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CHAPTER 9

Water Availability

Introduction

The oil shale deposits are located within
the Upper Colorado River Basin, which in-
cludes the Colorado River and its tributaries
north of Lee Ferry, Ariz, These waters are
critical resources in the semiarid region.
They are used for municipal purposes, irri-
gated agriculture, industry and mining, ener-
gy development, and maintaining recreation-
al, scenic, and ecological values. In the past,
natural flows within the basin along with
water storage and diversion projects have
generally been adequate to satisfy demand.
In the future, however, water resources may
be taxed by rapid population growth, by ac-
celerated mineral-resource development, and
by increased recreational activities. Even-
tually, the availability of water may limit re-
giona growth including the expansion of in-
dustrial developments such as oil shale.

This chapter analyzes the availability of
water in the oil shale region. The following
subjects are discussed:

¢ estimated water requirements for oil
shale facilities and their related growth;

¢ the surface water and ground water re-
sources of the oil shale region;

* the laws, compacts, treaties, and other
documents that allocate the waters of
the Colorado River system;

* the appropriation doctrine of Colorado,
Utah, and Wyoming for distributing
water supplies within State boundaries;

* the Federal reserved right doctrine:

* the physical availability of surface
water for oil shale development;

e strategies and costs for utilizing water
supplies;

¢ the uncertainties affecting water re-
source assessments;

* the impacts of water use;

e some methods for increasing water
availability; and

* the policy options that might be imple-
mented to increase the availability of
water.

Summary of Findings

Surplus surface water will be available to supply
an industry of at least 500,000 bbl/d through 2000
if:

- additional reservoirs and pipelines are built;

and

- demand for other uses increases no faster than

the States’ high growth rate projections;
and
- average virgin flows of the Colorado River do not
decrease below the 1930-74 average (13.8 mil-
lion acre-ft/yr).

Otherwise, surface water supplies would not be ade-
quate for this level of production unless other uses
were curtailed, interstate and international delivery
obligations as presently interpreted by the Govern-
ment were not met, or other sources of water were

developed. On the other hand, if the reservoirs and
pipelines are built, flows do not decrease, and the
region develops at a medium rate (which the States
regard as more likely), there should be sufficient
surplus water to support an industry of over 2 million
bbl/d through 2000.

In the longer term, surface water may not be ade-
quate to sustain growth; surplus water availability is
much less assured after 2000. If the river's flows do
not decrease, and if a low growth rate prevails, de-
mand will exceed supply by 2027 even without an oil
shale industry. With a medium growth rate, the sur-
plus will disappear by 2013. A high growth rate will
consume the surplus by 2007, again without any oil
shale development. This is a potentially serious prob-
lem for the region, and its implications for oil shale

359



360 « An Assessment of 011 Shale Technologies

development are controversial. On the one hand it is
argued that there is no surplus surface water and
this should preclude the establishment of an indus-
try. On the other hand, it it maintained that the
facilities in a major industry could function for much
of their economic lifetimes without significantly in-
terfering with other users, and in any case would use
relatively litle water. (A 1-million-bbl/d industry
would accelerate the point of critical water shortage
by about 3 years if only surface water were used. )

Other findings are:

. Depending on the process used, production of
50,000 bbl/d of shale oil syncrude would con-
sume 4,900 to 12,300 acre-ft/yr of water, in-
cluding water for related municipal growth and
power generation.

- A million bbl/d industry would require about
170,000 acre-ftlyr. * This would be about 1
percent of the virgin flow of the Colorado River
at the boundary of the Upper Basin, about 3
percent of the water consumed at present by all
users in the Upper Basin, and about 2 percent
of projected consumption in 2000.

. Potential oil shale developers already own rights
to substantial quantities of surface water. In
1968, for example, five companies claimed
rights to enough water to produce several mil-
lion bbl/d of shale oil.

. Existing developer rights would probably not
assure supplies because surface water is over-
appropriated and oil shale rights could be inter-
rupted during shortages. More reliable supplies
could be provided through purchase of surplus
water from existing Federal reservoirs, pur-
chase of irrigation rights, ground water devel-
opment, and importation of water from other hy-
drologic basins.

. Costs of the most expensive water supply op-
tion, importation from other basins, could ex-
ceed $0.80/bbl of shale oil produced. Other
strategies would cost less than $0.50/bbl of ail.
These costs include the amortized costs of res-

* For comparison, irrigated [agriculture along the White
River and the Colorado River consumes about 549,000 acre-
ft/yr to produce 3 percent of Colorado’s crop production. This is
equ ivalent to the wa ter needs of a 3. 2-mill ion-bbl/d oil shalein-
dustry.

ervoir and pipeline construction and the cost of
treating the water to industrial standards. De-
velopment of high-quality ground water would
be least expensive but would be limited to spe-
cific areas.

- All strategies that relied on surface water would
require construction of new reservoirs and pipe-
lines, principally in the White River basin in Col-
orado and Utah. About 180,000 to 230,000
acre-ft of new storage would be needed for a 1-
million-bbl/d industry. Active capacity of exist-
ing reservoirs in the Upper Basin is about 34.7
million acre-ft. New construction for oil shale
would increase storage by less than 0,6 per-
cent.

If a 2-million-bbl/d industry were developed,
flows of the Colorado River would be reduced,
and its salinity could increase by approximately
2 percent. Studies by the U.S. Water and Power
Resources Service (WPRS)* and the Colorado
Department of Natural Resources (DNR) indi-
cate that the economic losses from these
changes could reach $25 million per year by the
year 2000-the equivalent of $0.04/bbl of oil
produced.

Sale of irrigation water to oil shale developers
would reduce farm production. At present, de-
velopers do not plan to purchase such water in
significant quantities. Therefore, effects on the
farming industry should be small, especially
compared with the effects of competition for
labor and the purchase of farmlands for munici-
pal growth.

Studies by USBR and DNR indicate that envi-
ronmental impacts of water-resource develop-
ment for oil shale should be small overall on the
Upper Basin but could be large in some areas.
Fish habitats and recreational activities along
the White River are expected to be the most
severely affected. Impacts on the Lower Basin
are not expected to be substantial.

Regional development could be limited by water
availability after 2000. Importation of water
from other basins, conservation by municipal,
agricultural, and industrial users, and possibly

*Formerly theU.S. Bureau of Reclamation(USBR). For ease
of reference, most citations in this chapler are tothe USBR.
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weather modification could make additional
quantities available. The extent of the increase
cannot be predicted accurately, and the strate-

gies could be impeded by legal, institutional,
and economic factors.

Analysis of Water Requirements for QOil Shale Facilities*

Introduction

Water will be used for oil shale mining and
retorting, for shale oil upgrading, for revege-
tation and spent shale disposal, and for sup-
plying the increased population and other re-
lated activities that will accompany the es-
tablishment of a shale oil industry. More
water will be needed for final refining but
this operation can be carried out at other lo-
cations. In the early years of the industry,
some shale oil will probably be refined in the
oil shale region and nearby in Denver and
Salt Lake City. Water is also scarce in these
areas. However, the refineries are presently
consuming water for processing conventional
petroleum. Shale oil will merely displace the
conventional feedstocks, thus its refining will
not add significantly to water requirements.
In the long run, the output of a mgjor industry

*This analysis assumes that the quantily of water removed
for agiven purpose from astream or aquifer ( the waterre-
quirement) is numericallv equa 1 to the quanti tv madeunavail-
able for subsequent uses (the water (consumption 1.» This
assumptionisconsistentwithpresentdeveloperplansfor zero-
dischargewatermanagemen t svs terns,

would be refined in the Midwest where water
is abundant.

Estimates of water consumption vary wide-
ly. In the following section the most recent
estimates for alternative technologies on spe-
cific sites are analyzed, and then compared
with estimates of regional water availability
in order to identify the level of shale oil pro-
duction at which water resources might limit
further development.

Process and Facility Models Analyzed

Facilities that use six retorting processes
are described in table 71. The processes were
selected for analysis because of their advanc-
ed development and because data have been
published on their water requirements. The
processes fall into three generic classes:
directly heated aboveground retorting (AGR),
indirectly heated AGR, and modified in situ
(MI1S) retorting. The facilities modeled are:

1. TOSCO 11 indirectly heated AGR,
2. Paraho directly heated AGR,

Table 71 .—Process Models for Oil Shale Facilities

Shale _ Byproducts, tonfd
Refer- grade Am-
Technology Study ence’  Colorado location gall ton Shale 0il capacity Other major product Coke Sulfur monia
TOSCO I Colony 3 Davis Gulch 35 47,000 bbl/d syncrude LPG 4,330 bbl/d 800 173 135
ToscolIr WPA/DRI I Davis Gulch 35 47,000 bbl/d syncrude LPG 4,330 bbl/d 800 173 134
Paraho direct McKee-Kunchal 4 Anvil Points 30 87,000 bbl/d syncrude Low-Btu gas 32 billion 650 136 290
Btu/d
Paraho direct WPA/DRI | Anvil Points 29 99,170 bbl/d crude Electricity 155 mwr 0o 132 146
Paraho Indirect McKee-Kunchal 4 Anvil Points 30 76,000 bbl/d syncrude Low-Btu gas 6 billion @50 136 290
Btu/d
Union * ‘B " Eyring/Sutron 10 Parachute Creek 34 100,000 bbl/d syncrude (d) d
Oxy MIS Oxy 59  TractC-b 24 57,000 bbl/d crude Electricity 350 mwW* 0 92 0
Oxy MIS WPA/DRI I Tracts C-aorC-b 25 57,000 bbl/d crude Electricity 97mwWr o 144 281
Oxy MIS + Lurgi WPA/DRI I Tracts C-aor C-b 25 81,000 bbl/d crude Electricity 140 mW o 172 281

dSee reference | 1statendof chapter DE\eczrme purchased ‘Open cyclegasturbines

dpata not proviced

ECombined cycle system

SOURCE R FProbsteinet al Water Requirements Po 1 ution Effects and Costs ot Water Supply and Treatment iy, the 011 Shaie industryreport prepared for OTA by WaterPunficaton Associates Octoder

t979 0 4

53898 0 - Bl o~ o
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3. Paraho indirectly heated AGR,

. Union Qil “B” indirectly heated AGR,

5. Occidental Oil Shale’'s directly heated
MIS retorts, and

6. acombination of directly heated MIS
retorts and Lurgi-Ruhrgas indirectly
heated AGR.

The water requirements of these facilities
were scaled to a common basis of 50,000
bbl/d of synthetic crude oil. Thus, units for
upgrading crude shale oil to a high-quality
synthetic crude are included. Each facility
generates sufficient electric power for its
own needs, and all solid waste dumps are re-
vegetated. Wastewater isrecycled wherever
practical, and only excess mine drainage
water is discharged or reinfected. Disposing
of solid wastes by slurry backfill, either to the
mine or to the burned-out in situ retorts, is not
included. The effects of byproduct coke, am-
monia, sulfur, or gas are not evaluated. True
in situ processes are not analyzed because no
data are available.

