotiation of the
upper Colorado River Basin compact, there has been some expans'ion

o"
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of irris-ation on the western slope and new works for transmountain
divers~ons have been constructed. The surplus available under

existing conditions is therefore materially less than it was when the

compact of 1948 was executed.

Irrigation in basin
The' Engineering Advisory Committee to the Upper Colorado

River Basin Compact Commission inventoried all the land under
irrigatipn on the western slope and also estimated the extent of other
areas on which water was consumed. It found that the total irri-
gated area was 790, 600 acres, and that there were 106, 800 acres more

on which water was consumed incidental to the practice of irrigation
on adja:cent areas.

Recently the engineering research committee, which has been

advising the Colorado Conference Committee appointed by the
Colorado Water Conservation Board and which includes a number of
those on the original Engineering Advisory Committee to the Com-

pact Commission, has reviewed the prior estimates of irrigated lands
and oth'er lands consuming water. These revised estimates, which
are believed to reflect present conditions, are as follows:

Geographic unit
Irrigated Incidental

lands areas

acres) ( acres)

106, 115 19, 444
285, 500 32, 903
254, 737 32, 915
85, 862 10, 250
91, 858 11, 300

824, 072 106, 812

Green Rlver~W"ampa River~Whlte
River____~_~____~______~_____________.____Colorado Rl~ r, mam stem, exclusive of Gmmison River____________~______~

Gwmison River _ w _ _ _ __ _ _. ~ __ _ w_ ___ _ _ _ ____ _ _ ____ __ _ __ ,_ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ __

Dolores River and lower tributaries of San Juan River __ __________________n

San Juan Rlv:()r above Shlprock_ _______________________~______~_____________

Total..._ __ __ _ _ _ __._. _ __ _._ _. _ _ _._ _. _. __ _ __._ _' ____ _ ___ _ _ _ _ ___ _ __ _ _ _.__

In the opinion of the engineering research committee, the depletion
at sites of use under present conditions amounts to 1, 035, 000 acre-feet
per year pn account of irrigation agriculture on the western slope.
This is an:increase of only 35, 000 acre-feet above the average of deple-
tions for ~his cause during the period from 1914 to 1945.

Otherdeplttions with existing facilities
Much niore change in recent years has resulted from transmountain

diversions: The Colorado-Big Thompson project has practicalIy been

completed, and the delivery of water across the Continental Divide
through other facilities is now greater or could easily be greater than
the average of such diversions during the period from 1914 to 1945.
The total :depletions arising out of transmountain diversions with
existing facilities could be 388, 200 acre-feet, including evaporation
losses from' reservoirs provided to make such diversions possible.

Domestic uses and other municipal and industrial uses have in-
creased somewhat in recent years and' there is now more water lost
by evaporation from reservoirs than when the detailed estimates were

made at the time of negotiation of the upper Colorado River Basin
compact. All such uses, however, amount to only about 10 percent
of the quantity now divertible across the mountains.

60526- 55- 3

I
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Summary oj present depletions
The total of all depletions in Oolorado of the waters originating in

the drainage basin of Oolorado River is now practically 1, 450,000
acre-feet per year, made up of the following: .

V' <

Depletions with existing facilities]

Acre~feet ,per year]

Geographic division
Trans-

mountain
diversions

Total at
sites of

use
Irrigation

Other
depletions

Green River Basln____~__________~~_h_______u

Colorado River, main stemu____~___n~____nn

Gunntson River Basin__"-______~_______________ .
Dolores River Basin and lower San Juan River

trlbutarJes_ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ __
San Juan River Basin above SbJprock_____n_h

Totals at sites of
US6_____

n_n_n_nn__n

1, 000
19, 800

5, 000

99, 100
766, 200
353, 800

120, 500
109, 500

98, 100
371, 400
348, 200

116, 600
100, 700

1, 035, 000

375, 000
600

3, 900
7, 200

36, 900

1, 600

377, 200 1, 449, 100

If the provisions of section Cd) of Article III of the Oolorado River

Compact can be satisfied with aggregate depletions in the Upper Basin
as great as 7, 500,000 acre-feet per year, then at least 2, 250,000 acre-

feet of water now remain to satisfy potential developments in 0010-
rado. On the 'other hand, if depletions in the upper basin must be
held down to insure the delivery of 75 million acre-feet at Lee Ferry
in each continuous 10-year period, then the actual surplus under exist-
ing conditions may not exceed 1, 650,000 acre-feet per year.

Oommitted supplies
Some-of the present surplus of Oolorado River water will be needed

for expansion of existing projects and to supply Federal projects which
are now authorized. It is the view of many that this amount of water
should be included among present depletions; others believe that these
additional uses should be treated as potential depletions for which
some water should be earmarked. In order that there may be nQ
confusion, the estimates of the Engineering Research Oommittee as

to these are set forth below.
No increase in depletion by existing projects is contemplated in the

Green River Basin. An increase of only 400 acre-feet is deemed
probable in the San Juan Basin, this through existing facilities used
for transmountain diversions. Other transmountain diversions, al-
most entirely from the headwaters of Oolorado River, could be in"

cpeased abou! 1pO, 000 acre-f~et per year under present rights. Expan-
SlOn of the IrrIgated area III the Grand Valley and Uncompahgre
Federal projects would consume 69, 000 acre-feet per year.

In addition, two projects have been authorized by the Oongress of
the United States for which appropriations have yet to be made. It
is' estimated by the Bureau of Reclamation that these would deplete
the flow of Oolorado River by 28,300 acre-feet per year.

Such expansion of use by existing projects and new uses by author-
ized Federal projects would aggregate almost 200,000 acre-feet per
year. Hence, the quantity of water available to Oolorado to satisfy
otp,erpotential demands can be little niore than about 2,050,000 acre-

feet per year, and because of the limitations of the compacts may not
exceed 1, 450, 000 acre-feet per year.
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POTENTIAL DEPLETIONS BY IRRIGATION

There is obviously enough land susceptible of irrigation on the
western slope to consume all surplus water if there were no economic
barriers to such unlimited expansion of agriculture. On the other
hand, it is equally apparent that there can be no material enlarge-
ment of the presently irrigated area unless the costs of construction
of irrigtl,tion projects be subsidized. The extent to which the existing
surplus;of water in Oolorado River and its tributaries may be depleted
by new agricultural uses will thus be dependent upon the extent to
which the costs of such new projects may be borne by the citizens of
the United States collectively. .

UNIT CONSUMPTION OF WATER

In the report of the Engineering Advisory Oommittee to the Upper
Oolorado River Basin Oompact Oommission there are set forth the
detailed' methods followed in determining consumptive uses of water.
It was found that the depletion ca,used by the irrigation of 790,600
acres of cropped land amounted to 821, 400 acre-feet per year and
that there were consumptive uses of 178, 700 acre-feet on 106, 800
acres additional asa result of irrigation of a,djacent areas. The total
consumptive use causing stream depletion was thus determined by
the Engineering Advisory Oommittee to have been almost exactly
1 million acre-feet per year. The Engineering Research Oommittee
which is ,advising the Oolorado Oonference Oommittee now finds that
1, 035, 000 acre-feet per year are being consumed on the western slope
as a rest1-lt of irrigation of 824,072 acres of land and incidental uses
on 106, 812 acres additional. Stream depletion at the sites of use

thus averages 1.26 acre-feet per acre of cropped land, or only about
1.11 acre-feet per acre spread over both cropped areas and incidental
areas cOIJ.Suming water.

