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ABSTRACT 

According to preliminary studies, operation of a 

nine-reactor Nuclear Energy Center near Green River, Utah 

would require the acquisition of 126,630 acre-feet per year. 

Groundwater aquifers are a potential source of supply but 

do not present a viable option at this time due to insuffi-

cient data on aquifer characteristics. Surface supplies 

are available from the nearby Green and San Rafael Rivers, 

tributaries of the Colorado River, but are subject to three 

important constraints. (1) Appropriations from the Colo-

rado River system are subject to "the Law of the River" 

which consists of a number of legal and institutional con-

straints. According to available data, Utah is near the 

limit of its Colorado River entitlement, and thus future 

appropriations would be precluded. (2) Utah has adopted 

an intrastate water law system based on the concept of 

"prior appropriation". State records suggest that the 

dependable flow of the San Rafael, and perhaps also the 

Green River, is either fully appropriated or' covered by 

applications filed for future appropriations under this 

system. (3) Water acquisition is limited to the amount 

of water physically available in a river. The physical 

supply fluctuates dramatically due to natural and man-made x. 
factors. 



Because of these constraints, the demand for a 

dependable water supply for a Nuclear Energy Center could 

best be met by the acquisition of vested water rights from 

senior appropriators in either the Green or San Rafael Rivers. 

The Utah Water Code provides a set of procedures to accom-

plish such a transfer of water rights. However, this 

recommendation is tentative due to the conceptual nature of 

a Nuclear Energy Center at this time, and due to variables 

which cannot be precisely controlled, including Che market 

price for a water transfer in this locality. 

/ 



WATER ALLOCATION ISSUES 
I. INTRODUCTION 

This study examines the issues of water allocation 
which would be presented by a proposal to build and operate a 
Nuclear Energy Center ("NEC") in Utah. First, the amount of 
water which would be required by the facility is calculated. 
Next, the potential water sources are identified. Third, an 
examination is made of the legal and institutional constraints 
which apply to the use of water from those sources. Fourth, 
the amount of unappropriated ("available") water is determined 
for each source. Finally, these findings are discussed and 
conclusions are drawn as to the availability of an adequate 
water supply for the NEC. 

II. WATER REQUIREMENTS 

As for any major power-generation facility, the NEC 
concept requires the acquisition of a water source with two 
basic characteristics: (1) a specified (minimum) quantity, and 
(2) a continuous, reliable supply. The water is required pri-
marily for removing heat generated by the nuclear chain reac-
tion: for the NEC, evaporative ("wet") cooling towers have 
been selected as the optimal heat rejection system. 

The study contemplates phasing actual construction of 
the facility over a period of 18 years. Projecting a construc-
tion start in 1995, the first reactor unit would be completed 



by 2001, with an additional unit completed every 18 months 
thereafter. When complete, the facility would consist of nine 
reactor units, and thus nine cooling towers. Assuming a 70 
percent capacity factor, the NEC would require 126,630 acre-

feet/year of water by 2013, the projected completion date.'*" 

If water is determined to be a limiting factor in the 
feasibility of the NEC, alternative methods of heat rejection 
are available which are less water-intensive. However, these 
alternative systems are often more expensive to build and oper-
ate. For example, there are three classes of cooling towers 
which are generally available: evaporative (wet), dry, and 
hybrid (wet-dry). The dry tower is the most costly design, but 
requires the least amount of water, whereas the wet tower, 
chosen as the optional system for the NEC, is the least expen-
sive, if there is an adequate water supply. Hybrid towers fall 
somewhere in between. For the NEC, hybrid towers would require 
7,300 acre-feet/year, a 63.6 percent reduction compared to a 

2 wet tower system. 

III. WATER SOURCES 

Green River, Utah, is located on the Colorado Plateau, 
in the hydrologic region known as the Upper Colorado Basin. 
The Basin is drained by two major rivers of near-equal size, 
the Green River and the upper main stem of the Colorado River, 
which unite about 50 miles .south of the town of Green River to 
form the main body of the Colorado River. 
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The sources of water available to the NEC--were it to 
be built on the proposed site 15 miles southwest of the town of 
Green River--would include (1) surface water from the Green 
River, (2) surface water from the San Rafael River (a major 
tributary of the Green River), and (3) groundwater, probably 
from the Navajo Sandstone. < 

IV. LEGAL AND INSTITUTIONAL CONSTRAINTS 

A. Surface Supply 
One constraint on water appropriation for the NEC is 

the aggregate water supply which is physically available from 
the above sources. However, the allocation of the actual 
supply in the Green and San Rafael Rivers is further controlled 
by a complex system of legal and institutional parameters which 
collectively constitutes the "Law of the River." The "Law" 
includes treaties, compacts, court decrees, and statutes; it 
governs institutions at the federal, state, intrastate, inter-
state, and international levels. 

1. Compacts 
Two compacts form the cornerstone for water allocation 

between the states located in the Upper Colorado River Basin. 
The Colorado River Compact of 1922 ("1922 Compact") was negoti-
ated by the seven states in the Colorado Basin (Arizona, 
California, Colorado, Nevada, New Mexico, Utah, and Wyoming). 
The 1922 Compact divides the Colorado River drainage area into 
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two entities, the Upper and Lower Basins, along an imaginary 
line drawn across the River at "Lee Ferry" (near the town of 
Lees Ferry, Arizona). 

