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accuracy or usefulness of any information disclosed herein.

The opinions and conclusions contained in this report are solely
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U. S. Department of Agriculture, Economic Research Service, and do not
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CHAPTER I

INTRODUCTION

The demand for water resources is correlated with the developments
of civilization. There are many competing water users such as irriga-
tion for agricultural production, direct human consumption, industrial
use, mining developments, biological and wildlife requirements, recrea-
tion demands, etc. Scarcity of water resources in the United States may
someday be an even more critical problem than the scarcity of energy
resources.

The Colorado River is a major source of the water supply for the
state of Colorado and for several surrounding states. The utilization
and development of the Colorado River system directly affects (to vary-
ing degrees) Wyoming, Colorado; Utah, Arizona, New Mexico, Nevada and
California. The amount of water that can be used by each state has
always been in dispute. In 1948, the Upper Colorado River Basin Compact
was signed to determine some of the allocations of water quantities. As
examples, according to the 1948 Colorado River Basin Compact, the flow
of the Yampa Riﬁer below Maybell, Colorado, must not be reduced below
five million acre-feet in any consecutive 10-year period, and the flow
of the Colorado River below Lee's Ferry, Arizona, must not be reduced
below 50 million acre-feet in any consecutive 10-year period. Although
the compact is rather specific on the amount of flows, the direct conse-
quences of the compact on the amount of water available to the State of
Colorado is difficult to determine because the amounts of flows from

various watersheds fluctuate greatly from year to year.



Thus, the main scope of this study is to investigate the variation
of the unutilized water supply from the Yampa River and the effect of
the Upper Colorado River Compact on the unutilized supply. The Yampa
River was selected because of the compact specifications, the availabil-'
ity of good data, and the presence of several interest groups such as
those for irrigation, coal-fired power generation, mining developments,
fish ecology, and the recreation demands of Dinosaur National Park. .A
second river basin, the White River, was also selected for study because
of the availability of reliable data, the presence of potential future
water demands, and the absolute water rights exceed the mean flows but
not the high flows. Many studies have been made on water suppliés and
demands on these two rivers, but the variability of river flows has
never been adequately studied.

The specific topics investigated in this study are: i) institutional
constraints; ii) current and future water demands, iii) hydrological
analysis on water supplies; iv) relationship between water supplies and
demands (including watér rights); and v) results, potential implications
and possible state actions. Each chapter will focus on one of the
topics listed above. However, a certain amount of repetition between
chapters will be necessary to show how each topic relates to the overall
scope.

A. Brief Description of the Two Rivers

As shown in Figure I-1, the Yampa and White rivers are located in
northwestern Colorado. The White River basin encompasses approximately
4,000 square miles and is a tributary of the Green River which is a
major tributary of the Colorado River. Currently, the major use of the

water is for irrigation of pasture and alfalfa hay; however, due to the



development of coal mining and shale industries, modest expansion has
occurred. River flows are heavily concentrated in the months of May and
June. During an average water year a flow of 1,853 cubic feet per
second (cfs), can satisfy only the water rights decreed prior to 1940,
if we assume 100 percent consumption. However, in this region, the most
common irrigation practice is flood irrigation; therefore, a substantial

amount of the water diverted, returns to the river.

WYOMING

hermrmy Groreve
Rewrvene
S Kt

Rineht
A s A

UTAH . ) COLORADO
Green Grand A
Ruver, ' Junction
' Moalb Q./
Crevumre Con
. I
Lake Pt S |
Ruwes e \
(l “r| ' {
o L )
T -& ~::. B ._‘: u -I l"-‘. N uper
Lees Ferry iy | Farmington oene
ARIZONA b \
' | -~ ) NEW MEXICO
|
]

Figure I-1. Location Map (Source: Federal Register, July 6, 1981)

The Yampa River Basin is located north of the White River Basin in

northwestern Colorado. Figure I-2 shows the detailed drainage of the
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two rivers. The Yampa River covers approximately 9,530 square miles and
is the largest tributary of the Green River. Dinosaur National Park is
situated at the confluence of the Yampa and Green rivers. Irrigation
accounts for the principal use of water from the Yampa River. Typi;
cally, municipalities draw the water they require from the nearby
streams. Steam-electric generation accounts for the only major indus-
trial use of the water. The Yampa River, subject to the regulations of
water as required by the Upper Colorado River Basin Compact of 1948,
holds six reservoirs to store water for irrigation, fisheries, domestic
uses and recreation. Several potential hydro-electric power sites,
including the Juniper-Cross Mountain project, have potential for devel-
opments. The portion of the Yampa River in Dinosaur National Park is
being considered by the National Park Services for inclusion to the
National Wild and Scenic Rivers System. Although not part of this
study, the instream flow requirements for endangered species such as the
Colorado squawfish and the flow requirements for various purposes in
Dinosaur National Park and other Federal lands are under active

investigations by others.



CHAPTER 1I1I

INSTITUTIONAL CONSTRAINTS

I. INTRODUCTION

The wutilization of surface water supplies, indeed all water
supplies, is controlled by institutional constraints. Broadly speaking,
institutions, which are the. source of man-imposed constraints, can be
defined as '"sets of ordered relationships among people which define
their rights, exposure to rights of others, privileges and responsibili-

nl/ Within this broad class three levels of institutions can be

ties.
distinguished: (1) informal institutions including cultural values,
mores and religions active in society; (2) formal institutions consist-
ing of laws and regulations;_and (3) contractual arrangements used to
effect transactions:g/ This analysis will largely concern institutions
on the second level, but references made to compacts between states
relate to the third level. By implication, however, the first level
will be involved in the analysis because the disparate cultural values,
for example, which guide behavior within society stimulate the conflicts
which formal institutions attempt to resolve. In the Yampa and the
White river basins, not only are there diverse economic values and
interests (agriculture and energy), but also conflicts between these

economic values and assertions of public environmental values relating

primarily to Dinosaur National Monument on the Yampa and endangered

l/Schmid, A. A. "Analytical Institutional Economics: Changing Problems
in Economics of Resources for a New Environment," American Journal of
Agricultural Economics 54(1972), p. 839.

g/Adelman, I. and Head, T. F., "Promising Development for Conceptualiz-
ing and Modeling Institutional Change," Working Paper No. 259,
Giannini Foundation for Agricultural Economics, April 1983.



species of fish on both rivers. Formal institutions constrain both
economic and environmental interests in the achievement of their ends
and attempt to resolve their disputes.

The types of formal institutions discussed in this chapter are
Coloardo water 1law, interstate compacts, federal reserved rights,
federal regulation of water use, federal land management permits, state

and local regulations, and the Colorado Joint Review Process.

II. COLORADO WATER LAW

Water law in Colorado and the other arid western states arose out
of the harsh fact that water is scarce relative to demand in normal
years, and very scarce in drought years. Thus legal rules establishing
rights to the use of water and governing its allocation among right
holders is essential. ' The doctrine of prior appropriation (i.e., first
in time is first in right) adopted in various forms by arid western
states provides generally as follows:

1. It gives an exclusive right to the first appropriator; and, in
accordance with the doctrine of priority, the rights of late
appropriators are conditional upon the prior rights of those
who have preceded.

2. It makes all rights conditional upon beneficial use--as the
doctrine of priority was adopted for protection of the first
settlers in time of scarcity, so the doctrine of beneficial
use became a protection to later appropriators against waste-

ful use by those with earlier rights.

3. It permits water to be used on nonriparian lands as well as on
riparian lands.

4. It permits diversion regardless of the diminution of the
stream. «
5. Continuation of the right depends upon beneficial use. The

right is lost by nonuse.é/

§/Huffman, Roy. Irrigation Development and Public Policy (The Ronald

Press, New York: 1953) p. 43.




In Colorado, the basic doctrine was embodied in the constitution adopted
in 1876, when Colorado became a state. In addition to the above provi-
sions, Colorado water law permits the establishment and trasfer of
rights to use water separate from ownership of land, and does not pro-
hibit transbasin diversions. It prioritizes types of beneficial use,
but provides that a preferred use (e.g. municipal use over agricultural
use) can be enforced only as.a right of condemnation.

Water rights on the Yampa River compiled by the State Engineer's
Office show total water rights filed through 1970 of 8,921 C.F.S. Only
during May and June is the flow of the river in mean years adequate to
meet demands equal to all of these water rights. Because of high return
flows, more water rights can be served than average flows would indi-
cate. Nonetheless, most irrigation water rights are unable to draw
water after July, severely restricting the types of crops that can be
grown under irrigation. Although a very high proportion of present
water use on the Yampa is for irrigation, some water is for municipal
use and for operation of coal-fired electric power plants.

On the White River, Longenbaugh and Wymore (1971) found that
absolute decrees on the river claimed 2,800 C.F.S. of flow and condi-
tional decrees claimed an additional 6,000 C.F.S.é/ These decrees are
far above the mean flows for most months; however, return flows allow
more rights to be filled than the flow would indicate. Only during the
snow melt period are most rights able to withdraw water. During the

latter part of the irrigation season only a few irrigation rights have

4/

— Courts grant absolute decrees when developments necessary to the use
of water have been completed and the water is in actual use. Condi-
tional decrees are granted to reserve water pending development and
use.



access to stream flow. This fluctuating flow severely restricts the
irrigated agriculture of thé region even though diversions per acre
appear to be quite high, on the order of 8 A.F. per acre. Most of these
diversions are for flood irrigation of meadows and pasture early in the
year. No water is available for irfigation of most lands once stream
flows decline. Hardly any of the water from the White River basin is
presently utilized for municipal and industrial purposes.

Undoubtedly options to purchase irrigation water rights or other
means of transfer have been made to assure water availability for poten-
tial energy developments on the White River and, to a lesser extent, on
the Yampa. To be useful in providing water year-round, however, these
rights would need to be converted to storage rights. Therefore dams,
reservoirs, and diversion structures would be needed. A high proportion
of the decrees on the Yampa ﬁredate 1938 when Dinosaur National Monu-
ment was enlarged to include a portion of the lower reach of the Yampa
River in Colorado. This fact could have a substantial bearing on the
practical outcome of the federal reserved rights case relating to
Dinosaur, but it would not be critical in any case brought under the
Endangered Species Act--both types of court cases are discussed below.

In 1973, Colorado enacted an instream flow statute designed to give
protection to the natural environment of a stream or lake. The Colorado
Water Conservation Board (CWCB) was given the authority to "appropriate
in a manner consistent with sections five and six of Article XVI of the
State Constitution, or acquire, such waters of natural streams and lakes
as may be required to preserve the natural environment to a reasonable

5/

degree."=" The authority to appropriate water given to the CWCB by this

é/Colorado Revised Statutes 37-92-102, sec. 3.
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statute would grant rights junior to many established rights. However,
as a junior appropriator, the CWCB could resist any changes in points of
diversion or use by senior appropriators which could materially injure
or affect the board's rights.é/ Rights acquired by purchase or gift
would continue the time of.right of the original appropriation. So far,
the CWCB has made minimum flow water right claims on a number of small

creeks that feed the Yampa -and White rivers, but not on these rivers

themselves or their principal tributaries.

ITI. INTERSTATE COMPACTS

States are expected to govern the excercise of water rights within
their boundaries in such a way as to meet their obligations under inter-
state compacts to which they are a party.

Colorado is a party to the Colorado River Compact of 1922. The
most important provisions of the compact are as follows:

"1. The Colorado River basin was divided into an upper basin, with
the line of demarcation at Lee's Ferry, Arizona. Here the
waters of the entire upper basin system...converge into one
system.

"2. The annual beneficial consumptive use of 7.5 million acre-feet
of water was appointed to each sub-basin with the lower basin
granted the right to use another million acre-feet annually if
it was available.

"3. States of the basin were aligned into two divisions. The
upper basin states included Colorado, Wyoming, Utah and New
Mexico. The lower basin states were California, Arizona, and
Nevada.

"4, The upper basin states were not to cause the flow of the
Colorado at Lee's Ferry to be less than 75 million acre-feet

7/

in any period of ten comsecutive years.-—

é/Green V. Chaffee Delta Co. 371 P2d., 775 (1962).
7/

—"Goslin, Ival, "Colorado River Development,"” in Values and Choices in
Development of the Colorado River Basin (University of Arizona Press,
Tucson: 1978) p. 30.
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The historic virgin flows of the river prior to 1922 had been taken
to be 15 million acre-feet per year.. Since that time the virgin flows
have averaged 13.8 million acre-feet per year.

For a detailed discussion of the implications of this lower flow on
water consumption in the upper basin and in Colorado see The Upper
Colorado River Basin and Colorado's Water Interests, published by the
Colorado Forum in 1982.

The implications, if any, of this analysis of the variability of
the unutilized surface water supplies of the Yampa and White river
basins with respect to the provisions of the 1922 compact (or the treaty
with Mexico of 1944) are outside the scope of this study.

In 1948 the states of the upper basin signed the Upper Colorado
River Basin Compact. This compact apportioned the waters of the
Colorado as follows: Colorado 51.75 percent, New Mexico 11.25 percent,
Utah 23 percent and Wyoming 14 percent. Two articles of the compact,
which have important bearing on the Yampa River, are Article XI and
XITII. Article XI governs the Little Snake River, a tributary of the
Yampa. Important sections include:

2. Water diverted from the main stem of the Little Snake River

below a point one hundred feet below the confluence of Savery
Creek and the Little Snake shall be administered on the basis
of an interstate priority schedule prepared by the Upper
Colorado River Commission in conformity with priority dates
established by the laws of the respective states.

2d. The states of Colorado and Wyoming each assent to diversions
and storage of water in one state for use in the other state

subject to compliance with Article IX of this compact."g/
The states also agreed to share equally water curtailment in dry years.
Article XIII places restrictions on Colorado's use of the Yampa.

Somewhat similar to the Colorado River Compact, it provides that

é/Colorado Revised Statues 37-62-101.



12

Colorado will not cause the flow of the Yampa at Maybell, Colorado to
fall below five million acre feet during any consecutive ten-year
period.

Neither Article XI nor Article XIII has been a substantialv
constraint so far on consumptive use of water in Colorado. Later in
this report, the results of testing whether possible projected uses of
water would be constrained by Article XIII will be examined.

No compact provision nor federal judicial decree relates to the
White River as it enters Utah. As consumptive use of water in Colorado
increases on the White River, it can be expected that Utah will endeavor
to obtain security for its own water use by means of compact or federal

judicial decree.

IV. FEDERAL RESERVE RIGHTS

The doctrine of federal reserved rights has recently come to have
important potential consequences for water demands on the Yampa River.
Federal reserved rights are a judicially created doctrine. By this it
is meant that nowhere in specific statutory law has the definition of
reserved rights been given. Rather, it has come to be defined through a
series of court decisions which have given it substance.

Norman Wengert of Colorado State University points to three general
facts to remember about federal water rights in general. In his words:
"It is important to recognize, first, that the primary basis
for the reserved rights doctrine lies in federal sovereign
ownership and the power to manage Federal property--concepts
stemming from the original cessation of territory in the
semi-arid and arid west to the United States by previous
sovereigns. These Reserved Rights rest not simply on rights
derived from use, constrained by an obligation not to harm

downstream interests, as would be the case if Federal rights
were derived from Common Law Riparian Doctrines.
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Second, it must be recognized that Federal rights in
water have never been and cannot be subjected to state juris-
diction without explicit consent of the Federal Government.

Third, the rights of the Federal Government are not
qualified by 'first in time, first in right,' nor by ‘'use it

or lose it' principles."g/

The doctrine of reserved rights received its first exposition in

Winters v. U.S. (207 U.S. 564). This case decided on 1908, revolved

around the rights of the Ind?ans living on the Fort Belknap Reservation
to be protected from dams on the Milk River in Montana which would have
adverse effects on their use of water on the reservation. The United
States argued that it had a right to all the waters of the river to
fulfill the purposes for which the reservation was created. 1In this
case, the purposes were seen as civilization and improvement of the
Indians' conditions through the development of agriculture. Thus, as
Wengert says, the Supreme Courf "initiated the doctrine that the act of
reservation of lands (withdrawn from the public domain) established a
water right from the date--not requiring use, unlimited in quantity
except as reasonably related to thé purposes of the reservation.lg/
Until later cases, however, it appeared that reserved rights were to
apply only to Indian reservations.

In Arizona v. California (373 U.S. 546) the Supreme Court held in

1963 that the principle of reserving water rights for Indian reserva-
tions was also applicable to other federal reservations. The court
included in its definition of other reservations Lake Mead National
Recreation Area, the Havasu Lake National Wildlife Refuge, the Imperial

National Wildlife Refuge, and the Gila National Forest.

9/

~'Wengert, Norman, The Purposes of the National Forests--A Historical
Reinterpretation of Policy Development (Completion Report of Research,
Colorado State University, Fort Collins: 1979, Appendix A, p. A-3.)

10/1pid, p. A-3.
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The application of federal reserved rights to non-Indian

reservations was further set forth during 1976 in Cappaert v. U.S,

(426 U.S. 128). 1In the words of the Court:
"...when the Federal Government withdraws its lands from the
public domain and reserves it for a federal purpose, the
Government, by implication, reserves appurtenant water then
unappropriated to the extent needed to accomplish the purpose
of the reservation. In doing so the United States acquires a

reserved water right in unappropriated water which vests on
the date of the reservation and is superior to the rights of

future appropriators."ll/

Reservation of water is empowered by the Commerce Clause, Art. I,
sec. 8, which permits regulation of navigable streams, and the Property
Clause Art. IV, sec. 3, which permits federal regulation of federal
lands. The doctrine applies to Indian reservations and other federal
reservations, encompassing water rights in navigable and non-navigable
streams. The Cappaert case still left one vital question unanswered.
What was the "purpose" of a federal reservation?

U.S. v. New Mexico (438 U.S. 696), decided in 1978, focused on the

question of the purpose of a national forest. The 1978 Organic Act set
forth the purposes of the forests: '"to improve and protect the forest
within the boundaries, or for the purpose of securing favorable condi-
tions of water flow, and to furnish a continuous supply of timber for

the use and necessities of citizens of the United States."lg/

The
United States argued that certain instream flows were needed for envi-
ronmental, recreational, or wildlife preservation uses. But as Harold

Ranquist said:

ll-/Cappaert v. United States, 426 U.S. 128 or 48L Ed. 2d 523, p. 525.
lg/16 U.S.C. 475.
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"...the majority, adopting a narrow definition of the primary
purpose of Congress in creating national forests, held that
instream flows for recreation, fish and wildlife, and environ-
mental uses were necessary only to fulfill the secondary
purposes of Congress, and that the United States would be
required to comply with the provisions of state 1law to
obtain water rights for the fulfillment of such secondary

13/

purposes . '

Certain scholars have argued against this narrow construction of
the federal reserved right because of certain consequences:

".,..now, 1in effect, ail private water rights wunder the

appropriation doctrine have become vested vis-a-vis National
Forest reservations on application of state concepts of 'use

it or lose it' and 'first in time, first in right.' No
reversal of the Court's narrow interpretation of National
Forest purposes would change the situation.... This could not

change even if at some later time another court would modify
the holding, because property rights as protected by the fifth

amendment would then come into play."lé/

How possibly does the doctrine of federal reserved rights affect
the Yampa River?

The Yampa, as of 1938, passes through an enlarged Dinosaur National
Monument near the Utah border. What are the purposes of national parks
and monuments? |

In U.S. v. City and County of Denver (Colo., 656 p. 2d 18), the

Colorado Supreme Court during 1982 considered water rights for natiomnal
parks and monuments as well as national forests. The court reviewed the
development of the reserved rights doctrine in the cases mentioned
above, as well as some others. It then set up three conditions for a

reserved right:

l-:i/Ranquist, Harold A., The Winters Doctrine and How It Grew: Federal

Reservation of Rights to the Use of Water. (Brigham Young Law
Review: 1975) p. 269.

lE/Wengert, op. cit. pp. A7-H-8.
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1. A determination of the precise purpose to be served.
2. Frustration of the purpose without water.
3. Quantification of the minimum amount of water required to

fulfill the purpose.

In this case the United States argued that one of the purposes of a
national monument was recreation. Hence, it argued that some reserva-
tion of water for recreational boating was proper. The court did not
accept this, asserting that the 1906 Antiquities Act, which established

the purposes of a national monument showed these purposes to be primar-

15/

ily scientific and historic. The court also rejected the argument

that the 1916 National Park Service Act, which placed most monuments
under the administration of the Park Service, broadened the purpose of a
monument. But, in considering the Colorado water court decision, which
came to the Supreme Court on appeal, the court said:

The water court expressed a willingness to grant some stream
flows for the purpose of preserving fish habitats of historic
and scientific interest.... In our view, the relevant reser-
vation document is the presidential proclamation of 1938 which
enlarged Dinosaur to protect "objects of historic and scien-
tific interest." . However, the water court was correct in
ordering the master-referee to determine whether the 1938
proclamation intended to reserve water for fish habitats of
endangered species of historic and scientific interest, and if
so, to quantify the minimal amount of water necessary to
fulfill that purpose. We therefore remand to the water court

for further proceedings on the issue of fish habitats.lé/

The Colorado Supreme Court also noted:

"Dinosaur National Monument is located at the lowest reaches
of the Yampa River in Colorado.... To find a reserved right
to instream flow that far downstream would have a significant
impact on numerous upstream users. (emphasis added)....
Moreover, awarding the United States minimum flow rights would

1§/Colo. 656 P. 2d p. 27.
16/

2/1bid, p. 29.
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result in deliveries of water by Colorado to Utah in excess
of the obligation specified in the Upper Colorado River

Compact."lzl

If a federal instream flow right is granted, this right would have
to compete for water within the state appropriative system which would‘
give it a water priority date of 1938, junior to a large proportion of
the present decrees in the river, as already noted above.