Recent computations by the United States Bureau of Reclamation
of strea~ depletions which probably would result from development
of a large number of irrigation projects on the western slope indicate
somewhat larger consumptive uses. The average depletion estimated
by the BUreau for these new projects is only 1.16 acre-feet per acre
of all lands expected to receive water, but 30 percent of the area in
these potential projects is now being irrigated and only supplemental
water wojl1d be furnished to such lands. If the consumptive use per
acre of land given supplemental service should be one-half' of the
consumptive use' on new lands, a depletion rate of 1.40 acre-feet per
acre of new land is indicated. It is not clear why there should be
this increase from 1.26 to 1.40 acre-feet per acre per year, because
the potential projects are geographically scattered throughout the
area in the same relative locations as existing irrigated lands, and the
nature of the crops grown should be similar to those which have been
customary.

It is ev~dent, in any event, that the resulting stream depletion for
each addi~ional 100,000 acres of land which may be brought under
irrigation will be not less than 125, 000 ,acre- feet per year nor more
than 150,000 acre-feet per year after allowance for all consumptive
uses on nqncropped lands which may be seeped or otherwise receive
water as a result of irrigation. '.
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IRRIGABLE AREA ON WESTERN SLOPE

Before there can be any definite answer to the question as to how
much land is irrigable on the western slope in Oolorado, there must be
a clear definition of what constitues irrigable land. In Ohina and
India, where every available acre of ground must be cultivated to pro-
vide bare subsistence for the masses who would otherwise starve, any.
land would be deemed irrigable to which water could physically be
delivered. In other more favored countries olliy those lands on which
a farmer could make a pr()fit would be deemed irrigable. Reasonable
standards of desirability should be the measure of the extent to which

irrigation agriculture may be expanded in Oolorado.

Land classifications
A very extensive survey was made about 15 years ago by the United

States Bureau of Reclamation to determine the areas of land suitable
for irrigation in all of the Oolorado River Basin. This is generally
referred to as the Preston survey from the name of the engineer who
was in charge of the work for several years. The irrigated areas were

mapped but these were not classified as to soils or topography because
the purpose of the Preston survey was to determine how much addi-
tionalland might be included in new projects. Only two classifica-
tions of arable and nonirrigated lands were used:

Olass 1; Lands with ample depth of soil, good drainage, and topo-
graphically suitable for the production of any crops. In other words,
lands as well adapted to agriculture as any of the better lands now

under irrigation.
Olass 2; Lands having shallower or less desirable soils, or somewhat

deficient drainage, or slopes requiring special farming practices, or

other limitations upon their usability. In other words, lands suitable
tp some crops, but not to all characteristic of the region, and from
which the farmer could derive less return for his labor than from class
f land,

No attempt was then made to include lands which might be suitable
for irrigated pasture or lands on steep slopes which might be used to a

limited extent for orchards. These omissions have given rise to
c<)nsiderable adverse criticism of the Preston survey,' particularly

b~cause in recent years some parcels of land have been brought under

irtigation which were not included in the irrigable areas mapped. .
More detailed land classification surveys have since been made by

the United States Bureau of Reclamation which do not cover all of
the western slope but do include the Oolorado River Basin above the
coWluence of Gunnison River and a considerable part of the Gunnison
River Basin. The land classifications used in these later surveys were

similar to those used by Preston as to class 1 and class 2 but other
lands suitable for irrigated pasture and orchards were included in the

grd,up designated as class 4. Oontrary to expectations, the findings
of the recent surveys confirm the soundness of the work done by
Preston within the areas mapped by him. For example:

a) The more recent and detailed classification surveys of all lands
along the main stem of Oolorado River and its tributaries above
Gunnison River show a total of about 121, 000 acres of class 1 and
clas$ 2 land, but the potential projects known as the Oliffs-Divide
projects and the Silt and Oollbran projects only include 79,400 acres

i~
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of such land. Preston did not map the areas which he deemed it
would be impracticable to serve but his survey does show net irrigable
land in class 1 and class 2 in the amount of 85, 200 acres within the
same fl,rea covered by the Cliffs-Divide projects and the Silt and

Collbrlj,n projects.
b) ] n the case of the surveys in the Gunnison River Basin the net

irrigabte area found by Preston was about 77,000 acres. Subsequent
and m{Jre detailed' surveys covering all potential projects in the
Gunnison River Basin show only 61, 000 acres of class 1 and class 2
land which could be served.

Hence, any areas omitted by Preston within these classifications are

presumptively those lands which could not be included within the
area of new projects even under very liberal standards. The great

discrepa(ncy which exists between the total of allirrigable areas found
by Preston and those reported more recently arises from the inclusion
in these. subsequent surveys of class 4 lands which were not mapped
by Preston. In the case of the main stem of Colorado River, the
recent in,ventory surveys show a total of 250, 000 acres of class 4 land,
as compared to 121, 000 acres of class land class 2 land, the ratio
being a Uttle more than 2 to 1. Recent surveys do not cover all ofthe
Gunnison River Basin but out of a total of 216,000 acres it was found
that there were 147, 000 acres of class 4 land not now irrigated, slightly
in excess 'of two- thirds of the total.

Recon:Q.aissance of the areas mapped by Preston which are not
covered by more recent land classification surveys leads us to believe
that the areas of class 1 land and class 2 land reported by Preston
may be accepted as reasonable. It was. also apparent from general
observation that it is reasonable to allow substantially 2 acres of
class 4 land for each acre of class 1 and class 2 land which Preston
classified i5 years ago. Actual surveys would probably disclose some-

what smaller areas, but the difference would not be material in any
determination of the eventual depletion of water by irrigation agri-
culture on! the western slope of Colorado.

Summary 'of irrigable areas

In the following tabulation there are given the irrigable areas not
now irrigated, under different classifications, based on the most recent
information available. For those tributary basins where the Preston
survey is the only one, an arbitrary allowance has been made for
class 4 land consistent with what was found elsewhere:
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Irrigable Iand not now irrigated
Quantities in acres]

Goo~rapblc divisIon Class 4 and
miscellaneous

Class 1 01aS82

Gre\ n River Bas1J:L~ _~____~~____~_____~_.______
Colorado River/ main stem_____________________
Gunnison River Basin__~__________~_M_________

Dolores River Bask and lower San Juan River
tributarieS. _ _ _ _ ~,_ _ _ _ h_ _ _ _h _ _ _ _._ _ _ _ _ __ ~ _ ___

San Juan River Bilsln above Sbiprock~__~_~_~_

TotaL ~. ~ ~ ~ ~ _ _ ~ ~ __. _ ~ ~. __ ~ ~. ~ __ _ ~ _ __ _ _ ~ ~ ~

21. 300
3, 600
1, 400

205. 400 450, 000
Jl7. 800 251, 000
67, 200 160, 000

16, 900
6, 400

49, 600

127, 000 288, 000
71, 700 156, 000

689, 100 1. 305, 000

13

Total

676. 700
372, 400
228. 600

431, 900
234, 100

1, 943j 700

I
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LIMITATIONS ON DEVELOPMENT

Even if it were otherwise feasible to irrigate all of the irrigable land
listed in the foregoing table, the surplus water to which Oolorado is
entitled would not be sufficient for the purpose. Actually, there are

some physical and legal barriers to full development and a large part
of the area could not be brought under irrigation without going far
beyond all reasonable standards of cost per acre of new land.