With the exception of the Union “B” plant,
each estimate discussed in this section is de-
rived from a published conceptual design, **
either the developer’'s or one that has been
modified to put plant material and energy bal-
ances on a consistent basis. Although little in-

N

formation has been published, the Union
process is considered here because plans for
a plant have been announced. '() However, the
data cannot be treated with the same confi-
dence as for other processes.

A number of other studies '-” have been
completed but are not discussed in this sec-
tion. Although they were based on data sup-
plied by the developers, their conclusions did
not agree because different retorting pro-
cedures, products, production rates, power
supply modes, shale grades, and disposal pro-
cedures were assumed.

Water Requirements

The water requirements of the six oil shale
facilities, after scaling, are summarized in
table 72. As can be seen, even facilities that
use similar processes (e. g., indirect AGR) re-
quire different amounts of water. However,
when the requirement for each subprocess is
represented as a percent of the total, there is
a correlation among different plants that use
similar kinds of technology, as shown in table
73. It is noteworthy that:

Mining and dust control require consid-
erably more water in AGR than in either
MIS or MIS/AGR. This is because about

Table 72.-Water Requirements and Mine Drainage Production for 50,000-bbl/d Oil Shale Facilities (acre-ft/yr)

Paraho
Retorting technology Paraho direct TOSCO I Indirect Union “B” Oxy MIS MIS/AGR
Study McKee- McKee- Eyring-
Kunchal WPA/DRI Colony WPA/DRI Kunchal Sutron Oxy 1977 Oxy 1979  WPA/DRI WPA/DRI

Reference 4 1 3 | 4 9 5 9 | 1
Unit operation
Mining and handling. 816 941 1,045 1,045 934 - 483 483 338 326
Power generation ., 665 (b) 1,233 1,233 761 1,233 (b) (b) (b) (b)
Retorting and upgrading 2,616 2,375 5,038 3,821 3,487 1,470 9,234 2,502 3,601 3,051
Shale disposal and

revegetation 1,644 1,385 3,895 3,956 4.020 3,090 2,818 1,103 1,103 1,461
Municlpal use 645 645 594 594 731 731 775 775 775 818
Net water requirements
In acre-ft/yr ., 6,386 5,346 11,805 10,694 9,933 6,524 13,310 4,863 5,817 5,656
In bbl water/bbl 011. 271 2.27 5.02 4.53 4,22 277 5.66 2.06 2.47 2.40
Mine drainage water
In acre-ftlyr . (b) (b) (b) (b) (b) (b) 6,440-16,1004.032-6,452 12,326 8,454
In bbl water/bbl oil, (b) (b) (b) (b) (b) (b) 2.74-6,86 1,56-2.50 5.25 3.60

3See reference list at end of chapter
bN,applicable for projector Site analyzed

SOURCE R F Probstein et alWater Requirements Pollutian Effects and Costs of Wafer Supply and Treatment for the Oii Shale Industry report prepared for OTA by Water Purification Assaciates October

1979 p 8
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Table 73.—A Comparison of the Water Requirements
of the Various Subprocesses

Generic technology (in percent)

Indirect and
Subprocess direct AGR MIS/AGR MIS
Mining and handling 9-18 4-1o0
Power generation 8-12 (a (@)
Retorting and upgrading 35-44 54 51-69
Disposal and revegetation 26-40 26 19-26
Municipal wuse 5-12 14 6-16

dNot applicable forproject or site

SOURCE R F Probstein et al  Waler Requirements Poitution Etfects and Costs of Water Sup
oty and Treatment for the 0il Shale Industry report orepared for OTA by Water Purifica
tion Associates October 1979 b 9

four times as much shale is mined and
handled in aboveground processing. The
larger amount of material also results in
high water requirements for disposal
and revegetation.

No water is needed for power generation
in MIS and MIS/AGR because power will
most likely be generated by burning low-
Btu gases in open-cycle gas turbines that
do not need to be cooled. Even if com-
bined-cycle systems were used, very lit-
tle cooling water would be needed. Cool-
ing water is needed for AGR because sol-
id-fuel steam-cycle systems will prob-
ably be used,

- Municipal water needs are proportional
to the number of mine and plant employ-
ees. For the same output, more workers
are required for MIS (about 1,800) than
for AGR (about 1,400 to 1,700). It is as-
sumed that the MIS/AGR process would
require slightly more workers (about
1,900) than either technology by itself.

Retorting and upgrading require the most
water. All the technologies need comparable
amounts of water for upgrading, therefore,
the differences among alternate technologies
reflect differences in retorting efficiencies.
The large differences between similar above-
-ground technologies result from specific oper-
ating characteristics, especially the methods
for heating the retort and for disposing and
reclaiming the spent shale, More water is re-
quired for indirect than for direct AGR be-
cause indirect heating has a significantly
lower overall thermal efficiency,

Spent shale disposal and reclamation re-
quire large amounts of water in the TOSCO ||
and Paraho indirect designs (about 4,000
acre-ft/yr), while the estimate for the Paraho
direct process is about 60 percent lower,
Largely because of this difference, the over-
all requirement for Paraho direct is only
about 5,900 acre-ft/yr, while the TOSCO Il
and Paraho indirect designs need about
10,500 acre-ft/yr or amost twice as much.

The requirements for MIS retorting and
upgrading are similar to those for indirect
AGR. However, because little water is needed
for mining and waste disposal, overall water
requirements for MIS are similar to those for
direct AGR; that is, about 5,800 acre-ft/yr.
For similar reasons, the requirements for
MIS/AGR are similar to those for MIS alone.

It has been assumed that none of the AGR
plants will produce mine drainage water. The
MIS and MIS/AGR facilities, however, are
assumed to produce such water in substan-
tial quantity. This difference is not related to
the technologies but rather reflects the siting
assumptions made for the various plants. The
MIS and MIS/AGR facilities are on tracts C-a
and C-b in the ground water areas of the cen-
tral Piceance basin, while the AGR opera
tions are in drier areas along the southern
fringe of the Piceance basin or the eastern
portion of the Uinta basin. Mining in ground
water areas produces mine drainage water
that must either be used, discharged, or rein-
fected. The amount produced varies with lo-
cation, Estimates for tract C-b range from
4,032 to16, 100 acre-f t/yr“and for tract C-a
to at least 18, 100 acre-ft/yr. ' This water
should be regarded as an alternate water re-
source and not as part of the process. Similar
operations in other locations may not produce
comparable amounts of water.

An Evaluation of Assumptions in
the Estimates

Detailed breakdowns of the water required
and produced by each principal operation in
each model facility are shown in table 74.
(Table 72 was derived from these data.)
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Table 74.-Breakdown of Water Requirements and Water Production for 50,000 -bbl/d Oil Shale Facilities (acre-ft/yr)

Paraho
Paraho direct TOSco i indirect Union * ‘B’ Oxy MIS MIS/AGR
McKee- McKee Eyring-
Kunchal WPA/DRI Colony ~ WPA/DRI Kunchal Sutron Oxy 1977 Oxy 1979  WPA/DRI WPA/DRI
Water required
Mining and ore handling 816 941 1,045 1,045 934 () 483 483 338 326
Power generation 832" © 1, 850" 1, 850° 952° 1,850d © © © ©
Retorting and upgrading
Cooling tower makeup 3,849 3,854’ 3,861 3,939 4,406 - 6,875° 806 4,494 3,626°
Retorting - 0 1,884 668 - - 2,731 3,753 2,731 1,873
Upgrading - 939° 939 939 - - 939° 939° 939° 939
Other boiler makeup 1,224 490° 557 557 1,401 1,710 985° 525 551, 529’
Steam and treatment
loss - 50 572 572 - - 39 587 109 75
Service and fire water - 69 60 60 - - (@) 2,111 67 60
Potable and sanitary - 39 34 34 - - 113 161 31 28
Disposal and reclamation
Shale moisturizing (c) (c) 2.859 2,920 (c) - (c) (c) (c) (c)
Disposal and
compaction 1,664 972 428 428 - 2,870 1,208 346 346 1,239’
Revegetation 413 608 608 4,020 220 1,610 757 757 222°
Municlpal demand 1,614 1,614° 1.485° 1,485° 1,829° 1,829b 1,937 1,937 1,937° 2,045°
Total required 9,979 9,378 16,182 15,105 13,542 8,479 16.920 12,405 12,300 10,962
Water produced
Power generation 167d (c) 617a 617d 191° 617d (c) (c) (c) (c)
Retorting and upgrading
Cooling tower
blowdown . 768 1,653e 1,240 1,319 880 (a) 625° (a) 1,038° 907°
Retort condensate 127 (@) (@) (@) 388 240 1,243 2,419 1,243 852
Gas condensate 752 542 728 728 125 - (a) 3,072 2,157 1,480
Upgrading
condensates 540 103 103 103 618 () 103 103 103 103
Boiler and treatment
w a s t e 270 487° 557 557 309 (@ 486° 384 530’ 513e
Service water effluent (a) 30 27 27 (a) (@ (@) 241 26 27
Potable and sanitary
effluent (a) 26 26 26 (a) (a) (a) 161 23 20
Surface runoff’ () 222 188 188 (a) (a) (a) () 201 177
Municipal effluent 969° 969" 891 891° 1.098" 1,098° 1,162 1, 162" 1, 162" 1,227d
Total produced 3,593 4,032 4,377 4,456 3,609 1,955 3,619 7,542 6,483 5,306
Net consumption
In acre-ftlyr 6,386 5,346 11,805 10,649 9,933 6,524 13.301 4,863 5,817 5,656
In bbl water/bbl oil. 271 227 5,02 453 422 2.77 565 2.06 2.47 2,40
Mine drainage
In acre-ft/yr (¢ (¢ (c) (¢ () (¢ 6,440-16,1004,032-6,452 12,326 8,454°
In bbl water/bbl 011 (c) (c) (c) (c) (c) (c) 2.74-6.86 1.56-2,50 525 3.60°

ANotproviged - !ncludesmining and refoling  Cnot appiicable  OEstimated by OTA

EMoaified for OTA

SOURCE R F Probsteinet al Water Requirements Poilution Eftects and Costs of Water Supply and Treatment for the 0ii Shale Industry report prepared for OTA by Waler Purification Associates October

1979 p 14

Paraho Direct

The two estimates for Paraho direct are
reasonably consistent. However, the McKee/
Kunchal water management plan is not suffi-
ciently detailed for a thorough evaluation to
be made of the differences that appear. The
two designs differ principally in the mode of
power generation. The McKee/Kunchal de-

sign assumed that a water-cooled steam cycle
would be used; the Water Purification Asso-
ciatesDenver Research Institute (WPA/DRI)
design assumed that low-Btu gas would be
burned in open-cycle gas turbines that re-
guire no cooling water.