Although the Colorado Supreme Court has referred the case back to
the Colorado water court, the case also has been appealed by both the
Denver Water Board and the U.S. Attorney General within the federal
court system.

The Colorado Supreme Court also noted in this case that: '"Holders
of decreed and conditional water rights cannot plan or develop sizable
water projects until they are certain of the extent of the federal
government's claim."l§/ Thus, the federal government, in addition to
proving satisfactorily that the 1938 proclamation enlarging Dinosaur
intended to reserve water for fish habitats of endangered species of
historic or scientific interest, must quantify the amount of water
needed to fulfill this intended purpose. The National Park Service,
assisted by other federal agencies, is in the process of determining its
proposed instream flow right to present to the Colorado Water Court.

Clearly, no early final decision with respect to the application of

federal reserved rights to Dinosaur National Monument can be expected.

Even if the federal government finally loses this case, it should be

)
noted that the same substantive issue, protection of endangered species

lz/Ibid, p- 27, note 44.
18/

~2/1bid, p. 30.
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of fish, could arise again, as will be discussed below, under the

Endangered Species Act of 1973, as amended.

V.  FEDERAL REGULATION - COMPREHENSIVE

Through Section 404 of the Clean Water Act the federal government’
adopted a comprehensive regulatory strategy to assure that nonfederal
economic developments are consistent with federal conceptions of envi-
ronmental propriety.lg/ To -assure complete jurisdiction, the Congress
adopted (and the federal courts have not yet found unconstitutional) a
provision that "all waters of the United States" are subject to regula-
tion under the Act. Specifically, under Section 404, '"wetlands" are
included.

In this connection, the Army Corps of Engineers is given authority
to regulate the discharge of dredged and filled materials into the
waters of the United States. The regulatory process in simplified form
is as follows:

1. Corps receives application for a permit.

2. District Engineer performs technical analysis or proposal

impacts and refers applications to state and local governments

and other federal agencies for analysis and recommendations.

(a) Engineer can provide for conditions to minimize or offset
adverse impacts.

(b) Process can involve either an environmental assessment or
an environmental impact statement in accordance with the
National Environmental Policy Act.

(c) "All factors which may be relevant to the proposal must
be considered including the accumulative affects thereof:
among those are conservation, economics, aesthetics, gen-
eral environmental concerns, wetlands, cultural values,
fish and wildlife values, flood hazards, land use, navi-
gation, shore erosion and accretion, recreation, water
supply and conservation, water quality, energy needs,
safety, food and fiber production, mineral needs, con-
sideration of private ownership, and, in general, the
needs and welfare of the people.”

l2/P.L. 92-500 of 1972 as amended by P.L. 95-217 of 1977.
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3. Permit will be granted, '"unless its issuance is found to be

contrary to the public interest.”gg/

Many of the above environmeﬁtal factors would be present
potentially if any dams or other diversion structures were built or
operated on the Yampa and White Rivers or their tributaries. The most
constraining impact would appear to be, at present, the impact on
endangered species of fish as determined in accordance with the
Endangered Species Act of 1973, as amended.gl/

This act requires that all federal agencies must ensure that
activities authorized by them will not threaten the continual existence
of endangered or threatened species or destroy or modify cultural habi-
tats. Procedurally, the Secretary of the Interior can issue specific
regulations to conserve and protect endangered species. Also, the
Secretary determines, through a listing in the Code of Federal Regula-
tions, which species are endangered or threatened. In matters concern-
ing section 404 permits and the Endangered Species Act, the Secretary of
the Interior has the final administrative veto power over the Secretary
of the Army.

Currently, three types of fish have been placed on the endangered

species list, which are involved with the White and Yampa rivers.gg/

20/

— Quotations are from proposed rules of the Army Corps of Engineers in
Federal Register Vol. 48, No. 93, May 12, 1983, p. 21469. Final
rules were not published as of June 28, 1984. However, informal
staff advice from the Army Corps of Engineers indicates that the
quoted sections are not likely to be substantially changed in the
final rules, because the language is consistant with a related con-
sent decree.

Zl/16 U.S.C. 1531.

gg/CFR sec. 17.11, "White River Fishes Study, Final Report, U.S. Fish

and Wildlife Service (Salt Lake City, 1982).
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These are the Colorado squawfish, the humpback chub and the bony-tailed
chub. The U.S. Fish and Wildlife Service has conducted river-fishes
studies on the White and Yampa Rivers. The most significant conclusions
focused on the squawfish. For the White River, the service found that:

"...several projects (in water resources development) appear

to pose problems for endangered fishes. Results of Colorado
River Fishery Project studies in the Upper Colorado River
basin indicate the endangered Colorado squawfish has a compli-
cated life history.... It is, therefore, recommended that the
White River not be fragmented by separate subbasin development
but that a basin-wide fishery management plan be developed in

23/

order to ensure the survival of this species."—
The Yampa was found to be even more important to the survival of the
squawfish, to the point of being cited as the potential key to the
survival of the fish. Again, the Fish and Wildlife Service called for a
"basin-wide fishery management plan to be developed and implemented to

assure the survival of the species,” before further water resources

development occurs.gé/

During the summer of 1984, a memorandum of understanding was signed
to seek ways '"to develop and implemént a program of reasonable and pru-
dent alternatives which will enable Federal agency actions associated
with water development and depletions in the Upper Basin of the Colorado
River to proceed pursuit to Section 7 of the Endangered Species Act."
The memorandum was signed by regional directors of the U.S. Fish and
Wildlife Service and the Bureau of Reclamation and by the chief natural
resources offices of the states of Colorado, Utah and Wyoming. In

addition, an appropriation of some $450,000 was being sought from the

Congress to fund the joint effort. The aim of the effort is to avoid

gé/"Yampa River Fishes Study, Final Report," U.S. Fish and Wildlife
Service (Salt Lake City, 1982), p. 75.

gé/Ibid.



21

"jeopardizing the continued existence of any threatened or endangered
fishes, while fully acknowledging and considering the beneficial uses of
water pursuant to the respective state water rights systems and the use
of water apportioned to a state pursuant to the compacts concerning the
waters of the Colorado River."

In a related matter in Colorado, but outside the Colorado River
Basin, the U.S. District Court has acted on a case involving both the
Endangered Species Act and the Clean Water Act. The issue was whether
the Army Corps of Engineers had acted correctly in denying a nationwide
404 permit to Riverside Irrigation District and the Public Service

25/

Company of Colorado.—" The reason the permit was denied was because it
was found that the operation (i.e. water storage) of the dam would have
an adverse impact on the habitat of the whooping crane two hundred miles
downriver. The Army Corps of Engineers had, in accordance with the
Endangered Species Act, consulted with the Fish and Wildlife Service
regarding the potential impact on the whooping crane. The Fish and
Wildlife Service had found that there would be an impact. Thus, the
Corps denied the nationwide permit and required an individual permit
with full public interest review. In the words of the court:

"Because the Clean Water Act allows federal agencies to

consider deleterious downstream environmental effects from a

project and because the Endangered Species Act requires

federal agencies to take whatever measures are necessary,
within their authority, to protect an endangered species and

gé/U.S. District Court for the District of Colorado, Civil Action

Riverside Irrigation District and Public Service Company of Colorado
vs. Colonel William R. Andrews, District Engineer, U.S. Army Corps of
Engineers, Omaha District, No. 80-k-624, July 31, 1983. Nationwide
permits cover a group of activities throughout the United States
which involve dredging and filling, but whose impact is assumed to be
minimal as a separate activity, or as a group of activities.
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its habitat, the defendant in this case was required to halt
the plaintiffs from proceeding under the nationwide permit
when their project had the potential of adversely affecting

26/

the whoopers and their habitat downstream from the project.=—
The courts also addressed the issue of interference with the South
Platte Compact and state water rights. It found that the Clean Water
Act was a clear grant of jurisdiction which simply put restrictions on
the exercise of state water pights, but did not affect the rights them-
selves. Regarding the compact, the court found that a nationally
applicable law was enforceable even if it did affect a prior compact.

This case is in the process of appeal. However, should a decision
closely paralleling this district court decision be rendered by a higher
court, then those who seek to comstruct storage reservoirs (e.g., on the
Yampa and White rivers and their tributaries) will have to be aware that
a depletion of water could be.seen as an impact harmful to downstream
endangered and threatened species. Thus the Endangered Species Act of
1973 could be a serious constraint upon their developmental activites.

The National Environmental Policy Act (NEPA) also can be viewed as
a comprehensive, regulatory statute which has come to have a bearing on
many federal actions which affect the environment.gzl The most
important section of the statute is section 102, which provides for the
preparation of environmental impact statements. This section requires
that all federal agencies include in "every recommendation or report or
proposal for legislation and other major federal actions significantly

affecting the quality of the human environment a detailed statement on:

gé/Ibid.

27/ 45 u.s.c. 4321.
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1) the environmental impact of the proposed action; 2) any adverse
environmental effects which cannot be avoided should the proposal be
implemented; and 3) alternatives to the proposed action." It is impor-
tant to note that NEPA centers on 'federal actions" which mean projects
developed with federal funds or subject to federal regulation (e.g.,
section 404 of the Clean Water Act). NEPA, however, contains no sub-
stantive compliance standards to constrain action. Its procedures can
cause substantial delay. Thus compromise with assertions of environ-

mental values can be preferable to delay.

VI. OTHER FEDERAL REGULATION - SPECIFIC TYPES

Brief reference should be made to other federal regulatory
activities that could constrain water resource developments on the Yampa
and White rivers.

The Wild and Scenic Rivers Act provides that no federal agency can
"assist by loan, grant, license or otherwise in the construction of a
water resources project that could have a direct and adverse effect on
the values" for which a river was so designated under the act.gg/
Developments can occur above or below such a designated river if tho
area is not invaded or its values diminished.

At the present time a proposal exists which recommends the
inclusion of a major tributary of the Yampa, the Elk River, in the
national wild and scenic river system. Specifically the proposal recom=~
mends designation as a wild river, 17 miles of the upper North Fork and

the entire South Fork, and 12 miles of the upper main stem, Middle Fork,

g§/16 U.C.S. 1278.
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and lower North Fork. This proposed designation leaves available a
reservoir development site at Himan Park, but otherwise would preclude
development in the designated area. So far, this proposal is only a
recommendation to Congress that the Elk be included in the Wild and
Scenic Rivers system. Congress must approve before designation can be
made.

The Fish and Wildlife Coordination Act provides for a comprehensive
integration of fish and wildlife conservation with federal water
resources development. The act's statement of purpose says "wildlife
conservation shall receive equal consideration and be coordinated with
other features of water-resources development programs through the
effectual and harmonious planning, development, maintenance, and coor-
dination of wildlife conservation and rehabilitation..." The act
requires that all federal agencies which license, comstruct or operate
water control projects must make adequate provision for the management,
conservation, and maintenance of the wildlife resources contained within
the project. 1In simpler terms this statute is an acknowledgment that
water resources development projects must take wildlife concerns into
account in planning and development. Also, the granting of permits by
the Army Corps of Engineers under section 404 of the Clean Water Act,
discussed above, is subject to the provisions of the Fish and Wildlife
Coordination Act.

The National Historic Preservation Act of 1966 requires that
federally initiated or funded "undertakings" shall take into account the
"effect of the undertaking on any district, site, building, structure,

or object that is included in or eligible for inclusion in the National
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Register of Historic Places.gg/

The Preservation of Historical and
Archeological Data Act requires that, prior to the construction or the
licensing of construction of a dam, a federal agency must give written
notice to the Secretary of the Interior as to the site of the proposed
dam and the area to be flooded.ég/ The Secretary can then take action

to protect the features before the project begins.

U.S. Forest Service. Special use authorizations cover all uses and

occupancy of federal forest lands. These authorizations could involve,
among other things, the exercise of mining rights, the need to gain
access to mining claims across Forest Service land, and the construction
of dams or reservoirs. When an application for a special use authoriza-
tion is received, the Forest Service will conduct an environmental
analysis to see if an environmental impact statement is required.
Conditions included in authorizations could substantially constrain

development.

Bureau of Land Management. The Bureau of Land Management of the

Department of the Interior has an extensive list of permits that are
required regarding possible resource development on the lands it
manages. These permits include, but are not limited to, oil and gas
exploration, oil and gas leasing, coal exploration and leasing, oil
shale leasing and procedures for the sale of federal public lands. It,
too, will conduct an environmental analysis to determine whether an
environmental impact statement is required and its permits can contain

restrictions that might constrain development.

29/16 U.s.c. 469.
30/

=716 U.S.C. 469 and 470.
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VII. STATE AND COUNTY REGULATIONS
Colorado requires resource developments to comply with several

different types of regulations before developments can proceed. These

include:
1. State land permits where state-owned lands are involved,
2. Strip-mine regulations,

3. Water quality regulations,

4. Air quality regulations,

5. Dam safety regulations.

Counties in the White and Yampa drainages require permits which can
include conditions that constrain resource development:

Garfield County. Special Use Permit. Required on private lands

where extraction and processing are allowed by zone district. Also
required for some on public lands where no state or federal permit or
contract regulates. A Conditional Use Permit is required for use where
contract or permit from state or federal authority authorizes the use.

Moffat County. Conditional Use Permit. All mineral and extractive

uses, as well as processing plants and transportation facilities require

a conditional use permit.

Rio Blanco County. Special Use Permit. Required for all mineral

exploratory and extractive uses.
Routt County. Special Use Permit. Required for energy or mineral
development outside county designated mining district.

Other county and local land use legislation. Certain Colorado

statutes also give counties and localities the authority to regulate

land use in their areas.
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1. The Colorado Land Use Act of 1974. Gives local govenments the
power to regulate and administer areas and activities of state
interest. Areas include mineral resource areas, areas of
historic, natural and cultural resources. Activities include
the development of water and sewage treatment systems.

2. Local Government Land Use Control Enabling Act of 1974. Gives
local government the power to plan, regulate and administer
land use. One specific authority allows the localities to
protect land from activity that might adversely affect

wildlife.

VIII. COLORADO JOINT REVIEW PROCESS

The Colorado Joint Review Process (CJRP) is an intergovernmental
review which attempts to coordinate the permits, licenses, etc. required
by various levels of governmental agencies--federal, state and local.
This coordinated review process, which is voluntary on the part of the
resource developer, is designed to speed up the regulatory process and
avoid unnecessary duplication. In May of 1983 the CJRP was officially
designated by the legislature as the official process by which th-
coordination will occur. The CJRP is a function of the Colorado Depart-
ment of Natural Resources. As of September 1984, there were no projects

under the CJRP for the White and Yampa River basins.él/

IX. CONCLUSIONS

The institutional constraints on potential water and related

resource developments in the Yampa and White river basins, involving all

4§1/Communication from Adam -Poe, Director, Colorado Joint Review Process.
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three levels of government are substantially varied and complex.
Regulations at all three levéls relating to energy developments them-
selves (e.g., coal, oil shale, mining) can be presumed, so far as this
report is concerned, to be capable of being met by additional invest-
ments necessary to comply. But the legal feasibility of related water
resource developments within the basins, and transbasin diversions out
of the basins as contemplated by the Denver Water Board, is not yet
clear. The federal reserved rights case involving Dinosaur National
Monument must be decided in one way or another. Moreover, a separate
case under the Endangered Species Act of 1973 could also be filed, if
necessary, and this case could also take years to decide. But the joint
Federal-State study, concerning which agreement was reached in fhe
summer of 1984 that was discussed above, could lead to a solution that
would avoid such confrontation.

The chapters which follow provide information on the variability of
unutilized surface water supplies for the Yampa and White River basins
assuming three different 1levels of future economic (largely energy)
development and the consequent additional consumptive use of water. On
this basis, it will be concluded whether or not Colorado could continue
to comply with the Upper Colorado River Compact and how much water would
continue to flow through Dinosaur National Monument and be available for

the preservation of endangered species of fish in these rivers.
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CHAPTER III

CURRENT AND FUTURE WATER DEMANDS

I. EXISTING WATER USE

The major current water use in the Yampa River and the White River
basins is for irrigation of crops, hay land and pastures. These uses
constitute 83 to 95 percent of the total diversion and consumptive use.
Most of the irrigated lands are located along streams and rivers. The
water is delivered through irrigation canals. Figure III-1 shows the
location and extent of agricultural lands on the two basins. Irrigation
diversions occur between the months of May and October with the peak
demand in July. (For more information on irrigated agriculture on the
White and Yampa river basins,.see Appendix A). Other water uses in the
basin include municipal and industrial water supplies and transmountain
diversions.

Assembling water diversion datg is a time-consuming task. Daily
diversion records of ‘every ditch in the basin must be compiled.
Appendix B shows water supply and use for the Yampa, Little Snake and
White river basins as compiled by Water Division Six of the State
Engineer's Office for 1972, 1973 and 1974.

For the Yampa River basin, records of consumptive use by various
categories for the years 1976 through 1981 are shown in Table III-1.
For the White River, consumptive use for the various sectors for the:
period 1976 through 1981 is shown in Table III-2. These data are
compiled from river commissioner reports that are prepared annually for
the State Engineer's Office. (The Yampa River outflow is the estimated

flow above the confluence with the Little Snake River.) The data



Table III-1. Annual Consumptive Use of Water (acre-feet) for the Yampa River Basin
Between 1976 and 19811
YEAR
1976 1977 1978 1979 1980 1981
Acre-feet
Irrigaton 94,094 65,002 95,160 101,263 101,156 51,853
Reservoir
Evaporation 6,810 6,248 8,958 9,422 8,811 4,617
Change in
Storage -8,948 -125 16,220 399 -1,465 1,846
Municipal/ :
Industrial 7,100 6,200 6,900 9,900 11,800 14,800
Trans. Mtn.
Diversion 2,395 856 4,111 2,930 3,389 1,345
Misc. 16,950 650 800 800 800 700
Total 118,401 78,832 132,148 124,714 124,491 75,161
Measured
Outflow 826,298 358,200 1,464,900 1,321,788 1,307,000 565,050
Basin Yield 944,699 437,032 1,597,048 1,446,502 1,431,491 640,211
Pct. Consumed 12.5% 18.03% 8.27% 8.62% 8.70% 11.74%

1source: Colorado State Department of Water Resources, Division 6, 1982.
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Table I1I-2. Annual Consumptive Use of Water (acre-feet) for the White River Basin
Between 1976 and 19811
YEAR
1976 1977 1978 1979 1980 1981
Acre-feet
Irrigation 41,224 33,934 39,214 38,782 36,983 27,193
Reservoir
Evaporation 1,170 1,322 1,178 1,140 1,120 662
Change in
Storage -1,660 ~-147 -148 -76 123 97
Municipal/
Industrial 6,223 5,500 6,300 3,500 4,200 4,000
Trans. Mtn.
Diversion 0 0 0 0 0 0
Misc. 500 400 500 500 500 400
Total 47,477 41,010 47,044 43,846 42,926 32,352
Measured
Outflow 457,740 223,100 529,000 556,000 526,500 337,200
Basin Yield 505,198 264,110 576,044 599,846 569,426 369,552
Pct. Consumed 9.39% 15.52% 8.17% 7.31% 7.54% 8.75%

1Source: Colorado State Department of Water Resources, Division 6, 1982.

1¢
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indicate that the annual consumptive use in the Yampa River and the
White River basins is about.8 percent of the basin yield during wet
years and ranges from 12 to 18 percent during dry years. The percentage
of water consumed rises in dry years due to higher ET and a higher‘
proportion of flow diverted for use in the basin.

In this study, the existing total water use for each month is
calculated by averaging the actual total consumptive water use for the
corresponding years between 1970 and 1980. In a separate study it was
determined that there were no significant changes in water use between
years in the period between 1970 and 1980. (See Tables III-3 and III-4
for an average of consumptive water use on the two basins for the years
between 1970 and 1980.)

At the present time, transbasin diversion of water from the Yampa
River basin is minimal relative to the total surface water available.
Several potential reservoir projects have been proposed which will
capture part of the peak runoff and will provide water for irrigation
and other uses. There is a projected increase in consumptive use of
water for irrigation as well as industrial development in the future;
hence further competition among water users for the limited water
resources is inevitable. The availability of water for the various uses
is determined largely by ownership and use of water rights, and avail-
ability and use of reservoir storage capacity; as well as by the inter-
state and regional water compacts established for the whole Colorado

River Basin.

II. PROJECTED WATER DEMANDS
Projections of future water demands in the two study basins are

required to assess water availability for addition uses. Accurate



Table III-3. Average Consumptive Water Use by Months for the Yampa River Basin,
Colorado, 1970-1980.

Month

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Acre-feet

10,750 1,170 1,170 1,170 1,170 1,170 1,231 19,113 23,689 35,099 25,735 18,868

Table III-4. Average Consumptive Water Use by Months for the White River Basin,
. Colorado, 1970-1980.

Month

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Acre-feet

3,682 448 448 448 448 448 460 6,349 7,922 11,848 8,501 6,299

£e
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projections are impossible to make; therefore, it is best to examine a
range of future demands. For this study, we have used the potential
average annual diversions for the year 2000 as developed for the Upper
Colorado River Basin by the Colorado Department of Natural Resources in
1979. These withdrawal estimates represent combinations of three pos-
sible levels of overall economic growth in the region, referred to as
"low,’medium, and high" and three levels of oil shale and coal develop-
ment, referred to as "without" (i.e., no energf development), "baseline"
(some energy), and "accelerated" (fast development) for the year 2000.
Using combinations of the above classifications, nine scenarios of
growth and development were created. These scenarios were used to
predict possible levels of future water demand.