This is evidenced by the results of the investigations which the
United States Bureau of Reclamation has conducted during the past
10 years in a search for feasible projects. These include 20 pro~ects
in the drainage basin of the main stem of Oolorado Riv.er, 18 projects
in the Gunnison River Basin, and 4 projects in the southwesterly
portion of Oolorado. The aggregate area of these 42 projects is
almost 600,000 acres, including about 250,000 acres of land now under
ir'rigation to which supplemental water would be supplied. The area

of new land is thus slightly less than 350,000 acres. The total cost

allocable to irrigation is estimated to be $ 345 million.

Subsidies for main stem projects
In that part of the drainage basin of Oolorado River above the

confluence of Gunn.ison River there are 20 irrigation projects which
have been or are soon to be reported on by the Bureau of Reclamation.
These vary in size from about 2, 000 acres to more than 60, 000 acres

in extent. The total project area is 263, 000 acres, of which 166, 500
acres is new land and the balance is land now under irrigation to which

supplemental water would be furnished.
Construction costs chargeable to irrigation would be $ 177 million;

an average of $674 per acre spread over all of the land in these proj-'
ccts. Such costs on individual projects would range from a little less
than $.100 per acre in the case of one, designed to receive water from

storage but not charged with any cost of storage, to some costing more

than $ 1,000 per acre.

The required subsidies, disregarding the subsidy arising out of waiver
of interest, would be more than $ 200 per acre with one exception,
would exceed $ 300 per acre for one project if more than 65,000 acres

were included, and would reach $ 500 per acre if as much as 160,000
acres of .new land and lands given supplemental service were incor-

porated in new projects. Such subsidIes would exceed 80 percent of
the construction cost with two minor exceptions and would exceed
90 percent on 12 of the projects.

It must be recognized that waiver of interest constitutes a large
subsidy even though this has been customary throughout the history
of Federal reclamation projects. Actually, when the farmer is obli-
gated to repay certain costs over a long period, such as 50 years, he in
effect amortizes only about half of the cost which he is called upon to

repay without interest. Hence, the required subsidy to be paid out of
revenues of the United States obtained by taxatIon of its citizens

directly, or indirectly by diversion of other revenues requiring off-

setting taxation, will be substantially greater than the amounts cited.
These subsidies are also based on the total area of land in new

projects of which more than one- third is now ir'rigated. Such supple-
mental lands will require less water and will cause less depletion,
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gener~lly in the order of one-half of the depletion resulting from the
service to new lands. If, therefore, one-half of the area of the lands
given I;lupplemental service be added to the area of new lands in each
project, the subsidies required for new land or its equivalent can be
computed. The effect of doing so and of including the subsidy due
to waiver of interest is shown in the following tabulation:

Subsidies for Gunnison River projects
A totail area of 189,000 acres is included within the 18' projects in

the Gunl.)ison River Basin investigated by the Bureau of Reclamation
during the past 10 years, of which about one-half is land now being
irrigated lbut which would be benefited by the delivery of supple-
mental Witter or regulation of existing supplies. The total construc-
tion cost : chargeable to irrigation would be $ 90 million, an .average
of $476 per acre of all land included in these projects.. .

The required subsidy, disregarding the subsidy arising out of waiver
of interes~, would be less than $ 200 per acre in the case of only 3

projects having an aggregate area of about 20,000 acres. Subsidies
exceeding :$300 per acre would be required to expand the area to
60,000 acres, and if as much as 150,000 acres of new land and supple~
mental service land were included in the projects, some subsidies
would have to be as great as $ 500 per acre. The Bureau of Reclama-
tion estiml\,tes that III the case of seven of these projects the water

users could not pay all costs of operation and maintenance~
When th,e subsidy due to waiver of interest is added, the relation

between the required subsidy per acre of new land or its equivalen.t
and the re$ulting depletion of the contribution by Gunnison River
to the total flow. of Oolorado River is as shown on the following table:

Relation of subsidies to depletion, main stem of Colorado River

Total area of
new land or

equivalent

Maximum subsidy per acre of new land or equivalent:
200._______._.__.__.____._._.__..____.______._____.__.______.____.__
400_ _... _ _. _. _' _ _____.. ___. _. ___ _ _ _ _____ _ __.. _ _c_ ____. __.. _ __ _. ____.

600. _ _ _ c_ _' _ _ _ __ ______ _. ____ _ ____ _ _ _____. _ ___. ___ _. m ___. _ __ _ _ _____

BOO___.._____._.._.______._____.____...____________._____..___.___._
1,

000__+ __ __ _ __ __ _ ___ __ ___ ___. ____ __ _ __ __ _ __ _ _ __ _ __ __ _ ___ ___ __ _____

Acres
7, 000

62, 000
113, 000
130, 000
140, 000

Relation of subsidies to depletion Gunnison River Basin

Resulting de-
pletion of

streamflow

AcreMfeet pcr
year

10, 000
87, 000

158, 000
182, 000
196, 000

v,

1,,">
r

r

Total area of Resulting de- . ,~ .
new land or Eletlou of <.
eqUivalent s reamftow :-'

Acres
Acre-Ieet per

year
6, 000 8, 000

27 r 000 38, 000
86, 000 119, 000

125, 000 175,.000
140, 000 196, 000

Maximum subsIdt per acre of new land or equivalent: .
200_.____._.____._._.___._.__.______________,____.____.__..____,____

400_.__.._.__:______._________._._____.____._.._____________________
600_______.._.,_._.___._._.____.____________________.____._..__.__..

800____._.____.__._.._._____.______._.___._.______._____.__.___.__._
1, 000___ _ _. _._.:. _ __ __. _' ___ __ _ _ ___. _ _ _ _ __ _. _ _ _ _ __ ____ .__.: __. _ ____ __

f."
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Required subsidies on southwestern projects'
Sufficient studies by the Bureau of Reclamation have been completed

on four projects in the southwestern portion of Oolorado to determine
the construction costs and the portion of such costs which could not
be paid by the water users. The total cost of these projects would be

a;lmost $ 78 million, equivalent to an average of $536 per acre spread
oyer 145,000 acres, of which 38 percent is now irrigated.

fhe rel~tion between the total.subsidy, including that arisi.ng from
waIver of mterest, and the depletIon of the flow of Dolores RIver and

iJ,

t.
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San Juan River resulting from development of these four projects,
would be as follows:

Total area of
new land or

equivalent

Resulting de~
pletion of

streamflow

Maximum subsidy per acre of new land or equivalent:
200_'__._.__..___.__.______.__.__._.._.__________.__._.._._.__._____
400__________.__.____.._.__._.__.__._____._.__.__._..___..____.__.__
600.....__.._.____..____..__.___.__._.._____..__._.._______...._._._

800_ _ ~____ nn___ .n____ _. _ ___ _____ _____ .___ _ .__n _____ _ __ ___. . _____

l,OOOj..._~_.____.~__________________________________________________

Acre-.feetper
year

20, 000,
105, 000.
140, 000
154, 000
161,, 000;

Acre8
14, 000
75, 000

100, 000
110, 000
115, 000

No other projects are possible in the Dolores River Basin and
adjacen,t portions of the San Juan Basin because those considered
would require the use of substantially all of the flow of Dolores River
and the. tributaries of Sitn Juan River which enter it below Shiprock.