The retorts are also operated differently. A
higher retorting temperature is assumed in
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the WPA/DRI design, and the water produced
during retorting is vaporized and exhausted,
In the McKee/Kunchal design, lower tempera
tures cause partial condensation of the retort
water. Also, upgrading was not considered by
WPA/DRI, and it was necessary to adapt esti-
mates from the TOSCO Il plant design,

The chief uncertainty is the clam of mini-
mal water needs for spent shale disposal. The
WPA/DRI design, which was based on this
claim, uses a conservative estimate of 5 per-
cent by weight of water for compaction and
a separate estimate for revegetation. The
McKee/Kunchal estimate is not directly com-
parable because it combines compaction and
revegetation. However, the total values are
reasonably consistent.

Paraho’s claim that proper compaction can
be obtained with small water additions is
based on evidence from disposing about 150
ton/d of spent shale. It is uncertain that suffi-
cient moisture could be extracted from the at-
mosphere to dispose of 72,000 ton/d, the out-
put of a 50,000-bbl/d plant.

TOSCO I

Although the Colony water management
plan is very detailed, neither Colony nor
WPA/DRI assumed onsite power generation.
OTA’s analysis assumed that about 85 MW of
power would be generated by a steam-cycle
system.

A principal difference between the designs
is that WPA/DRI substituted a bag filter and
electrostatic precipitator for Colony’s venturi
wet scrubbers, thereby reducing water con-
sumption. Both designs assumed that the
spent shale is moisturized to 14 percent by
weight of water to allow proper compaction.
For revegetation, both designs assumed an
average value of 608 acre-ft/yr over the 20-
year life of the plant. During the first 10
years, little revegetation would be done and
water would be used only for compaction and
dust control. In the second 10 years, revege-
tation programs would be expanded and
water needs would increase.

Paraho Indirect

It is not possible to fully evaluate the
Paraho indirect estimates because the
McKee/Kunchal report lacks a detailed water
management scheme. Compared with TOSCO
H, retorting and upgrading requirements ap-
pear low. Also, the requirement for revegeta
tion is much higher than for all other retorts.
The reason given is the high carbon content of
the spent shale, but this conclusion is not sup-
ported by Union’s experience with similar re-
torted shale. The high estimates for revegeta-
tion may have been made to offset low esti-
mates for compaction. *

Union Qil “B”

Because only crude data are available,
judgment should be reserved on the low esti-
mates for mining, retorting, and upgrading,
The Environmental Protection Agency (EPA)
recently published a considerably higher esti-
mate for mining and processing that would
lead to a total consumption more in line with
estimates for other processes. “Unfortunate-
ly, the higher estimate cannot be verified be-
cause no background information was sup-
plied. An older EPA document” provides a
value for mining and processing consistent
with the Eyring/Sutron estimate. The relative-
ly large requirement for spent shale disposal
is a consequence of Union’s method for cool-
ing the hot retorted shale by immersing it in
water,

Occidental (Oxy) Modified In Situ

The older Oxy estimate differs significant-
ly from the WPA/DRI design in both water re-
guirements and water production. Oxy’s re-
guirements are higher for cooling water, for
raw shale disposal, and for revegetation, It
appears that these uses were deemed appro-
priate for disposing of excess mine drainage
water. Much less water is wasted in the
WPA/DRI design and in the newer Oxy plan.
Also, the production of retort condensate was
not estimated in the older Oxy plan. The
WPA/DRI estimate (2, 157 acre-ft/yr) was
based on Oxy’s estimates of the steam flows
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to the retorts. (Much more condensate would
be produced if ground water entered the re-
torts during their operation. ) WPA/DRI also
assumed that the retort gases are not com-
pressed prior to gas cleaning. This reduces
the cooling water requirement, although it in-
creases the cost of the gas cleaning equip-
ment. The net difference (considering conden-
sate production and cooling water reduction)
is about 6,700 acre-ft/yr, which accounts for
most of the discrepancy between Oxy’s older
plan and the WPA/DRI study. In general, the
WPA/DRI results agree quite well with Oxy’s
current water management plan.

Modified In Situ/Aboveground Retorting

The only published water management
plan for a combined facility is that of the Rio
Blanco project on tract C-a. Details are not
sufficient for a thorough evaluation and the
plan is now obsolete because Rio Blanco has
since revised its approach. The WPA/DRI
model, which combines MIS with Lurgi-Ruhr-
gas retorts, is similar to the current plans for
the tract.

The principal difference between OTA’s
process model and those of Rio Blanco or
WPA/DRI is that OTA has assumed surface
disposal of the spent shale, whereas the

others assumed that the waste is returned as

a slurry to the burned-out in situ retorts. In
OTA’s analysis, it is assumed that the vapor
losses during moisturizing are the same as in
underground slurry disposal. The estimates
for both revegetation and upgrading were
linearly scaled from the TOSCO Il require-

ments. The accuracy limitations noted in the
MIS discussion aso apply here.

Municipal Use

It is assumed that the total population
growth will be 5.5 times greater than the
number of employees.” Because this large
multiplier is applied to uncertain employment
figures, the estimates of municipal water
needs are approximate. An aggregate re-
qguirement of 175 gal/person/d has been
assumed, with consumption at 40 percent of

this figure, The net requirement—70 gal/per-
son/d—is conservatively high. The average
requirement for all the facilities considered is
about 700 acre-ft/yr.

Mine Drainage Water

Probably the largest uncertainty of all,
because it is highly site dependent, is the
amount of mine drainage water produced. As
noted above, estimates for the Federal lease
tracts range from 6,400 to over 18,000 acre-
ft/yr. This water should satisfy the processing
needs of the technologies proposed for tracts
C-a and C-b. However, these needs could
probably not be satisified by ground water on
sites along the edge of Piceance basin.

Range of Water Requirements

The most likely ranges of the quantities of
water that will be consumed by the three ge-
neric technologies and by the combined plant
are indicated in table 75, Also shown are the
likely ranges of mine drainage water produc-
tion on tracts C-a and C-b. Overal, the re-
guirements range from 4,900 to 12,300 acre-
ft/lyr—the equivalent of from 2.1 to 5.2 bbl of
water consumed for each barrel of oil pro-
duced. Given this range, a |-million-bbl/d in-
dustry could require from approximately
100,000 to 250,000 acre-ft/yr. Actual water
requirements would be determined by the
mix of technologies used. In table 76, these
requirements are estimated for an industry
that would result if present projects, both ac-
tive and proposed, were completed. Some fea-
tures of this industry are:

- Indirect AGR, the method with the high-
est unit water requirement, constitutes
51 percent of the total production.

- Direct AGR and MIS, which require less
water, constitute only 33 percent of pro-
duction. The balance is provided by MI1S/
AGR, which has an intermediate re-
guirement.

- About 43 percent of the production will
result from mining in ground water
areas in the central and northern Pice-
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Table 75.-Likely Ranges of Water Requirements and Mine Drainage Production
for Qil Shale Facilities Producing 50,000 bbl/d of Shale Oil Syncrude

Average shale grade,

Water requirements®

Technology galiton Acre-ftlyr Barrels per barrel of 011

Directly heated AGR 29-32 4,900-7,800 21-33

Indirectly heated AGR 32-35 9,400-12,300 40-52

Directly heated MIS 23-27 4,900-5.900 21-25

M1 S/ AGR 23-25 5,700-6,700 2.4-29
Location Water production

Mine drainage water C-a/ C-b 4,000-16,100 1 6-69

apgy waler requirements Low end assumes higher shale grade open -cycle power systems high retort efficiency and lower waste S posaiangreclama
tion needs High end assumes lower shale grade steam cycle or combined cycle systems low retorting efficiency and higher disposal and ec

lamation needs

SOURCE R F Probstein et al Water Requirements Poilution Effects and Costs of Wafer Supply and Treatment for the Oit Shafe Industry repont pre

pared for OTA by Water Purification Associates October 1979 p 22

Table 76.-Water Requirements for Active and Proposed Oil Shale Projects

Design capacity Water requirements acre-ft/yr

Barrels Percent For 50,000 For design Weighted
Project Location Deposit  Technology per day of total bbl/d capacity  contribution
Rio Blanco Central Piceance basin Wet MIS/indirect AGR 76,000 16 6,200 9,424 992-
Cathedral Bluffs  Central Piceance basin Wet MIS 57.000 12 5,400 6,156 648
Long Ridge Southern Piceance basin Dry Indirect AGR 75,000 16 10.850 16.275 1,736
Colony Southern Piceance basin Dry Indirect AGR 46,000 10 10,850 9,982 1085
Sand Wash Uinta basin Dry Indirect AGR 50,000 10 10,850 10,850 1085
EXXON Central Piceance basin Wet Indirect AGR 60,000 13 10,850 13,020 1,411
White River Uinta basin Dry Direct AGR 100,000 21 6.350 12700 1,334
Superior Northern Piceance basin Wet Indirect AGR 11,500 2 10,850 2,496 217
Total 475,500 100 80,903 8,508

SOURCE Off Ice of Technology Assessment

ance basin. These plants could obtain
their process water from the aquifers in
the mining zone. Surface water would
not be needed.

The total production from this combination
(475, 000 bbl/d) would require 80,903 acre-
ft/yr, On this basis, a 50,000-bbl/d plant
would need about 8,500 acre-ft/yr; a |-mil-
lion-bbl/d industry about 170,000 acre-ft/yr.

The following sections will use these esti-
mates in conjunction with estimates of sur-
plus surface water availability and other
critical factors to identify the level of shale ail
production at which water scarcity might re-
strict development. The issues section of this
chapter discusses the industries that might
result if a different mix of technologies were
used or if ground water were devel oped,

Water Resources: A Physical Description

Surface water is obtained from rivers and
streams; ground water from underground
aquifers. In some instances, these sources
are physically connected and should not be
evaluated independently. For example, if the
ground water supplies in most Western
States were fully utilized, surface flows
would decrease.

Surface Water

The Colorado River system, which includes
the Colorado River and its tributaries, sup-
plies surface water to the oil shale region.
The Colorado River flows 1,440 miles from
source to mouth. Its drainage area of 244,000
mi’includes parts of seven States and Mex-
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ice. The waters of the Colorado River system
are divided between the Upper Colorado
River Basin (which includes parts of Col-
orado, Utah, Wyoming, Arizona, and New
Mexico), and the Lower Colorado River Basin
(which includes parts of California, Nevada,
Arizona, New Mexico, and Utah). (See figures
63 and 64. ) The basins are divided at Lee
Ferry, Ariz., 1 mile south of the Paria River
near the border between Arizona and Utah.

Six mgjor streams enter the Colorado River
in the Upper Basin, From north to south, these
are the Green, the Yampa, the White, the
Gunnison, the Dolores, and the San Juan. The
drainage area of the Upper Basin has been di-
vided into a number of hydrologic subbasins,
each corresponding to the watershed of a ma-
jor river. Oil shale development may directly
affect three of these subbasins: the Green
River basin in the southeastern corner of
Wyoming; the White River basin, which in-
cludes parts of western Colorado and eastern
Utah; and the basin of the Colorado River
mainstem in Colorado.