The projected annual water demands for the three levels of economic
growth are shown in Table III-S. The projected additional monthly water
demand is shown for the Yampa River in Table I1I-6, and for the White
River in Table III-7. The following assumptions were made in the energy
development water requirements: |

For the Yampa River Basin, no synthetic fuel development was
included in the baseline case, and a single‘high BTU coal gasification
facility was assumed in the accelerated case. Most likely, such a plant
-would be located in the vicinity of Craig, Colorado. |

In the White River Basin, oil shale development in the vicinity of
Piceance Creek Basin accounts for all of the projected energy develop-
ment. However, in 1984 with the current demand for oil, several of the
oil shale companies have no immediate plan to develop 011 shale proj-
ects._ The only active 0il shale project is be1ng conducted by Unlon

0il Company. Even the status of tﬁe’government‘spbnsoréd synthetic oil



Table III-5. Projected Annual Water Demands for the Yampa and White River Basins in the Year 2000
for Three Potential Levels of Economic Growth, No Energy Development

Water Use
Growth Thermal Fish and Mineral Municipal/
Basin rate power Irrigation wildlife extraction industrial Totals
Acre-feet
Yampg River Existing 7,000 80,000 6,000 1,000 2,000 96,000
Low 31,000 80,000 7,000 1,000 2,000 121,000
Medium 37,000 84,000 8,000 3,000 4,000 136,000
High 37,000 90,006 8,000 4,000 4,000 143,000
White River Existing 0. 37,000 2,000 3,000 1,000 43,000
Low 8,000 37,000 2,000 3,000 1,000 51,000
Medium 10,000 37,000 2,000 5,000 4,000 58,000
High 10,000 45,000 3,000 5,000 4,000 67,000

Source: Colorado Department of Natural Resources, 1979.
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Table I1I-6. Projected Additional Monthly Water Demand for the Yampa Basin in the Year 2000 for Nine
Combinations of Potential Economic Growth and Energy Development

Level of
Development! Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept.
1000 Acre-feet

LWO/LWB 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08
LwA 3.00 3.00 ‘3.00 3.06 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
MWO/ﬁWB 3.30 3.00 3.00 3.00 3.00 3.00 3.00 3.60 3.70 4.10 3.80 3.50
MWA 4.20 3.90 3.90 3.90 3.90 3;90 3.90 4.50 4.60 5.00 4.70 4.40
HWO/HWB 3.80 3.10 3.10 3.10 - 3.10 3.10 3.10 4.50 4.90 5.90 5.00 4.40
HWA 4.70 4.00 4.00 4.00 4.00 4.00 4.00 5.40 5.80 6.80 5.90 5.30

1LWO, MWO, and HWO refer to: low, medium, and high "without energy development" scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.

Source: Colorado Department of Natural Resources, 1979.



Table III-7. Projected Additional Monthly Water Demand for the White Basin in the Year 2000 for Nine

Combinations of Potential Economic Growth and Energy Development

Level of
Development! Oct. Nov. Dec. Jan. Feb. March April May June July Aug. Sept.
1000 Acre-feet
LWO 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
LwB 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2
LWA- 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
MWO 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
MWB 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
MWA 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6 15.6
- HWO 1.89 1.33 1.33 1.33 1.33 1.33 1.33 2.5 2.8 3.57 2.88 2.37
HWB 9.5 8.9 8.9 8.9 8.9 8.9 8.9 10.0 10.3 11.1 10.4 9.9
17.2 16.7

HWA 16.3 15.7 15.7 15.7 15.7 15.7 15.7 16.8 17.1 17.9

1LWo, MWO, and WHO refer to: low, medium, and high "without energy development" scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.

Source: Colorado Department of Natural Resources, 1979.

LE
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corporation is not clear. Thus, whether significant quantities of water
will in fact be demanded for‘oil shale production is uncertain at this
time.

The quantity of water that would be required to process oil shale
is also highly uncertain. In general, a range from 3,000 acre-feet per
year to 9,000 acre-feet per year per unit sized (50,000 barrels/day)
plant have been presented._ A value of 5,700 acre-feet per year was
selected in the basin 13(a) study as a reasonable estimate. Table III-8
contains the estimated water supplies necessary for the baseline and
accelerated scenarios in the two basinms.

Based on the above estimates, total annual water withdrawals for
each basin for the nine possible scenarios were estimated. These are
shown in Table III-9.

Because the river flows .are highly seasonal, an examination of
water availability on a monthly basis is necessary. Therefore, esti-
mates of monthly demand are also required. These were obtained from the
annual totals by separating the fﬁture demands into irrigation and
nonirrigation wuses. All nonirrigation uses (industrial, municipal,
power plant, fish and wildlife flows, transbasin diversions and proposed
energy development) were assumed to require equal amounts of water each
month. Irrigation demands occur only during the growing season between
May and October.

Based on irrigation uses and patterns in Northwestern Colorado, the
monthly distribution of the total annual irrigation consumptive use was
estimated as shown in Table III-10.

In a given vyear, of course, this distribution of monthly

consumptive. water use may vary, primarily as a function of summer
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Table III-8. Projected Annual Water Demands from the Yampa and White
Rivers in the Year 2000 for Two Potential Levels of Energy
Development. !

Baseline Accelerated
Development Development
1. YAMPA RIVER BASIN ‘ Acre-feet
Coal and Coal
Gasification 0 10,500
0il Shale 0 0
2. WHITE RIVER BASIN
Coal and Coal
Gasification 0 0
0il Shale 90,300 171,800

1pata from: Colorado Department of Natural Resources, 1980.
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Table III-9. Projected Increases in Water Demand in the Yampa and White
River Basins for the Year 2000 with Nine Levels of

Development
Level of development Yampa River White River
Acre-feet

Low economic development without energy

development 25,000 8,000
Medium eceonomic development without

energy development 40,000 15,000
High economic development without

energy development - 47,000 23,000
Low economic development with moderate

energy development 25,000 98,300
Medium economic development with '

moderate energy development 40,000 105,300
High economic development with

moderate energy development 47,000 113,300
Low economic development with accelerated

energy development 35,500 179,800
Medium economic development with

accelerated energy development 50,500 186,800
High economic development with

accelerated energy development 57,500 194,800

Table III-10. Monthly Irrigation Cohsumptive Use Expressed as Fraction
of Total Annual Irrigation Consumptive Use

Month Consumptive

Use
Percent

May A : 14
June 18
July 28
August 19
September 14
October _ 8

Growing season total ’ 100
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rainfall patterns. But, this variation is so limited that it can
virtually be ignored. Based on the above assumptions, monthly water
demand can be calculated. Tables III-11 and III-12 give monthly demands
in entirety for the six development levels on the White River. However,
in this study, water demands and availability at specific locations
along the river were also estimated. Specifically, energy development
was assumed to occur in the Craig-Hayden region of the Yampa basin and
in the Piceance Creek area near Meeker in the White River basin. There-
fore, estimates of future water demand from economic growth were also
necessary at these points. It was assumed, based on present deveiopment
patterns and trends, that 75 percent of all future development growth in
the Yampa basin would occur above Craig, and 50 percent of all future
growth in the White River basin would occur upstream of Meeker. Like-
wise, these same percentages éf the basinwide water demand would occur

above these locations.



Table III-11. Additional Monthly Water Demands Projected for Various Levels of Economic
and Energy Development in the Yampa River Basin

Water demands

Development
level Nov.-April May June July Aug. Sept. Oct.
Acre-feet

Low 2,080 . 2,080 2,080 2,080 2,080 2,080 2,080
Low, with some energy

development 3,000 3,000 3,000 3,000 3,000 3,000 3,000
Medium, with some

energy development 3,000 3,600 3,700 4,100 3,800 3,500 3,300
Medium, with acceler=-

ated energy

development 3,900 4,500 4,600 5,000 4,700 4,400 4,200
High, with some

energy development 3,100 4,500 4,900 5,900 5,000 4,400 3,800

High, with acceler-
ated energy :
development 4,000 5,400 5,800 6,800 5,900 5,300 ‘ 4,700

(A4



Table III-12. Additional'Monthly Water Demands Projected for Various Levels of Economic
and Energy Development in the White River Basin

Water demands

Development .
level Nov.-April May June July Aug. Sept. Oct.
Acre-feet

Low 4,200 700 700 700 700 700 700
Low, with some energy '

development 49,200 8,200 8,200 8,200 8,200 8,200 8,200
Low, with accelerated

energy development 90,000 15,000 15,000 15,000 15,000 15,000 15,000
Medium 7,800 1,300 1,300 1,300 1,300 1,300 1,300
Medium, with some energy .

development 52,800 8,800 8,800 8,800 8,800 8,800 8,800
Medium, with accelerated

energy development 93,600 15,600 15,600 15,600 15,600 15,600 15,600
High 7,980 2,500 2,800 3,570 2,880 2,370 1,890
High, with some energy

development 53,400 10,000 10,300 11,100 10,400 9,900 9,500
High, with acclerated

energy development 94,200 16,800 17,100 17,900 17,200 16,700 16,300

%]
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CHAPTER 1V

HYDROLOGICAL ANALYSIS OF WATER SUPPLIES

I. INTRODUCTION

A. Brief Description of the White River Flows

At present, there are 30 official gauging stations in the White
River basin, and 11 of these gauging stations have records of more than
five years in duration. For this report, only data from the major
gauging station near Watson, Utah, has been used. The flows on the
White River are heavily concentrated in May and June. For an average
water year of 1853 CFS, if we assume 100 percent consumption, only the
water rights decreed prior to 1940 can be satisfied. However, in this
region, most of the irrigation‘of hay and pasturelands is carried out by
flooding; therefore, substantial amounts of flow returns to the river
and additional water rights can be served. A detailed analysis of the
amount of return flow and its effect on the satisfaction of water rights
is an extremely complex task (see Holt, 1980). Our main concern here is
not how or if each individual water right will be satisfied under the
variation of water supply; rather, the main aim of this study is to
estimate the variability of the total amount of unutilized water for the

basin as a whole.

B. Brief Description of the Yampa River Flows

For this report, flow data for the Yampa River was collected at the
gauging stations at Maybell and Lilly, Colorado. Currently, there are
198 decreed water rights, totaling 1,258 CFS. Contrary to the situation
for the White River, the Yampa River has a sufficient supply of water to

satisfy most of these water rights (under normal water years)
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before meeting instream flow and national park requirements. Thus, for
the Yampa River, the focus of this study is different from the focus of
the study for the White River. A main effort for the Yampa River was to
use different assumed instream flow, national park and other flow
requirements, to determine whether the Yampa River would be able to
satisfy the water delivery requirements of the Upper Colorado River
Compact of 1948. According to Raymond Herrmann of the National Park
Service, several small research projects are presently being conducted
to study the environmental requirements of the National Park Service.
The National Park Service requirements were still not known in February
of 1984,

Since the 1984 Upper Colorado River Basin Compact stated that the
flow of the Yampa River below Maybell, Colorado, must not be reduced
below 5 million acre-feet in aﬂy consecutive 10-year period, the future
flows at Maybell were compared with this Upper Colorado River Basin
Compact requirement for any 10 consecutive years. In addition, differ-
ent increments of future water needs (from the National Park Service,
instream flow requirements, energy developments, etc.) were used to
study the probability of satisfying the requirements of the 1948 Upper
Colorado River Basin Compact. Because there is no Interstate Compact to
govern the downstream flow requirements of the White River, water sup-
plies for different years were compared with different amounts of

assumed water demands.

II. APPROACHES
Groundwater resources in these two river basins are not being used

extensively. This study only investigated the surface water.
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The major gauging stations in the Yampa River Basin are at Maybell
and Lilly, Colorado, and the major gauging station in the White River
Basin is near Watson, Utah. Flow records collected by the U.S. Geologi-
cal Survey are available for Maybell and Lilly from 1922 to 1980, and'
for Watson from 1924 to 1980. In order to study the availability of
flow, a rather long-term flow sequence is needed. It is generally
accepted that long-term data can be generated from hidrological time
series models (see Salas et al., 1980). Several stochastic models are
available for modeling hydrologic time series. These models include
autoregressive models, broken line models, models of intermittent pro-
cesses, disaggregation models, Markov mixture models, ARMA-Markov models
and general mixture models. All of these models have advantages and
limitations. One practical technique to investigate the applicability
of a model to a special time series is through the comparison of respec-
tive statistical characteristics between that for the natural record and
that for the generated series. Conceptually, only virgin flow records
can be generated and not the flow after consumption, because the water
quantity used for consumption does not follow any natural laws. A great
deal of effort was spent to estimate the consumptive usages of water for
the past 50 years, so that virgin flow could be estimated and 1000 years

of stream flow data generated.

IIT. ESTIMATION OF CONSUMPTIVE WATER USAGES AND VIRGIN FLOWS ON THE
YAMPA AND WHITE RIVERS

Some work had been done in the past to determine the virgin flow in
the White River. However, due to a lack of data, little work had been
done in regard to virgin flow in the Yampa River. The purpose of this

study was to determine the virgin flow of the Yampa River in order to
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generate stream flow data for 1000 years. This provided a long-time
series for statistical analysis of possible shortages of water (i.e.,
run analysis). This same analysis was also done on the White River.

Estimation of virgin flow was based on historical stream flow and
historical consumptive uses of water, including irrigation{ municipal
and industrial uses, changes of storage in reservoirs, evaporation from
reservoirs, transmountain diversions and other miscellaneous minor
items.

The consumptive usage upstream from Lilly, Maybell, and Watson for
all previous years with flow data available were collected (see exact
dates of available data above). For each flow station the consumptive
use for each month was added to the corresponding flow data for that
month to obtain the virgin flow for the particular month. By adjusting
the flow data to include water that was consumed, 1000 years of data
could be generated for virgin flow for these three gauging stations with
the assistance of the appropriate stochastic model.

After virgin flow data was generated, the future consumptive use
for each month was estimated and subtracted to obtain the future flow
predictions for the three gauging stations.

Since the future water demands, including the consumptive use, are
difficult to predict, the nine scenarios discussed in Chapter III were
used. It was then possible to compare each of these scenarios with the

water supply, as will be described in Chapter V.

IV. CONSUMPTIVE USE OF WATER BY VARIOQUS CATEGORIES
All the estimated consumptive uses for water from the Yampa River
basin from 1910 to 1980 and for the White River basin from 1922 to 1980 .

are given in Appendix C. Some description of these are given below.
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A. Estimation of Irrigated Acreages

1/

Colorado Agricultural Statistics—" published irrigatioh acreages

for various crops {corn, spring and winter wheat, oats, barley, potatoes
and some data on alfalfa and other hay) back to 1890. The statistical
data were compiled by counties. The Yampa River Basin consists of
almost the entire area of Routt County and Moffat County, and the White
River Basin consists of Rio Blanco County.

Statistics were not available prior to 1975 for irrigated acreage
of alfalfa and other hay. The ratios of irrigated acreage to total
acreage for these two items have not changed significantly historically,
as can be clearly seen from the statistics in Table 1 (taken from 1975-
1980), therefore average ratios were taken for estimating the irrigated
acreages for these two items for the rest of the years from 1922 to
1973.

For irrigated pastureland, which constitutes 80 to 90 percent of
totai irrigated land, no statistics by county were readily available on
a year-to-year basis. For the p?esent estimation, total irrigated
acreages of only crops and hay were subtracted from the total irrigated
farmland acreages which are available in "Water Division No. 6 Annual
Report" from 1960 to 1979. Data prior to 1960 are not available because
of a fire that occurred at the Water District Office in Steamboat
Springs. For the other years prior to 1960, total irrigated farmland

acreages were obtained from Census of Agricultureg/ Vol. 1, "Area

1/

~"Source: Colorado Agricultural Statistics Annual Report, Colorado Crop
and Livestock Reporting Service, Colo. Dept. of Agricultural and
S.R.S. U.S. Dept. of Agriculture.

2/

='Census of Agriculture, Vol. 1, Area Report, Section 2, County Data,
Bureau of the Census, U.S. Dept. of Commerce, G.P.0. Washington, D.C.
1919, 1929, 1949, 1954, 1959, 1964, 1969, 1974, 1979, etc.
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Report, Section 2, County Data," which provides data at five-year
intervals. Thus, only a few years of data were available. Appendix A
gives the estimated irrigated pasture acreages over 22 years, averaging
43,475 acres annually for the Yampa River Basin, and for 20 years,
averaging 12,804 acres annually for the White River Basin. Due to a
lack of statistical information, these averaged values were used for the
remainder of the years. Efforts were made to find some correlation
between stream flow and pastureland consumptive use, but no correlation

was found after plotting these two variables on the graph.

B. Irrigation Consumptive Use

Table IV-1 below, lists crop consumptive water use data for these
two basins. The data for Table IV~1 is extracted from Table 3 in
"Irrigation Development Potential in Colorado."§/ The consumptive use
or evapotranspiration needs of an individual crop are stated in terms of
acre-feet per year per irrigated acre and are net of the effective

precipitation for a normal rainfall year.

Table IV-1. Consumptive Use Irrigation Requirements for the Yampa
and White River Basins Under Normal Year Precipitation

Crop Consumptive Use

A.F./ac./yr.

Wheat
Corn

Oats
Barley
Potatoes
Alfalfa
Other hay
Pasture

Pk e pd et DO e O
O W N =~

§/Whitt1esey, N. K., Irrigation Development Potential in Colorado, AE3
Environmental Resources Center, C.S.U., Fort Collins, Colorado, May
1977.
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With the consumptive use quotas for irrigation, estimates of
consumptive use for each crop and total annual consumptive use from
irrigation were obtained. Appendix A illustrates this estimation for

1922 to 1980.

C. Monthly Distribution of Irrigation Consumptive Use

Based on irrigation patterns in northwestern Colorado (Federal
Energy Administration, 1977), the monthly distributioﬁ of the total
annual irrigation consumptive use was estimated as shown below in

Table IV-2. Irrigation demands occur only between May and October.

Table IV-2. Irrigation Monthly Consumptive Use Expressed as Fraction
of Total Annual Irrigation Consumptive Use

Month Consumptive Use
Percent
May 14
June 18
July 28
August 19
September . 14
October _ 8
' 100
D. Reservoir Evaporation and Storage Changes

The Yampa River basin had no major reservoirs prior to 1940 when
Stillwater Reservoir was built.  Therefore, for this basin, reservoir
evaporation and storage changes were not taken into account even though
several small reservoirs existed prior to 1940. After 1940, some major
reservoirs were built, the largest of which are listed in Table IV-3.

Reservoir evaporation was estimated for the Yampa River for all
years after 1940, by the Colorado Division of Water Resources, Division
No. 6 Office at Steamboat Springs. These evaporation estimates are

given in Appendix C.
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Table IV-3. Major Reservoirs in the Yampa River Basin

Reservoirs Capacity
Acre-feet
Elkhead ‘ 13,390
Pearl Lake (Lester Creek) 5,660
Steamboat Lake 23,060
Lake Catamount ' 7,400
Yamcolo 9,000

Stillwater . 6,390

The current estimates for reservoir evaporation and storage changes
were simpler for the White River. According to "Water and Related Land
Resources, White River Basin, in Colorado," from 1924 to 1960 reservoir
evaporation and storage changes account for only 1 percent of the total
consumptive use of water. This ratio was used when data were not
available in éertain years prior to 1961.

Due to a lack of data during part of the years from 1945 to 1948,

the average figures for the rest of each particular year were used.

E. Municipal and Industrial Use

As mentioned above, municipal and industrial data for 1976 to 1980
were also available in "Division No. 6 Water Budget Program.”" The table
in Appendix C of the Whter Division Annual Report provides these data
for some years. Since municipal and industrial uses have an upward
trend and do not change significantly from year to year, it is reason-~
able to interpolate estimated values between known values.

For the White River basin, Longenbaugh and Wymore (1971) found that
municipal and industrial uses accounted for 4 percent of the total
consumptive use before 1960. This percentage was used to estimate
values prior to 1961. Based on the same source, 8 and 11 percent were

used for the 1960's and 1970's respectively.
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It was assumed that annual municipal and industrial use was

distributed evenly over the months in each year.

F. Transmountain Diversion

Three data sources were available: (1) Water Division Annual
Report contains data from‘1961 to 1975 (see Appendix C, p. 28) for the
Yampa River basin; (2) "Division No. 6 Water Budget Program" provides
data compiled from 1976 to- 1980; (3) Table in Appendix C (p. 26) of
Water Division No. 6 Annual Report provides certain years prior to 1961.
Interpolations were made for the years with missing data.

No transmountain diversions have been made from the White River

basin.

G. Miscellaneous Item

Accounting of miscellaneous water in the Yampa River basin was not
made until 1976 and on. Some amount of water was then recorded as
miscellaneous use in the "Division No. 6 Water Budget Program." As for
the White River, a small amount of water was accounted as a miscellane-
ous item based on 1976;1980 data provided in the "Water Budget Program."

We have used the above approach to get a reasonable estimate of the
amount of miscellaneous use of water. The amounts of miscellaneous use
are very small and thus should have an insignificant effect on this

study.

V. DATA GENERATION

A. Selection of a Stochastic Model for Hydrological Data
Generation

Virgin flows were estimated based on the data from 1922 to 1980 for
the Yampa River (at Maybell and Lilly) and from 1924 to 1980 for the

White River (near Watson) as explained previously. Four stochastic
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models were identified to determine the most appropriate model which
would preserve the statisticél parameters and would also satisfy the
test for independence of the residual variable, a skewness test for
normality and heteroscedascity test for white noise variance. The four
models were AR(0), AR(1), AR(2) and ARMA(1,1), and they are described in
"Hydrological Modeling for Time Series" (Jose Salas et al., 1980).

For some months the coefficients of skewness were quite high, as
shown in Table IV-4. As a result, none of the four models could satisfy
the skewness test for normality without doing a transformation of the
series. For the Yampa River, the best computer value of skewness was
1.001 using model AR(2) which is still far from the tabulated value of
0.180. The same case developed with the White River data. Therefore, a
natural logarithm transformation of series was done for both the Yampa

and the White Rivers, using the following equation:

X = LoG (Y + C)

where
X = transformation series,
LOG = natural logarithm
Y = historical series

(@]
H

transformation coefficient.