Due to the limitations of article XIV of the upper Colorado River
Basin compact, there is little room for increasing the irrigated area

elsewhere in San Juan Basin except for the potential Animas-La Plata
project. . Studies now being carried on by the Bureau of Reclamation
relative to the use of Animas River have not been completed but the
essential'data have been made available. The lands to be served in
Colorad~ would be limited to about 62, 000 acres and the estimated
resulting:depletion would be 87, 000 acre-feet per year. Other land in
New Me~ico could be included. The project would involve at least
one storage reservoir and an expensive canal from Animas River into
La Plata. River Basin, so that the costs of construction would be large.
It is a.1mqst certain that the project would be infeasible if lands in
New Me~ico be .not included and its feasibility is deemed doubtful
even in such event.

At least) t may reasonably be assumed that depletions of the flow of
San Juan River and Dolores River could not be 50 percent greater
than the depletions given in the foregoing table in relation to subsidies
of different magnitudes.
Projects in :Green River Basin

No recent investigations have been made by the Bureau of Rec-
lamation to. determine the amount of land which might be included in
irrigation projects in Green River Basin in northwestern Colorado.
This area was covered, however, in the investigations leading up to
the report s\lbmitted in 1946 by the Commissioner of Reclamation to
the Secretary of the Interior. The potential projects were also out-
lined generally on the land classification maps of the Preston Survey
and most ofthem were visited during the course of our investigation.
We believe that there are sufficient data to determine within reason-.

able limits the ext,ent to which the flow of Yampa River, White River,.
and other tributaries to Green River may thereby be depleted.

The total ,area of irrigable land in Colorado within the drainage
basins of Yampa River, White River, and other tributaries of Green
River is estimated to be less than 700,000 acres, of which two- thirds
is class 4 land suitable only for pasture. Three-fourths of the total
IS within the drainage basin of Yampa River; 48 percent of this is in
the basin of Little Snake River and about 25 percent is on high benches.
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south of Yampa River and in Axial Valley between Yampa River and
White River. The remainder of the irrigable land in Yampa River
Basin is scattered along tributary streams and near the headwaters.
Almost 60 percent of the land possible of irrigation in White River
Basin lies in upland valleys north of White River and within 40
miles of the State line. Most of the remainder is adjacent to presently
hTigated lands in the vicinity of Meeker.

These lands in northwestern Colorado are generally between
6, 000 and 7, 500 feet above sea level and the growing season would
be relatively short. Large storage reservoirs would be needed for
any material expansion of the presently irrigated area, particularly
ll,S to lands served from Little Snake River. Each of the major proj-

ei:lts that might be built would also require long and expensive canals to
reach the lands and the costs of distribution facilities would be larger
than for existing irrigation projects.

i It is evident that conditions are no more favorable to expansion
of irrigation agriculture in Green River Basin than elsewhere on the
western slope. In the case of the main stem of Colorado River, the
total area of new land included within the 20 projects studied amounted
to less than 45 percent of the total area in the basin found to be

irl'igable but not now under irrigation. ' In Gunnison River Basin,
a little more' than 40 percent of all irrigable land not now irrigated
w~s included in the 18 projects considered as possibly feasible.

f the relationship between the maximum subsidy per acre of
new land and the corresponding area of new land included in irrigation
projects in the Colorado River and Gunnison River Basins be applied
to ,Green River Basin, and if such subsidies were to be limited to

6QO per acre, only one- third of the total irrigable land not now

irrigated could be supplied with water; if such subsidies were limited
to $ 400 per acre, the proportion would be only one-seventh of the
total area of land found to be irrigable. The stream depletion for

varying maximum subsidies would then be as follows;

Relation of subsidies to depletion, Green Rioer Basin

e"'. .

Total area. of
new land or

equi\' alent

Resulting do-
pletion of

streamflow

MBXiolUID subsidy per acre of new land or equivalent:
200 _ ___h.__.. _._ __ _. ____.. _. _h _ _. ___ __ _.h ____. _ _. _ ___.. _ __ _ h ____

400__..__.__.__.____._______..______._.._.________.__.__.._.____.._.
600_ _.. __.. _ ___ __ ___ _ .__. ___ h___h ___.. _ __ _ __ ___ _. _ ____ ___' ____ _ ___

800 .... __. _ h___no_ _ _______ __n _. _ ____ _ _ ___ _ ____ __ __. _ _ __ _ _ _ __ _ _ ___

1, 000____ ___h ___ h__ _ _____ _n ___. m' h _ ___h __._ _____ ______ h_ _ ____

Acre-feet per
year

21, 000
136. 000
312, 000
395, 000
440, 000

Acres
15, 000
97, 000

223, 000
282, 000
314, 000

In' general, there is no likelihood that the required subsidies to

irrigation would be less in the Green River Basin than for the projects
incluiling more land elsewhere on thewestern slope. On the contrary,
it probably would be disclosed by detailed investigations that even

greater subsidies would be required.
Probable limit oj depletions

No definite limit can be placed upon the depletion of the flow of
Colorado River at Lee Ferry which may result from expansion of
irrigation agriculture on the western slope. The area of land which

1.
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may ge brought under irrigation will depend upon the degree to which
new projects will be subsidized.

o Should such subsidies be limited to $200 per acre of new land or its

equivalent, then the resulting depletion of the stream flow would be
W no mOre than 100,000 acre-feet per year. Should subsidies of $ 400

per acre of new land or its equivalent be given, the resulting stream

depletion would be a little more than 400,000 acre-feet per year.
o Should: subsidies as great as $ 600 per acre be permitted, the resulting

stream depletion at sites of use might reach 800,000 acre-feet per year.
If there should be no limit upon subsidies to irrigation, then the entire

surplus available to Colorado could be consumed by irrigation of new

lands.
Thesf3 limiting depletions include no allowance for conflicts between

land uses for agriculture and industry. . At least three of the potential
irrigatibn projects along Colorado River in the vicinity of Rifle cannot

be built if there is to be any commercial development of the oil-shale
reserves.

POTENTIAL INDUSTRIAL USE

Many; years have elapsed since people began to talk about estab-
lishment of major industries on the western slope of Colorado and

many more years may elapse before this becomes a reality, but
the time: could be relatively short. Such developments depend upon
and must await utilization of the tremendous oil shale deposits along
Colorado River. Whenever it becomes commercially feasible to

mine and process these deposits for oil, great quantities of gas will
become 4vailable as fuel for generation of power, and there will be

many other byproducts usable in chemical industries.

OIL SHALE DEVELOPMENT

The richest and most extensive oil shale deposits in the United
States are in Colorado between White River and Colorado River
northwest, of Rifle. They are in almost horizontal strata near the top
of the higl\l. plateau and are exposed along the face of the Roan Cliffs.

It is es~imated by the United States Bureau of Mines that these
oil shale d;eposits cover an area of approximately 2, 500 square miles
and that an average yield of 15 gallons of shale oil per ton of shale
could be obtained from beds aggregating 500 feet in thickness. About
1, 000 square miles of the total area has already been explored by core

drilling and other tests. The Bureau of Mines estimates that approxi-
mately 100 million barrels of shale oil could be produced from each

square mile' of the Mahogany Ledge, a section less than 100 feet thick,
which assais about 30 gallons of shale oil per ton of shale. There can

be no doubt that the reserves are more than sufficient to support
mining operations at the maximum conceivable mte for several hun-
dreds of years. .