Each Basin is entitled to "the exclusive beneficial 
consumptive use of 7.5 maf [million acre feet] of water per 

a n n u m . I n addition, the Lower Basin is given the right to 

increase its beneficial consumptive use by one million acre-
4 

feet per annum. The 1922 Compact thus purports to allocate 

16 million acre-feet of water, which was believed to represent 
the water supply carried in the Colorado River.However, as 
discussed in Section V of this paper, the flow of the Colorado 
River is extremely variable on a daily, seasonal, and annual 
basis. See also Figure 1, which suggests that the calculation 
on which the allocation in the 1922 Compact was based was mea-
sured during a "peak period" of the river's hydrologic cycle. 
Yet, according to the Water Resources Council, the average 
annual flow at Lee Ferry for the period of 1930-1974 was 9.8 

maf,^ which is more than adequate to satisfy the terms of the 
1922 Compact. Furthermore, the Upper Colorado River Storage 
Projects were designed to regulate the long-term flow to ensure 
that, even in dry periods, the Upper Basin states could consume 
their full entitlement and still meet their obligation to the 
lower states. 

The Colorado River Compact was followed by the Upper 
Colorado River Basin Compact of 1948 ("1948 Compact"), which 
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apportioned the Upper Basin entitlement among the four Upper 

Basin states and Arizona. Each state was assigned, in perpetu-

ity, a fisced share of the total quantity available' for use each 

year by the Upper Basin under the 1922 Compact, as follows:^ 

Arizona 50,000 acre-feet/year 
True Upper Basin States: 
Colorado 51.75% 
New Mexico 11.25% 
Utah 23.00% 
Wyoming 14.00% 

Note that Arizona is the only state guaranteed to receive a 
specific quantity. The other states rec-.Jve a fixed percent-
age, but the actual quantity will be a "floating figure" which 
varies annually as a function of the total quantity available. 
Furthermore, all evaporative losses which occur from the stor-
age in Upper Basin reservoirs necessary to deliver the Lower 

Basin entitlement must be fully born by the upper states 
g 

alone. Thus, reading the two Compacts together, the four 
"true" Upper Basin states (i.e., excluding Arizona) are 
entitled to a proportional share of whatever flow remains after 
delivering a minimum of 7.5 maf to the Lower Basin states as a 
whole plus an additional 50,000 acre-feet to Arizona in 
particular. 

2. Mexican Treaty 
An international dispute over use of the Colorado 

River (and two other rivers as well) led to a half century of 



negotiations between the United States and Mexico, and ulti-

mately to the Mexican Treaty of 1944 (ratified by the U.S. 

Senate in 1945). The treaty guaranteed that at least 1.5 maf 

"of the waters of the Colorado River, from any and all sources" 

would be delivered annually to Mexico, in accordance with 

schedules formulated by the Mexican section before the begin-
9 

ning of each calendar year. During years of surplus, Mexico 

is entitled to additional water, with the total quantity "not 

to exceed 1,700,000 acre-feet/year." However, during times of 

"extraordinary drought or serious accident to the irrigation 

system in the United States," Mexico's allotment will be 

reduced proportionally to the reduction of consumptive uses in 

the United States. 

The 1922 Compact anticipated that water from the 

Colorado River might in the future be allocated to Mexico. A 

provision was included which specified that any Mexican allot-,-' 

ment would be supplied, if possible, from water in excess of 

the 16 million acre-feet allocated to the Basin states under 

the 1922 Compact. If no surplus is available, the Upper and 

Lower Basins are to contribute an equal amount to satisfy the 

Mexican allocation.^ When read together, the Treaty and the 

1922 Compact raise a number of questions regarding the scope of 

the obligations placed on the U.S. as a whole, each Basin sepa-

rately, and the individual states. The impact of the Mexican 

allotment on Upper Basin appropriators, especially during 



"ordinary" drought years, is unclear- These issues will 

probably not be resolved until Congress or the courts are 

confronted with a situation in which the language of the provi-

sions must be construed. 

Although the Mexican Treaty purported to resolve the 

international dispute over water quantity, a dispute over water 

quality was quick to follow. Resolution of the dispute over 

the salinity of the water delivered to Mexico in fulfillment of 

the Mexican Treaty is discussed, infra. 

3. Colorado River Storage Projects 

Congress has passed a series of federal statutes 

authorizing the construction of major storage reservoirs on the 

Colorado River system. The Boulder Canyon Project A c t ^ and 

12 
the Boulder Canyon Project Adjustment Act authorized the 

construction and operation of Hoover Dam. Subsequently, the 

13 

Colorado River Storage Project Act addressed the storage 

needs of Upp^r Basin appropriators, and provided authority for 

a number of "main stem" reservoirs including Flaming Gorge, 

Curecanti Unit, and Lake Powell. 

Guidance for the coordination and operation of the 

entire reservoir system is provided by the Colorado River Basin 
14 15 Project Act, and regulations promulgated thereunder. 

The guidelines develop priorities for the storage and release 

of water, and require the formulation of a projected plan of 

operation for each subject reservoir for each water year. For 
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example, the plan of operation for Lake Powell declares as a 

minimum objective the annual release of 8.23 maf."^ 

Reservoir releases are based primarily on the amount of water 

necessary to fulfill contracts for power generation and repay-

ment purposes. 

The storage project most likely to have an impact on 

the NEC is the Flaming Gorge Dam and Reservoir, located on the 

Green River near the Utah, Wyoming, and Colorado borders. The 

Reservoir is operated primarily for hydroelectric power genera-

tion, but is also responsible for maintaining compact require-

ments, recreational opportunities, and fish and wildlife bene-

fits. Based on data collected by the Bureau of Reclamation, 

releases have ranged from a high of 272,270 acre-feet in July, 

1975 to a low of 43,870 acre-feet in February, 1970.17 In 

general, releases follow the peaks and valleys of the demand 

for electricity. Thus, they are lowest in spring and fall, and 

highest in summer and winter. 