Table IV-4. Coefficient of Skewness for the Yampa and White River
Series

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.

Yampa River
1.08 1.04 0.73 0.52 2.24 1.55 0.72 0.21 0.17 1.91 0.83 1.89

White River

1.86 1.47 0.80 0.28 1.20 1.55 2.89 0.79 3.63 2.57 3.12 4.41
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Probability levels (Beta) with 0.90 and 0.95 and significance
levels with 0.025 and 0.05 wére selected in the identification of suit-
able models.

It can be clearly seen that for both the Yampa and the
White the most appropriate stochastic model was the AR(2) model, even
though the computed skewness values were not close to the tabulated

values.

B. Results of Hydrologic Data Generation

The generation of the 1000-year data was done by generation of'five
samples of 200 years each. The five samples were listed for every month
and were compared to the historical parameters of the corresponding
months. The closeness of these values suggested a satisfactory model
had been used. Tables IV-5 and IV-6 show the closeness of parameters
for the 1000-year generated data compared with those of historical
parameters.

The comparison between the generated water supply data and the

water demand will be discussed in the next chapter.



fable -IV-5 --Comparison of statistical parameters of historical series and 1000-year generated series at

Maybell and Lilly, Yampa River

Parameters f Series f Oct. , Nov. , Dec. f Jan. Feb. , Mar. _, Apr. May June f July f Aug. fSept.
;Historic ;36,191. 26,407. 23,414 .21,682. 24,248. 62,241. 22,074 ’ 548,717‘ 447,563 '130,762.50,003.33,935
vean ;lOOO—yr. ;35,533 26,332 23,353 21,391 23,759 61,078 213,021 524,882 446,242 131,002 49,986 33,538
Standard ;Historic ;15,165 9,675 7,735 6,664 9,380 33,417 101,208 177,431 172,662 72,095 15,906 12,463
deviation - ;IOOO—yr. ;13,773 9,570 7,446 6,485 8,583 30,778 100,985 171,223 '186,698 78,398 16,427 11,776
Skewness ;Historic . 1.08 1.04 0.73 0.52 2.34 1.55 0.72 0.21 0.17 1.91 0.83 1.89
coefficient ;1000—yr. 1.01 1.41 0.69 0.56 2.04 1.37 0.84 0.19 0.32 2.24 1.11 2.30
Lag 1 ;Historic 0.74 0.82 0.84 0.87 0.68 0.49 0.47 0.46 0.60 0.80 0.74 0.63
auto coeff. ;lOOO-yr. 0.72 0.85 0.82 0.86 0.73 0.57 0.48 0.48 0.64 0.82 0.77 0.63
Lag 2 ‘;Histofic ; 0.38 0.64 0.64 0.67 0.61 0.59 0.42 0.32 0.16 0.45 0.63 0.43
auto coeff. ;1000—yr. 0.35 0.66 0.65 0.64 0.67 0.60 0.41 0.31 ~ 0.16 0.59 0.68 0.47

SS



Table IV-6--Comparison of statistical parameters of historical series and 1000-year generated series near
Watson, White River

Parameters : Series : Oct. ; Nov. Dec. 2 Jan. : Feb. i Mar. , Apr. . May i June : July i Aug. iSept.
;Historic; 31,769 24,918 22,530 21,821 22,894 35,292 41,682 104,257 126,706 55,760 38,115 32,516
vean ;1000—yr.; 31,706 24,917 22,566 21,584 22,660 34,802 40,814 103,129 151,117 56,496 38,948 33,146
Standard ;Historic; 8,717 4,973 4,131 4;041 4,808 11,766 21,506 36,194 74,959 31,447 16,337 14,259
deviation‘ ;1000-yr.§ 8,920 4,986 4,108 3,838 4,670 10,797 18,441 35,455 ,163,135 32,370 19,286 14,908
Skewness ;Historic; 1.86 1.47 0.80 0.28 1.20 | 1.55 2.89 0.79 3.63 2.57 3.12  4.41
coefficient ;1000—yr.; 1.82 2.19 0.74 0.34 1.05 1.66 2.38 0.75 4.74 2.05 2.84 2.60
Lag 1 ;Historicz 0.77 0.86 0.76 0.79 0.51 0.24 0.51 0.64 0.33 0.38 0.81 0.77
auto coeff. ;1000—yr.; ~ 0.66 0.77 0.69 0.76 0.57 0.25 0.43 0.53 0.50 0.64 0.74 0.42
Lag 2 ;Historic: 0.66 0.66 0.61 0.61 0.52 0.18 0.27 0.43 0.24 0.50 '0.28 0.69
auto coeff. ;1000—yr.§ 0.49 0.54 0.49 0.23 0.22 0.18 0.60 0.52 0.50

0.51

0.52

0.44

98
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CHAPTER V

RELATIONSHIPS BETWEEN WATER SUPPLIES AND WATER DEMANDS

I.  WATER RIGHTS

A tabulation of adjudicated water rights in the Yampa River basin
has been compiled on the CYBER computer from the State Engineer's
records. The rights are tabulated by date of appropriation and cubic
feet per second claimed. Water rights in the White River basin have
been taken from the study by Longenbaugh and Wymore (1971). These data
are plotted by year of appropriation in Figure V-1 for the Yampa River
basin and in Figure V-2 for the White River basin. In these figures,
the mean flow for the irrigation season along with 2-year, 5-year, and
20-year return flow periods are given.

Appendix E lists the Yémpa basin water rights by years, including
appropriations on the main stem as well as the tributaries. Appendix E-1
contains the direct flow rights and flow requirements in C.F.S. filed on
the tributaries, as well as the mainstem of the Yampa, along with the
reservoir rights and amounts of water claimed for storage in acre feet
(Water Districts 54, 55, 57 and 58).

Mean flows on the Yampa River during the irrigation period appear
to be adequate to serve only water rights up to 3,400 C.F.S. of a total
of 8,921 C.F.S. appropriated. On the White River, the mean flow is
1,161 C.F.S. to meet appropriated water rights totaling over
6,000 C.F.S. However, return flows allow many water rights above the
1,161 C.F.S. level to be served, depending on location on the stream.
The problem that water right holders have is the extreme variation in
monthly stream flow on the Yampa and White Rivers as shown in

Figures V-3 and V-4. For instance, average monthly flows at Maybell,
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Colorado, run from about 6,200 C.F.S. in May to 400 C.F.S. in August and
about 200 C.F.S. in September. As can be seen, the flow of the Yampa
falls off rapidly during the latter part of the irrigation season,
leaving many of the water rights without water after June. This rapid
decline in stream flow partially accounts for the lack of irrigated
crops in the area and for the large acreages of irrigated hay and
pasturelands. These lands are irrigated intenéively during the short
period when water supplies are plentiful and then may not be irrigated
again during the growing season.

Most of the active water rights on the Yampa could probably be
served during May and June because of the high flows coupled with return
flows, but during July, August and September many of the water rights
would have little chance of receiving water.

The same general pattern of high early season flows appears to be
true on the White River, although diversion records show that appropri=-
ations per acre are much higher on the White River than on the Yampa
River. Appendix B shows total water diversions, as recorded by the
water commissioners on the two rivers.

If the diversions could be made throughout the irrigations season,
the water supply on both the Yampa and the White Rivers would be
adequate to produce good yields of irrigated crops. The problem is that
as the snow melts early in the season, excess water supplies swell the
streams, and as the streams decline to low levels late in the season

there are short water supplies.

II. COMPARING WATER SUPPLIES AND WATER DEMANDS FOR BOTH BASINS
As shown in previous sections, current water use in both basins is

primarily for irrigated agriculture with lesser amounts used for
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municipal, industrial and transmountain diversion purposes. Although
only about 8 to 19 percent of the annual flow is currently consumed,
shortages do occur as a result of high monthly variation in flows. The
purpose of this study is to assess water availability and variability
for different levels of demands upstream, ,as well as to satisfy the
interstate compact requirement downstream.

In this analysis, one or more consecutive months (for every

consecutive 10 years) in which demand exceeds supply is referred to as a

run.”" For each river basin and for each of the projected demand levels
or scenarios, statistics such as the total number of "runs," average and
maximum monthly length of "runs," average and maximum volume of deficit
of "runs" (depletion), probability of failure to meet demands, return
period, average drought severity (ratio of total deficit over total
demand), have been tabulated;

One of the main purposes of this part of the analysis is to assess
the probability of meeting the interstate compact requirement for the
Upper Colorado River. As stated in Chapter II, the Upper Colorado River
Compact of 1948,1/ Article XIII requires that Colorado must not cause
the flow of the Yampa River at the gauging station near Maybell,
Colorado to be depleted below an aggregate of five million acre-feet for
any consecutive 10-year period.

A. Assumptions Used to Compare Supply and Demand

This study considers a combination of nine scenarios according to
different levels of energy development and economic growth, as defined

2/

in the Upper Colorado River Basin 13(a) Assessment.= Certain

1/ ¢olorado Revised Statutes, 1973, Art. 37-62-101.

g/Knudson and Danielson. A Discussion of Legal and Institutional
Constraints on Energy-related Water Development in the Yampa River
Basin, Colorado, December 1977. State Engineer's Office, Dept. of
Natural Resources, State of Colorado, Denver, Colorado.
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arbitrarily chosen water demands were also considered. In addition, the
following three assumptions were used in this study: 1) all existing
water rights are senior to those of energy development; 2) the study has
not included any existing significant reservoir storage on the river;
and 3) that a 1000-year period, generated and based on the 59-year and
57-year historical records for the Yampa River and the White River
respectively, can be used fairly well to assess water availability, and
that this corresponds to the economic or planning timé frame used for
any particular development. The requirements for the instream flows and
the Dinosaur National Park are not known at this stage. Thus, these
additional water demands, if any, are not considered in this study.

B. Alternative Conditions of Run Analysis

Downstream demands, such as those for Dinosaur National Park, the
instream flow, and the Interstate Compact were excluded. Tables V-1,
V-2, V-3 and V-4 show the results and statistics of the run analysis
when considering nine scenarios of current and anticipated demand from
new development. Table V-1, developed for the Yampa River, indicates
that there will be deficits or shortages of water with the current
demand during 55 periods or "runs," with 71 months having too little
water to meet demand. It appears that if storage capacity of 19,414
acre-feet were developed, then these periods of shortages or 'runs"
would be totally eliminated. In the scenario indicating high level of
economic growth with accelerated energy development, in 345 months
demand for water could not be met. In this case, storing 37,414 acre-
feet of water would eliminate the shortage of water. Additional storage
levels needed do not take into consideration the existing storage

capacity in this basin. Actually, the additional storage needs cannot



Table V-1.

Summary of Run Statistics for the Yampa River Basin (considering upstream demand only)

Storage Probability

Number  Average Average Average Maximum Needed to Months of Return

Level of / of Duration Depletion  Drought Duration  Satisfy All of Failure Period

Development— Runs (months) (A.F.) Severity (months) Demands(A.F.) Failure (percent) (year)
Existing' 55 1.29 3,900.37 .1175 3 19,413.91 71 .60 14.
LWO/LWB . 96 1.43 4,413.29 L1273 4 25,653.91 137 .14 7.
LWA 129 1.44 4,436.38 .1245 4 28,413.91 186 .55 5.
MWO/MWB 155 1.47 4,557.83 L1270 4 30,813.91 228 .90 4.
MWA 186 1.51 5,026.13 .1354 4 33,513.91 281 .30 3.
HWO/HWB 183 1.52 5,326.63 . 1441 4 34,713.91 278 .30 3.
HWA 227 1.52 5,537.67 .1448 4 37,413.91 345 .90 2.

l/LWO, MWO, and HWO refer to:
LWB, MWB, and HWB refer to:
LWA, MWA, and HWA refer to:

low, medium, and high "without energy development" scenarios.
low, medium, and high "with baseline energy" scenarios.
low, medium, and high "with accelerated energy" scenarios.
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Table V-2. Summary of Run Statistics for the White River Basin (without river storage)
Number Average Average Average Maximum Maximum
Level of 1/ of Duration Depletion Drougbt Duration Depletion

Development— Runs (months) (A.F.) Severity {months) (A.F.)
Existing 0 0.00 0.00 0.0000 0 0.00
‘LWO 0 0.00 0.00 0.0000 0 0.00
LWB 13 1.00 71,250.15 0.0624 1 3,218.45
LWA | 260 1.49 2,729.76 0.0713 4 16,397.00
MWO 0 0.00 0.00 0.0000 0 0.00
MWB 17 1.00 1,487.34 0.0720 1 3,818.45
MWA 335 1.50 2,920.36 0.0740 4 18,797.00
HWO 0 0.00 0.00 0.0000 0 0.00
HWB 40 1.00 2,315.43 0.1090 1 6,118.45
HWA 438 1.55 3,975.63 0.0900 4 25,297.00

l/LWO, MWO, and HWO refer to: low, medium and high "without energy development' scenarios.

LwB, MWB, and HWB refer to:
LWA, MWA, and HWA refer to:

low, medium and high "with baseline energy' scenarios.
low, medium and high "with accelerated energy" scenarios.
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Table V-3.

Summary of Run Statistics for the White River Basin (with river storage
to satisfy each individual year)

Number Average Average Average Maximum Maximum

Level of 1/ of Duration Depletion Drougyt Duration Depletion
Development— Runs (months) (A.F.) Severity (months) (A.F.)
Existing 0 0.00 0.00 0.000 0 0.00
LWwo 0 0.00 0.00 0.000 0 0.00
LWB 0 0.00 0.00 0.000 0 0.00
LWA 1 1.00 13,756.36 0.055 1 13,756.36
MWO 0 0.00 0.00 0.000 0 0.00
MWB 0 0.00 0.00 0.000 0 0.00
MWA 1 1.00 16,756.36 0.065 1 16,756.36
HWO 0 0.00 0.00 0.000 0 0.00
HWB 0 0.00 0.00 0.000 0 0.00
HWA 4 1.00 8,770.86 0.033 1 24,456.36

l/LWO, MWO, and HWO refer to: low, medium and high "without energy development" scenarios.

LWB, MWB, and HWB refer to:
LWA, MWA, and HWA refer to:

low, medium and high "with baseline energy" scenarios.
low, medium and high "with accelerated energy" scenarios.
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Table V-4. White River (run analysis)

Number of Months of Return Period (years) Probability of Failure (%) Storage
Negative Runs Failure Irrigation Period Whole Year Irrigation Period Whole Year Needed to
Leyel of 1/ Witho&} With Without With Without With Without With Without With Without With Satisfy All
Develspment~ F.s.= F.S. F.S. F.S. F.S. F.S. F.S. F.S. , F.s. F.S. F.S. F.S. Demands(A.F.)
Existing 0 0 0 0 0 0 0 0 0
LwO 0 0 0 0 0 0 0 0 0
LwB 13 0 13.0 0 38.5 76.9 0.22 0 0.11 0 3,218
LWA 260 1 387.4 1 1.29 260.4 2.58 520.8 6.44 0.016 3.22 0.008 16,397
MWO 0 0 0 0 0 0 0 0 0 0 0
MWB 17 0 17.0 0 29.4 58.8 0.284 0 0.142 0 3,818
MWA 335 1 502.5 1 0.99 260.4 1.99 520.8 0.84 0.016 ‘0.42  0.008 18,797
HWO 0 0 0 0 0 0 0 0 0 0 0
HWB 40 0 40 0 12.5 25.0 0.66 0 0.33 o 6,118
HWA 438 4 678.9 4 0.74 63.1 1.47 126.3 1.12 0.066 0.56 0.033 25,297

L9

l/LWO, MWO, and HWO refer to: low, medium, and high "without energy development" scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.

g/F.S. = further storage.

2/Compared with condition of no additional storage ("without storage").
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be determined from this simple analysis of balancing just the water
supply with the water demand. A detailed analysis must be made on the
ability to forecast the flow, the operation rules of the storage, the
water rights, the water distribution, the downstream seasonal watef
demands, and other factors, for the determination of the needs for
additional storage.

Two conditions were assumed for the White Riﬁer. With the current
condition (without reservoir storage) no deficits appeared on the
existing and LWO (low level without energy development) scenarios.
However, shortages of water begin to appear on the LWB (low level with
baseline energy development) scenario which would require 3,218 acre-
feet of storage to eliminate the 13 "runs" or periods of shortage.
Furthermore, 25,297 acre-feet_of storage would be needed to eliminate
the 438 negative 'runs" that occur with high economic and accelerated
energy developmeﬁt. Again, it is not the purpose of this study to
investigate the need for additional storage. More work has to be done
to fully investigate the need for storage.

The second condition considered was with reservoir storage to
satisfy each year's shortage. 1In this case, a water deficit appeared

for one 'run"

for LWA (low level with accelerated energy development),
one "run" for MWA (medium level with accelerated energy development) and
for 4 "runs" for HWA (high level with accelerated energy development).

The statistics in Table V-4 indicate the low probability of
shortage of water in a 1000-year period even with not storage of water
provided on the White River.

This next series of analyses considered the Upper Colorado River

Interstate Compact that applies to the Yampa River, along with upstream
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demands. The two conditions considered for the Yampa River basin were
with and without additional storage for upstream demand. Obviously,
there would be less water flowing downstream if there was a storage
reservoir large enough to store water during the wet seasons and allo-
cate water to meet the demand during the dry seasons. In such a case,
it would be more difficult to satisfy the five million acre-feet for
every 10 consecutive years than in the case where no storage is
available to meet upstream demands. However, results of the analysis
showed that with all nine scenarios and existing conditions, there were
no negative runs for these two conditions. In order to find a level of
upstream demand beyond which the negative "runs" begin to occur, four
additional development levels were projected, based on the total annual
upstream demands. As Table V-5 shows, a "run" or shortage did not occur
with additional development wuntil annual wupstream demand reached
1,200,000 acre-feet. In other words, when there is no additional
storage for upstream demand a deficit will occur once in 99 years in
terms of the downstream compact commitment. Table V-6 shows that
shortage of water occurred only when additional development level (extra
high-3 scenario) reached 800,000 acre-feet for the total upstream
demand, when additional storage for upstream demand was available. Nine
runs with a total number of forty-two 10-year periods were recorded in
this case. This means that water shortage would occur every 2.4 years.
The additional storage levels needed for various levels of upstream
demand are also listed in the table. Also, if negative "runs'" are to be
totally eliminated in the extra h-3 scenario, the storage needed to meet
the compact will be 13,624,498 acre-feet; or if no storage is provided,
then the maximum shortage duration will be fourteen 10-year periods,

i.e., 140 years, as shown in Table V-7.



Table V-5. Run Analysis for Yampa River (without additional storage for upstreém demand and the
Upper Colorado River Compact Requirement for 5,000,000 A.F. in any 10-year Period

No. of Average No. of 10 Average Maximum Maximum Return Probability Total Annual
Level of / Negative Duration Ye?rs of Depletion Duration Depletion Period of Failure Upstream
Development—~ Runs (10 years) Failure (A.F.) (10 years) (A.F.) (10 years) (percent) Demand(A.F.)
Existing 0 0 0 0 0 0 ® 0 140,335
LWO/LWB 0 0 0 ' 0 0 0 o 0 165,295
LWB 0 0 0 0 0 0 ® 0 176,335
MWO/MWB 0 0 0 0 0 0 ® 0 180,335
MWA 0 0 0 0 0 0 © 0 191,135
HWO/HWB 0 0 0 0 0 0 ® 0 187,435
HWA 0 0 0 0 0 0 ® 0 198,235
Extra High-1 0 0 0 0 0 0 ® 0 400,000
Extra H-2 0 0 0 0 0 0 ® 0 600,000
Extra H-3 0 0 0 0 0 0 ® 0 800,000
Extra H-4 1 1 1 7,727 1 7,727 99.1 0.1 1,200,000
Extra H-5 7 5.86 41 2,411,156 18 9,140,594 24.0 4.1 1,500,000

l/LWO, MWO, and HWO refer to: low, medium, and high "without energy development" scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.
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Table V-6. Run Analysis for Yampa River (with additional storage for upstream demand) and the
Upper Colorado River Compact Requirement for 5,000,000 A.F. in any 10-vear Period

No Additional Total Annual Additional

No. of Average No. of 10 Average Maximum Maximum Return  Probability Storage for Upstream Storage for

Level of 1/ Negative Duration Yeérs of Depletion Duration Depletion Period of Failure Upstream Demand Demand UpstreamDemand

Development— Runs (10 years) Failure (A.F.) (10 years) (A.F.) (10 years) (percent) ==-recemmcccoccacacn (A.F.)~-=--cccmcncccnna
Existing 0 0 0 0 0 0 © 0 0 140,335 19,413
LWO/LWB 0 0 0 0o . 0 , 0 ® 0 0 165,295 25,654
LwA 0 0 0 0 0 0 L 0 0 176,335 28,414
MQO/MWB 0 0 0 0 0 0 ® 0 0 180,335 30,814
MWA 0 1] 0 0 0 0 ® 0 0 191,135 33,514
HWO/HWB 0 0 0 0 0 0 ® 0 0 187,435 34,713
HWA 0 0 0 0 0 0 ® 0 0 198,235 37,414
Extra High-lg/ 0 0 0 0 0 0 ® 0 0 400,000 239,179
Extra H-2 0 0 0 0 0 0 L 0 0 600,000 439,179
Extra H-3 9 4.67 42 3,334,618 14 13,624,498 2.40 4.2 0 800,060 639,179
Extra H-4 51 11.80 614 4,032,198 95 237,500,000 1.61 61.9 0 1,200,000 1,039,179
Extra H-5 991 0‘ 1,500,000 1.3 x 108

l/LWO, MWO, and HWO refer to: low, medium, and high "without energy development" scenarios.
LwB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: 1low, medium, and high "with accelerated energy" scenarios.

g/l-l-l, H-2, etc. refer to: "high" in various degrees.