Processing of oil shale

Processing of such shale oils is not something which is untried; on

the contrary, it is being done commercially in other countries. In
Colorado the Bureau of Mines has been carrying on extensive tests

and has built and operated pilot plants near Rifle to determine the

process most' suitable for the development of this resource.

s~ .
Ti



I'

o

t.,

20 DEPLETION OF SURFACE WATER SUPPLIES

About 500, 000 tons of oil shale have been mined during the period
of investigation, taking advantage of the fact that the rich beds are

exposed along the face of the cliffs several thousand feet f,lbove the
level of Colorado River. In general, the mining process developed
here consists of driving a. series of headings, each 60 feet in width by
about 40 feet in height, with cross connections so as to leave a suc-
cession of pillars 60 feet square with 60 feet clear space between them.
Alternate rows of pillars are staggered to provide better support for
the roof and freer access to all parts of the mine. The next step has
been to remove about 35 feet more in depth by benching operations.
The blasted material is loaded by power shovels into large trucks and
hauled outside to the crushing plant. More efficient means may be
developed for mining the oil shale, but it has been demonstrated that
this can be done safely and economically and at any desired rate of
production.

When the oil shale is brought out of the mine it is nothing but
broken rock impregnated with organic matter. This rock must be
crushed to suitable sizes before it can be started through the refining
process. The crushing plants for large-scale operations would probably
be located close to the openings of the mines.

The first step in the refining operation is known as " retorting" and
Consists essentially in driving off the volatile matter with heat under
controlled conditions, the heat being supplied by burning the oil
ghale itself. Various types of. retorts have been used in the test
operations and the one now under test approaches the size which
clould be used commercially. Such retorts would naturally be located
riear the mine headings and just fa,r enough in elevation below the
crushing plants to permit gravity feed. .

i Sha,le oil is somewha,t similar to very viscous and impure crude oil
llind it could not be tmnsported more than a few miles economically.
Refining of the shale oil could be limited locally to reducing the
viscosity enough for pipeline transportation, or complete refining'
C9uld be undertaken to produce ga,soline and all other products
cllstomarily obtained from natural petroleum. Neither is proba,ble;
it' is the present belief of those best informed that gas oil would be
produced locally and that this would be carried through pipelines to

existing refineries on the Pa,cific coast or elsewhere close to the con-

s1.lming ma,rket.
Should the rate of production of shale oil reach 1 million barrels

per day, the spent shale from the retorts would occupy a space .of
about 300,000 acre- feet in each. year. Fortunately, physical condi-
tions a,re favorable to the disposal of such wastes. The richest de-
posits are about 3, 000 feet above the elevation of Oolomdo River
from which deep tributary canyons extend back into the plateau.
Many millions of acre-feet of storage capacity are thus locally avail-
able for the accumulation of wastes; eventually, however, it would be
nepessary to dispose of the spent shale by backfiling worked-out
portions of the mines.

large volume of gas would be produced at the oil shale retorts.
This gas would have a heat value of only about 10 percent of that of
natural gas and thus could not economically be transported any great
distance. However, it could be used advantageously as fuel in refining
oPlirations and for the prod1.lction of power at plants in the valley
of :Colorado River adjacent to the oil shale deposits. Other gas

Y'
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would be produced at the refineries and this could be used for domestic
o purposes as well.
J Coke,. sulphur, and anhydrous liquid ammonia would be the prm-
W cipal byproducts resulting from partial refining of shale oil. The

Nationa~ Petroleum Council, after very thorough study, estimated
that almost 24, 000 tons of coke, more than 800 tons of sulphur, and

f~ between 1, 500 and 2, 000 tons of anhydrous liquid ammonia would be
produced in the processing of 1 million barrels of shale oil.

Costs oj d,evelopment
It is claimed by those most concerned with the development of the

oil. shale reserves that the cost of producing gasoline, diesel oil, and
other products from oil shale and delivering these .at points of distri-
bution in California would be very little more than present costs of

producing' the same products from crude petroleum. It is claimed
further, and the contention seems to be borne out by available data,
that the cost of gasoline made from crude oil obtained from new fields
is actually more than the cost which would be incurred in the mining
and refiniIlg of oil shale. The natural question is: If such be the case,

why has shale oil not yet been produced commercially? The answer

lies in the tremendous capital investment required to constmct plants
of the capacity necessary for economical operation.

In the development of natural petroleum resources large capital
investments are made per barrel of finished product, but such invest-
ments can 'be made progressively. The output from one well can be
hauled to an existing refinery in tank trucks. As additional wells are

drilled and' the output becomes too great for this type of transporta-
tion, then a pipeline can be built. Finally, when the development
becomes large enough to warrant construction of a new refinery, then
this can be 'done.

In the case of oil shale, howe'ver, no greater total iEcstment would
be required ,but development in successive stages would not be prac-
ticable. Tlie minimum economic unit of shale oil production is
evidently a~ out 50, 000 barrels per day, and the cost of the required
facilities would be about $ 300 million. It is apparent that no one

oil company is going to commit itself to such an expenditure so long
as it can obtain crude petroleum at a reasonable price, even if this
involves imports from foreign sources. It may be that several oil
companies w'ould band together and make the required initial capital
investment, and it is not unlikely that the Department of Defense
might subsiqize such a development in the interests of national
security.

Whenever the first commercial plant be built and the economic
value of it be demonstrated, the rate of production of shale oil then
will be limited only by the market for the resulting products. The
production of 1 million barrels of shale oil pel' day is well within the
range of probability and twice that rate of production can be visualized
without straining the imagination.

1.' .,',

OTHER INDUSTRIES

It is inevitable that other industries will follow any commercial
shale oil development without much delay. The principal motivating
factors will be: abundant cheap fuel for power and byproducts usable
economically by the chemical and related industries.

I
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The largest single item of cost in the production of electric energy,
except from hydroelectric plants, is that of fuel. Gas of relativelylow but usable heat value will be produced in great volumes at oil
shale retorts. These fuel gases would have to be wasted if theycould not be used for the production of power in the immediate area.
Additional gas of high heat value will be produced as a result of
refining operations; this byproduct could be piped elsewhere but
could be used most economically in areas near the refineries.

Chemical industries making use of the byproducts from the .process-
ing of oil shale could well be so extensive that the capital investments
and payrolls would exceed those required for the oil shale industryitself. Such developments would in turn attract other industries for
the manufacture of products used in the basic industries. All in all,
while we cannot subscribe to the concept of an industrial development
rivaling any other in the United States, we can foresee a degree of
ind~strialization that would dwarf the agricultural economy of the
regIOn.

PROCESSING OF COAL

There are many who visualize similar industrial developments
resulting from the processing of the great coal deposits in western
Colorado. Although this is within the realm of possibility, it is highly
improbable because of economic obstacles.

Coal is widely distributed throughout the United States, much of it
within a few hundred miles of the center of population of the entire
country and equally close to established chemical industries. The
deposits in western Colorado are remote from major centers of popula-
tion. Furthermore, the cost of gasoline and related products made
from coal would be so much more than the cost of obtaining the same

products from shale oil that the use of coal for such purposes to supply
the Pacific coast market would be a last resort.

In brief, while processing of coal is probably inevitable on a large
scale in the United States, there is little likelihood that more than a
few small plants will be builtin western Colorado. This will not
preclude mining of coal for fuel or coke to supply industries in the area.