4. Water Quality 

The quality of water flowing in the Colorado River 

system is controlled in part by the Federal Water Pollution 

Control Act of 1972, as amended by the Clean Water Act of 

18 
1977. As defined by the Act, pollution is "the man-made or 

man-induced alteration of the chemical, physical, biological, 19 
and radiological integrity of water." Water quality is 

further controlled by recent amendments to the Mexican Treaty. 

-3" 



Operation of the NEC raises a number of potential problems of 

water pollution. 

Thermal pollution. Heat is clearly defined as a 

20 

pollutant under the federal water pollution statutes. The 

primary source of thermal pollution is the electric power 
industry, which requires tremendous quantities of water for 

cooling purposes. 21 NEC does not pose a thermal pollution 

problem, however, as the water cycled through the cooling 

system will not be returned to the river source, but rather 

will be evaporated. 

Salinity. Salinity poses the primary water quality problem 

in the Colorado River Basin. Increased salinity can te caused 

22 

by two distinct processes: (1) salt loading increases the 

amount of salt for a given amount of water, and results from 

the addition of mineral salts to the river system from man-made 

or natural sources (e.g., return flow from irrigation); (2) 

salt concentration increases salinity by increasing stream flow 

depletions, thus concentrating the original amount of salt into 

a lesser volume of water (e.g., evaporation from man-made 

lakes). 

Salinity increases along the course of the Colorado River, 

from a concentration of 50mg/L at the headwaters, to an average 

of 810mg/L (measured in 1979) at the Imperial Dam in the Lower 

Basin. More importantly, the entire Colorado River system has 

exhibited a rising trend in saline concentrations since 
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23 1949. At present, the salinity is attributed to the 
A 1 

following sources: 

Natural sources kl°h 
Man-made sources: 

Irrigation 37% 
Reservoir evaporation 12% 
Exports 3% 
Municipal and Industrial 1% 

An ambitious program is currently underway, coordin-

ated by a number of governmental entities, to achieve the 

common goal of controlling salinity in the Colorado River 

system. The seven Basin states united to form the Colorado 

River Basin Salinity Control Forum ("the Forum"), which estab-

lished numerical salinity standards on the Colorado River. 

These standards were subsequently adopted by each Basin state, 

and approved by EPA under the federal water pollution 

25 

statutes. The Colorado River Water Quality Improvement 

Program was instituted to develop and implement cost-effective 

means of maintaining the salinity at or below the 1972 levels, 

while at the same time allowing the Basin states to continue to 26 develop their full entitlements. Furthermore, Congress 

27 
enacted the Colorado River Basin Salinity Control Act, 

which authorizes the planning and construction of salinity con-

trol projects to decrease salt loading. The Act also mandates 

specific measures to protect the quality of the Colorado River 

water delivered to Mexico, as required by a 1973 agreement 
28 entered into by the United States and Mexico. 
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The Forum, on behalf of the Basin states, has adopted 

29 
several policies for salinity control, including (1) 

states' use of the National Pollution Discharge Elimination 

30 

System Permit Program (NPDES) to control salts from munici-

pal and industrial point sources, (2) the use of brackish or 

saline (rather than fresh) water for industrial purposes, (3) 

the development of state water quality management plans under 

Section 208 of the Federal Water Pollution Control Act, and (4) 

setting effluent limitations for industrial point source dis-

charges with the objective of no salt return wherever 

practicable. 

In December, 1981, Utah published a comprehensive 

state strategy for controlling salinity in Utah's portion of 

31 

the Colorado River Basin. The document declares that 

Utah's strategy will "not interfere unnecessarily with develop-

ments within Utah for energy, . . . industry, . . . or other 

beneficial uses of water," and formulates objectives which 

include (1) using NPDES permits to minimize salinity in water 

discharges, (2) encouraging industrial use of saline or brack-

ish water, (3) encouraging wastewater treatment and other dis-

charge alternatives where practicable to eliminate unnecessary 

water loss by evaporation, and (4) preventing seepage of saline 

waters from containment basins into groundwater. 

The particular strategies applicable to the Green and 

San Rafael Rivers are contained primarily in the water quality 



management plan developed for the state by the Southeast Utah 

32 
Association of Local Governments in 1979. This plan 

includes a discussion of possible best management practices, 

basin by basin. The San Rafael River is also part of a Bureau 

of Reclamation study (for the Colorado River Water Quality 

Improvement Program) on the use and disposal of saline water 

33 

sources. Finally, the design of the NEC itself is subject 

to review by the Divisions of Water Rights and Water 

Resources. According to the Utah state plan, these two 

Divisions are to consider the impacts of the NEC facility on 

the salinity of the Colorado River system, and to recommend 34 
changes in design or management to reduce such impacts. 

Although the above discussion highlights the serious-

ness of the salinity problem in the Colorado River, it is 

unclear what effect the salinity control program may have on 

the feasibility of water allocation for NEC. Both the Forum 

and the Utah state document speak in terms of policies, objec-

tives, and strategies, but the program apparently has not yet 

developed regulatory "teeth" at the state and local levels--the 

proposed controls are discretionary, and would be applied 

source by source under yet-to-be determined standards. 

However, for planning purposes it is appropriate to 

discuss the means by which the NEC could effect a minimal 

impact on salinity in the river system, and thus comply with 

the spirit of the salinity control program: 

- 13-



(1) Salt loading. The NEC's use of water would be a 

consumptive use. Since there would be no return flow, no 

mineral salts would be added to the river system, thereby 

circumventing the problem of increased salt loading. 