Water quality in these streams is highly
variable. The quality in most of the upstream
reaches of major tributaries is good to excel-
lent although some smaller streams that re-
ceive discharge from saline ground water
aquifers are of very poor quality. Water qual-
ity is significantly poorer in most downstream
areas. The gradual deterioration is caused by
flows of naturally saline streams into the
river system and by man-related discharges
from settlements, mineral development sites,
and irrigated farmlands, Water quality and
the problems it causes are discussed further
in chapters 4 and 8.

The Colorado River system drains an ex-
tensive area, but its flows are relatively
small. The average annua virgin flow* at Lee
Ferry was 13.8 million acre-ft/yr between

*Virgin flow is the flow that would occur in the absence of

human activity. Most of the water availability analyses in this
chapter deals with the 1930-74 average because of its common
use in other water resources analyses. The effects of different
assumptions regarding virgin flow are discussed in the issues
Ssect ion,

Photo credit OTA staff

Upper Colorado River near Rifle, Colo.
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Figure 63. —Major Hydrologic Basins of the Colorado River System
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1930 and 1974, in contrast to about 180 mil-
lion acre-ft/yr for the Columbia River and 440
million acre-ftlyr for the Mississippi River.
Despite its relatively low flows, the system is
one of the most important in the Southwest. It
serves approximately 15 million people. Mu-

nicipalities, agriculture, energy production,
industry and mining, recreation, wildlife,
Federal lands, and Indian reservations all
compete for its waters.

Flows vary seasonally, increasing with
spring snowmelts and heavy rainstorms in
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Figure 64.—The Upper and Lower Colorado River Basins
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the late summer and fall and declining during
the rest of the year. They also vary from year
to year, as shown in figure 65. Flow records
and examination of vegetation growth cycles
indicate that they may also vary over a much
longer period, spanning decades or even cen-
turies. The fact that virgin flows at Lee Ferry
between 1906 and 1974 averaged about 15.2
million acre-ft/yr while between 1930 and
1974 they averaged only 13.8 million acre-
ft/yr is evidence of this long-term variability y.

The flow variations are significant because
they reduce the accuracy of long-term projec-
tions of water availability. They also furnish
a rationale for building reservoirs to offset
seasonal fluctuations and stabilize supplies
during dry years. Several reservoirs have
been built in the Upper Basin for this pur-
pose. The five largest were built by the Fed-
eral Government under the Colorado River
Storage Project Act (CRSP) of 1956: Lake
Powell in Arizona and Utah, Flaming Gorge in
Utah and Wyoming, Fontenelle in Wyoming,
Navajo in New Mexico, and the Curecanti
Unit (which includes the Crystal, Morrow

Point, and Blue Mesa Reservoirs) in Colorado.
These projects have been completed and are
now being filled, When full, the existing
reservoirs will have a maximum active stor-
age capacity of about 35 million acre-ft/yr.
Lake Powell is by far the largest, and will
have an active capacity of about 25 million
acre-ft. Other reservoirs have been author-
ized by Congress but funds have not yet been
appropriated for their construction. These in-
clude the Savery Pothook, Fruitland Mesa,
and West Divide projects. The locations of the
existing CRSP reservoirs are shown in figure
66.

Reservoirs have been effective in dampen-
ing the fluctuations in the virgin flows. Thisis
illustrated in figure 67, which compares ac-
tual measured flows of the Colorado River at
Lee Ferry with the corresponding estimates
of virgin flows for the period 1953-78. The
Flaming Gorge and Navajo Reservoirs began
filling in 1962; Lake Powell in 1963, and
Fontenelle in 1964. During prior years, actual
flows varied widely, from 6 million acre-ft/yr
to over 17 million acre-ft/yr. In 1962, the ac-

Figure 65.—Annual Average Virgin Flow of the Colorado River at Lee Ferry, Ariz.
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Figure 66.—Major Dams and Reservoirs on the Colorado River and Its Tributaries
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Figure 67.—Flows of the Colorado River
Between 1953 and 1978
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tual flow dropped substantially, partly be-
cause of low virgin flow and partly because of
the start of reservoir filling. In 1968, the ac-
tual flow approached 8 million acre-ft/yr and
has remained within the range of 8.23 million
to 10.14 million acre-ft/lyr ever since. Between
1968 and 1978, virgin flows ranged from 5.5
million to 19.3 million acre-ft/yr. Actual flows
have not yet stabilized because the reservoirs
are sill filling.

Ground Water

Ground water resources occur near the
surface in aluvia (floodplain) aquifers and
more deeply buried in bedrock aquifers. In
most areas, aluvial aquifers contain relative-
ly little water. The amount in bedrock aqui-
fers is unknown but is though! to be very

large. It has been estimated that bedrock
aquifers in the Piceance basin could contain
as much as 25 million acre-ft in storage. This
is nearly twice the annual virgin flow of the
Colorado River at Lee Ferry and is equivaent
to the storage capacity of Lake Powell. The
primary bedrock aquifer near Federal tracts
U-a and U-b in Utah is estimated to contain at
least 80,000 acre-ft.

The actual quantities of ground water that
could be used for oil shale development are
uncertain. The amount available is deter-
mined by the location of the aquifers relative
to potential plantsites, the water quality, and
physical characteristics such as the depth
and the recharge rate. The physical char-
acteristics determine the quantity of water
that can be stored or extracted, the rate at
which water can be added or withdrawn, and
the change in water levels that will result
from withdrawing a given volume of water.

The principal aquifers of the Piceance ba-
sin are located in the Uinta and Green River
geologic formations. (See figure 68.) The sys
tem is characterized by two bedrock aqui-
fers, the “upper” and the “lower,” that are
separated by a 100- to 200-ft-thick confining
layer of rich oil shale known as the Mahogany
Zone. In addition, alluvial aquifers occur in
gravel, sand, and clay along the bottoms of
stream and creek valleys.

The bedrock aquifers are recharged by
springtime snowmelt, which replaces an esti-
mated discharge of 26,110 acre-ft/yr. Water
enters the upper aquifer along the basin
margins above an altitude of 7,000 ft and
moves downward through the Mahogany
Zone to recharge the lower aquifer. General-
ly, ground water in both of these aquifers
flows from the recharge areas toward the
discharge areas in the north-central part of
the basin. In the discharge areas water
moves upward from the lower aquifer
through the Mahogany Zone to the upper
aquifer and is discharged both to the alluvi-
um and by springs along the valley walls.
Ultimately, the discharged ground water
flows into Piceance and Yellow Creeks and
then into the Colorado River system. *
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Figure 68.—Bedrock Ground Water Aquifers in Colorado’s Piceance Basin
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Despite the large resources, little ground
water development has taken place to date. *
The major economic use is for watering live-
stock. In addition, natural seeps and springs
supply water to vegetation and wildlife in
many of the valley floors. Overall, relatively

little water is withdrawn, and the ground
water system is in hydrologic equilibrium.
That is, the rates of recharge and discharge
are equal and the amount of water in storage
does not change significantly over time.

Allocation of the Colorado River System Waters

Because of competing demands, disputes
over the proper alocation of water resources
have permeated the political, social, econom-
ic, and legal histories of the seven States in
the Colorado River system. As aresult, acom-
plex framework of interstate and interra-
giona compacts, State and Federal laws, Su-

preme Court decisions, and international
treaties has been developed to govern distri-
bution of the system’s waters. Together, the
provisions of this framework comprise “the
law of the river.” Their interpretation is cru-
cia to an understanding of the water avail-

ability problem.
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Compacts, Treaties, and
Legal Mechanisms

The Colorado River Compact of 1922

The major provisions of this compact are:

1. It divided the river system into the Upper
and Lower Basins, and allocated 7.5 mil-
lion acre-ft/lyr to each basin for bene-
ficial consumptive use, Authority was
also given to the Lower Basin to increase
its annual use by 1 million acre-ft.

2. It did not recognize a specific obligation
to provide water to Mexico. However, a
framework was established whereby
any future obligation would be shared
equally between the Upper and Lower
Basins.

3. The Upper Basin was prohibited from re-
ducing the flow at Lee Ferry to below an
aggregate of 75 million acre-ft in any 10-
year period. The Upper Basin was not to
withhold water, nor was the Lower Ba-
sin to demand water that could not rea-
sonably be applied to domestic and agri-
cultural uses.

The Boulder Canyon Project Act of 1928

This Act provided for the construction of
Hoover Dam and its powerplant, and for the
All-American Canal. Its magjor provisions are:

1. It suggested a specific framework for
apportioning the water supplies allo-
cated by the compact of 1922 among the
Lower Basin States of California, Ari-
zona, and Nevada. (The States did not
adopt this framework, but it was later
imposed on them by the Supreme Court
decision in Arizona v. California, as dis-
cussed below.)

2, It required Cdlifornia to reduce its an-
nual consumption to 4,4 million acre-ft
plus not more than half of the surplus
water provided to the Lower Basin. (This
requirement was met through the Cali-
forniaLimitation Act of 1929.)

3. It authorized the Secretary of the Interi-
or to investigate the feasibility of proj-

ects for irrigation, power generation,
and other purposes.

The Upper Colorado River Basin
Compact of 1948

In this compact, the Upper Basin States ap-
portioned the water alocated under the com-
pact of 1922. The negotiators recognized the
problem inherent in allocating water on a
strict quantity basis because of flow fluctua-
tions from year to year. As a result, water
was apportioned on a percentage basis to all
States except Arizona. Mgor provisions of
the compact are:

1, Arizona was guaranteed 50,000 acre-
ft/yr, The remaining water was appor-
tioned as follows:

.to Colorado: 51.75 percent,
.to New Mexico: 11.25 percent,
. to Utah: 23.00 percent, and
. to Wyoming: 14.00 percent,

2. It recognized that new reservoirs would
be needed to assist the Upper Basin in
meeting its delivery obligation to the
Lower Basin. Such reservoirs, however,
would increase evaporative losses from
the river system as a whole, thus reduc-
ing the quantity of surplus water avail-
able to the Lower Basin. The compact
provided that charges for such evapora-
tive losses be distributed among the Up-
per Basin States. Each State was to be
charged in proportion to the fraction of
the Upper Basin's water allocation that
was consumed in that State on a yearly
basis, and its maximum consumptive use
was to be reduced accordingly.

3. It provided for the division of water be-
tween pairs of States on a number of
specific rivers. The compact did not deal
with the White River, which delivers ap-
proximately 500,000 acre-ft/yr to the
Utah State line and which could supply
water for energy development.

Mexican Water Treaty of 1944-45

As part of negotiations over apportionment
of water from the Rio Grande, Tijuana, and
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Colorado Rivers, the United States guaran-
teed to deliver at least 1.5 million acre-ft/yr of
water to Mexico. However, in times of severe
drought or in the event of a failure in the
delivery systems, Mexico could receive less
than 1.5 million acre-ft/yr.

Colorado River Storage Project Act of 1956

This Act provided for several new storage
reservoirs to assist the Upper Basin States in
meeting their delivery obligation to the Lower
Basin, while simultaneously increasing water
consumption in the Upper Basin. The five
CRSP reservoirs that have since been built
were described in the earlier discussion of
the fluctuating flows of the river.