POPULATION INCREASE

There can be no substantial development of industry without a

corresponding increase in population. Labor will be required to oper-
ate the mines from which oil shale is obtained, more labor will be
engaged in refining operations, and each industry attracted to the area
will likewise employ labor. The families of these men will swell the
population. In the communities which will be needed to house those
working in industry there will have to be many other people engaged
in trade and in service occupations. The total population, based on
ratios prevalent elsewhere, can be expected to be about six times as

great as the number of persons actually on industrial payrolls.
Various estimates have been made of the personnel required to

perform various steps in the processing of oil shales. These range
from about 47, 000 persons to 64, 000 persons required for III 1 million
barrel per day industry, but the 2 most recent estimates indicate
50,000persons for 1 million barrels of daily capacity. If this value be
multiplied by 6, a total population of 300,000 persons would be directly
supported in the area by the oil-shale industry.

v
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Equally definite estimates cannot be made of the personnel which

might be employed in other industries. If allowance be made for
another 50,000 persons on industrial payrolls, an additional 300,000

population would have to be considered in computations of water

needs.
The round figure of 1 million additional persons on the western

slope should be enough to provide ample margin for greater shale-oil

production' and for all industrial developments which need be

anticipated.

DIVERSION .REQUIREMENTS AND STREAM DEPLETION

Failure to distinguish between. rates of diversion of water and
strearn;flow depletion resulting from industrial developments has been
the SOT,lrce of much misunderstanding. All possible requirements of

industty for the diversion of water could be provided for by the
construction of suitable physical works. Streamflow depletion, on

the other hand, involves the legal limitations imposed upon Colorado

by interstate compacts. The diversion requirements of industry
may be. very large, but actual depletion of the flow of Colorado River
at Lee Ferry will be relatively small.

Oil-shale processing
MinUig operations will naturally require very little water. This is

fortuna~e because the cost of pumping water up to the mines would
be high.' Estimates range from less than 5, 000 acre-feet per year to

almost 10, 000 aci'e- feet per year for shale-oil developments aggregating
1 million barrels per day. The most recent and probably the most

accurate: estimates are about 5, 000 acre-feet per year for this output
of shale oil.

VariouJl estimates have been made by the United States Bureau of
Mines, tl).e National Petroleum Council, and others as to the quantity
of water that would be consumed in retorting oil shale. These range
from an estimate of an actual gain .to as much as 170,000 acre-feet

per year :of streamflow depletion for an output of 1 million. barrels

daily of shale oil. . This large value is based upon a retorting process

requiring \water, There are two basic reasons why this process would
not be us'ed on a large scale: First, the retorts would naturally be
near the mines, approximately 3, 000 feet above the level of Colorado
River, so : that the cost of delivering water to the retorts would be
excessive;' second, the process requiring water would result in the
waste from retorts being saturated, which would make it impracticable
to dispose of the spent shale in the tributary canyons to the depth
necessary to accommodate mining operations for an extended period
of years. , The best estimates are that the actual consumption of
water in the retorting process will be nominal and in any event will
be less thlin 20,000 acre-feet per year for an output of 1 million
barrels daily of shale oil.

Refining ;operations may require the diversion of more than 150
cubic feet of water per second, but the actual consumption of water in
the refineries will evidently not exceed 50,000 acre-feet per year for
the processing of shale oil at the rate of 1 million barrels daily.
Other uses i~ industrial areas

Various es~imates havebeen made as to the needs of other industries
for water and of the quantity of water which would have to be pro-

i::
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vided to serve the increased population. In one case, it was stated
that these requirements would be equivalent to the average flow of
Colorado River at Rifle, from which the erroneous conclusion was drawn
that industrial development of the area would be throttled if any more

water were diverted from the river for other purposes. The writer of
this statement was actually referring to diversion requirements which
could be satisfied from storage reservoirs and no allowance was made
for the very large proportion of the water diverted which would return

to the stream system for satisfaction of Colorado' s obligations to

deliver water at Lee Ferry in common with the other upper basin
States.

Future depletions caused by industrial and domestic uses of water

lan best be determined from experience in major industrial centers in
the West where the quantity of water produced for use is measured
accurately and the quantity returned through sewerage systems is
likewise known. .

In the 12- month period ending June 30, 1950, the total quantity of
water produced for use in Los Angeles and the contiguous cities of
Glendale, Burbank, Beverly Hills, and Santa Monica was 444, 900

acre-feet. The outflow through the sewage-disposal plant which
serves these 5 cities was 218,460 acre-feet in the same year, leaving
226,440 acre-feet unaccounted for by measured return flow. The

population of these cities, according to the 1950 census, was 2, 245, 264.

The water unaccounted for was thus 1 acre- foot per year for each 10

persons. The actual consumption of water was even less than that
indicated because the San Fernando Valley portion of the city of

Los Angeles, with a population of about 500, 000, is largely'uDsewered,
ahd the return from domestic uses in this area allgments the ground-
water supplies from which a considerable part of the total water

production is obtained.

Recently, a sewerage system was completed to serve the cities of
Alameda, Albany, Berkeley, Emeryville, Oakland, and Piedmont in
the San Francisco Bay area. During the months of June and July
1953, a total of 156, 400 acre-feet of water was delivered by East Bay
Municipal Utility District to consumers in these cities, and during
the same months 111, 700 acre-feet were discharged through the sewet

system. The quantity of water unaccounted for was thus 44, 700
a~re- feet, which was 29 percent of the total production. . The gross
annual requirements in the east bay area, including all industrial
uses, are in the order of 1 acre- foot of water for each 5 persons, so that
the unit consumption must be about 1 acre-foot of water per year for
each 15 persons.

Comparable consumptive uses of water were found to be character-
istic of the area served by Denver. Records furnished by that city
for the 5 years from 1946 to 1950, inclusive, showed an average
diversion for municipal purposes of 107, 000 acre-feet pel' year and
returns through the sanitary sewers which averaged 68, 000 acre-feet

per year. This leaves 39, 000 acre-feet per year as the apparent con"

sl1mption of water. The average population during the 5 years was

about 460,000 persons, so that the rate of depletion was only 0. 085
acre-foot per year pel' capita, equivalent to about 12 persons pel' acre-

foot of water per year.
The east shore of Sll.n Francisco Bay is highly industrialized and so

is I,os Angeles and the contiguous cities of Glendale and Bu:rbank. d
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The i population of the east bay cities is approximately that for
which provision should be made on the western slope and the popula-
t.ion of, t.he Los Angeles area is very much great.er. It. is reasonable
t.o assume, therefore, that while diversion requirements for indust.rial
and municipal purposes on t.he west.ern slope of Colorado may be quite
large, t.he act.ual consumption of water resulting in depletion of stream-

flows sh.ould not exceed 1 acre-foot per year for each 10 persons.
In other words, allowance for the consumption of 100,000 acre- feet

per yeat in addition to the actual consumption of water in the mining
and processing of oil shale should be ample to cover all other industries
and the,uses of the population supported by all industries.

It is t<hus unlikely that stream depletions resulting from full indus-
trialization will amount to more than 200,000 acre-feet per year; allow-
ance for depletions aggregating 300,000 acre-feet per year would cer-

tainly provide ample margin for any conceivable development stem-

ming fro.m processing of the shale oil reserves, and be enough to cover

any probable use of the coal deposits.

NEED FOR STORAGE OF FLOOD WATERS

Undllrpresent condit.ions, very lit.t.le water would be available during
the irrigation season to satisfy the diversion requirement.s of industry.
The nat.ural flow of the rivers is already being used to its utmost to

serve lands under irrigation, except during the winter months when
t.he demand for water is insignificant and except during the period of
snow melt when the rivers are in flood. Hence, conservation of flood
flows by storage in reservoirs will be necessary to satisfy even a small
industrial' demand.