(2) Salt concentration. The salt content of the 

river will increase when depletions occur which leave the ori-

ginal amount of salt in a lesser volume of water. The primary 

contributor to increased salt concentration is evaporation from 

rivers and reservoirs (only "pure" is evaporated, leaving 

all the salts behind). By comparison, an acquisition of the 

water by the NEC would be an acquisition of the water plus the 

dissolved salts it contains. However, if the NEC acquired its 

supply from the Green River, the salinity of the Colorado River 

would still be indirectly affected in that downstream sources 

of salinity would continue to contribute their salts but the 

volume of water available for dilution w e l d be less. 

The most beneficial impact on r It concentration 

could be achieved by acquiring water from the San Rafael River, 

which itself is a saline water source. By consumptive use of 

this saline water, the NEC could actually improve the quality 

of the Colorado River by decreasing the saline concentration. 

Furthermore, such industrial use of saline water would comply 

with the stated policies of the salinity control program as 

enunciated by the State of Utah and the Forum. Finally, as an 

outgrowth of its studies on the San Rafael and other saline 
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rivers, the Bureau of Reclamation has proposed a federal pro-

gram for financial and technical assistance to encourage the 

use of saline sources in the Colorado Basin for energy develop-

35 

ment. The NEC could be eligible to participate in this 

program. 

5. Court Decrees 

The Supreme Court of the United States has contributed 

to the "Law of the River" through precedents and doctrines 

developed in their opinions. One such doctrine, the doctrine 

of federal reserved water rights, may have a significant impact 

on the availability of water in the Upper Colorado Basin, and 

thus bears close scrutiny in this study. 

The doctrine declares that the United States acquires 

a reserved right in unappropriated waters appurtenant to any 

public land which is withdrawn from the public domain and 

3 6 

reserved for a federal purpose. The so-called "federal 

reserved right" vests on the date of the reservation of the 

land itself, even if the water is not claimed until much 

later. The amount of water which is reserved is the amount 

which is necessary for the primary purpose of the reserva-

37 

txon. The doctrine is applicable to Indian reservations, 

national forests and parks, and other federal enclaves. The 

potentially disruptive effects it may portend for present and 

future appropriations from the Colorado River are discussed in 

Section V. 
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6. State Water Law 

Subject to the above-mentioned restrictions, the right 

to appropriate and use the water within the state is a function 

of state law. Utah (and other western states) adopted the doc-

trine of prior appropriation as the cornerstone of its system 

of water allocation. Under this system, two basic principles 

apply: (1) beneficial use is the basis, the measure, and the 

38 

limit of all water rights, and (2) the first appropriator 

is entitled to use his entire supply before a later appropria-

tor may use any of the water to which he has acquired a 

39 

right. Stated more simply: he who is first in time is 

first in right. 

A full statutory scheme of water rights has been con-

structed upon these two principles, and codified as the Utah 

40 

Water Code. The State Engineer is delegated the responsi-

bility for the allocation system. His duties include the 

appropriation, distribution, and adjudication of water rights. 

The various methods of acquisition of water rights are more 

fully discussed in Appendix A. 

An appropriation is initiated by filing an application 

which specifies the quantity of water to be appropriated, the 

4 1 

source of the water, and the nature of the proposed use. 

The State Engineer then decides whether to approve or reject 

the application. His decision is based on the following 
, _ 42 factors: 

-16-
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(1) Is there unappropriated water in the proposed 
source? 

(2) Will the proposed use impair existing rights, or 
interfere with the more beneficial use of the 
water? 

(3) Is the proposed plan physically and economically 
feasible? 

(4) Does the applicant have the financial ability to 
complete the proposed works? 

(5) Was the application filed in good faith, and not 
for purposes of speculation or monopoly? 

(6) Will the proposed use unreasonably affect public 
recreation or the natural stream environment? 

(7) Will the proposed use prove detrimental to the 
public welfare? 

If the application is approved, the claimant must pro-

ceed with "due diligence" to divert the water and put it to 

beneficial use. Upon submission of proof of actual appropria-

tion, the user is issued a certificate of appropriation, which 

43 

is evidence of a perfected water right. 

Under this system, the applicant fulfills his statu-

tory duty merely by filing the original application. At that 

point, the administrative process takes over, and the applicant 

is forced into an uncomfortable "sit and wait" position. 

Unlike the "due diligence" requirement placed upon the appli-

cant to develop the water within a specified period, the 

statute is silent as to how long the State Engineer can take to 

process the application. Many applications filed in the 1960's 

44 and 1970's have not yet been approved. Furthermore, after 45 the Utah Supreme Court decision in Tanner v. Bacon, there 
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is some question as to whether the State Engineer has authority 

to rule on applications out of order. In other words, accord-

ing to one interpretation of Tanner, when a number of applica-

tions are pending, the State Engineer need not decide on the 

applications in the order in which they were filed. 

The uncertainties inherent in the approval process 

could pose substantial hardships for large energy or industrial 

projects such as the NEC, especially since delays are trans-

lated into increased labor and construction costs. On the 

other hand, if the application is approved, the water right has 

a priority which dates back to the date of the original filing, 

rather than to the date on which the application was 

approved. 

There is an alternative statutory route by which a 

water right may be acquired. In Utah, the rights are a species 

of real property and thus are freely transferable. Therefore, 

if there is not a sufficient amount of unappropriated water 

available from the Green and/or San Rafael Rivers, or if the 

priority date of the application would be so "junior" in time 

that the right would not be to a dependable supply, the NEC has 

the option of purchasing the rights from a senior appropria-

tor. For the transfer to be effective, however, a "change 

47 

application" must be filed with the State Engineer. The 

procedure is essentially identical to that required for 

approval of an original appropriation (discussed above). 