1L
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Table V-7. Additional Storage Needed to Meet Downstream Demand
(with additional storage for upstream demand)

Tenth scenario (In 10-year periods)
Storage needed Run duration
Runs A.F. (10-year)

0 13,624,498 0

1 7,094,846 _ 1

2 \ 6,986,661 1

3 ’ 767,789 2

4 602,795 | 3

5 594,729 3

6 249,524 2

7 86,791 9

8 3,931 7

9 0 14

It can be concluded that for. the purpose of meeting interstate
compact reQuirements of providing five million acre-feet of water at
Maybell in any consecutive ten years, water is abundant in the Yampa
River. It is also obvious that the mean annual stream flow of 1,050,000
aére-feet is twice that needed for the annual interstate compact
requirement of 500,000 acre-feet. However, if the compact commitment
were to be evenly distributed over each year of every 10-year period, it
would be much more restrictive for water use on the upper Yampa. An
analysis was made in regard to this scheme and is attached to this
report as Appendix D, "Supplement to Run Analysis for the Yampa River."

The Upper Colorado River Interstate Compact that affects the Yampa

River requires delivery of 5,000,000 acre-feet of water to the Green
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River in any 10-year period. This compact provision guarantees to some
degree that water will be made available for minimum flow uses during
most time periods. To test the effect of the compact requirement, two
alternative situations were run in the computer analysis. Alternative
one attempts to deliver a uniform 500,000 acre-feet per year from the
Yampa River. This alternative tries to meet the 500,000 acre-feet
requirement during the 6-month nonirrigation period; the remaining water
needed would come equally from the six irrigation months. In this case
every year for about 1.5 months there would be insufficient water some-
time during August to October, with an average shortage of 14,025 acre-
feet. The maximum shortage would be 22,492 acre-feet. As more develop-
ment takes place on the river, the shortages would grow larger each year
during August, September and October.

A second alternative was examined: the entire 6-month
nonirrigation season water was used to meet part of the compact require-
ments, then the excess high flows of May through July were used as much
as possible to satisfy the remainder of the compact requirements. In
this case, no shortages were observed in meeting compact requirements,
but stream flow would be much lower in August, September and October
than for the previous alternative because existing water rights would be
allowed to use most of the available water.

The only way that existing water rights could receive water and
that a minimum flow could be maintained would be to develop reservoir

storage to meet all water demands during low flow periods.

C. Frequency Analysis of Generated Flow Series
Frequency analysis was made based on the 1000-year generated

series, with the empirical plotting position method (P = m/n+1%), where
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m is the order and n is the number of samples. Tables V-8 and V-9
list the results of monthly flows corresponding to 2, 5, 10 and 20 years
of return periods along with mean flows for the Yampa and White Rivers.

A study was done in regard to run analysis with fixed probability
of return periods. For the Yampa River, it was not possible to analyze
the annual shortages of water when considering the five million acre-
feet demand for each 10 consecutive years. It was possible to analyze
the shortages only when a given part of the compact requirement say
500,000 acre-feet, was distributed annually. Two alternatives for
annual deliveries were analyzed and are presented, as discussed above,
in Appendix D. The results of these alternatives showed no negative
runs for the 2-year return period in Alternative 2. This was more
reasonable than Alternative 1 because annual excess water was not wasted
in terms of satisfying thé 500,000 acre-feet annual demand (see
Tables V-10 and V-11). As for the White River, no shortage of water
appeared when the return period was two years or longer (see

Table V-12).

IIT. CONCLUDING REMARKS

In this chapter we have compared water supply with water demand
under various assumptions of future projected water use. In the
majority of cases, the water supplies satisfied the water demands most
of the time. However, if future water demands should be wvery high,
water deficiencies will occur. All these analyses are made‘without
consideration of the requirements for Dinosaur National Park and the

instream flows, because these requirements are not known at this time.



Table V-8. Yampa River (frequency analysis - streamflow in acre-feet)

Return Irrigation
Period Oct. Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. Sept. season
(Years) - = = = =~ - = = - D IR N R O T R A.F.,(cfs)

2.0 33,299.5 25,077.5 22,090.0 20,795.0 21,865.0 54,281.0 194,324.3 516,440.9 440,095.9 110,804.4  47,384.5 30,941.5 1,198,283
(3,355)

5.0  45,470.0 32,657.4 29,389.0 26,747.6 28,983.2 81,293.4 291,870.3 -666,321.2 594,694.9 175,491.0 62,291.2 40,528.4 1,521,506
(4,260)

10.0 53,673.7 38,184.6 33,236.3 29,862.2 34,240.4 101,405,8 348,291.9 743,552.7 682,605.9 220,947.8 71,197.9 47,628.7 1,718,075
. . : ' (4,811)

20.0 60,818.9 44,199.4 37,674.4 33,238.4 40,918.5 119,833.9 403,509.4 823,875.3 754,671.9 274,883.0 79,778.9 54,971.1 1,928,182
(5,399)

50.0 70,625.9 50,122.0 40,450.4 36,901.0 47,039.3 146,434.8 465,317.4 887,183.0 874,765.6 377,153.7 90,408.7 67,897.6 2,173,518
. ’ (6,086)

100.0  80,973.3 55,878.8 44,605.3 38,645.6 53,120.5 165,298.6 504,362.8 965,896.3 947,891.9 419,077.5 102,377.5 74,735.5 2,398,074
» (6,715)

(=]

Mean 35,533.0 26,332.0 23,353.0 21,391.0 23,759.0 61,078.0 213,021.0 524,882.0 446,242.0 131,002.0 49,986.0 33,538.0 1,221,183

(3,419)
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Table V-9. White River (frequency analysis - streamflow in acre-feet)

Return Irrigation
Period Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. season
(Years) = = = = = = = = = = = = o - oot AF. = = = - = = = s s et e et e e e e e s e e e e e - - A.F.,(cfs)
2.0 29,659.0 24,070.5 21,988.5 21,373.5 21,894.5 32,822.0 36,396.0 98,536.4 105,596.5 47,355.0 33,125.0 28,778. 358,414
(1,000)
5.0 37,045.0 27,967.6 25,927.8 24,698.8 26,213.0 41,990.2 50,389.8 131,202.2 210,139.9 75,566.1 48,230.2 40,008. 518,011
(1,450)
10.0 43,040.8 31,038.9 27,943.4 26,466.4 28,615.0 47,839.1 62,459.7 148,165.2 302,684.6 92,709.7 59,789.8 50,316. 649,942
' (1,819)
20.0 48,922.7 33,741.6 30,214.9 28,548.8 31,817.5 54,475.1 77,848.0 170,674.1 406,319.2 119,246.0 73,251.1 63,405. 786,608
(2,202)
50.0 57,916.5 37,734.9 33,121.8 30,195.8 35,191.3 64,193.0 98,361.4 189,598.3 628,448.5 166,370.9 100,880.5 85,597. 1,104,275
100.0 63,698.9 42,903.0 34,780.8 31,271.7 36,682.6 72,373.7 108,483.3 212,881.1 976,296.3 182,000.6 119,359.5 94,810. 1,436,664
Mean 31,706.0 24,917.0 22,566.0 21,584.0 22,660.0 34,802.0 40,814.0 103,120.0 151,177.0 56,496.0 38,948.0 33,146.0 414,593

(1,161)
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Table V-10

Residual Stream Flows (after deducting the demands and interstate compact requirements) for
Yampa River (run analysis with fixed probability), Return Period: 2 Years, Alternative
No. 1

Level of No. of Average
develop-ll negative run du- Average Maximum
ment = Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. runs ration depletion depletion
-------- e . 1 R T I I B (months) (A.F.) (A.F.)
Existing -5,558 0 0 0 0 0 0 469,220 388,299 47,597 -6,458 -16,034 2 1.5 14,025 22,492
LWO/LWB -9,718 0 0 0 0 0 0 465,060 384,139 43,437 -10,618 -20,194 2 1.5 20,265 30,812
LWA -11,558 0 0 0 0 0 0 463,220 382,299 41,597 -12,458 -22,034 2 1.5 23,025 34,492
MWO/MWB -11,858 0 0 0 0 0 0 462,620 381,599 40,497 -13,258 -22,534 2 1.5 23,825 35,792
" MWA -13,658 0 0 0 0 0 0 460,820 379,799 38,697 -15,058 =-24,334 2 1.5 26,525 39,392
HWO/HWB -12,458 0 0 0 0 0 0 461,620 380,299 38,597 -~14,558 -23,534 2 1.5 25,275 38,092
HWA -14,258 0 0 0 0 0 0 459,820 378,499 36,797 -16,358 -25,334 2 1.5 27,975 41,692
l/LWO, MWO, and HWO refer to: low, medium, and high "without energy development scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios. :j
IWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.
Rules: 1. Use nonirrigation period to satisfy 500,000 acre-feet.
2. The remainder evenly distributed among the 6 months of irrigation period (May through October).



Table V-11. Residual Stream Flows for Yampa River (run
Period: 2 Years, Alternative No. 2.

analysis with fixed probability), Return

Level of No. of Average
develop-ll negative run du-  Average Maximum
ment = Oct. Nov. Dec. Jan. Feb. Mar. (Apr. May June July Aug. Sept. runs ration depletion depletion
------------------------- AF. - ~=------2=cce-cce==o=c--- (months)  (A.F.) (A.F.)
Existing 0 0 0 0 0 0 0 469,220 388,299 19,547 0 0 0 0 0 0
LWO/LWB 0 0 0 0 0 0 0 465,060 384,139 2,907 0 0 0 0 0 0
LwA 0 0 0 0 0 0 0 463,220 377,846 0 0 0 0 0 0 0
MWO/MWB 0 0 0 0 ] [ . 0 462,620 374,446 0 0 0 0 0 0 0
MWA 0 0 0 0 0 0 0 460,820 365,446 ] 0 0 0 0 [ 0
HWO/HWB 0 0 0 0 0 0 0 461,620 368,346 0 0 0 0 0 0 0
HWA 0 0 0 0 0 0 0 459,820 359,346 0 0 0 0 0 0 0

l/I,WO, MWO, and HWO refer to: low, medium, and high "without energy development” scenarios.

LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy' scenarios.

LWA, MWA, and HWA refer to: low, medium, and high "with accelerated energy" scenarios.

Rules: 1. Use nonirrigation period to satisfy 500,000 A.F.
2.

The remainder evenly distributed among the 6 months of irrigation period (May through October), then use storage to satisfy the negative
depletion to its utmost. OR The remainder is satisfied by the high stream flow from May to July. No storage is needed.
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Table V-12. Residual Stream Flows for White River (run analysis with fixed probability),
Return Period: 2 Years

Level of No. of Average
develop-ll negative run du- Average Haxim?m
ment = Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. runs ration depletion depletion
------------------------- AF. - == =-=ce-sscr-e=-oce=o~s=-=- (months) (A.F.) (A.F.)
Existing 25,977 23,623 21,541 20,926 21,447 32,374 35,936 92,187 97,675 35,507 24,624 22,480 0 0 0 0
LwWO 25,277 22,923 20,841 20,226 20,747 31,674 35,236 91,488 96,975 34,807 23,924 21,780 0 0 0 0
LwB 17,777 15,423 13,341 12,726 13,247 24,174 27,736 83,988 89,474 27,307 16,424 14,280 0 0 0 0
LWA 10,977 8,623 6,546 5,926 6,447 17,374 20,936 77,188 82,675 20,507 9,624 7,480 0 0 0 0
MWO 24,677 22,323 20,241 19,626 20,147 31,074 34,636 90,888 96,375 34,207 23,324 21,180 0 0 0 0
MWB 17,177 14,823 12,741 12,126 12,647 23,574 27,136 83,388 88,875 26,707 15,824 13,680 0 0 0 0
MWA 10,377 8,023 5,941 5,236 5,847 16,774 20,336 76,588 82,075 19,907 9,024 6,880 0 0 0 0
HWO 24,087 22,293 20,211 19,596 20,117 31,044 34,606 89,688 94,875 31,937 21,744 20,110 0 0 0 0
HWB 16,477 14,723 12,641 12,026 12,547 23,474 27,036 82,188 87,375 24,407 14,224 12,580 0 0 0 0
HWA 9,677 7,923 5,841 5,226 5,747 16,674 20,236 75,388 80,575 17,607 17,424 5,780 0 0 0 0

l/I..WO, MWO, and HWO refer to: low, medium, and high "without energy development" scenarios.
LWB, MWB, and HWB refer to: low, medium, and high "with baseline energy" scenarios.
LWA, MWA, and HWA refer to: 1low, medium, and high "with accelerated energy" scenarios.
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CHAPTER VI

RESULTS, POTENTIAL IMPLICATIONS AND POSSIBLE STATE ACTIONS

With the development of 1000 year synthetic hydrographs for the'
Yampa and White rivers, it was possible to examine a wide range of flow
conditions for the two rivers. When these hydrographs were matched
against current water uses-and a variety of aﬁticipated development
scenarios it was possible to identify when, how often, how severe, and
how lengthy, water shortages were likely to be. Then by examining
possible downstream requirements such as interstate compacts, national
parks and instream flow requirements, it was possible to estimate the
timing and severity of water shortages under various conditions of flow
and the amount of reservoir storage that would be needed to redistribute
water supply to meet anticipated shortages.

Basically, there is adequate water in both the Yampa and White
River basins to meet current requirements for irrigation, municipal, and
industrial uses and the water demands of the Upper Colorado River
Compact. However, irrigation must remain marginal because of the uneven
supply of water during the irrigation season. Too much water is avail-
able in May and June and inadequate flows occur during the remainder of
the crop growing season. Water rights above those corresponding to
daily flow in C.F.S. are able to draw water much of the time because of
return flow from upstream diversions. Nonetheless, later in the season
many water rights cannot be served because of low stream flows. Excess
water flows out of each basin in most years. On the Yampa River over
twice the amount of water needed to meet the interstate compact annually

flows by the checkpoint géuge at Maybell, Colorado. Given the excess
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flow, modest management of the river would allow adequate water supplies
for most anticipated development with only occasional shortages. These
shortages, as indicated in the previous chapter could be met through
construction of reservoirs of varying sizes. The size would depend upon
‘the development potential that the water supply was intended to satisfy.

Since there currently is very weak demand for economic growth,
including developments in agriculture, coal mining, power generation,
and o0il shale in the northwestern river basins, it is unlikely that
major water resource development projects will be undertaken at any time
in the near future.

This means that the state of Colorado is unlikely to be able to
begin to establish claim to its quota of water under the Upper Colorado
River Compact. In the meantime, other interests on the river, particu-
larly Arizona and California in the lower basin, are fully utilizing the
water of the Colorado River that flows into their jurisdiction. These
states are likely to attempt to assert claims on Colorado River water
through prior use, and vigorously oppose developments in Colorado (and
other upper basin states) that would increase consumptive use in the
upper basin. These protests, in addition to water being claimed for
instream maintenance for endangered species, reserved water for parks,
forests and recreation, could rapidly foreclose whatever opportunity
Colorado has to claim and develop any large quantity of water from the
Yampa and White river basins.

A scheme announced early in September of 1984, by the Galloway
Group Ltd. of Meeker, Colorado, to sell water to San Diego from large
reservoirs constructed on the Yampa and White rivers is symptomatic of
the pressures that will be put on the rivers and the state of Colorado

during the rest of the century.
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Consequently, it would seem that the state of Colorado has only a
relatively short time span in which to develop and protect its claims to

currently unused water in the White and Yampa River Basin.
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APPENDIX A

IRRIGATED AGRICULTURE IN THE
YAMPA AND WHITE RIVER BASINS
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Irrigated Agriculture in Yampa and White River Basins

During the period 1960 to 1979, irrigated lands in the Yampa River
Basin rénged from a high of about 112,000 acres in 1971, to a low of
71,000 acres in 1977. From 1960 to 1979 irrigated crops and haylands
ranged from 44,000 to 81,500 acres. The remaining area was irrigated
pastureland. Between 1960 and 1979 irrigated lands in the White River
Basin ranged from abouf 39,500 acres to as low as 24,500 acres. Of the
irrigated acreages in the White River Basin, between 17,500 and
39,500 acres were crops and haylands. The remainder was irrigated
pastureland. Table A-1 shows the irrigated acres in the two basins from
1960 through 1979.

Table A-2 contains estimates of irrigated pasture in the Yampa
Basin for selected years, 1929, 1954, and yearly from 1960. Since 1960,
irrigated pasture has ranged from 22,000 acres in 1977 (a very dry year)
to over 62,000 acrés in 1970. Average irrigated pasture acreage 1960 to
1979 was 43,475 acres. In Table A-3 acreages of irrigated pasture in
the White River Basin are estimated along with total land irrigated for
the period 1960 to 1979. Total irrigated land averaged 33,475 acres
during this period and irrigated pasture averaged 12,800 acres. Total
irrigated land as compiled by the nine-year census of agriéulture for
Routt and Moffat counties in the Yampa River Basin and Rio Blanco County
in the White River Basin is shown in Table A-4. These figures show a
fairly stable irrigated base for a long period of time in each of these
basins in Colorado. Tables A-5 through A21 contain irrigated acres of
selected crops and estimated consumptive use of water by year from 1922
through 1981. These tables report the acreages of irrigated crops and

estimate the consumptive use of irrigation water by years for counties
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in the Yampa and White River basins in Colorado.

Some of the data,

particularly in earlier years, are sketchy; however, these tables give

estimates of water consumptively used in the basins for a fairly long

period of time.
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Table A-l1--Irrigated acres in Yampa and White River basins, Colorado, 1960-1979

River : Irrigated acres
basins * 1979 * 1978 : 1977 1976 ‘1975 1974 P 1973 ¢ 1972 ¢ 1971 ¢ 1970
Yampa ‘98,315 91,817 71,427 100,070 105,156 110,164 107,162 106,312 111,937 107,016
White ¢ 30,090 29,438 24,371 30,505 38,987 36,489 38,370 30,524 37,210 38,180
: : Irrigated acres
‘1969 * 1968 1967 1966 ¢ 1965 1964 $1963 ¢ 1962 : 1961 : 1960
Yampa ¢ 97,955 108,918 107,449 105,610 106,173 99,826 100,058 100,055 99,058 104,b63
White ¢ 32,429 37,440 34,439 33,879 32,054 31,241 30,486 32,543 30,212 34,617
3¢ Division of Water Resources, Division 6, Annual Reports.

urce:

06
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Table A-2--Yampa River Basin, irrigated pasture acreage

Irrigated
Year pasture

acreage
1929 16,747 1/
1954 10,804 2/
1960 43,972
1961 ‘ 43,799
1962 36,004
1963 37,305
1964 37,076
1965 _ 53,155
1966 55,130
1967 53,508
1968 55,499
1969 43,540
1970 62,861
1971 52,172
1972 49,187
1973 50,542
1974 56,564
1975 ' 50,356
1976 | 47,970
1977 22,027
1978 36,317
1979 _ ~1,915

1/ Total irrigated acreage (Census of Agriculture) minus crop + hay irrigated
agricultural land.

2/ Other values obtained from subtracting crop + hay irrigated acreage (Ag.
Statistics) from total irrigated acreage (Water Division Annual Report).