The only existing reservoir which might be used for this purpose is
Green Mountain Reservoir on Blue River constructed by the United
States as part of the Colorado-Big Thompson project. The diversion

requirements of the oil shale industry itself might be satisfied by re-

leases from this reservoir but the far greater requirements of the other
industries' could not be so met. The additional storage reservoirs
which will: be needed do not have to be located upstream from Rifle;
on the cOI~trary, there would be considerable advantage in having a

large reservoir in the immediate vicinity of the potential industrial
area.

Opportunity exists for the creation of a suitable reservoir by con-

structionof a dam in De Beque Canyon at the lower end of the valley
within which the industrial development would presumably be cen-

tered. Diyersion requirements of such industries could be satisfied

by the withdrawal of water from the reservoir without regard to the
inflow at the time. Return waters, except the very small proportion
which might be unduly contaminated by chemical processes, could be
returned to the same reservoir without waste downstream. All
irrigation requirements in the Grand Junction area could be satisfied,
without corltlict with any other use, by the release of water from the
reservoir, and the average quality of the irrigation water would be
somewhat improved over that )Jow available in the summer months.

lt is recognized that the cost of construction of such a storage
project would be large, primarily because of the necessity of relocating
the trunk h~ghway and railroad which now follow Colorado River.
This! cost, however, would be insignificant in comparison to the

i~.
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tremendous capital investment which must be made to industrialize
the region and which will not be made until there is assurance of ample
water.

FUTURE TRANSMOUNTAIN DIVERSIONS

The supply of waterfrom Colorado River which was allocated to Colo~
rado has already been depleted to the extent of 388, 000 acre-feet per
year because of transmountain diversions; commitments for increased
diversions through existing facilities would bring the total up to
503, 000 acre-feet per year. Although there are few opportunities
for the diversion of still more water across the Continental Divide,
a very large quantity of water could be taken if there were no legal
nor economic barriers to these potential projects.

The proposal of Denver to divert the waters of Blue River into
the South Platte drainage basin is now in litigation in both the State
and Federal courts. No opinion can be expressed as to the legal
rights of Denver or any other agency to make new or increased trans-
mountain diversions.

New transmountain diversions will be limited generally to the
headwaters of the main stem of Colorado River and to the Gunnison
River drainage basin above the head of Black Canyon. Some water
could be diverted from Yampa River into the headwaters of North
Platte River but this is improbable because the use would be only
for agricultural purposes. Neither White River nor Dolores River
extends back to the Continental Divide. Allowance has already been
made for existing and authorized diversions from San Juan River
into the head of Rio Grande.

7

s

DIVERSIONS FROM COLORADO RIVER . llASIN

Transmountl1in diversions through existing facilities above Hot
Sulphur Springs could be 400,000 acre-feet per year. This is about
350,000 acre-feet in excess of the diversions which were made during
the years 1939 to 1949, the period of less than average runoff which
determines the safe yield of the stream. This safe yield,' !tfter reser-

o voir evaporation losses, is only 420, 000 acre- feet per year, leaving
about 20,000 acre-feet per year for maintenance of a. live stream,
Hence, there is no opportunity for, increasing transmountain diver-
sions from the watershed of Colorado River above Hot Sulphur
Springs except to the extent of the allowances already made for
present and committed uses.

Two plans for transmountain diversions from Blue River and
o adjacent streams have been advanced. The United States Bureau
of Reclamation contemplates the diversion of 430, 000 acre- feet per
year, which would be obtained from Blue River and Williams River,
augmented by diversions into Blue River from Eagle River and other
streams on the west side of the Gore Range. The city and county of
Denver proposes the diversion of 177,000 acre- feet per year from
Blue River and Williams River alone. It would be physically possible
to carry out either of these plans, but not both.

Colorado Springs is already taking water out of the basin above
the proposed points of diversion from Blue River. Hence, the fore-
igoing estimates of the Bureau of Reclamation and of Denver may
have to be reduced about 17,000 acre-feet per year.
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A bill is now before the Congress to authorize construction of tl;te
Fryingpan-Arkansas project which would involve the diversion of
about 72, 000 acre- feet annually from Fryingpan Creek, a tributary of
Roaring Fork, into the headwaters of Arkansas River. This would 1:>e
physically feasible.

Economic factors
Colorado Springs is paying for its transmountain diversion works.

The city and country of Denver now states that it is the intention
to finance the construction of the works in its plan in the manner
customarily followed 1:>y municipalities making additions to water
systems. Hence, subject to the legal rights of these communities
and other municipalities, depletions approaching 200,000 acre-feet
per year may be made without subsidies by the Federal Government.

Transmountain diversions for other purposes, however, will requh:esubsidies. For example, when the Colorado-Big Thompson project
was undertaken for the diversion of water across the Continental
Divide, contracts were entered into by the water users which limited
their obligation to the then estimated costs of works allocated to
irrigation. The intent was thus to limit the subsidy to that arising
out of the waiver of interest. However, costs of construction were So
much greater. than those originally estimated, due to inflation and
other causes, that the actual subsidy will be substantially more than

200 per acre of land furnished supplemental water. .
In the case of the Fryingpan-Arkansas project, the total estimated

cost at present price levels is $ 172, 898,000 of which $ 75, 128, 000 i~
allocated to irrigation. Total payments aggregating approximately

43 million are expected to be made for water during a period of 69
years, which would amortize about $20 million of the cost allocated
to irrigation. The gross subsidy to irrigation will thus be $ 480 pet
acre spread over the 114, 500 acres included in the area to be supplied
with supplemental water. Under the proposed plan of' financingmodified Collbran formula), about $ 32 million of the total subsidywill be paid out of net power revenues and net revenues from water
delivered to municipalities. About 60 percent of the total subsidy
to hTigation will thus be borne by the municipalities and power con"
sUIDers in the trade area. .

Should the Blue-South Platte project of the Bureau of Reclamation
be undertaken in lieu of the plan proposed by Denver, much greater
subsidies to irrigation would be necessary. The costs allocated to
irrigation are estimated to be $ 236 million at 1947 price levels. The
area of land to be supplied with water is given as 347, 000 acres. The
average cost at 1947 prices is thus $ 680 per acre; at present price
levels, the unit cost would be close to $ 1, 000 per acre. In its pre-
liminary financial analysis, the Bureau of Reclamation has assumed
that payments for water directly and through taxes levied on the
land would amount to about $97 million in 61 years. Such payments
would amortize about $45 million so that the actual subsidy to irri-
gated land would be more than 80 percent of the cost allocated to'
irrigation. At 1947 price levels this would be equivalent to $550 per
acre; at current price levels the subsidy per acre of agricultural land .
would be about $ 800 per acre if the repayment capacity be 1, aken,
as that determined 5 years ago. .

co-"

t,:. ~.

t.



I
i'

I

o
I':"")

W

c,Q

I
I

28 DEPLETION OF. SURFAC.E WATER SUPPLIES

DIVERSIONS FROM GUNNISON RIVER BASIN

No significant diversions have yet been made from Gunnison River
Basin for the benefit of lands east of the Continental Divide, but
various plans have been advanced for large transmountairr diversions.
The United States Bureau of Reclamation is now considering means
for the diversion of most of the surplus water in Gunnison River
above Black Canyon. One such plan would involve a re~ervoir with
a capacity of 940,,0,0,0, acre- feet at the Curecanti site and l1 tunnel 60,
miles long from this reservoir to a point on Arkansas River near Salida
for the diversion of 50,0,,0,0,0, acre-feet per year. .