" 18" 
i 

h 



Approval by the State Engineer is subject only to the require-

ment that he find that the proposed change in use or place of 

diversion would not impair existing rights. 

Besides the problems posed by delay and uncertainty in 

the outcome of the approval process, the purchase of water 

rights has an additional drawback: while a nominal fee is 

charged for filing an application for appropriation, the cost 

of buying existing rights will undoubtedly be much greater. 

Since there appears to be no substantial market which currently 

48 

exists for water rights in the Green River area, it is dif-

ficult to determine how much a water purchase would cost. How-

ever, a Utah precedent--and a highly publicized one at tbat--

has been established by the transfer price of $1,750/acre-foot 

paid by IPA for existing water rights. 

B. Groundwater 

Although groundwater appropriation in Utah is not sub-

ject to the complex scheme of litigation, legislation, and 

negotiation which controls the allocation of the Colorado 

River, some legal and institutional constraints do exist. 

In 1935, the Utah Supreme Court held that the doctrine 

of prior appropriation, adopted by statute for surface water in 

49 1903, also applied to groundwater. This holding was later 50 
codified by the Utah legislature. As for surface water, 

the appropriation system is administered by the State Engineer, 

and no right exists until an application is filed and a permit 

is issued. 
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M a n y groundwater aquifers contain a high concentration 

of dissolved salts, primarily resulting from prolonged contact 

with saline geologic formations,which may constrain their 

use for municipal, industrial, or agricultural purposes. Deep 

aquifers are generally more saline than shallow aquifers. 

Although little is known about the groundwater availability 

near Green River, Utah, the Mancos Shale, a saline geologic 

formation, is known to be present in the area, and may 

adversely affect the quality of the groundwater. However, it 

may be technologically and economically feasible for the NEC to 

utilize a saline source for its water requirements. 

V. WATER SUPPLY 

A. Surface Supply 

1. Aggregate Water Supply 

The hydrologic regime of the Colorado River is 

affected by a number of factors including precipitation, 

runoff, return flow from nonconsumptive uses, evaporation, and 

water demands. The seasonal and geographic variations in the 

amount contributed by each factor lead to a highly variable 

flow in the Colorado River in its natural state. Although the 

fluctuations have been artificially dampened by the Colorado 

River storage projects, the flow remains variable, as shown by 

_,. , 5 2 Figure 1. 
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For these reasons, the amount of water in the Upper 

Colorado Basin cannot be precisely predicted. Indeed, estim-

ates of the aggregate water supply vary depending ><"• the 

methodology used and the assumptions made. For example, for 

the period of 1906-1974, virgin flows averaged 15.17 maf/year 

at Lee Ferry. If a shorter period of 1930-1974 is used, the 

53 

average flow is 13.4 maf. The Utah Division of Water 

Resources has consistently adopted a "middle-of-the-road" esti-

54 

mate of 14.9 maf/year for the aggregate water supply. 

Utah's apportionment must then be calculated from the 

estimated total supply according to the "Law of the River"--

that is, under the terms of the compacts and treaties discussed 

earlier. Using the figures from the Division of Water 

Resources, Utah is entitled to approximately 1.4 maf/year. 

However, it is interesting to note the variation in the amount 

of each state's apportionment depending on the estimated aggre-

gate supply. 
ESTIMATED ALLOCATION OF COLORADO RIVER WATER 

BASED ON ALTERNATIVE GROSS RIVER FLOWS 
(in millions of acre-feet per year) 

Annual Lower 
Flow Basin Colorado Utah Wyoming 

18.00 8.30 5.02 2.23 1.36 

15.50 8.30 3.73 1.66 1.01 

14.10 8.30 3.00 1.33 0.81 
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Annual Lower 
Flow Basin Colorado Utah Wyoming 

13.30 8.30 2.59 1.15 0.70 

11.60 8.30 1.71 0.76 0.45 

The flows in the Green and San Rafael Rivers are also 

quite variable, and thus the aggregate water supply for each is 

difficult to determine. The following figures serve to drama-

tize the actual flux in the available water supply in these two 

sources by showing the variation in flow and in aggregate supply. 

Green River. During the 1974 water year (measured 

from October, 1973 to September, 1974), the recorded flow in 

the Green River near Green River, Utah, ranged from 150,300 

acre-feet in February to 1.179 maf in May--nearly a ten-fold 

increase. Furthermore, the average annual flow for the 

calendar year 1973 was 5.19 maf, but for the water year 1974 

was only 4.47 maf.''7 

The estimates of the aggregate supply are widely dis-

crepant , even when averaged over a period of many years. Thus, 

the Division of Water Resources estimated the aggregate supply 

to be 5.46 maf/year (averaged over the period of 

5 8 

1914-1965). By contrast, the Water Resources Council 

determined the median aggregate supply to be 4.17 maf/year 

(based on 1906-1974 natural flow estimates, and calculating in 59 current reservoir regulation). 
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San Rafael. During the water year of 1974, the 

recorded flow of the San Rafael River, measured near Green 

River, Utah, ranged from 1,870 acre-feet in February to 4,800 

acre-feet in July. Furthermore, the average annual flow was 

134,700 acre-feet in 1973, but only 36,910 acre-feet for the 

water year of 1974. 

One study estimates the average aggregate supply for 

the San Rafael to be 133,200 acre-feet/year.^ However, 

given the radical fluctuations in flow, an estimate of aggre-

gate flow is much less meaningful for planning purposes for the 

NEC than the minimum flows actually recorded. 