Average irrigated pasture acreage for 22 years = 43,475 acres.
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Table A-3--White River BasiﬁL'irrigated pasture acreage

: Total : Total irri- : ' :

: irrigated: : gated with- : Irrigated
Year : land : out pasture : pasture

2 T mmmme-- Acres - - - - - - - - -
1960 : 34,617 33,772 | 845
1961 : 30,212 26,500 3,712
1962 : 32,543 o 31,846 697
1963 : 30,486 29,380 1,106
1964 : 31,241 29,490 1,751
1965 : 32,054 25,080 - 6,974
1966 : 33,879 20,413 13,466
1967 : 34,439 17,517 16,922
1968 : 37,440 18,439 19,001
1969 : 32,429 18,030 14,399
1970 : 38,180' ‘ 18,430 19,750
1971 : 37,210 27,055 10,155
1972 : 36,524 20,020 16,504
1973 : 38,370 20,760 17,610
1974 : 36,489 24,800 11,689
1975 : 38,987 22,400 | 16,587
1976 : 30,505 21,800 8,705
1977 : 24,371 20,700 3,671
1978 : 29,438 19,900 . 9,538
1979 : 30,090 23,000 7,090

Irrigated pasture average for 20 years = 12,804 acres.
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Table A-4-—~Irrigated land B§’counties in Yampa and White River basins

- County

Year : Routt : Moffat - Rio Blanco : Total
P - == Acreg = = = - - = = = = - = - -
1919 : 50,735 17,439 28,046 68,174
1929 ; 58,839 17,938 .30,526 :76,777
1949 ; 41,741 18,240 30,405 59.981
1954 ; 43,280 23,500 29,261 66,780
1959 ; 41,405 20,765 ‘ 29,009 : 62,170
1964 ; 48,902 237169 30,147 72,071
1969 .; 57,061 25,642 29,553 83,703
1974 ; 45,593 22,000 25,879 67,593
1978 ; 47,640 23,249 31,360 70,889

Source: Census of Agriculture

Yampa River stream flow vs. pasture consumptive use

: : Pasture

: Stream : consumptive
Year : flow : : use

T e e - - - - AF. - - - -
1919 : 956,600 10,100
1929 : 2,022,700 _ 10,787
1949 ; 1,322,580 13,710
1954 ; 522,210 : 14,045
1959 : 814,040 8,720
1964 : 865,090 12,025
1969 : 1,103,570 37,161
1974 : 1,417,470 18,720

1978 : 1,451,120 21,450
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Table A-5--Irrigated acreage for selected crops in Moffat, Routt, and Rio
Blanco counties, Colorado, 1922-1924

-

: Moffat‘-Couﬁty : Routt County : Rio Blanco County
Crop 01922 * 1923 : 1924 : 1922 : 1923 : 1924 : 1922 : 1923 : 1924
X e e e e - - - - Acres - = = = = = = - = = - = - - '
Corn : . 23 36 58 - - - 9 4 5
Winter wheat 57 76 -~ 98 115 30 7 32 - —

Spring " 662 498 246 164 30 34 949 841 1093
Oats 42 1090 533 45 128 453 46 914 1113
Barley : 60 92 39 170 96 .24 164 54 57
Potatoes : 31 54 93 80 35 8 21 8 12

Alfalfa (non-:
irrigated ¥ :
irrigated) :9941 11616 12742 3622 3596 8098 11426 10035 13242

Other hay (non-
irrigated & : _
irrigated) :11070 9542 8340 43980 24055 35018 12710 5599 7752
; ‘ EX R

Alfalfa, other hay and pasture irrigated acreage for Yampa and White‘Rivers

basins
Yampa : White
1922 . 1923 . 1924 : 1922 . 1923 . 1924
Alfalfa (irrigated) - Yampa, 0.55; White, 0.8
. 7,460 8,367 11,462 9,141 8,028 10,594
Other hay (iriigated) - Yampa, 0.88; White, 0.91
. 48,444 29,565 38,155 11,566 5,095 7,054

Pasture (irri-
gated) :
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Table A-6--Irrigation consumptive use of water on selected crops, Yampa and
Colorado, 1922-1924

White River basins,

: Yampa : White
Crop : 1922 : 1923 : 1924 @ 1922 1923 : 1924

HEE i AF. - - - -= === -
Corn (1.1) ; 25 40 64 10 4 6
All wheat (0.7) ; 629 440 270 687 589 765
Oats (0.7) ; 61 853 690 32 640 779
Barley (0.7) ; 161 132 44 115 38 40
Potatoes (1.1) : 122 | 98 111 23 9 13
Alfalfa (1.5) ; 11,190 12,551 17,193 13,712 12,042 15,891
Other hay (1.3) ; 62,977 38,435 49,602 15,036 6,624 9,170
Pasture D 43,475 43,475 43,475
Total consumptive ; »

use : 118,640 111,449

96,024




Table A-7--Irrigated acreage for selected crops, Moffat, Routt, and Rio Blanco counties, quorado. 1925-1934

County 31925 1926 1927 1928 1929 f 1930 1931 1932 1933 ,E 1934
I N il I S R ACTES = = = = = = = = = = = = = = = = = == - -
A. Corn f
Moffat . 2 20 50 50 - - 10 50 10 30
Routt : -— — - 50 250 70 - - - -
Rio Blanco | 942 1,130 1,100 1,000 - - -_ - - -
B. Winter Whedt :
Moffat . 72 60 120 80 50 90 50 30 80 80
Routt : 19 200 150 10 230 30 10 20 - -
Rio Blanco 99 110 110 130 80 30 10 - 70 60
C. Spring wheat
Moffat . 174 460 290 570 180 140 110 100 170 130"
Routt . 27 70 30 160 570 20 60 50 40 30
Rio Blanco | 230 230 - 120 350 550 330 320 550 390
Z._ _Barley f :
Moffat . 22 140 110 150 250 130 140 90 80 100
Routt 2 ¥} 160 400 280 70 170 50 250 120 130
Rio Blanco 30 40 —— 20 100 40 90 180 150 90
E. Oats - ‘
Moffat 913 420 250 450 370 610 400 390 330 290
Routt o331 370 210 1,280 450 360 230 . 80 90 80
Rio Blanco | 805 800 - 560 670 1,660 1,540 1,910 1,790 1,660
F. Potatoes i
Moffat . 90 50 20 10 10 40 90 80 90 85
Routt 187 90 60 50 75 70 50 145 150 205
Rio Blanco 78 70 60 10 . 10 10 75 110 110 90
G. Rye (10% irrigated - for grain)
Moffat . (319) (475) (352) (386) (414) (499) (104) (186) (124) (129)
- 3,193 4,750 3,520 3,860 4,140 4,990 1,040 1,860 1,240 1,285
Routt) N ¢ (460) €7D 35) (4) (14) (15) (8) (9) (10)
92 400 370 350 35 140 150 80 90 100
Rio Blanco (53) (66) (123) (100) (25) (21) ) (9 (11) (13)
526 660 1,230 1,000 250 210 65 85 110 130
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Table A-7 (cont'd.)

County ‘1925 © 1926 1927 ° 1928 1929 ° 1930 ¢ 1931 ° 1932 1933 1934
I e e e e e e e e == — === - - = ACTES = = = = = = = = = = 0 = = = = = = = = = =
3. Rye (10% irrigated - for pasture)
Moffat (124) (71) (128) (136) (154) (139) (126) (118) (96) (102)
: 1,242 710 1,280 1,360 1,540 1,386 1,260 1,180 960 1,020
Routt : (4) @s) (13) (14) 1) (1) 3) - (2)
: : 36 150 - 130 140 10 9 30 20 - -
‘Rio Blanco : (21) (24) (45) (48) 9 (8) 4) (5) (4) (5)
) : 205 240 450 480 90 81 40 50 40 50
TI. Alfalfa (irrigated + non-irrigated)
Moffat 13,266 13,230 10,880 11,560 12,500 16,140 13,150 13,900 14,470 12,590
Routt 10,629 10,940 8,580 8,590 7,810 7,210 9,870 9,340 9,460 9,250
Rio Blanco 22,097 25,940 24,940 17,430 . 16,510 17,980 18,790 19,660 21,050 19,140
J. Hay (othef)
Moffat +10,909 9,570 9,710 18,750 13,510 14,480 16,720 16,650 17,720 12,020
Routt 159,845 44,950 42,760 42,020 39,165 47,620 37,410 41,780 43,820 36,840
Rio Blanco 17,250 15,490 17,250 16,360 18,880 19,850 19,770 21,060 15,600
K. Alfalfa (irrigated) - Yampa, 55%Z; White 50%
River :
basin : .
Yampa 213,143 13,294 10,703 11,083 ‘11,171 12,843 12,661 12,782 13,162 12,012
White :13,258 15,564 14,964 10,458 9,906 10,788 11,274 11,796 12,630 11,484
L. Hay (other) - irrigated - Yampa; 88%: White, 91% o .
Yampa 162,264 47,978 46,174 53,478 46,354 54,648 47,634 51,418 54,155 42,997
White 114,664 15,698 14,096 15,698 14,888 17,181 18,064 17,991 19,165 14,196
M. - Pasture : ‘
Yampa :
White :
Total acreage (without pasture) :
Yampa 277,561 63,312 58,667 64,621 60,030 69,221 61,495 65,485 68,477 56,169
White 234,526 38,830 35,318 31,482 29,306 33,855 34,711 36,239 38,675 31,798
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Table A-8--Irrigation consumptive water use, selected crops, Yampa and White River basins, 1925-1934

River : :

basin : 1925 : 1926 1927 1928 1929 1930 1931 1932 1933 1934

. HE ettt AF, = = - = = s e e e s - === -
A. Corn (1.1)
Yampa : 2 22 55 110 275 77 11 55 11 33
White : 1,036 1,243 1,210 1,100 - - - - - -
B. All wheat (0.7) .
Yampa : 204 504 413 574 721 196 161 140 203 168
White : 230 238 77 175 301 406 238 224 434 315
C. Barley (0.7)
Yampa : 237 210 357 301 224 210 133 238 140 161
White : 21 28 - 14 70 28 63 126. 105 63
D. Oats (0.7) '
Yampa : 871 553 322 1,211 574 679 441 327 294 259
White : 564 560 - 392. 469 1,162 1,078 1,337 1,253 1,162
E. Potatoes (1.1)
Yampa : 305 154 88 66 94 121 154 248 264 319
White ot 86 77 66 11 11 11 83 121 121 99

~ F. Alfalfa (1.5) . : :

Yampa : 19,715 19,941 16,055 16,625 16,757 19,265 18,992 19,173 19,743 18,018
White : 19,887 23,346 22,446 15,687 14,859 16,182 16,911 17,694 18,945 17,226
G. Hay (other) (1.3) :
Yampa : 80,943 62,371 60,026 69,521 60,260 71,042 61,924 66,843 70,402 55,896
White : 19,063 20,407 18,325 20,407 - 19,354 22,335 23,483 23,388 24,915 18,455
H. Pasture: :
Yampa : 43,475 43,475 43,475 43,475 16,747 43,475 43,475 43,475 43,475 43,475
White : 12,804 12,804 12,804 12,804 12,804 12,804 12,804 12,804 12,804 12,804
Total consumptive use
Yampa £145,752 127,230 120,791 131,883 95,652 135,065 125,291 130,499 134,532 118,329
White s 47,912 49,123 45,928 43,120 43,868 44,138 45,204 45,450 46,070 44,178
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Table A-9--Irrigated acreage for selected crops, Moffat, Routt, and Rio Blanco counties, Colorado, 1935-1943

County 1935 1936 . 1937 1938 1939 1940 1941 1942 1943
------------------- Acres = = = = = = = - -~ - .o .- - -

A. Corn .
Moffat 49 95 750 60 20 20 90 130 90
Routt - - - — -— - N - -—
Rio Blanco 30 360 60 ' 90 80 30 80 10 10
B. Winter wheat :
Moffat 302 220 150 100 140 80 70 70 260
Routt 406 350 300 100 150 40 70 ~.30 30
Rio Blanco 63 - 50 50 ' 160 180 80 50 60 40
C. Spring wheat
Moffat 270 240 300 200 250 - 70 50 180 .70
Routt 9 . 80 - - — 20 20 .20 100
Rio Blanco 575 600 450 590 610 -390 240 290 290
D. Oats ' .
Moffat 1,375 830 750 - . 860 850 610 570 - 610 440
Routt - 140 150 160 140 320 170 100 100
Rio Blanco = 1,200 1,010 1,110 990 1,210 1,580 1,290 1,360 1,380
E. Barley .
Moffai 230 190 150 220 440 370 490 550 260
Routt 37 20 90 50 40 130 150 80 40
Rio Blanco 150 110 90 110 190 190 250 410 820
F. Potatoes
Moffat 85 220 - 340 90 70 40 40 70 50
Routt 404 210 360 - - 170 140 150 40
Rio Blanco 228 100 90 70 80 60 40 70 180
G. Dry Beans ’
Moffat 52 - — ‘10 10 10 - - -—
Routt - - - - - -— -— - -
Rio Blanco - - - - - - - - -

H. Sorghum (grain)

Moffat 300 250 200 150 -— - — - _—
Routt - - - - - - - - -
Rio Blanco - - —— — - - - T e -
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Table A-10--Acreage for.alfalfa and other hay, irrigated and non-irrigated, Moffat, Routt, and Rio Blanco

counties, Colorado, 1935-1944

County . 1935 . 1936 1937 1938 1939 ° 1940 ¢ 1941 G} 1942 1943 1944
e T ACTes = = = = = = = - - - - - - - - - - - - - =

A. Alfalfa (irrigated and non-irrigated)
Moffat :14,630 13,710 14,030 15,840 15,120 12,340 13,080 13,750 13,060 13,990
Routt :11,320 11,020 11,560 12,240 11,310 8,330 8,840 8,930 8,760 10,140
Rio Blanco :16,630 17,530 16,250 16,940 16,290 12,340 11,193 11,530 11,590 11,870
B. Other hay (all tame hay, rye, and wild hay, irrigated and non-irrigated) ‘
Moffat +13,780 13,160 11,640 12,780 14,010 11,660 12,690 10,700 11,780 14,080
Routt :31,170 33,480 32,900 44,430 43,810 45,770 43,700 44,070 43,520 51,600
Rio Blanco :12,240 11,840 12,520 20,090 20,140 17,810 18,560 17,000 18,910 23,070
C. _A]féifaf(ifrigated) - Yampa, 55%; White, 50% :
Woffat , 8,047 7,541 7,717 8,712 8,316 6,787 7,19 7,563 7,183 7,695
Routt . 6,226 6,061 6,358 6,732 6,221 4,582 4,862 4,912 4,818 5,577
Rio Blanco , 8,315 8,765 8,125 8,470 8,145 6,170 5,597 5,765 5,795 5,935
D. Other héy (irrigated) - Yampa, 88%; White, 91%
Moffat + 12,126 11,581 10,243 11,246 12,329 10,261 11,167 9,416 10,366 12,390
Routt + 27,430 29,462 28,952 39,098 38,553 40,278+ 38,456 38,782 38,298 45,408
Rio Blanco , 11,138 10,774 11,393 18,282 18,327 16,207 16,890 15,470 17,208 24,994

Notes:

wild hay is irrigated." (1939 -

"Over 90 percent of Colorado alfalfa acreage is grown under irrigation.

A large percentage of the

00T



Table A-1ll--Irrigation consumptive water use, selected crops, Yampa and White River basins, 1935-1943

» River @ :

basin : 1935 : 1936 : 1937 s 1938 : 1939 : 1940 1941 1942 : 1943

A e AFim = = m e e e e m - ==~ - —--—-

A. All wheat (0.7 AF/A) T
Yampa H 750 623 525 280 378 133 147 210 322
White : 447 455 350 525 553 329 203 245 231
B. Corn (1.1 AF/A)
Yampa : 54 105 83 66 22 22 99 143 99
White : 33 396 66 99 88 33 88 11 11
C. Barley (0.7 AF-A) .
Yampa : 180 147 168 189 336 350 448 441 210
White : 105 77 63 77 133 133 175 - 287 574
D. Oats (0.7 AF/A)
Yampa : 963 - 679 630 714 693 651 518 497 378
White : 840 707 777 . 693 847 1,106 903 952 966
E. Potatoes (1.1 AF/A)
Yampa : 538 473 770 99 77 231 198 242 99
White : 251 . 110 ‘ 99 77 88 " 66 - 44 77 154
F. Dry beans (0.9 AF/A)
Yampa : 57 - - 11 11 11 : - - -~
White s - — -— - - - - - -
G. Alfalfa (1.5 AF/A) o |
Yampa +21,410 20,403 21,113 23,176 21,806 17,054 18,084 18,713 18,002
White :12,473 13,148 12,188 12,705 12,218 9,255 8,396 8,648 8,693
H. Other hay (1.3 AF/A)
Yampa 151,423 53,356 50,954 65,447 66,147 65,701 64,510 62,657 63,263

White 114,479 14,006 14,811 23,767 23,825 21,069 21,957 20,111 22,370

Total consu&ptive use (without pasture)
Yampa :75,375 75,786 74,243 89,972 89,470 84,153 84,004 82,903 82,373
White s

10T



Table A-11 (cont'd.)

River : : :
basin : 1935 : 1936 1937 1938 1939 : 1940 1941 1942 1943
R T AF. - - - c s s e e e s e e .- .-
I. Pasfure and others (1.0)
Yampa : 43,475 43,475 43,475 43,475 43,475 43,475 43,475 43,475 43,475
White : 12,804 12,804 . 12,804 12,804 12,804 10,000 10,000 10,000 10,000
Total consumptive use (with pasture)
Yampa + 118,850 119,261 117,718 133,447 132,945 127,628 127,479 126,378 125,848
41,058 50,747 47,752 41,991 41,766

White : 41,432 41,703

40,331

42,999
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Table A-12--Irrigated acreage for selected crops, Moffat, Routt, and Rio Blanco counties, Colorado, 1948-1955

County ; 1948 11949 . 1950 1951 T 1952 1953 1954 1955
--------------- ACYeS = = = = = = = - e - - - = - -~

A. Corn :
Moffat : 50 80 60 60 60 60 60 80
Routt : -_— -— -~ - - - - -
Rio Blanco : 30 20 10 10 50 50 50 50
B. Winter wheat
Moffat : 100 450 150 - 140 220 110 110 120
Routt : -— " 20 10 30 30 100 100 100
Rio Blanco : 300 70 110 100 160 100 100 90
C. Spring wheat .
Moffat : 300 240 140 80 100 720 400 280
Routt : 130 100 40 80 30 500 230 210
Rio Blanco : 200 190 100 60 100 250 200 160
D. Oats :
Moffat : 680 700 470 490 570 450 390 380
Reutt : 120 250 350 300 300 410 190 180
Rio Blanco : 900 1,550 . 2,260 640 1,050 860 650 670
E. Barley :
Moffat : 500 500 270 100 170 280 120 200
Rou*t : 200 70 220 130 80 80 160 120
Rio Blanco : 400 400 300 190 250 300 540 380
F. Potatoes
Moffat : 100 30 ‘ 20 30 40 40 10 10
Routt : 120 - 300 90 120 90 50 80 - 50
Rio Blanco : 70 60 30 20 20 30 30 30
G. Alfalfa (Irrigated + non-irrigated)
Mof fat : 12,000 8,740 . 9,460 8,020 10,160 13,040 10,750 10,810
Routt : 9,000 6,400 6,050 6,330 7,120 9,980 7,500 8,300
Rio Blanco : 10,000 7,900 7,600 7,410 9,080 9,100 9,380 9,870
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Table A-12 (cont'd.)

White

ee oo oo 80 o

Gounty ' 1948 ° 1949 } 1950 P 1951 ¢ 1952 1953 1954 1955
HE R ACres = ~ = = = = - - - - e - - - -
H. Other h;y (irrigated + non-irrigated)
Moffat 212,800 11,330 12,150 9,730 11,860 12,640 12,730 12,310
Routt 146,000 43,930 26,050 25,270 34,290 39,740 36,890 39,180
Rio Blanco :18,700 21,270 18,840 17,220 17,560 17,730 17,300 15,990
. X &k %
River = :
basin
Alfalfa (irrigated) - Yampa, 55%; White, 80%
Yampa :11,550 8,327 8,531 7,893 9,504 12,661 10,450 . 10,511
White : 8,000 6,320 6,080 5,928 7,264 7,280 7,504 7,896
ther hay (irrigated) - Yampa, 88%; White, 80% »
Yampa 251,744 48,629 33,616 30,800 40,612 46,094 43,666 45,311
White 214,960 17,016 15,072 13,776 14,048 14,184 13,840 12,792
Total irrigated acreage (without pasture)
Yampa :65,594 59,696 43,967 40,213 51,806 61,515 55,976 57,552
White 226,917 27,966 26,034 22,618 24,874 25,004 24,817 23,827
Pasture
Yampa 43,475 43,475 43,475 43,475 43,475 43,475 10,804 43,475
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Table A-13--Irrigation water consumptive use, selected crops, Yampa and White River basins, 1948-1955

River  : 1948 : 1949 ° 1950 © 1951 ° 1952 } 1953 } 1954 P 1955
basin : : ‘ 3 : t ‘ ’

A. Corn (0.7) - -—-------=== ==~ AF. — = - - - -----=-=--
Yampa : 55 88 66 66 66 66 66 88
White : 33 22 11 11 55 55 55 55
B. All wheat (0.7) :

Yampa : 371 567 238 203 266 1,001 588 497
White : 350 182 154 112 182 245 210 175
C. Oats (0.7) : )

Yampa : 630 665 574 553 609 602 406 392
White : 630 1,080 1,582 448 735 602 455 469
D. Barley (0.7) ' '
Yampa : 490 399 343 161 175 22@ 196 224
White : 280 280 210 133 175 210 378 266
E. Potatoes (1.1)

ampa : 242 363 121 165 143 99 99 66
White : 77 66 33 22 22 33 33 33
F. Alfalfa (1.5) »

Yampa : 17,325 12,491 12,797 11,840 14,256 18,992 15,675 15,767
White : 12,000 9,480 9,120 8,892 10,896 10,920 11,256 11,844
G. Other hay (1.3) '

Yampa : 67,267 63,218 - 43,701 40,040 52,796 59,922 56,766 58,904
White + 19,448 22,121 19,594 17,909 18,262 18,439 17,992 16,629
H. Pasture (1.0)

Yampa s 43,475 43,475 43,475 43,475 43,475 43,475 10,804 43,475
White : 10,000 10,000 10,000 10,000 10,000 10,000 10,000 10,000

Total consumptive use
Yampa :129,855 121,266 101,315 96,503 111,786 124,381 84,600 119,413
White : 42,818 42,231 40, 704 37,527 40,327 40,504 40,379 39,461

GOT



Table A-l4—-Irrigated acreage for selected crops, Moffat, Routt, and Rio Blanco counties, Colorado, 1956-1962

County = .1956 1957 P 1958 Y 1959 1960  f1961  © 1962
------------- AcTes = = = = = = = = 0 = = - =

A. Corn .
Moffat : 60 40 30 - —_— — - —
Routt PR— _— - - - - -
Rio Blanco : 40 20 10 360 - - -
B. Winter wheat
Moffat : 150 180 v 130 600 700 530 460
Routt : 90 80 60 - 80 70 40 60
Rio Blanco : 140 90 70 100 100 90 90
C. Spring wheat
Moffat : 140 110 300 100 300 280 150
Routt : 260 180 200 100 150 140 160
Rio Blanco : 100 120 100 60 60 70 60
2. Oats :
Moffat : 370 360 130 200 110 160 80
Routt : 340 320 400 270 170 210 90
Rio Blanco : 940 1,190 600 400 350 260 200
E. Barley ‘
Moffat : 350 160 40 110 110 120 210
Routt : 220 100 50 20 30 30 50
Rio Blanco : 320 380 130 220 190 230 240
F. Potatoes :
Moffat : 10 20 60 50 40 40 40
Routt s 20 . 40 60 60 30 40 - 40
Rio Blanco : 30 20 20- - - - -
G. Alfalfa (irrigated + non-irrigated)
Moffat :10,410 11,650 13,280 12,200 11,800 11,800 - 11,800
Routt : 9,190 9,640 12,240 11,200 12,300 12,500 13,100

Rio Blanco : 9,110 9,920 12,710 10,900 12,800 14,840 14,500
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Table A-14 (cont'd.)