The critical period that determines ~he safe yield of GunJ;lison River
was from 1930, to 1949. A reserVOIr of about 2 million acre- feet
capacity ,:,,"ould be required to carryover a similar period Of 19 years,
and the YIeld for all purposes would be about 1 10,0, 0,0,0, acre- feet after
allowances for reservoir evaporation losses. If 'the gross demand were

reduced 10, percent, only a little more than 1 million acre-feet of stor-
age would be required at this site. This would seem to be the prac-
tical limit of the quantity of water which could be relied upon to
satisfy irrigation uses and transmountain diversions. Such irrigation
uses of this water in the Uncompahgre Valley already amount to
about 40,0,,0,0,0, acre-feet per year. Another 100,,0,0,0, acre- feet may be
needed to provide for increased consumption in the basin a90ve Cure-
canti and for extension of Uncompahgre project. Henc'e, 50,0,,0,0,0,
acre-feet per year is about the physical limit on diversions from Gunni-
son River Basin into the Arkansas River.

Preliminary estimates indicate that the total cost of a project for
the diversion of 50,0,,0,0,0, acre-feet annually would be close to $ 80,0,
million, of which more than $ 50,0, million would be chargeable to

irrigation. It is assumed t~at ~aa, aaa acre.s C?f land in the Arkansas
Valley would be served whICh IS not now IrrIgated, and that about
20,0,,0,0,0, acres more would benefit by use of return waters. : The gross
cost would thus be about $2, 50,0, per acre if charged against only the
hew land and $1, 250, per acre if spread over all the land to be benefited.

In its preliminary estimates of revenues, the Bureau of R~clarnation
assumed that $278 million would be received from the sale of water
to irrigators during a period of 94 years; this would be at the rate of
about $ 6 per acre-foot. Such payments would amortize less than

70, million of the cost allocated to irrigation, leaving a subsidy of
more than $ 2, 0,0,0, per acre if charged against the 20,0,,0,0,0, aeres' of
new land, and still more than $ 1, 0,0,0, per acre if spread over all the
land which might be benefited.

RELATION OF SUBSIDIES TO DEPLETIONS

Further depletion of the flow of Colorado River by tran~mountain
diversions will thus be dependent upon the extent to which new

projects may be subsidized. It is evident that municipalities could
not independently finance all costs of construction of works for the
diversion of more than 20,0,,0,0,0, acre- feet per year. Subsidies to

irrigation under the cheapest project contemplated, involving the
diversion of 72, 0,0,0, acre-feet per year, would be about $480, per acre.

Next in order is the Blue-South Platte project for the diversion of
430,,0,0,0, acre-feet per year, but the required subsidies to : irrigation
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would be at least $550 per acre and more likely would be as much as
800 per acre. The Gunnison-Arkansas project, which might involve

the diversion of 500, 000 acre-feet per year, would require subsidies
to irrigation of more than $1, 000 per acre of all land benefited. .

STORAGE REQUIRE' lV[ENTS

No large transmountain diversion can be made without the use of
a storage reservoir or reservoirs to impound the floodwaters which
would otherwise be unused in Oolorado. .

Such reservoirs will be needed for regulation of floods at or near

points of diversion to permit delivery of steady flows through the
tunnels and other conduits. A second and no less important function
of storage will be the maintenance of the natural flow of the streams
to the extent necessary to satisfy rights of others. .

Floodwaters may be impounded and diverted out of the drainage
basin of Oolorado River under present conditions without danger of
breach of the provisions of section ( d) of Article III of the Oolorado

Ri'V'ffi' compact. The margin is not large, however, because during
the 10 years ending September 30,. 1940, the total flow of Oolorado
River at Lee Ferry was only 101, 510,000 acre-feet. Maintenance of
deliveries of 75 million acre-feet at this point in each consecJltive
10-year period will soon require storage to offset new depletions. It
follows that, when new depletions are made by transmountain diver.,
sions, reservoir capacity for cyclic regulation of the remaining flow
of Oolorado River will be provided in the proportion necessary. . .

OONCLUSIONS

We conclude from review of allavaiJable data and from independent
analyses that: .' . . .

1. All of the 7, 500, 000 acre-feet of water per annum apportioned tQ
the Upper Basin by the Oolorado River compact may not actually b~
available for use because of the requirement that 75 million acre- feet
be delivered at Lee Ferry during each consecutive 10-year period. .

2. 0ompliance with this provision and limiting the carryover in
cyclic storage to the 22 years from 1930 to 1952 would have required
that reservoirs of 21 million acre-feet capacity had been available in
1927 for cyclic regulation and that the aggregate depletion in the upper
basin be no more than 6, 200,000 acre-feet per year.

3. The total of all depletions at sites of use in Oolorado of the flow
of Oolorado River and its tributaries may thus be limited to 3, 100, 000
acre-feet per year.

4. Depletions in. Oolorado under present conditions aggregat~
practically 1, 450,000 acre-feet per year.

5. Oommitments for extension of existing projects and for other
projects authorized would increase present depletions almost 200, 000
acre-feet per year.

6. The present uncommitted surplus which can be relied upon for
use in Oolorado is thus 1, 450,000 acr~ feet per year. .

7. Development of the oil shale reserves in western Oolorado should.
be anticipated and the consumption of water for industrial, municipal,
and other purposes result,ing therefrom may reach 300,000 acre-feet.
per year.
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8. Oonsumptive uses by expansion of irrigation on the western

slope will depend upon the degree to which new projects are subsidized.
Should the subsidy be limited to $200 per acre, the resulting depletion
would be no more than 100,000 acre-feet per year. Should subsidies
of $400 per acre be given, the stream depletion would be a little more

than 400,000 acre-feet per year. Should subsidies as great as $ 600

per acre be permitted, the resulting stream depletion at sites of use

might reach 800,000 acre- feet per year. .'.
9. Depletions by new transmountain diversions will likewise d~pend

upon the degree to which irrigation agriculture may be subsidized.
Some diversions could be financed by municipalities without subsidies,
but these would be limited to about 200, 000 acre-feet. Additional
transmountain diversions for agricultural purposes in any subst!tntial
amount would require subsidies in excess of $400 per acre. Even if

subsidies as great as $ 600 per acre were permitted, the total of all new

transmountain diversions for all purposes would not be more than

300,000 acre-feet per year. . .
10. If subsidies to agriculture at any point in Oolorado .be limited to

600 per acre, future depletions caused by expanded irrigation qn the

western slope and by transmountain diversions would amoullt to

1, 100,000 acre-feet per year. .'
11. If any greater subsidies were to be allowed, the potential deple-

tion caused by consumptive uses in agriculture and industry a:Q.d by
transmountain diversions would be in excess of the supply of water

available to Oolorado.
12. Increased diversions of water for use by agriculture and industry

on the western slope and for transmountain diversions will d~pend
upon the provision of sufficient storage capacity in reservoirs for con-

servation of flood flows and some cyclic regulation; in order that

Oolorado may make full use of the water allocated to it by the, com-

pacts, cyclic regulation of Oolorado River over periods longer' than

20 years will also be necessary.
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