2. Present Depletions/"Available" Water 

The amount of water which can be appropriated from 

either the Green or San Rafael Rivers is subject to three major 

constraints. First, allocations from either river individually 

cannot cause Utah as a whole to exceed its legal entitlement 

(estimated to be approximately 1.4 maf/year--see discussion 

above). Second, allocations are limited to water as yet 

unappropriated under state law. Of course, the appropriations 

are ultimately limited by the amount of water physically avail-

able in the river bed. 

(1) The question of whether Utah is at or near the 

limits of its full entitlement from the Colorado River seems to 

be controversial. For example, the earlier discussion points 

out that the extent of the entitlement itself has not been pre-

cisely determined, with estimates ranging from less than one 
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million to more than two million acre-feet/year. Furthermore, 

according to 1975 figures published by the Division of Water 

Resources, use in the Upper Colorado Basin in Utah was esti-

mated to be approximately 850,000 acre-feet/year. An addi-

tional 550,000 acre-feet was covered by approved, but as yet 

unexercised applications for consumptive use. Since these two 

figures total 1.4 maf, the equivalent of Utah's estimated 

allotment, the report stated that "it is evident that only a 

small portion of Colorado River water is yet 'unappropri-

6 2 

ated'." Dee Hansen, the present State Engineer, essen-

tially supported this conclusion in an article published in 

1976; he stated, "In Utah 625,000 acre-feet is presently uncon-

sumed, but of this, 580,000 acre-feet have been committed to 

various projects . . . thus leaving Utah 45,000 acre-feet 6 3 
remaining for future development." 

Finally, the extent of federal reserved rights in Utah 

has still not been quantified. The Ute Indian Compact, passed 

by the Utah Legislature in 1980, attempts to quanti y the 

claims of the Ute Indian Tribe under the federal reserved 

rights doctrine. The claims are based on irrigable acreage, 

determined to be 120,157 acres. Based on that acreage, the Ute 

Indian Compact would allow 471,078 acre-feet to be diverted, 

with 248,947 acre-feet of the diverted water available for 

depletion. An additional 10,000 acre-feet is allowed for 
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municipal and industrial uses. In order for this Compact 

to become binding on all of the parties, it must be ratified by 

the Ute Tribe. 

Other possible claims under the reserved rights theory 

remain largely unclaimed and thus unquantified. Of the remain-

ing potential claimants, including the Bureau of Land 

Management, the U.S. Forest Service, and the National Park 

Service, many feel that the Navajo Indian Tribe could probably 

assert the largest claim. 

(2) Even if water is available under Utah's legal 

entitlement from the Colorado River, tht.re may not be water 

available in the Green or the San Rafael Rivers to appropriate 

under state law. One study suggests that the total average 

flow from the San Rafael River had been fully appropriated by 

1975.63 Appl ications for an additional 325,000 acre-feet had 

6 6 

been filed but not yet approved by July of that same year. 

Finally, the extremely variable flow of the San Rafael River 

would not ensure a dependable year-round water supply for any 

but the most senior appropriators. 

It is less clear whether there is water available to 

appropriate from the Green River. By 1975, applications for 

over 2.04 maf/year of water were pending approval in the State 

6 7 

Engineer's Office. By 1978, the average annual depletion 

from the drainage of the Green River in Utah was 613,000 acre-

6 8 feet (mostly for agricultural uses). However, the compact 
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limitations, rather than state law or physical availability, will 

probably ultimately set the ceiling for appropriations from the 

Green River. ^ 

A principal deterrent to a satisfactory determination 

of the amount of unappropriated water in either the San Rafael 

or the Green River, or even the Colorado River as a whole, is 

the inadequacy of the records of water rights, a notorious problem 

in all appropriation states. The record-keeping problem is 

two-fold: some legal rights do not appear of record, and some 

that do appear are not legally enforceable. 

For example, neither federal reserved rights nor dili-

gence rights have yet been fully quantified and recorded. The 

former, discussed above, present a special problem because their 

priority dates back to the original reservation. Thus the 

final quantification of these rights will determine the extent 

of displacement of all appropriators "junior" in rights, as 

measured from that date. Many fear these displacements could 

be quite substantial,^ and seriously disruptive of the appro-

priation system. 

Diligence rights are rights which were acquired prior 

to 1903 (the date of enactment of the appropriation statutes) 

by diversion and beneficial use of the water. Such rights may 

be recorded in the State Engineer's Office, and once recorded, 

make out a prima facie case for the owner of the rights. How-

ever, the failure to record does not constitute a denial of 

the diligence rights.^ 
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On the other hand, not all recorded rights are actually 

used or legally enforceable. For example, the records may show 

that a particular quantity of water has been legally appropri-

ated. However, it is very common for "paper" rights to greatly 

exceed the amount of water actually used. This occurs (1) when 

a use is nonconsumptive or only partially consumptive (e.g., a 

farmer diverts the water to irrigate his crops, but only 50 per-

cent is actually consumed; the remainder returns to the stream 

or aquifer as return flow); (2) when an appropriator later cuts 

back on the amount of water he originally used; (3) when a 

stream adjudication or court decree in a private water suit 

awards an inordinate amount of water to each appropriator; or 

(4) when a particular project appropriates excess water to pro-

vide a margin of error for the project's projected needs. 

Forfeiture statutes were enacted in an effort to 

equalize the quantity shown by "paper" rights with actual 

rights. In theory, beneficial use is the "basis, the measure, 
72 

and the limit of all rights to the use of water in this state." 

Any water not so used is deemed abandoned or forfeited. In 

practice, the strictures of the statute can easily be avoided. 