The Supreme Court Decree in
Arizona v. California

This decision (376 U.S. 340 (1964)) imposed
upon the Lower Basin States the water distri-
bution framework that had been suggested by
the Boulder Canyon Project Act of 1928. The
Lower Basin's water alocation of 7.5 million
acre-ft/yr was to be apportioned as follows:

. to Cdliforniac 4.4 million acre-ft/yr,
. to Arizona: 2.8 million acre-ft/yr, and
. to Nevada: 0.3 million acre-ft/yr.

The decree also required that approximately
Imillion acre-ft/yr from the allocations to
California and Arizona be diverted for the
five Indian tribes located along the lower Col-
orado River.

Colorado River Basin Project Act of 1968

This Act instructed the Secretary of the In-
terior to propose criteria for the coordinated
long-range operation of reservoirs built under
the Boulder Canyon Project Act and the CRSP
Act. Criteria were subsequently established
and now form the basis for operation of the
reservoirs. (These operating criteria are of
importance in estimating water availability in
the Upper Basin States, as discussed below.)
The Act also identified the Mexican Water
Treaty as a national obligation, to be con-
sidered in developing any subsequent water
projects. It prohibited the Secretary from
studying importation of water into the Colora-
do River Basin until 1978. (This moratorium
was subsequently extended to 1988 by the
Reclamation Safety of Dams Act of 1978.)

Surface Water Allocations

Each of the above documents assumes dif-
ferent values for the quantity of virgin flow
past Lee Ferry. They therefore differ with re-
spect to the total amount of water to be ap-
portioned. In general, each State can inter-
pret the law of the river so as to maximize its
water-resource position and can develop its
water programs on that basis. Consequently,
an analysis of the opportunities for further
growth in the Upper Basin States is clouded
by uncertainty, and it is not possible to pre-
dict with any exactitude the maximum size of
the oil shale industry that could be accom-
modated.

The annual virgin flows assumed in some
of these documents are shown in table 77.

Table 77.-Estimates of Surface Water Allocations to the Qil Shale States (millions of acre-ft/yr)

Virgin flow
Source of virgin flow estimate at Lee Ferry Colorado Utah Wyoming Total
Colorado River Compact of 1922 . . . . . . .. . .. 180 5.06 2.25 137 8.68
Mexican Water Treaty of 1944 -45...... . . . 16.2 412 1.83 1,12 7,07
Upper Colorado River Basin Compact of 1948. , ., ., 15,6 3.81 1.70 1.03 6.54
Colorado River Basin Project Act of 1968 . . 14.9 3.45 1.53 0,93 5.91
Average flow 1930 -74. . . ... ... .. 13.8 2.88 1,28 0.78 4.94

Assumes delivery of 823 millionacre-ft/yr to Lower Basin Slates and Mexico 7500000 acre-ft/yrio Lower Basin (per 1922 compact) plus 750,000 acre-ft/yr 10 Mexico (per Mexican Waler Treaty of
1944-45) less 20 000-acre-ft/yrinflow from the Para River below Lake Powell = 8230000 acre-ft/yrNeglectsevaporative losses from Upper Basin reservoirs Assumes apportionment among the 011 shale

States according tothe Upper Colorado RiverBasin Compact of 1948
SOURCE Oftice of Technology Assessment
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Also shown is the average virgin flow at Lee
Ferry between 1930 and 1974. For each flow
figure, the corresponding gross quantity of
surface water allocated to each oil shale
State is also shown. It was assumed that the
Lower Basin States receive 8.23 million acre-
ft/yr out of the Lake Powell Reservoir above
Lee Ferry, as called for in the operating cri-

teria prepared under the provisions of the
CRSP Act of 1968. As indicated, the quantity
of surface water available to the three States
under the terms of the various documents
could be as low as 4.94 million acre-ft/yr and
as high as 8.68 million acre-ft/yr. The lower
figure is more redlistic for planning purposes,

Doctrine of Prior Appropriation

Introduction

The water rights policies of Colorado,
Utah, and Wyoming are, in genera, similar.
Their respective constitutions hold that water
is the property of the public, not the landhold-
er, and that it is the State’s responsibility to
apportion rights to use water among compet-
ing users, Each State administers surface
water rights and some ground water rights
according to a doctrine of prior appropria-
tion, This differs from the riparian doctrine
that prevails in most Eastern States under
which water rights are automatically the
property of the owner of the land on which
the water is found. Under the prior appro-
priation doctrine, water rights are severable
from the land, and one may own water rights
without owning any land whatsoever.

Surface Rights

The key elements of the doctrine of prior
appropriation are: the specific types of water
rights, the seniority system for determining
priority of use, the preference system for dis-
tinguishing among types of water uses, op-
tions for transfer of water rights between
parties, and policies for determining the
abandonment of water rights.

Types of Water Rights

There are two categories of water rights:
conditional and absolute. A potential user ac-
guires a conditional water right by filing for a
conditional decree from the State water
courts and then proceeding diligently to-

53-898 n-80-25

wards the actual use of the water. An abso-
lute water right is created when a holder of a
conditional right perfects that right by actual-
ly diverting the water and applying it to a
beneficial use. Beneficial uses have been de-
fined to include any use in which water is not
wasted.

Within each category there are two types
of water rights. A direct flow or diversion
right permits the diversion of water from a
stream followed by its immediate application.
A storage right permits the impoundment of
water for later application. None of the three
States recognizes the right of private parties
to require that sufficient stream flows be
maintained for the protection of instream
uses, such as rafting and fishing. However, a
Colorado law permits that State to obtain wa
ter rights for sufficient flows to preserve the
natural environment to a reasonable degree.

In Colorado, the water rights are adjudi-
cated by the State Water Courts and adminis-
tered by the State engineer. The right to ap-
propriate water is limited only in that prop-
erty rights of other parties cannot be im-
paired. A conditional right is automatically
granted if the user proceeds with due dili-
gence towards perfection of the right and if
the rights of other users are not jeopardized.
Neither the courts nor the executive branch
of government has discretionary authority
over the type, place, or quantity of use. Fur-
thermore, the State has no power to remove a
stream or any portion of its waters from ap-
propriation. The State engineer only monitors
the system to assure that rights are protected
and water is not wasted.
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In Utah and Wyoming, a permit system is
employed in which the right to appropriate
water must be approved by the State engi-
neer. He must consider the water rights of
others, but is also allowed to consider public
interest or public welfare when passing on an
application for appropriation. Thus, in con-
trast to Colorado, the governments of Utah
and Wyoming have discretionary authority to
approve some uses and deny others. Use of
this power has been minimal.

It is noteworthy that the continuation of
conditional decrees requires only due dili-
gence and not actual use. In the past, rights
have been granted liberally by all three
States and as a result, the quantities of water
covered by conditional decrees far exceed
the available resources. Not all of the condi-
tional decrees have been perfected, and rela-
tively little of the claimed water is actually
being used. Consequently, surplus surface
water appears to be available in the oil shale
region. However, al of it has aready been
claimed, in part by oil shale developers. Simi-
lar situations prevail in Utah and Wyoming.

Seniority of Water Rights

The prior appropriation doctrine is based
on the principle of “first-in-time, first-in-
right. ” Thus, the more senior (older) the wa-
ter right, the higher its priority for the use of
limited resources. If shortages occur, user
rights that are junior in terms of the initiation
date are curtailed to assure water supplies to
users with more senior rights. Only when the
most senior rights have been satisfied do less
senior users have any rights to water.

The date of a right, assuming the appro-
priation goes forward diligently to comple-
tion, is the date of the first act evidencing an
intent to take water for beneficial use. In gen-
era, this is the date on which the application
for a conditional decree was filed. In Col-
orado, a State statute makes most water
rights a matter of public record. Rights to sur-
face water are established solely by the ac-
tions of individual users, but these rights are
legally protected only if they are formalized

by water court decrees in Colorado or by the
permitting process in Utah and Wyoming.

Preference Systems

A preference system has been established
in each State to apportion water among dif-
ferent beneficial uses during times of short-
age. Under its provisions, drinking water or
municipal users have first preference, agri-
culture is second, and industry is third. The
preference system overrides the seniority
system; water rights with a lower preference
may be condemned in favor of a higher pre-
ferred use, even if the preferred water right
is junior to the displaced right. In most cases,
just compensation would be required for dis-
placed senior water rights.

Transfer of Water Rights

Water rights are considered real property
and may be sold or transferred. “They are
conveyed by deed and may be severed from
the land on which the water was originally
used, In Colorado, such transfers are re-
viewed by the water courts and may only be
denied if other users would be harmed. In
Utah and Wyoming, application for transfer
is made before the respective State engineer,
who decides whether harm will occur to
other users and also considers public interest
and other factors. Sale and transfer of water
rights is complicated by the need to protect
junior appropriators, seasonal rights of some
users, appurtenance (right-of-way) of water
rights to land, and preferred use as defined
by the individual States,

Abandonment of Water Rights

In al three States, absolute water rights
may be partially or completely lost by aban-
donment. In Colorado, failure to use an abso-
lute right for a period of 10 years constitutes
prima facie evidence of abandonment. The
status of water rights is reviewed periodical-
ly by the division engineer in each of the
State’s water divisions. In Utah and Wyo-
ming, abandonment is defined as nonuse for a
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period of 5 years. Unlike Colorado, these
States have no provisions for a continuing re-
view of the status of water rights.

Ground Water Rights

In Colorado, tributary ground water
(ground water that is hydrologically con-
nected to the surface water system) is treated
essentially the same as a surface flow and
thus is subject to the prior appropriation doc-
trine. Nontributary ground water (ground
water that does not reach surface streams) is
divided into two categories: designhated
ground water basins and nondesignhated
ground water areas, Nontributary ground
water resources in designated basins are
controlled by a permit system through the
State Groundwater Commission. Nontribu-

tary ground water in nondesignated ground
water areas, on the other hand, is subject to
prior appropriation. Permits for wells must
be obtained from the State engineer, and
ground water rights must be adjudicated by
the water courts to assure legal protection,
just as with a surface right. Small wells (less
than 15 gal/rein) for livestock or domestic use
have been defined by law to cause no injury
and are exempt from such regulations.

In Utah, all ground water is subject to the
appropriation doctrine. Rights are adminis-
tered by the State engineer and permits for
wells may be sold as any other water rights.
In Wyoming, permits must be obtained for
any ground water use. Livestock watering
and domestic uses have preference over all
other rights, regardless of seniority.

Federal Reserved Rights

The Federal reserved rights doctrine origi-
nated in the Supreme Court decision in Win-
ters v. United States (207 U.S. 564 (1908)) re-
garding Indian water rights. It was held that
when Indian reservations were established
by treaty with the United States, sufficient
water to supply all Indian lands was also
reserved. The Court did not quantify suffi-
ciency. Rather, it reflected the opinion that
Indian reservations were created to trans-
form a nomadic people into permanent set-
lers and that those people required suffi-
cient water for irrigation.