County ‘1956  F 1957 ¢ 1958 } 1959

R Rl Acres

H. Other hay (irrigated + non-irrigated)

Moffat :11,150 12,230 8,600 10,800
Routt 140,820 41,820 44,900 35,600
Rio Blanco :16,160 17,020 14,010 14,200

*

" River
basin :

Alfalfa (irrigated) - Yampa, 55%; White; 60%

LOT

Yampa :10,780 11,710 14,036 12,870

White : 5,466 5,952 7,626 6,540
6ther hay (irrigated) - Yampa, 88%; White, 80%
Yenra 245,734 47,564 47,080 40,832
White :12,928 13,616 11,208 11,360
Total irrigated acreage (without pasture)

Yampa :58,524 60,864 62,576 55,292
White 223,564 25,244 23,847 22,782
Pasture : i
Yampa 243,475 43,475 43,475 43,475

White ':10,000 10,000 10,000 10,000




Table A-15--Irrigation water consumptive use, selected crops, Yampa and White River basins, 1956-1962

River : : : : : : :
basin : 1956 : 1957 : 1958 : 1959 : 1960 : 1961 : 1962
: . A.F. .
A. All wheat (0.7 AF/A) -
Yampa : 448 385 483 616 854 693 581

. White : 168 147 119 112 112 112 105
B. Corn (l.i AF/A)

Yampa : 66 44 33 - - - —
White : 44 22 11 396 - -— -
C. Oats (0.7 AF/A)

Yampa : 497 476 399 329 196 259 119
White : 658 833 420 280 245 182 140
D. Barley (0.7 AF/A) :
Yampa s 399 182 63 91 98 105 182
White : 224 266 91 154 133 161 168
E. Potatoes.(l.l AF/A)

Yampa : 33 ‘ 66 132 121 77 88 . 88
White : 33 22 22 - - - -
F. Alfalfa (1.5 AF/A)

! Yampa : 16,170 17,565 21,054 19,305 19,883 20,048 20,543
White : 8,199 8,928 11,439 9,810 11,520 13,356 13,050
G. Other hay (1.3 AF/A) . _

Yampa : 59,454 61,833 61,204 53,082 58,664 52,395 63,721
White : 16,806 17,701 14,570 14,768 26,094 15,974 21,464
H. Pasture (1.0 AF/A) . '

Yampa : 43,475 43,475 43,475 43,475 43,972 43,799 36,004
White : 10,000 10,000 10,000 10,000 10,000 10,000 10,000

Total consumptive use ’ :
Yampa :120,542 124,026 126,843 117,415 123,744 117,387 121,238
White : 36,132 37,919 36,672 35,641 48,104 39,785 45,927

801
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Table A-16--Irrigated acreage for selected crops, Moffat, Routt, and Rio
Blanco counties, Colorado, 1963-1968

County {1963 * 1964 , 1965 , 1966 . 1967 . 1968

R Acres = - = = = = = - - - -

A. Winter wheat

Moffat : 150 30 130 550 450 200
Routt : 40 10 - - 300 300
Rio Blanco : 50 20 90 100 210 730
B. Corn :

Moffat : - - -- -- - -
Routt : - _— — - - -

Rio Blanco : — - -_—

C. Barley : :

Moffat T 400 300 260 240 120 130
Routt : 50 -3 . - - 340 260
Rio Blanco : 250 280 360 460 310 410
D. Oats :

Moffat : 120 70 300 140 200 130
Routt : 30 20 200 - 530 390
Rio Blanco : 300 300 330 330 370 340
E. Alfalfa (irrigated + non-irrigated) '

Moffat 113,500 14,500 12,000 9,600 9,600 10,400
Routt 113,200 11,500 12,000 9,800 10,500 10,500
Rio Blanco :14,300 14,500 7,500 7,000 8,600 6,000
F. Other hay (irrigated + non-irrigated)

Moffat - :15,000 14,000 12,770 7,800 8,100 7,800
Routt 138,600 40,500 31,000 36,200 38,100 38,080

Rio Blanco 119,000 19,000 20,000 15,300 10,700 13,350

G. Spring wheat : ‘
Moffat s 110 60 410 160 230 100

Routt : - - - - 60 40
Rio Blanco : 50 20 100 - 10 10
. * % %

River

basin :
H. Alfalfa (irrigated) - Yampa, 55%; White, 60%
Yampa :14,685 14,300 13,200 10,670 11,055 11,495
White : 8,580 8,700 4,500 4,200 5,160 . 3,600
I. Other hay (irrigated) — Yampa - 88%; White - 807
Yampa 247,168 47,960 38,518 38,720 40,656 40,374
White :15,200 15,200 16,000 12,240 8,560 10,680
Total irrigatéd acreage {without pasture)
Yampa 62,753 62,750 53,018 50,480 53,941 53,419
White 29,380 39,490 25,080 20,413 17,517 18,439
J. Pasture :
Yampa :

P 37,305 37,076 53,155 55,130 53,508 55,499

White




Table A-17--Irrigation water consumptive use, selected crops,

110

Yampa and
White River basins, 1963-1968
River * 1963 ° 1964 - 1965 © 1966 ° 1967 - 1968
basin : : : : : :
! e e e e e - - - = - AF e = = e e - === = - -

A. All wheat (0.7)
Yampa s 210 - 70 378 497 728 448
White : 70 28 133 70 154 518
B. Barley (0.7)
Yampa : 315 210 182 168 322 273
White : 175 196 252 322 217 287
C. Oats (0.7)
Yampa : 105 64 224 98 . 511 364
White : 210 210 231 T 231 259 238
D. Alfalfa (1.5) , .
Yampa : 22,028 21,450 19,800 16,005~ . 16,583 17,243
White : 12,870 13,050 "~ 6,750 6,300 7,740 5,400
E. Other hay (1.3) :
Yampa : 61,318 62,348 50,073 50,336 52,853 52,486
White : 19,760 19,760 20,800 15,912 11,128 13,884
F. Pasture (1.0) _ . . ,
Yampa : 37,305 37,076 53,155 55,130 53,508 55,499
White : 10,000 10,000 6,974 13,466 16,922 19,001
Total consumptive use . :
Yampa 0 :121,281 121,218 123,812 122,234 124,505 126,313

244 35,140 36,301 39,328

White : 43,085 43,

36,420
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Table ArlS--Irrigated‘acreage for selected crops, Moffat, Routt, and Rio
Blanco counties, Colorado, 1969-1974

County f1969 ‘1970 ¢ 1971 P o 1972 P 1973 P 1974
A. Winter wheat : ) ]
Moffat : 150 1,100 700 500 500 500
Routt : - -50 400 300 200 200
Rio Blanco : 950 - - . 200 120 100 300 100
B. Corn (grain) _
Moffat : - - - - C-— -
Routt : 10 - - - - —
Rio Blanco : 50 - - - — -
C. Barley :
Moffat o150 100 100 50 400 300
Routt - 100 150 100 50 300 200
Rio Blanco | 600 500 600 450 200 500
D. Oats ) .
Moffat ¢ 230 150 100 100 500 e
Routt : 140 100 100 100 200 400
Rio Blanco : 280 300 300 200 100 300
E. Spring whéat
Moffat : 120 100 100 100 300 900
Routt : - - 140 100 100 -
Rio Blanco : 30 - o 100 - -
F. Alfalfa (harvested)
Moffat :11,300 10,500 19,000 13,000 13,500 8,300
Routt :10,000 9,800 14,500 12,500 14,500 7,100
Rio Blanco : 6,500 7,000 11,500 6,900 7,000 4,700

G. Other hay:(harvested; includes other tame hay, millet, sudan, small grains,
clover, timothy, and misc.)

Moffat : 7,500 6,000 12,000 11,500 .12,000 7,900

Routt :40,000 29,500 33,000 36,000 32,000 27,500

Rio Blanco +12,000 13,000 18,500 15,000 16,000 14,500

-
-
IS

Alfalfa (irrigated) - Yampa, 55%; White, 80% |
Moffat : 6,215 5.775 10,450 7,150 7,425 8,300

Routt -+ 5,500 5,390 7,975 6,875 7,975 7,100

Rio Blanco : 5,200 5,600 9,200 5,520 5,600 4,700

Other hay (irrigated) - Yampa, 88%; White, 91%

Moffat : 6,600 5,280 10,560 10,120 10,560 7,900 -

Routt :35,200 25,960 29,040 31,680 28,160 27,500

Rio Blanco :10,920 11,830 16,835 13,650 14,560 14,500
. %kk _

Total acreage of irrigation (without pasture)

Yampa :54,415 44,155 59,765 57,125 56,620 53,600

White :18,030 18,430 27,055 20,020 20,760 24,800

Pasture f

Yampa 143,540 62,861 52,172 49,187 50,542 56,564

White "14,399 19,750 10,155 16,504 17,610 11,689
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Table A~-19~--Irrigation waf;rAconsumptive use, selected crops, Yampa and
‘White River basins, 1969-1974

River : : : : : :

" basin . 1969 :',1970 . 1971 . 1972 . 1973 : 1974
: : A.F.

A. All wheat (0.7) '
Yampa : 189 1,190 938 700 770 1,120
White : 686 140 84 : 140 210 70
B. Corn (1.1)_
Yampa : 11 - - - - -
White : 55 - - - - -
C. Barley (0.7)
Yampa : 175 175 140 - 70 & 490 350
White : 420 350 420 315 140 350
D. Oats (0.7)
Yampa : 259 175 140 140 490 280
White : 196 210 210 140 70 210
E. Alfalfa (L.5) | | | '
Yampa : 17,573 16,748 27,638 21,038 23,100 23,100
White : 7,800 8,400 13,800 8,280 8,400 7,050
F. Other hay (1.3) :
Yampa : 54,340 40,612 51,480 54,340 - 50,336 46,020
White : 14,196 15,379 - 21,886 17,745 18,928 18,850
G. Pasture (1.0) | : :
Yampa : 43,540 62,861 52,172 49,187 50,542 56,564
White : 14,399 19,750 10,155 16,504 17,610 11,689

Total consumptive use E
Yampa :116,087 121,761 132,508 125,477 125,728 127,434
White s 37,752 44,229 46,555 43,124 45,358 38,219
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Table A-20--Irrigated acreage for selected crops, Moffat, Routt, and Rio
Blanco counties, Colorado, 1975-1981

County . 1975 , 1976 ~, 1977 . 1978 , 1979 , 1980 , 1981
: Acres

A. UWinter wheat ,
Moffat : 500 1,200 1,100 500 500 500 500
Routt 1/° 400 500 500 200 200 200 200
Rio Blanco— : 100 300 400 300 300 300 300
B. Spring wﬁeat '
Moffat . 1,000 1,000 500 300 300 600 1,000
Routt . - - - - - - -
Rio Blanco . - - - - - L — - -
C. Corn (gréin)
Moffat . 200 - - 100 - - -
Routt : 200 100 - - - _ —
Rio Blanco . 100 200 - 100 - - -
D. Barley °* oy
Moffat : 200 100 - 7 ¢+ 100 100 200 100 100
Routt : 500 200 500 300 400 200 200
Rio Blanco * 300 100 100 300 200 100 100
E. Alfalfa .
Moffat . 9,000 7,000 7,500 8,000 8,000 7,200 10,000
Routt . 4,000 4,400 4,800 4,200 4,400 5,000 6,700
Rio Blanco 6,100 - 6,000 6,600 5,000 6,400 3,700 7,600
F., Other hay (harvested)
Moffat . 6,300 9,000 9,300 10,000 11,000 12,000 9,600
Routt . 32,000 28,000 25,000 31,000 31,000 36,000 26,000
Rio Blanco . 15,500 15,000 13,500 14,000 15,800 13,000 17,500
G. Oats P ' '
Moffat : 300 300 100 300 200 - 100
Routt : 200 300 - 500 200 600 400
Rio Blanco °* 300 200 100 200 300 300 20

; i 3 K&k ' ’
¥%¥S§—g%§%gated acreage without pasture
Yampa . 54,800 52,100 49,400 55,500 56,400 61,800
White . 22,400 21,800 25,100 19,900
F. Pasture °* .
Yampa * 50,356 47,970 22,027 36,317 41,915 43,475 43,475
White :
Pasture consﬁmptive use (1.0 AF/A)
Yampa . 50,356 47,970 22,027 36,317 41,915 43,475
White . 16,587 8,705 3,671 9,538 7,090 12,804 i
Percentage of irrigated hay (irrigated/total) - alfalfa Average
Yampa : 52 51 56 57 55 60 55
White : 87 88 94 70 88 55 80
Other hay .
Yampa : 87 81 90 90 88 92 88
White : 88 88 96 .93 92 90 91

l/Moffat and Routt counties are in Yampa River basin and Rio Blanco in White River basi
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Table A~22--Estimated yields, gross and net returns per acre from irrigated
crops, Yampa River and White River basins, 1982 1/

: : ¢ Gross ¢ Direct : Net
¢ Average = ¢ Price : return : cash cost : return ,
Crop : yield/acre : per unit : per acre : per acre : per acre—

: S e e e = - - Dollars = - = = = - -
Irrigated hay : 2.0 Ton 65.00 130.00 83.00 47.00
Barley : 58.0 bu. 3.00 174.00 .-106.00 68.00
Winter wheat : 44.0 bu. 3.35 147.40 106.00 41.40

1/ Yields, costs and returns are based on Colorado’Agricultural Statistics

and Farm Management Reports, Colorado Extension Service, Colorado State

University, 1983.

2/ This does not include payment to management, return to land, or equip-

men5 and depreciation.
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-

during the April to October périod with surface runoff and deep percolation
accounting for the rest of the water applied to the land. Most of the irrigated
land lies relatively close to the streams so that excess water returns rather
quickly to the stream with little loss. Thus, while on-farm efficiencies are
rather low, the losses incurred to the system through this process are rela-
tively small.

With the low economic returns to agriculture, it is unlikely that the
ranchers of northwest Colorado would be able to generate capital to upgrade
irrigated cropping practices g;fimprove the efficiency of their irrigation
systems. Nor would the agricﬁltural community be able to provide funding to
develop reservoir storage for late season irrigation. Ranchers would not be
able to add any large amount of capital investment to improve the irrigation
systems. If investments were to be made in the irrigation systems of the region,
it would probably be for providing reservoir storage to enhance late season
water supply to improve hay production or to produce larger acreages of grain

crops.
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APPENDIX B

WATER SUPPLY AND USE FOR
THE YAMPA, LITTLE SNAKE
AND WHITE RIVER BASINS
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WATER SUPPLY AND USE FOR THE
YAMPA, LITTRE SNAKE AND WHITE RIVER BASINS

: Yampa River ¢ Little ‘Snake River : White River near
: at Maybell : at Lily Park : Watson, Utah _
Water Year 1972 :
Drainage area, L
square mile : - 3,400 3,700 . 4,000
Irrigated acres : 90,000 12,000 37,000
Irrigation diver- : -
sions, A.F. : 310,000 36,000 268,000
Municipal diver- : '
sions, A.F. : 4,600 : - ’ -
Industrial diver- :
sions, A.F. i 4,300 - —
Transmountain di- :
versions, A.F. : 2,300 - 1,900

Estimated irriga- :
tion depletion, : ’ ' _
A.F. 1/ : 117,000 . 16,000 48,000

Estimated munici-
pal depletion, : .
A.F. : 1,000 - —-—

Estimated indus-—
trial depletion, : _ .
A.F. : 2,300 S -

Change in reservoir : _

storage, A.F. : - 1,800 - + 1,815
Surface outflow, T

A.F. : 908,800 361,000 422,700
Basin yield, A.F. : 1,029,800 2/ 377,000 473,915

Basin yield, A.F./
square mile : 303 102 e 2118

Source: Division Engineer, Division 6, State Engineer's Office, Colorado State
Department of Water Resources. v
1/ Estimated depletion figures on 25 percent consumptive use for all drainages.
2/ Basin yield does not reflect water consumed by Wyoming.
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: Yampa River : Little Snake River @ White River near
_ : at Maybell : at Lily Park : Watson, Utah
Water Year 1973
Drainage area, i
square mile . : 3,400 3,700 4,000
. Estimated irri- :
gated acres : 90,000 12,000 - 37,000

Irrigation diver- :
sions, A.F. : 270,000 39,000 280,000

Municipal diver- '
sions, A.F. _ : 11,430 0 8,480

Industrial diver- ‘
sions, A.F. P 5,270 0 7,590

Transmountain di- .
versions, A.F. : 2,780 0 0

Estimated irriga-
tion depletion,
A.F. 1/ : 67,500 9,750 . 70,000

" Estimated munici-
pal depletion,

A.F. 2 1,000 0 - 500
'Estimated indus- :

trial depletion, :

A.F. : 2,000 ‘ 0 ‘ 7,000
Change in reservoir : : :

storage, A.F. : + 1,092 , .+ 342 + 418
Surface outflow, : »

A.F. - : 1,232,000 519,000 566,000
Basin yield, A.F. : 1,305,000 2/ 550,000 643,000

Basin yield, A.F./ ‘
square mile : 384 149 161

1/ Estimated depletion figures on 25 percent consumptive use for all
drainages.

2/ Basin yield for Little Snake estimated due to substantial amount of
drainage being in Wyoming .
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Yanipa River

: at Maybell

Little Snake River
at Lily Park

White River neary
Watson, Utah

Water Year 1974
Drainage area
sq. mile

Estimated irri- .
gated acres

Irrigation diver-
sions, A.F.

Municipalldive:—
sions, A.F.

Industrial diver-
sions, A.F.

Transmountain di-
- versions, A.F.

Estimated irriga-
" tion depletion,
A.F. 1/

Estimated munici-
pal depletion,
A.F.

Estimated indus-
trial depletion,
A.F. '

Change in reservoir
storage, A.F.

Surface outflow,
A.F.

Basin yield, A.F.

Basin yield, A.F./
square mile

3,400
98,800
356,120
7,430
4,920

750

89,030

1,500

2,470
=970

1,418,000

1,510,780

444

3,700
11,300

35,708

+ 649

523,200

2/ 523,849

142

4,000

36,500

322,150

946

7,590

80,540

190

7,590

+ 1,580

566,000

655,900

164

1/ Estimated depletion figures on 25 percent consumptive use for all

drginages.

2/ Basin yield does not reflect water consumed by Wyoming.
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APPENDIX C

ESTIMATED CONSUMPTIVE USE IN
THE YAMPA RIVER BASIN, 1910-1977

ESTIMATED CONSUMPTIVE USE IN THE
WHITE RIVER BASIN, 1922-1980



APPENDIX C

Table C-1. Estimated consumptive use in the Yampa River basin, 1910-1977.
Use 1910 1911 1912 1913 1914 1915 1916 1917 1918 1919 1920 1921
-------------------------------------------------------- Acre-feet----c--ommomme oo e e

Irrigation
depletion! 120,463 120,463 120,463 120,463 120,463 120,463 120,463 120,463 120,463 120,463  1020,463 120,463
Reservair ’
evaporation
Change in storage
Municipal - ' )

industrial 300 300 300 300 300 300 300 300 300 300 300 300
Transmountain 450 450 450 450 450 450 450 450 450 450 450 450
Miscellaneous -- -- -- - - - -- -- - -- -~ --
TOTAL 121,213 121,213 121,213 121,213 121,213 121,213 121,213 121,213 121,213 121,213 121,213 121,213

1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933

Irrigation
depletion 118,640 96,029 111,449 145,752 127,230 120,791 131,883 95,652 135,065 125,291 130,499 134,532
Reservoir
evaporation 0
Change in storage 0
Municipal - )
industrial 300 300 300 300 300 300 300 300 300 300 300 300
Transmountain 450 450 450 450 450 450 450 450 450 450 450 450
Miscellaneous -~ -- S - -~ -- -- - -- - - --
TOTAL 119,390 -~ 96,774 112,199 146,502 127,980 121,541 132,633 96,402 135,815 126,041 131,249 135,282

lyse average of 55

years of record.

1 ¥AN



Table C-1 (Continued)

Use 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944
-------------------------------------------------------- Acre-feet-======mmemc oo e e e e eeceea
Irrigation
depletion! 118,329 118,850 119,261 117,718 133,447 132,945 127,628 127,479 126,378 125,848 120,463 120,463
Reservoir
evaporation 0 510 540 570 600 630 660
Change in storage 0 0 0 0 0 0
Municipal - ! .
industrial 300 300 300 300 300 300 300 300 300 300 300 300
Transmountain 450 450 450 450 450 450 450 500 600 700 800 900
Miscellaneous - -- - -- -- -- -~ - - -- - --
TOTAL 119,079 119,600 120,011 118,468 134,197 133,695 128,888 128,819 127,848 127,448 122,193 122,323
1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957
Irrigation
depletion 120,463 120,463 129,855 121,266 101,315 96,503 111,786 124,381 84,600 119,413 120,542 124,026
Reservoir
evaporation 700 730 760 800 858 860 860 860 860 863 900 1,000
Change in storage 0 0 0 0 0 0 0 0 0 0 0 0
Municipal -
industrial 300 300 400 400 500 400 400 400 400 400 400 400
Transmountain 1,000 1,100 1,200 1,300 1,500 1,500 1,500 1,500 1,500 1,700 1,700
Miscellaneous -- ~- -- -- - -- -- -- -- -- -- ==
TOTAL 122,463 122,593 132,215 123,766 104,273 99,263 114,546 127,141 87,360 122,176 123,542 127,126

11944 through 1947 use average of 55 years of record.