Absent intent, there can be no finding of abandonment. And to 

avoid forfeiture, the appropriator need only divert and use 

his full entitlement once every five years. Since the 

appropriator arguably does not "need" all of the water, and 

is only using it to avoid losing that part of his full 

entitlement, it can be argued that the statute encourages 
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a wasteful use of water, a result directly inapposite to its 

stated policy. Finally, although forfeitures are deemed to 

occur automatically under the statute, the question arises of 

who has standing to assert a forfeiture.^ 

This state of affairs can be highly unsatisfactory to 

those seeking to acquire water rights by either a new appropri-

ation or by transfer. For example, if a power plant buys 

unused water rights from a senior appropriator, there is a risk 

that the transaction will be voided by a successful assertion 

of forfeiture. On the other hand, it is unclear whether the 

power plant as purchaser of a junior right could successfully 

allege forfeiture of unused senior rights and thus advance the 

junior rights to a higher priority on the scale. Finally, if 

the forfeited amount is merely passed back into the pool of 

unappropriated water, the power plant stands on equal footing 

with all other hopeful applicants who are vying for legal 

rights to that water. 

It is appropriate to note that the Division of Water 

Rights is currently embarking on an ambitious program to com-

puterize Utah's water rights and records. The system will 

allow information to be retrieved under any of three possible 

headings: geographic area, name of appropriator, or date of 

priority. It will allow more rapid access to water records, 

and more accurate and up-to-date evaluations of available water 

supply. Finally, it will computerize many standard forms of 
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communication, such as the remittance of notices to water users. 

B. Groundwater Supply 

Much less data is available on the aggregate ground-

water supply in the Upper Colorado Basin. Most of the ground-

water in the Basin is contained in bedrock aquifers, which are 

less accessible and more expensive to drill than are the allu-

vial aquifers in western Utah. (In 1978, only 2 percent of 

74 Utah's producing wells were drilled in consolidated rocks.) 

The total recoverable groundwater has been estimated 

at between 50-115 maf for the Upper Colorado Region.^^ How-

ever, significant groundwater development has been confined to 

areas in the Uintah Basin and San Juan County. 

The Navajo Sandstone, the geologic formation which is 

the major aquifer for the Uintah and San Juan areas, also 

underlies the proposed Green River site, and is a promising 

groundwater source for the NEC. However, the characteristics 

of the Navajo Sandstone have not been well studied for the 

Green River area, and expensive exploratory work would have to 

be conducted to determine the potential groundwater supply. 

VI. FINDINGS AND CONCLUSIONS 

1. The NEC requires a maximum amount of 126,630 acre-

feet of water per year. A dependable flow is required. If 

sufficient water is unavailable, or prohibitively expensive to 

acquire, it is possible to change the heat rejection system to 

a less water-intensive design. 
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2. Groundwater is probably not a viable source of 

water for the NEC. The quantity and quality of water which 

might be available from underground aquifers is presently 

undetermined. Access to such data would require expensive 

exploratory studies. 

3. Surface water would have to be supplied from the 

Green and/ or the San Rafael Rivers. The water right may be 

acquired either by a new appropriation, or by transfer of an 

existing right. The State Engineer has more discretion whethe 

to approve or reject a new appropriation than a transfer. 

4. Salinity controls for the Colorado River system 

are probably not a serious barrier to the NEC. The heat rejec 

tion system will not increase salt loading. Use of the San 

Rafael River would actually decrease the salinity of the 

Colorado River because it is a saline source. Thus, appropria 

tions from the San Rafael would probably engender greater loca 

and federal support than appropriations from other tributaries 

5. Utah's entitlement to Colorado River water may 

presently be fully appropriated. This poses a potentially ser 

ious constraint on construction of the NEC. However, this con 

elusion is tenuous because it is difficult to precisely quan-

tify the aggregate supply, the amount of Utah's entitlement, o 

the amount presently appropriated. Present records, based on 

"paper" rights, are inadequate because they do not include all 

outstanding legal rights, especially diligence rights and 
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federal reserved rights. Furthermore, "actual rights" are 

determined by beneficial use, and water which has not actually 

been used is subject to abandonment or forfeiture, even though 

the appropriator holds a valid "paper" right. 

6. The NEC probably cannot be assured a dependable 

supply of 126,630 acre-feet of water by complying with proce-

dures for new appropriations. The competition for the limited 

water supply is steadily increasing as a function of Utah's 

energy and economic development. For this and the above rea-

sons, it is difficult to determine in 1982 whether there will 

be sufficient unappropriated water to operate an NEC project at 

some undetermined point in the future, absent a more concrete 

proposal. 

7. A dependable, quantifiable supply can be acquired 

through acquisitions of pre-existing water rights with high 

priorities. The statutory requirements for change applications 

are straightforward and readily satisfied upon a showing of no 

impairment to other existing rights. However, the costs of 

acquisition are unknown at present, and would be difficult to 

estimate. 
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Appendix A 

METHODS OF ACQUISITION OF WATER RIGHTS 

A. Unappropriated Water 

In Utah, water acquisitions are governed exclusively 

by statute,^ as interpreted by the courts. The procedure 

for acquiring a right to unappropriated water requires (1) 

77 78 
filing an application, (2) paying a fee, (3) construct-
ing the diversion works and (4) applying the water to benefi-

79 cial use. At this point, the water right becomes vested in 

the appropriator, who is then issued a certificate of 

. _ . 80 appropriation. 

It is important to note that the water right does not 

vest at the time the application is approved. Instead, the 

applicant must perfect his proposed appropriation by actual 

diversion and use of the water. The failure to submit proof of 

actual appropriation by the date given on the approved applica-

81 

tion may cause the approval to lapse. 