A magjor effect of this decision is that the
vater rights set aside for Indian reservations
vere interpreted to be superior to those of all
ther subsequent appropriators who ob-
tained their rights under State law, even
though the Indian tribes had not yet put their
rights to beneficial use. Federa rights were
thus entered into the prior appropriation
system of each affected State, together with
11 other applicants and appropriators.

In Arizona v. California, the Court ex-
ended the reserved right doctrine to Indian
reservations created by Executive order and

to other Federal reservations such as na-
tional recreation areas, wildlife refuges, and
national forests. In addition, the Court ad-
dressed the question of the quantity of water
reserved for Indian use. It held that water
was intended to satisfy the future as well as
the present needs of Indian reservations, and
ruled that sufficient water would be reserved
to irrigate al the pract|cably irrigable acre-
age on the reservations.

A further Supreme Court decision in
United States v. New Mexico (98 Sup. Ct. 3012
(1978)) attempted to resolve the uncertainty
over the qualification of Federal reserved
water rights for areas other than Indian res-
ervations. The Court concluded that the doc-
trine applied only to the origina purposes of
the reservations, and that reserved water
rights could not be used for other purposes. *
For example, the rights associated with a na-
tional forest could be used for maintaining
the forest and its wildlife, but not for indus-
try, farming, or oil shale development.

While the Supreme Court has served notice
that it will interpret the purpose of Federal
reservations narrowly, a number of uncer-
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tainties remain concerning the quantities of
water that could be claimed to serve these
purposes. With regard to Indian reserva-
tions, for example, it is still uncertain how
much water will be claimed, how much will

be used, whether the use must take place on
the reservation, and whether rights can be
sold or leased for uses outside the reserva-
tion.

Physical Availability of Surface Water for Oil Shale Development

Introduction

The size of the industry that could be sup-
ported by surplus surface water is affected
by the following factors:

+ the long-term average virgin flow in the
Colorado River system (this determines
the gross quantity of water that is avail-
able);

+ the compacts and other documents that
constitute the law of the river (these de-
termine how the gross water supply is al-
located among the basins and States);

+ the demands of other users (these con-
sume part of the alocation to each State,
the remainder is the surplus);

+ the oil shale technologies employed
(these determine how much water the in-
dustry would need);

+ the siting of the facilities (this deter-
mines how the industry’s water de-
mands will be distributed among Colora-
do, Utah, and Wyoming); and

+ the timing of their construction and the
duration of their operation.

The final factor is particularly important.
The region’s surface water resources are
finite, and they are not large. In the past, they
have generally been adequate, when supple-
mented by reservoir storage, to satisfy the de-
mands of all users. At present, there is plenty
of surplus water for a very large oil shale in-
dustry, but the surplus is shrinking because
of population growth (both in the Upper Basin
and in the urban areas to which its waters
are exported), accelerated mineral resource
development, increases in irrigated agricul-
ture, and expansions of other activities.

In the future, there may not be enough
water for oil shale unless the demands of

other users are partially curtailed. When this
will occur is not known. If it happens before
the plants are built or during their useful life,
then social and economic dislocations would
result. If, on the other hand, it occurs after
conservation and the development of other
energy sources have sufficiently diminished
the demand for liquid fuels, then the disturb-
ances caused by the temporary presence of
an industry may not be overwhelming.

This section evaluates whether the surface
water resources in the Upper Basin are phys
ically adequate, and legally available, to sup-
port a large industry. Availability is analyzed
for the Upper Basin as a whole, and for the
hydrologic subbasins that are likely to be af-
fected. The factors analyzed were highlighted
above. Following is a summary of the assump-
tions made and of the sources of supporting
information.

Virgin Flow

An annual average flow of 13.8 million
acre-ft/lyr past Lee Ferry is assumed. This is
the running average between 1930 and 1974.
Virgin flows have been calculated since 1896,
and the 1896-1974 average is considerably
higher-15.2 million acre-ft/yr. However, the
natural flows (the basis of the calculated
virgin flow) have been measured more accu-
rately since 1930, and the 1930-70 average is
considered a better estimate. The effects of
flow fluctuations around the 13.8 million
acre-ft/yr average are discussed in the issues
section.

Law of the River

It is assumed that the allocation to the Up-
per Basin is determined by the operating cri-
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teria promulgated for CRSP reservoirs by the
Department of the Interior (DOI). These cri-
teria require a minimum discharge of 8.23
million acre-ft/yr from the Lake Powell Reser-
voir into the lower Colorado River. This in-
corporates the Lower Basin's allocation
under the Colorado River Compact of 1922
(7.5 million acre-ft/yr), plus one-half of the
Mexican treaty obligation (750,000 acre-ft/
yr), less the contribution of the Paria River
(20,000 acre-ft/yr), which discharges into the
Colorado River between Lake Powell and Lee
Ferry. The Upper Basin States do not agree
with these criteria The effects of other inter-
pretations of the law of the river are dis-
cussed in the issues section.

It is also assumed that flows allocated to
the Upper Basin are distributed according to
the Upper Colorado River Basin Compact of
1948. As indicated previously, this compact
alocated 50,000 acre-ft/yr to Arizona and, of
the remainder, 51.75 percent to Colorado, 23
percent to Utah, 14 percent to Wyoming, and
11.25 percent to New Mexico,

Demands of Other Users

Section 13(a) of the Federal Nonnuclear
Energy Research and Development Act of
1974 directed the U.S. Water Resources
Council to assess the water requirements of
emerging energy technologies and the avail-
ability of water for their commercialization.
Studies were to be undertaken at the request
of the Energy Research and Development Ad-
ministration (ERDA), In 1977, ERDA re-
guested three such “13(a)” assessments, one
directed to the water-resource aspects of oil
shale development and coal gasification in
the Upper Basin. Oversight for these projects
was transferred to the Department of Energy
(DOE) in 1978.

The Upper Basin 13(a) assessment was or-
ganized under the management of DNR of the
State of Colorado. DNR’s work has been re-
viewed by an interagency, intergovernmental
steering committee that includes represent-
atives of the Arizona Water Commission, the
Colorado Water Conservation Board, the

New Mexico Interstate Stream Commission,
the Utah Division of Water Resources, the
Wyoming State Engineer’'s Office, the U.S.
Soil Conservation Service, the Department of
Commerce, DOE’s Denver Project Office, the
Region VIII Office of the Department of Hous-
ing and Urban Development, USBR, and EPA.
Technical assistance and studies were pro-
vided by USBR (hydrologic modeling), the U.S.
Fish and Wildlife Service (USFWS) (fishery
and recreational impacts), the U.S. Heritage
Conservation and Recreation Service (recrea-
tional data), Los Alamos Scientific Labora-
tory (economic modeling), the U.S. Soil Con-
servation Service (agricultural water con-
sumption and conservation), the U.S. Geologi-
cal Survey (USGS) (water quality), and sev-
eral private contractors.

Because of this broad support and review
base, DNR’s estimates of present and future
water depletions appear to be the best avail-
able for the period between 1980 and 2000.
OTA has relied on the values provided for
“conventional’” (nonoil shale) depletions to
define the baseline water-demand conditions
under which the oil shale industry could be
established. DNR”s results have also been
used to evaluate water-supply options in the
areas in which oil shale development is most
likely to occur.

DNR projected water consumption pat-
terns for conventional activities in 2000
based on low, medium, and high regional
growth rates. The medium-growth scenario,
which was based on declared plans by the
various users for expanding their water
needs, is considered by the States to be the
most realistic. The high growth rate scenario
was derived from the medium scenario by as
suming that announced projects would be
finished sooner than expected or would con-
sume more water than anticipated. A few
projects not considered in the medium-growth
scenario are included in the high-growth sce-
nario. The low-growth scenario was derived
by assuming project delays or lower than an-
ticipated water consumption. In this section,
OTA considered only the medium growth
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rate. The low and high rates are considered
in the issues section.

Oil Shale Technologies

It is assumed that the technology mix used
by any future industry will resemble that of
the projects presently active or proposed. The
characteristics of this industry were de-
scribed in table 76. About 51 percent of the
facilities use indirectly heated AGR, 33 per-
cent directly heated AGR and MIS, and 16
percent a combination of MIS and indirectly
heated AGR. On this basis, each plant would
require about 8,500 acre-ft/yr for production
of 50,000 bbl/d of shale oil syncrude. The ef-
fects of other technology mixes are discussed
in the issues section.

Distribution of Facilities

If the siting pattern of the present projects
were extended to a major industry, 68 per-
cent of the production would be based in Col-
orado, 32 percent in Utah, and none in Wyom-
ing, Although they are of lower quality, some
development of Wyoming shales may occur if
a major industry is established. Therefore, it
was assumed that approximately 5 percent of
future production will come from Wyoming,
about 70 percent from Colorado, and about
25 percent from Utah. This assumption deter-
mines which hydrologic subbasins will be im-
pacted. It also determines how much of the
production could be sustained by the exten-
sive ground water resources of the Piceance
Basin. In this section, it is assumed that all of
the plants rely on surplus surface water. The
possible substitution of ground water is
discussed in the issues section.

Timing and Lifetime of the Projects

I't is assumed that the facilities will be in-
stalled before 2000, regardless of the indus-
try’s size. As discussed in the other chapters,
establishing a large industry this quickly may
be difficult.

The Availability of Surface Water in the
Upper Colorado River Basin

Water Consumed by Conventional Activities

At present, the following activities con-
sume surface water in the Upper Basin:

+ thermal power—for steam-electric pow-
er generation;

* agriculture—for irrigation, watering
stock, and other agricultural purposes;

+ wildlife and recreation—for mainte-
nance of fish, wildlife, and recreational
areas;

* minerals—for extraction, processing,
and transporting ores and concentrates;

« municipal and industrial—for domestic,
commercial, retail, and manufacturing
facilities, including final processing of
raw materials into finished products;
and

+ exportation— for diversion and trans-
portation to other basins or to other
areas within the Upper Colorado River
Basin.

Water consumption patterns for these ac-
tivities, at present and as projected to 2,000,
are shown in table 78. Agriculture presently
depletes nearly 71 percent of the total, water
exports are the second highest category at 24
percent, and the remaining 5 percent is dis-
tributed fairly evenly among the other uses. A
comparison with the year 2000 projections in-
dicates shifts both in the absolute quantities
of water consumed and in the distribution of
consumption among the various activities.
The following trends are indicated:

« Agricultural water consumption is pro-
jected to increase by 19 percent. How-
ever, agriculture’s share of total con-
sumption is projected to decrease to 61
percent from its present level of 71 per-
cent.

+ Thermal power’s water consumption is
projected to increase by a factor of 6.