LFAN



Table C-1 (Continued)

Use

1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969
-------------------------------------------------------- Acre-feet-------mmsccmmmc et e m s e s m o e se oo
Irrigation
depletion 126,843 117,415 123,744 117,387 121,238 121,281 121,218 123,812 122,234 124,505 126,313 116,087
Reservoir - ‘
evaporation 1,100 1,200 1,300 1,400 1,401 1,400 1,400 1,400 1,267 1,400 1,500 1,600
Change in storage 0 0 0 0 1,727 -4,800 -5,000 -2,244 -78 -6,500 -9,0644 -8,000
Municipal - ! : )
industrial 400 400 400 400 400 400 400 400 400 2,282 3,000 4,000
Transmountain 1,700 1,700 1,700 1,923 2,712 1,662 2,321 2,217 587 1,603 2,167 3,862
Miscellaneous - - -- -- - - -- -- - -- -- --
TOTAL 130,043 120,715 127,144 121,110 127,478 119,943 120,339 125,585 124,496 123,350 123,936 117,549
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Irrigation
depletion 121,761 132,508 125,477 125,728 127,434 122,256 115,800 87,027 109,567 116,515 124,815
Reservoir .
evaporation 1,994 3,000 4,000 5,000 6,000 6,000 7,038 6,443 9,145 9,634 9,022
Change in storage 3,780 -1,911 -1,800 1,092 -321 0 -9,071 -133 16,248 394 -1,465
Municipal -
industrial 4,925 5,000 3,560 ° 6,680 4,928 5,000 7,100 6,200 6,900 9,900 11,800
Transmountain 2,538 2,907 2,257 1,571 3,428 2,671 2,395 856 4,111 2,930 3,389
Miscellaneous -- -- -- -- -- -- 16,750 750 1,000 950 800
TOTAL 134,998 141,504 133,494 140,071 143,941 135,927 140,012 101,143 146,971 140,323 148,361

61



Table C-2.

Estimated consumptive use in the White River basin, 1922-1980.

Use 1922 1923 1924 1925 1926 1927 1928 1929 1930 1931 1932 1933
-------------------------------------------------------- Acre-feet---=cmccmcm e e e

Irrigation
depletion 44,200 47,912 49,123 45,928 43,120 43,868 44,138 45,204 45,450 46,070
Reservoir
evaporation 465 507 520 487 457 465 468 479 484 488
Change in storage 0 0 6 0 0 0 0 0 0 0
Municipal -

industrial 1,861 2,030 2,081 1,946 1,828 1,859 1,871 1,916 1,935 1,952
Miscellaneous 300 300 300 300 300 300 300 300 300 300
TOTAL 46,526 50,749 52,024 48,661 45,705 46,493 46,777 47,899 48,368 48,811

1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945

Irrigation
depletion! 44,178 41,432 41,703 41,158 50,747 47,752 41,991 41,766 40,331 42,999 41,600 41,600
Reservoir
evaporation 468 439 442 436 537 505 445 443 428 456 441 441
Change in storage 0 0 0 0 0 0 0 0 0 0 0 0
Municipal - .
industrial 1,873 1,757 1,768 1,746 2,149 2,023 1,781 1,771 1,710 1,823 1,764 1,764
Miscellaneous 300 300 300 300 300 300 300 300 300 300 300 300
TOTAL 46,819 - 32,928 44,214 43,640 53,734 50,581 44,517 44,280 42,769 45,578 44,105 44,105

11944 through 1947 use average value of 52 years.
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Table C-2 (Continued)

Use 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957
-------------------------------------------------------- Acre-feet-~--=~csmmmecsea e m e m e m s m o — o m e

Irrigation
depletion 41,600 41,600 42,818 42,231 40,704 37,527 40,327 40,504 40,379 39,461 36,132 37,919
Reservoir
evaporation 441 441 454 448 432 398 428 430 428 418 484 402
Change in storage 0 0 0 0 0 0 0 0 0 0 0 0
Municipal -

industrial 1,764 1,764 1,815 1,791 1,726 1,593 1,711 1,718 1,713 1,674 1,934 1,609
Miscellaneous 300 300 300 300 300 300 300 300 300 300 300 300
TOTAL 44,105 44,105 . 45,387 44,769 43,162 39,818 42,765 42,952 42,820 41,854 48,349 40,231

1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

Irrigation
depletion 36,672 35,641 48,104 39,785 45,927 43,085 43,244 35,140 36,301 36,420 39,328 37,752
Reservoir
evaporation 389 378 509 1,169 1,347 1,265 1,269 1,034 1,067 1,071 1,155 1,109
Change in storage 0 0 0 0 0 0 0 0 0 0 0 0
Municipal -
industrial 1,557 1,513 2,038 - 3,596 4,146 3,891 3,906 3,180 3,284 3,295 3,555 3,414
Miscellaneous 300 300 300 400 400 400 400 400 400 400 400 400
TOTAL 38,918 37,833 50,952 44,950 51,820 48,641 48,819 39,754 41,053 41,187 44,438 42,676

L71



Table C-2 (Continued)

Use 1970 - 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
-------------------------------------------------------- Acre-feet-=se--ooo oo e oo

Irrigation '

depletion 44,229 46,555 43,124 45,358 38,219 46,487 37,845 31,541 35,908 37,790 35,884

Reservoir

evaporation 1,298 1,413 1,309 1,317 1,162 1,411 1,170 1,322 1,178 1,140 1,120

Change in storage 0 0 0 0 0 0 -1,660 -147 -148 -76 123

Municipal - .
industrial 3,994 5,978 5,541 5,571 4,917 5,969 6,223 5,500 6,300 3,500 4,200

Miscellaneous 400 400 400 400 400 400 500 400 500 500 500

TOTAL 49,921 54,346 50,375 50,646 44,698 54,267 47,477 41,010 47,044 43,846 42,926

87T

Notes: 1. Municipal-industrial consumptive use is average 11 percent and 8 percent of the total consumption during 1970-1980 and 1961-1970
respectively. Reservoir evaporation is 2.6 percent of the total.

2. 1961-1970 irrigation depletion averaged 89.4 percent. 1971-1980 irrigation depletion averaged 86.4 percent.
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APPENDIX D

SUPPLEMENT TO RUN ANALYSIS
FOR THE YAMPA RIVER
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APPENDIX D. Supplement to Run Analysis for the Yampa River

This analysis was made with the basic assumption that the required
amount of at least 5 million acre-feet that was to be delivered down-
stream from Maybell, Colorado, in any ten consecutive years as stated in
the 1948 interstate compact was evenly distributed over each year (i.e.,
500,000 acre-feet per year). It was felt it would be worthwhile to
study this beyond-the-safe-side case since the mean annual runoff of
1,050,000 acre-feet at Maybell is over the average 500,000 acre-feet
requirement. Needless to say, this assumption is unfavorable to water
use in the upper Colorado since it would require 500,000 acre-feet every
year and not a cumulative 5 million acre-feet every ten consecutive
years. In the latter case, the 5 million acre-feet can be satisfied
flexibly with the ten-year period.

Two alternative operational rules were assumed:

1) The 500,000 acre-feet downstream annual demand was considered
to be satisfied in the non-irrigation period, which was the period from
November through April. The remaining portion of this amount, if it was
not previously satisfied, would be taken over to the irrigation period
(May through October) and evenly distributed over the six months.
Upstream demand was also taken into consideration. Two conditions under
this alternative (which is referred to as Alternative #1) include: with
and without additional storage capacity. The statistical results of the
run analysis are listed in Table El.

Take the existing condition as an example. If, in the case of no
additional storage, 904 runs of deficit were to be reduced to 14 runs,
and the corresponding depletion of 414,554 acre-feet were to be reduced

to 167,852 acre-feet, the additional storage needed would be
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249,365 acre-feet. In the case of HWA (high level with accelerated
energy development), 1,189 runs with a maximum depletion of 571,520
acre-feet could be reduced to 37 runs with a maximum depletion of
358,719 acre-feet if an additional storage of 408,671 acre-feet were
made available.

2) The 500,000 acre-feet of downstream annual demand was to be
satisfied in the non-irrigation period. The remaining part of this
amount would be satisfied during the irrigation period using the excess
water in the wet months to its utmost and not evenly distributed over
the six months. This seemed to be a more reasonable approach since the
excess water in the wet months was not wasted downstream as had been the
case in Alternative #1. This scheme of operation was referred to as
Alternative #2. The number of negative runs was reduced markedly to 69
for the existing condition as compared with Alternative #1. The
69 negative runs derived from considering only the upstream demand
(without storage), which yielded 55 runs plus the negative runs obtained
under the above operational rule, which yielded 14 runs. Actually, with
the operation scheme, when additional storage was considered, the result
was also 14 runs, which was also identical to the result obtained in
Alternative #1 with additional storage. Table E2 gives the run
statistics and Tables E3 through E9 show the number of runs against

storage needed for the nine scenarios and the existing condition.



Table D-1.

Yampa River run analysis, alternative #1.1

No. of Negative Runs

Average Months

Return Period (years)

Probability of Failure (%)

Without With of Failure Irrig. Period Whole Year Irrig. Period Whole Year Storage
Level of Additional Additional Without With Without With Without With Without With Without With Needed -
Development Storage Storage A.8.2 A.S. A.S. A.S. A.S. A.S. A.S. A.S. A.S. A.S. (ac-ft)
Existing 904 14 922 14 0.54 34.7 1.08 71.4 15.37 0.24 7.68 0.12 249,365
LWO/LWB 974 17 1,013 17 0.49 29.4 0.98 58.8 16.88 0.28 B.44 0.14 276,066
LWA 1,029 18 1,091 18 0.46 27.8 0.92 55.5 18.18 0.30 9.09 0.15 301,567
MWO/MWB 1,075 19 1,150 19 0.43 26.3 0.87 52.6 19.16 0.32 9.58 0.15 325,868
MWA 1,130 24 1,220 24 0.41 20.8 0.82 41.7 20.34 0.40 10.17 0.20 355;769
HWO/HWB 1,138 32 1,229 32 0.40 15.6 0.81 31.3 20.48 0.54 10.24 0.27 378,270
HWA 1,189 37 1,308 37 0.38 13.5 0.77 27.0 21.80 0.62 10.90 0.31 408,671
IThis alternative distributes the shortage of water in the non-irrigation period evenly to the 6 months in the irrigation period.

25.S. = additional storage.

et



Table D-2.

Yampa River run analysis, alternative #2.1!

No. of Negative Runs Average Months

-Return Period (years)

Probability of Failure (%)

Without With of Failure Irrig. Period Whole Year Irrig. Period Whole Year Stotage>
Level of Additional Additional Without With Without With Without With Without With Without With Needed
Development Storage Storage A.s.2 A.S. A.S. A.S. A.S. A.S. A.S. ’A.S. A.S. A.S. (ac-ft)
Existing 69 14 89 14 5.7 34.7 11. 71.4 1.48 0.24 0.74 0.12 167,852
LWO/LWB 113 17 ‘ 162 17 3.4 29.4 6. 58.8 2.70 0.28 1.35 0.14 199,893
LwA v 148 18 212 18 2.3 _27.8 4. 55.5 3.54 0.30 1.77 0.15 230,495
MWO/MWB 174 19 256 19 1.8 26.3 3. 52.6 4.26 0.32 2.13 0.16 259,576
MWA 210 24 317 24 1.6 20.8 3. 41.7 5.28 0.40 2.64 0.20 295,457
HWO/HWB 215 32 327 32 1.5 15.6 3. 31.3 5.48 0.50 2.73 0.27 322,238
HWA 264 37 401 37 1.2 13.5 2. 27.0 6.68 0.62 3.34 0.31 358,719

1This alternative utilizes excess water in the irrigation period

2A.S. = additional storage.

to its utmost.

€eT
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Table D-3. Yampa River run analysis, alternative #2.

Level of Development: Existing

Aveiage Storage

No. of - _ Duration Needed
Runs : . (months) - (acre-feet)
0 o 167,852
1 " 1 117,542
2 1 | 110,809
-3 1 | 97,644
4 1 95,281
5 1 83,733
6 1 83,040
7 1 71,186
8 1 66,298
9 1 48,817
10 1 47,938
11 1 47,286
12 1 33,766
13 1 2,711

14 1 0
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Table D-4. Yampa River run analysis, alternative #2.

Level of Development: LWO/LWB

Average Storage
No. of Duration Needed

Runs (months) (acre-feet)
0 0 199,893

1 * 1 149,583

2 : 1 142,850

3 1 129,685

4 1 127,322

5 1 115,774

6 1 115,081

7 1 103,227

8 1 98,339

9 1 80,858
10 1 79,979
11 1 79,327
12 1 79,327
13 1 34,752
14 1 31,317
15 1 6,702
16 1 1,036

17 1 0
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Table D-5. Yampa River run analysis, alternative #2.

Level of Development: LWA

‘ Average Storage
No. of Duration Needed

Runs (months) (acre-feet)
0 0 230,495
1 - 1 180,185
2 1 173,452
3 1 160,287
4 1 157,924
5 1 146,376
6 1 145,683
7 : 1 133,829
8 1 128,941
9 1 111,460
10 1 110,581
11 1 109,929
12 1 96,405
13 1 65,354
14 1 61,919
15 1 37,304
16 1 31,638
17 1 17,136

18 1 0




137

Table D-6. Yampa River run analysis, alternative #2.

Level of Development: MWO/MWB

Average Storage
No. of Duration Needed

Runs {months) (acre-feet)
0 0 259,576
1 ‘ 1 209,266
2 1 202,533
3 1 189,368
4 1 187,005
5 1 175,457
6 1 174,464
7 1 162,910
8 1 158,022
9 1 140,541
10 1 139,662
11 1 139,010
12 1 125,490
13 1 94,435
14 1 91,000
15 1 66,385
16 1 60,719
17 1 46,217
18 1 11,622

19 1 0
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Table D-7. Yampa River run analysis, alternative #2.

Level of Development: MWA

Average Storage
No. of o Duration Needed

Runs (months) (acre-feet)
0 0 295,457
1 1 245,147
2 1 238,414
3 1 225,249
4 1 222,886
5 1 211,338
6 1 210,645
7 1 198,791
8 1 193,903
9 1 176,422
10 1 175,543
11 1 174,891
12 "1 161,371
13 1 130,316
14 1 126,881
15 1 102,266
16 1 96,600
17 1 82,098
18 1 47,503
19 1 33,931
20 1 26,832
21 1 23,291
22 1 21,849
23 1 38
24 1 0
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Table D-8. Yampa River run analysis, alternative #2.

Level of Development: HWO/HWB

Average Storage
No. of Duration Needed
Runs (months) (acre-feet)
0 0 322,238
1 1 271,928
2 1 265,195
3 1 252,030
4 1 249,667
5 1 238,119
6 1 237,426
7 1 225,572
8 1 220,684
9 1 203,203
10 1 202,324
11 1 201,672
12 1 188,152
13 1 157,097
14 1 153,662
15 1 129,047
16 1 123,381
17 1 108,879
18 1 74,284
19 1 60,712
20 1 53,613
21 1 50,072
22 1 48,630
23 1 26,819
24 1 25,580
25 1 24,033
26 1 22,725
27 1 19,065
28 1 12,618
29 1 11,776
30 1 8,006

W
—
fu—ry

3,837
32 1 0
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Table D-9. Yampa River run analysis, alternative #2.

Level of Development: HWA

Average Storage
No. of Duration Needed

Runs (months) (acre-feet)
0 0 358,719
1 1 308,409
2 1 301,676
3 1 288,511
4 1 286,148
5 1 274,600
6 1 273,907
7 1 262,053
8 1 257,165
9 1 239,684
10 1 238,805
11 1 238,153
12 1 224,633
13 1 193,578
14 1 190,143
15 1 165,528
16 1 159,862
17 1 145,360
18 1 110,765
19 1 97,193
20 1 90,094
21 1 86,533
22 1 85,111
23 1 63,309
24 1 62,061
25 1 60,514
26 1 59,206
27 1 55,546
28 1 49,099
29 1 48,257
30 1 44,487
31 1 40,318
32 1 35,640
33 1 31,882
34 1 27,266
35 1 21,713
36 1 18,656
37 1 0
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APPENDIX E

YAMPA RIVER BASIN WATER RIGHTS (AMOUNT AND
APPROPRIATION DATE) BASED ON '"'COLORADO WATER
RIGHTS RETRIEVAL RUN USING THE CYBER COMPUTER"
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APPENDIX E. Yampa River basin water rights (amount and
appropriation date) based on "Colorado Water
Rights Retrieval Run Using the Cyber Computer"

(1879-1970).

Cumulative
Appropriation Amount Amount
Date (c.f.s) (c.f.s.)
1879 1.66 1.66
1881 38.92 40.58
1882 8.75 49.33
1883 79.6 128.93
1884 87.05 215.98
1885 29.89 245.87
1886 100.93 346.80
1887 229.08 575.88
1888 372.4 948.28
1889 186.27 1,134.55
1890 162.72 1,297.27
1891 54.18 1,351.45
1892 54.02 1,405.47
1893 64.20 1,469.67
1894 12.60 1,482.27
1895 73.32 1,555.59
1896 57.35 1,612.94
1897 27.1 1,640.04
1898 65.81 1,705.85
1899 43.94 1,749.79
1900 126.3 1,876.09
1901 72.3 1,948.39
1902 58.63 2,007.02
1903 209.47 2,216.49
1904 80.5 2,296.99
1905 39.76 2,336.75
1906 25.66 2,362.41
1907 51.79 2,414.2
1908 54.05 2,468.25
1909 56.18 2,524.43
1910 64.54 2,588.97
1911 26.15 2,615.12
1912 280.46 2,895.58
1913 73.26 2,968.84
1914 167.62 3,136.46
1915 101.39 3,237.85
1916 0.83 3,238.68
1917 3.78 3,242.46
1918 62.1 3,304.56
1919 51.17 3,355.73
1920 24.83 3,380.56
1921 57.96 3,438.52
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APPENDIX E (Continued)

Cumulative
Appropriation Amount Amount

Date ' (c.f.s) (c.f.s.)
1922 23.91 3,462.43
1923 14.92 3,477.35
1924 8.11 3,485.46
1925 6.32 3,491.78
1926 35.61 3,527.39
1927 41.98 3,569.37
1928 29.14 3,598.51
1929 3.5 3,602.01
1930 24.1 3,626.11
1931 8.33 3,634.44
1932 15.0 3,649.44
1933 . 178.33 3,827.77
1934 32.85 3,860.62
1935 0.2 3,860.82
1936 4.81 3,865.63
1937 7.05 3,872.68
1938 23.3 3,895.98
1939 57.95 3,953.93
1940 19.8 3,973.73
1941 31.07 4,004.80
1942 5.25 4,010.05
1943 9.99 4,020.04
1944 6.90 4,026.94
1945 72.09 4,099.03
1946 97.18 4,196.21
1947 14.55 4,210.76
1948 49.0 4,259.76
1949 25.84 4,285.60
1950 27.0 4,312.60
1951 114.97 4,427.57
1952 39.74 4,467.31
1953 33.21 4,500.52
1954 58.05 4,558.57
1955 68.7 4,627.27
1956 31.77 4,659.04
1957 33.6 4,692.64
1958 535.79 5,228.43
1959 26.89 5,255.32
1960 695.1 5,950.42
1961 140.73 6,091.15
1962 497.97 6,589.12
1963 1,856.05 8,445.17
1964 138.47 8,583.64

1965 27.09 8,610.73
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APPENDIX E (Continued)

Cumulative
Appropriation Amount Amount
Date (c.f.s) (c.f.s.)
1966 8.87 8,619.60
1967 257.63 8,877.23
1968 31.32 8,908.55
1969 7.8 8,916.35
1970 5.0 8,921.35

TOTAL 8,921.35
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APPENDIX E-1. Water rights filed by district, total CFS, reservoir
: rights, and acre-feet of rights of Water Districts 54,

55, 57, and 58, Yampa River Basin, Colorado.

Direct
Flow Reservoir
Stream Rights Total CFS Rights Total AF
Water District 54
Little Snake River 39 154.737 -- --
Water District 55
Little Snake River 19 230.81 -- -=
Water District 57
Yampa River 77 511.55 1 1,013.3
Fish Creek 18 560.76 3 72,408.8
West Br. Fish Creek 6 32.82 4 390.37
Middle Fish Creek 1 0.67 - --
Water District 58
Fish Creek 38 342.634 3 2,829.221
No. Fork Fish Creek 1 4.0 - --
So. Fork Fish Creek - -- 2 703.7
Middle Fork Fish Creek 2 180.00 2 2,350.86
Little Fish Creek 3 2.326 -- -
Elk River 87 283.3 1 44,038.7
No. Fork Elk River 2 302.5 -- --
Middle Fork Elk River 1 300.00 - -
Soda Creek 30 103.077 3 33.63
Walton Creek 75 1,314.27 -- -
Watson Creek 24 47.93 6 895.26
Oak Creek 20 57.68 2 32.64
Hunt Creek 67 176.91 5 3,735.67
Bear Creek 2 1.33 -- -
Willow Creek 3 5.00 5 103,527.4
Reed Creek 5 5.35 - -
Rock Creek 1 1.00 -- -
Big Creek 12 31.304 3 16.3
Mad Creek 5 99.77 1 5,712.00
Chimney Creek 10 16.09 -- -
Spring Creek 13 33.62 -- -
Yampa River 198 1,284.7368 10 152,470.7
Lawson Creek 12 23.362 1 25.6
Little Morrison Creek 10 14.14 -- -
Morrison Creek 13 19.97 1 5.62
Service Creek 6 663.00 1 22,000.00
Green Creek 3 7.39 2 48,229
Harrison Creek 3 128.00 -— --
Burgess Creek 12 17.9765 -- -
Beaver Creek 4 14.74 -~ -
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