It is also significant that, although the availability 

of unappropriated water is one of the factors that the State 

Engineer is required to consider in his decision whether to 

82 

approve or reject an application, the approval of an appli-

cation does not necessarily ensure that there is indeed any 

water available to appropriate. Instead, the Utah Supreme 

Court has consistently construed the statute to the contrary. 

8 3 In Little Cottonwood Water Co. v. Kimball, the Court held 
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that it is not a prerequisite to the approval of an applica-

tion that the State Engineer find affirmatively that there is 

unappropriated water in the proposed source. (Rather the 

application is to be rejected only when there is no unappropri-

ated water in the source, according to the Court's somewhat-

less- than- symmetric reasoning.) Similarly, if it is not clear 

whether there is unappropriated water in the proposed source, 

the State Engineer should approve the application if it satis-

84 

fies all the other statutory requirements. 

This judicial attitude clearly favors new appropria-

tions, but is not necessarily favorable to new appropriators, 

especially those who rely on the strength of their newly-

appropriated rights, only to discover too late the ephemeral 

nature of their legal entitlement. Thus, the prudent planner 

should attempt to make an independent predetermination, where 

possible, of the amount of unappropriated water available from 

a proposed source. 

Many studies suggest that most of Utah's entitlement 

to Colorado River water has already been swallowed up by senior 

appropriators. Water which may yet be available can be termed 

"surplus flow," i.e., water over and above that normally flow-

ing in the water course. However, most of Utah's projected 

growth and development will demand access to a dependable 

source of supply for consumptive uses. For example, large 

industrial projects such as power facilities or oil shale 
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retorting facilities require a specified minimum quantity of 

water on a regular basis to remain operational. It would not 

be economically feasible for such facilities to "fire up" 

during a period of high flow and then close down again when the 

flow returns to normal. 

Und. " these circumstances, project planners are faced 

with a n -mber of options. First, if the project will be 

located near a water source, it may be possible to construct a 

dam to stabilize the flow of that particular tributary, and 

thus make year-round use of seasonal surplus flows. In this 

way a dependable supply of unappropriated water would become 

available to new appropriators. However, such a dam would 

probably require either state and/or federal subsidies, which 

may not be immediately forthcoming given the present state of 

the economy. Furthermore, the process of acquiring funds and 

constructing the dam would add additional layers of d ilays to 

the project. Finally, the planners must receive assurance from 

the State Engineer that their specific applications would be 

among those approved for use of the newly available urter. 

A second option would be to acquire water which is 

already appropriated but not being used. Finally, water rights 

currently in use could be purchased from senior appropriators. 

These two options are discussed more fully below. 
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B. Appropriated Water 

1. Non-use 

A prior appropriator can be divested of his water 

rights in three ways. First, the rights can be lost through 

"adverse possession" by a third party who complies with the 

state adverse possession laws. However, the third party does 

not step into the shoes and acquire the rights lost by the 

85 

prior appropriator. Instead, the water reverts back to the 

public, and into the pool available for appropriation. 

Second, the rights can be lost through the abandon-

ment of use of the water by the appropriator. However, mere 

non-use does not constitute effective abandonment. Instead, 

8 6 

there must be evidence of an intent to abandon. As with 

adverse possession, the abandoned water rights are added to the 

pool of unappropriated water. 

Third, the water rights are deemed forfeited if the 

87 

appropriator has ceased to use the water for five years. 

Forfeiture may occur despite a specific intent not to surren-

88 

der the water rights. Further-more, the water rights auto-

matically lapse under the Utah forfeiture statute, rather than 

89 

r.t the behest of a junior appropriator. 

The policy behind forfeiture statutes is to prevent 

waste by putting all available water to beneficial use. How-

ever, the statutes raise difficult issues in their application 

and may actually encourage wasteful uses, in contravention of 
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their stated policy. Even so, the non-use of legally appropri-

ated water rights promises to play an important role in water 

acquisitions in the overappropriated parts of the arid west, as 

discussed below. 

2. Transfers 

Water r. jiits can also be reallocated through voluntary 

transfers. The Water Code provides two basic mechanisms for 

transfers. (1) Water rights can be conveyed by deed, provided 

the deed is recorded both in the county where the water is 

divested and in the county where the water is applied, and a 

certified copy of the deed is filed with the State 

90 

Engineer. Utah thus allows the water rights to be trans-

ferred "in gross," i.e., separate from the land on vihich it had 

been used. (2) Rights to the use of water appurtenant to land 

passes under conveyance to the grantee of such land, unless the 

grantor expressly reserves the water rights in the terms of the 

91 

conveyance. 

The Code further provides that before any change can 

be made either in the place of diversion or in the use of 

appropriated water, a change application must be filed and 

92 

approved by the State Engineer. The "change" provision 

applies whether the water rights are purchased separately, or 

acquired by purchase of the land to which the water is 

appurtenant. 
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According to the National Water ;sion, sale of 

water rights increases the benefits gaine the use of the 

water, because most tranfers reallocate water from low-value 

uses, such as agriculture, to higher-value municipal and indus-

93 

trial uses. It seems likely that in Utah most future pur-

chases will be made by municipal and industrial sources, 

because growth is expected to be concentrated primarily in 

these areas. Furthermore, the future sellers will be predomin-

antly agricultural water users, who often find it more profit-

able to sell their water rights rather than maintain acreage 

which is only marginably arable. So-called "farmers' rights" 

are usually very valuable to applicants seeking a highly 

dependable water supply because of the seniority of their 

rights (farmers were among the earliest appropriators in 

Utah). Therefore, future transfers in Utah will probably lead 

to a higher beneficial use of the water. 
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