+ Exportation of water is projected to in-
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Table 78.-Present and Projected Water Depletions for Activities Other Than
Oil Shale Development in Colorado, Utah, and Wyoming (thousand acre-ft/yr)

Present Year 2000

Colorado  Utah Wyoming  Total Percent Colorado ~ Utah Wyoming Total Percent

Thermal power. 10 7 18 35 1,2 74 64 83 221 57
Agriculture 1,197 527 279 2,003 70.7 1,380 671 330 2,381 61.3
Wildlife and recreation 15 9 6 30 11 28 9 20 57 15
Minerals ., 19 12 21 52 1.8 33 12 64 109 2.8
Municipal and industrial 21 10 4 35 12 49 19 8 76 2.0
Exportation 541 132 7 680 24,0 757 262 22 1,041 26.7
T o t a | 1,803 697 335 2,835 100.0 2,321 1,037 527 3,885 100,0

SOURCE Colorado Department of Natural Resources, Upper Colorado River Region Seellon 13(a)Assessment A Report fothe U S Water Resources Councildraft August 1979

crease by 53 percent. The proportion of
total depletions exported, however, will
remain at about 25 percent.

+ At present, the oil shale States together
consume about 2.84 million acre-ft/yr.
The total depletion would increase 37
percent to 3.89 million acre-ft/yr.

These trends are considered below in con-
junction with law of the river allocations to
estimate the quantities of surplus water that
would be available to support additional re-
giona growth.

Estimation of Surplus Water in the
Upper Basin

Surplus water is defined as the difference
between the water allocated and the total
water consumption, which includes water
used for beneficial purposes plus reservoir
evaporative charges. * As discussed previous-
ly (see table 77), the oil shale States should be
entitled to a total of 4.94 million acre-ft/yr:
2.88 million to Colorado, 1.28 million to Utah,
and 0.78 million to Wyoming. In table 79, esti-
mates are given for the quantities of surplus
surface water at present and in 2000. At
present, approximately 1.66 million acre-
ft/yr of surplus water is available. By 2000
the surplus would be reduced to about
469,000 acre-ft/yr. These surpluses are legal-
ly available to the States. If all the present

*The term “reservoir evaporative charges’” refers to the
total amount of water that evaporates from certain reservoirs
in the Upper Basin, The States are charged on a percentage
basis for losses from reservoirs that are built to serve the en-
tire Upper Basin. Evaporation from reservoirs built for a spe-
cific State are charged entirely to that State.

surplus were reserved for oil shale develop-
ment, an industry of about 9.76 million bbl/d
could be accommodated. The projected sur-
plus in 2000 would support a2.76-million-
bbl/d industry without disrupting other users.

A more precise anaysis, which considered
seasonal flow fluctuations, return flows from
irrigated fields, effects of fill rates, and sus-
tained depletions on reservoir evaporation,
was performed for DNR with USBR’s Colora-
do River system simulation model. The model
predicted anatural discharge from Lake
Powell of 8.63 million acre-ft/yr in 2000
—400,000 acre-ft/yr more than the minimum
discharge requirement, but 69,000 acre-ft/yr
less than the year 2000 surplus shown in
table 79. The surplus would support an oil
shale industry of 2.35 million bbl/d in the Up-
per Basin. However, the industry’s total ca-
pacity would be further reduced by the Upper
Colorado River Basin Compact of 1948 that
governs how water can be distributed among
the individual States in the Upper Basin. The
effects of this compact are indicated in table
80, where the 400,000-acre-ft/yr surplus is
distributed among Colorado, Utah, Wyoming,
and New Mexico according to the compact’s
percentage formula. As shown, the total
shale oil capacity would be 2.09 million bbl/d:
1.22 million in Colorado; 541,000 in Utah; and
320,000 in Wyoming.

It is important to note that these calcula-
tions apply to average flow conditions in the
Colorado River system. During dry years, nat-
ural flows out of Lake Powell might not be suf-
ficient to satisfy the delivery requirement to
the Lower Basin and might have to be aug-
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Table 79.-Estimation of Surplus Surface Water in Colorado, Utah, and Wyoming at Present and in 2000 (thousand acre-ft/yr)

Present Year 2000
Colorado Utah Wyoming Total Colorado Utah Wyoming Total
Total water use® 1,803 697 335 2,835 2.321 1,037 527 3,885
Evaporation " 259 115 70 444 334 148 104 586
Total consumption 2,062 812 405 3,279 2,655 1.185 631 4,471
Allocatlon® 2,880 1,280 780 4,940 2,880 1,280 780 4,940
Surplus. 818 468 375 1,661 225 95 149 469

4Data from table 78

DEstimated charges O CRSP reservorrs Presentvalues ProvidedbyRolandFischer Colorado River Water Conservation District year 2000 estimates by the Colorado Departmentof Natura Resources
CAssumes 13 8 millign acre-ftyrvirgin flow al Lee Ferry 8 23 millon acre ftyr Lake Powell discharge distnbutionot flows and evaporative charges per the oercentagetarmula of theUpper Colorado

River Basin Compact of 1948
SOURCE 0tfice 01 Technology Assessment

Table 80.-Maximum Shale Oil Production
Based on Surplus Surface Water in 2000°

Assumed virgin flow at Lee Ferry, million acre-ft/yr’ 138
Surplus surface water available, acre-ft/yr®
New Mexico 45,000
Colorado 207,000
U t a h 92,000
w y 0 m i n g 56,000
Total 400,000
Shale 011 capacity, million bbl/d’
Colorado 122
Utah 054
Wyoming 033
Total 209

dAssumes 823 milhon acre ft yr annuar discharge from Lake Powetl Distnibution among the Up
per Basin Slates according 10 theUpperColoracoRiver Basin Compact of 1948

’1930 74 annual average

 Based on year 2000 depletionorojections fononoil shale users
scenario

dBased 0,8 500 acre ftyr for production 0150000 bbi d Of shale oiisyncrude

Medium growth rate
SOURCE Otficeot Technology Assessment

mented by discharge from the Upper Basin
reservoirs. As noted earlier, these were built
to allow the Upper Basin States to satisfy
their delivery requirements to the Lower
Basin. Their active capacity is expected to be
about 35 million acre-ft in 2000. If virgin
flows dropped to say, 12.9 million acre-ft/yr
and stayed there, * the reservoirs could offset
the 0.9-million-acre-ft/yr shortfall for only
about 39 years.

In summary, surplus surface water legally
available to the oil shale States could support
a shale industry of about 2.1 million bbl/d
through 2000. This conclusion is based on one

*This appearstobe the lower limit for long-term virgin flows
in the Colorado River system. See the issues section of this
chapter.

interpretation of the law of the river, one set
of depletion estimates for conventional users
in 2000, one assumed value of virgin flow,
and an industry that employs a technology
mix similar to that being developed in the
present projects. If a different basis were se-
lected, the estimated capacity of the industry
could be significantly different. Some other
bases are discussed in the issues section of
this chapter.

The conclusion also does not account for
regional and local supply impediments that
could affect facility siting and thereby deter-
mine the ultimate size of the industry. The
next section evaluates water availability with
respect to specific development sites within
specific hydrologic basins in the oil shale
area.

Water Availability in Hydrologic Basins
Affected by Oil Shale Development

Oil shale development is likely to affect
three hydrologic subbasins:

« the Green River basin in the southwest-
ern corner of Wyoming, which includes
the northern mainstem of the Green
River and its tributaries;

+ the White River basin, which encom-
passes the northern portion of the Pi-
ceance basin and the eastern portion of
the Uinta basin, and whose tributaries
include the White and Yampa Rivers to
their confluence with the Green River in
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eastern Utah, plus streams flowing north
out of the Piceance basin into these
rivers, and

+ the Colorado River mainstem basin,
which includes the Colorado River main-
stem in Colorado, streams that flow
south from the Piceance basin into the
Colorado, and upstream tributaries at
higher elevations.

The impacts on these subbasins can be esti-
mated only after certain assumptions are
made regarding the locations of the oil shale
plants and the timing of their construction. If
the trend indicated by the present oil shale
projects were continued, about 40 percent of
the shale oil production would come from the
White River basin in Colorado, 30 percent
from the Utah portion of that basin, and 25
percent from the basin of the Colorado River
mainstem in Colorado. The remaining 5 per-
cent might come from as-yet unannounced
projects in Wyoming's Green River basin. The
water requirements for a I-million-bbl/d in-
dustry distributed in this manner are indi-
cated in table 81. Also shown are the water
requirements for conventional uses in 2000,
as projected by DNR under its medium
growth rate scenario. As shown, the industry
would increase the total water consumption
in the three subbasins by about 10 percent.
The increases in the Green River and Colora-
do mainstem basins would be relatively small,
but water demands in the White River basin
would increase by nearly 150 percent.

The Adequacy of Surface Water Resources
by Hydrologic Basin

In the Green River basin, water depletions
for a I-million-bbl/d oil shale industry would
be approximately 8,500 acre-ft/yr. Two major
Federal reservoirs within this basin, Flaming
Gorge and Fontenelle, have well over 100,000
acre-ft/lyr of surplus water in storage that is
available for sale to industrial users such as
oil shale developers. Consequently, there is
more than enough water available within the
basin to provide for projected growth. It is un-
likely that any new reservoirs will be needed.

Oil shale development would have a great-
er effect on the White River basin. With a 1-
million-bbl/d industry, depletions would ap-
proach 200,000 acre-ft/yr by 2000. About 60
percent would be used for oil shale. These de-
pletions would strain the water resources of
the White River because its total annual flow
at the boundary of the basin is only about
568,000 acre-ft/yr, 61 percent of which oc-
curs between April and July. Although sever-
a oil shale plants could be supplied from ex-
isting resources, new reservoirs would be
needed and river flows would be substantial-
ly reduced.

According to DNR, only about 6,000 acre-
ft/yr could be obtained from streams within
the Piceance basin because of their low
streamflows. A [-million-bbl/d industry would
require an additional direct-flow diversion of
4,500 acre-ft/yr from the White River below

Table 81 .-~Water Requirements by Hydrologic Subbasin for a 1-Million-bbl/d Industry in 2000

Water for conventional

QOil shale industry

Increase due to

Subbasin uses, acre-ft/yr®

Oil capacity bbl/d

Water acre-ftlyr’  Total water acre-ftiyr 011 shale, percent

White River, Colo. and Utah 80,000 700,000 119,000 199,000 149

Colorado mainstem, Colo. . 1,220,000 250,000 42,500 1,262,500 35

Green River, Wyo. 482,000 50,000 8,500 490,500 18
Total. Y 1,782,000 1,000,000 170,000 1,952,000 9.5

aconventional uses nclude’thermalpower agriculture wildlife and recrealion, minerals municipaland indusfrialand exporfs EstimatesTor the Colorado Depariment of Nafural Resources medium growth

rate scenario
bBased 0n8500a,.ft/yrforproduction of 50000 bbl/d Of shale 011 syncrude

SOURCE Off Ice of Technology Assessment
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Meeker, a reservoir with an active capacity
of 60,000 acre-ft on the south fork of the
White River in Colorado, and a 120,000-acre-
ft reservoir on the White River mainstem in
Utah. An industry of more than 2 million bbl/d
would require these facilities plus a 35,000-
acre-ft reservoir on the White River main-
stem between Meeker and Piceance Creek, a
total of 35,000 acre-ft of active capacity in
several smaller reservoirs along ephemeral
streams in the Piceance basin, and a reser-
voir of about 10,000 acre-ft/yr along Piceance
Creek. All reservoirs would store spring
runoff. Water from the White River would be
pumped to the reservoirs in the Piceance ba-
sin during the rest of the year.

Within the Colorado mainstem basin, oil
shale development would increase water de-
pletions only slightly. However, large water
demands would be imposed by the growth
rates projected for other uses, especialy irri-
gated agriculture. Reservoirs may be needed
to supply both irrigation and oil shale devel-
opment. DNR considered four siting schemes
for reservoirs in this basin.

In the first scheme, reservoirs would be
built at high elevations along tributaries like
the Roaring Fork and Eagle Rivers. Spring-
time runoff would be trapped for release over
the dry months. The released water would be
recovered from the Colorado River below Ri-
fle and pumped to the oil shale plants. The
only appreciable inflows to the reservoirs
would occur in the spring and large active ca-
pacities would be needed to sustain outflows
during the dry seasons. Total capacities
might exceed 50,000 acre-ft for a I-million-
bbl/d industry.

The second scheme aso involves reservoirs
on upstream tributaries but at lower eleva-
tions to permit capture of agricultural return
flows and of water from secondary streams.
A total storage capacity of 30,000 to 50,000

acre-ft would be needed. The third scheme in-
volves direct flow diversions from the Colo-
rado River below Rifle, in conjunction with
reservoirs on the Colorado mainstem or in
side canyons in the Piceance basin. A I-mil-
lion-bbl/d industry could be supplied with a
30,000-acre-ft/yr diversion and a 15,000-
acre-ft reservoir. The reservoir could be lo-
cated in a dry canyon because it would be
supplied with pumped water from the Colora
do mainstem and would not rely on local
stream flows.

In the fourth scheme, 50,000 acre-ft/yr of
surplus water would be purchased from ex-
isting USBR reservoirs (such as Reudi Reser-
voir) and pumped to the oil shale facilities.
This would supply al of the water required
for that portion of a I-million-bbl/d industry
projected for the Colorado mainstem basin.
Larger levels of production could be sup-
ported by any of the other three schemes,
with reduced storage and diversion require-
ments.

In summary, new storage requirements for
a |-million-bbl/d industry could range from
180,000 acre-ft, with reservoirs in the White
River basin and no storage in the Colorado
mainstem basin, to about 230,000 acre-ft for
storage in both basins. The maximum storage
requirements would be encountered if high-
altitude reservoirs were built. Less storage
would be needed if most water was obtained
by direct diversions from the mainstem riv-
ers. The additional reservoirs would increase
reservoir capacity in the Upper Basin by
about 0.6 percent. Evaporative losses from
the new reservoirs should also be charged
against the industry. Their precise magnitude
would depend on the characteristics of the
new reservoirs and their sites, but should add
only a small percentage to each shale plant’s
annual water requirements.
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Water Acquisition Strategies and Their Costs

The following strategies could be used
either alone or in combination to supplv
water to oil shale facilities:

. perfection of conditional water right de-
crees,

. purchase of surplus water from Federal
reservoirs,

. purchase of water supplies and water
rights from irrigated agriculture,

ground water development, and
. Interbasin diversions.

A brief discussion of each strategy and its
associated costs follows. Constraints and im-
pacts are discussed later.

Perfection of Developer Water Rights

Description

Most potential oil shale developers have al-
ready acquired water rights. Some were ob-
tained by direct filings through the prior ap-
propriation system. These are now in the
form of conditional decrees both for storage
and for direct-flow diversions. Exact yields
are not available because they are consid-
ered proprietary information by the compa-
nies. The rights are believed to be large but
relatively junior. The oldest was acquired in
1949.

Other rights were purchased from irri-
gated agriculture. Most of these are relative-
ly senior absolute rights that were perfected
by the seller. To avoid a declaration of aban-
donment, some developers have allowed the
sellers to continue to use the water for farm-
ing. Little information is available regarding
the potential yields of these rights. However,
total historic consumption, which would de-
termine the quantities of water that could be
transferred to oil shale development, could be
as low as 10,000 to 20,000 acre-ft/yr.”

An idea of the extent of developers rights
can be gotten by examining their water posi-
tions in 1968.” Conditional storage rights held

by some potential developers at that time are
tabulated below:

Developer Storage rights, acre-ft

EXXON , .., ..o oo 122,000

Mobil .., . ... ... .., 66,000

Getty C_)iI .............. 53,000

Snclair.............. , 51,500

Tosco S O R 34,600
Total, ...,.......... 327,100

These companies also owned conditional de-
crees to over 1 million acre-ft/yr of direct-
flow diversions from the Colorado and White
Rivers and their tributaries. Substantial
rights were also held for ground water. Supe-
rior Oil, for example, held conditiona de-
crees to over 2,400 acre-ft/yr of ground water
in the Piceance basin.

The rights of the limited sampling of com-
panies shown above could support an indus-
try of nearly 8 million bbl/d and would be suf-
ficient for the shale oil production levels pro-
jected for the near term.

Developers who do not presently own
rights could file for new ones. In general, this
option is considered undesirable because the
guantity of water covered by rights issued to
date already exceeds the resources of the
river system. Any new rights would be junior
to those of all other users and therefore the
most likely for curtailment during water
shortages.

Filing for new rights might be feasible for
near-term development, however, because of
the improbability that al of the water cov-
ered by present conditional decrees will be
put to use for severa decades. The long-term
feasibility of this strategy is highly uncertain
because supply curtailments will become
more likely as regional growth proceeds. To
assure supplies in the long term, new filings
would have to be merged with other strate-
gies.
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costs

The costs of acquiring these kinds of rights
are negligible, comprising only legal fees for
recording the water claim, and for pursuing
any resultant litigation, and small annual in-
vestments to demonstrate due diligence. The
costs incurred by developers when they pur-
chased their current irrigation rights are
unknown but were probably small. There-
fore, the costs of water supplies obtained
through the prior appropriation system com-
prise only the costs of transporting the water
from the diversion point to the oil shale site,
Transportation costs are discussed later with
respect to intrabasin diversions.

Purchase of Surplus Water From
Federal Reservoirs

Description

Oil shale developers could also purchase
surplus water from reservoirs operated by
USBR and other entities. Various amounts of
water are presently available from existing
reservoirs in the oil shale area. As noted
previously, the Flaming Gorge and Fontenelle
Reservoirs in the Green River basin have suf-
ficient surplus water for much more shale ail
production than is likely to occur in the basin
in the near term. This water is not being used
for any purpose and could be made available
to oil shale developers.

In the basins of the White River and the
Colorado River mainstem, surplus water in

storage is adequate for initial development.
For example, Green Mountain and Reudi Res-
ervoirs in the Colorado mainstem basin could
supply about 100,000 acre-ft of surplus
water, which would be sufficient for nearly
600,000 bbl/d of shale oil production. How-
ever, existing reservoirs could not support a
larger industry unless other users were par-
tially curtailed. Therefore, new reservoirs
would have to be built. New pipelines would
also be needed in al three basins to divert
water to the oil shale plants.

costs

Reservoir construction costs are highly
site-specific and are reflected in the charges
for purchased water. These charges vary
widely from reservoir to reservoir. Although
charges for existing reservoirs are known,
only rough estimates are available for new
reservoirs,

Some examples of long-term contracts for
water from existing USBR reservoirs are
shown in table 82. As shown, charges in the
late 1960's were from $7 to $11/acre-ft while
previous charges were less than $l/acre-ft.
The highest charge, $22.54/acre-ft in 1972, is
for a small diversion from the Emery County
reservoir. Because future contracts will be
negotiated individually, water costs cannot
be accurately predicted, although it seems
unlikely that they would be much higher than
$25/acre-ft.

Table 82.-Examples of the Charges for Purchasing Surplus Surface Water From U.S. Bureau of Reclamation Reservoirs

Year of Quantity of Unit cost,
Project/reservoir River basin Purchaser contract diversion, acre-ft/yr $/acre-ft
Seedskadee/Fontenelle Green State of Wyoming 1962 60,000 $0.40
Seedskadee/Fontenelle Green State of Wyoming 1974 60,000 500
Emery County Central Utah Utah Power & Light and others 1972 6,000 2254
Glen Canyon/Lake Powell Colorado Resources Co and others 1969 102,000 7.00
Glen Canyon/Lake Powell Colorado Salt River project 1969 40,000 7.00
Navajo San Juan New Mexico Public Service 1968 20,200 700
Navajo San Juan Utah International 1968 44,000 700
Navajo San Juan Southern Union Gas Co. 1968 7.00
Missouri River/Bighorn and Boysen  Yellowstone Various 1967-71 658.000; 11,00
Boulder Canyon/Lake Mead Lower Colorado Colorado River Commission 1966 30,000 050

SOURCE R F Probstein H Gold and R E Hicks Water Requirements Poliution Effects and Costs af Water Supply andTreatment for the Oii Shaie Industry eport prepared for OTA by Water Punfication

Associates  October 1979
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Some cost estimates for new reservoirs in
Western Colorado are summarized in table
83. Unit construction costs in 1979 dollars
vary from $120 to $740/acre-ft of storage
capacity. To obtain estimates of water costs
from these reservoirs, assumptions must be
made about financing methods and operating
characteristics of the reservoirs. A rough
estimate can be made if it is assumed that
storage and delivery capacities are equal,
and 10 percent of construction costs are
charged to water purchasers per year. Then
the charges for the water would range from
about $10 to about $75/acre-ft, which is sub-
stantially higher than costs from existing res-
ervoirs.

Table 83.-Estimated Construction Costs for Proposed
Reservoirs Within the Colorado River Water Conservation District

Storage Unit capital

capacity, Construction costs,

acre-ft costs, million$ $/acre-ft
Haypark ,, 20,000 $60 $300
A z u r e 30,000 114 380
Toponas, .,...,.. ., 18,000 33 180
Ilron Mountain, 60,000 289 480
Yoeman Park . ~ ~ ~ ~ 7,000 49 740
Bear Wallow. . 49,000 119 240
Kendig, ., . . . -~ 15,000 5.0 320
Una. . . . . . 196,000 363 190
Yamcolo ; 9,000 5.8 640
Bear, . 12,000 30 260
Grouse Mountain. 79,000 9.2 120
Rampart. . 12,000 4,0 350
California Park 37,000 52 140
Rangely ..,, .,, , 55,000 112 200
Dunkley. . . . . 57,000 13,2 230
Pothook 60,000 85 140

SOURCE R F Probstein H Gold and R E Hicks Wafer Requirements Pollution Effects, and
Costs of Water Supply and Treatment for the Oii Shate Industry report prepared for OTA
by Water Purification Associates October t979

Purchase of Irrigation Rights

Description

Most oil shale developers have indicated
that they plan no further purchases of irriga
tion rights. However, the strategy warrants
discussion because large quantities of water
are currently consumed by farming and the
water laws allow rights to be transferred
from willing sellers to willing buyers.

The feasibility of using irrigation rights for
oil shale development is site specific and
depends on their cost in comparison with
other strategies, the proximity of irrigation
diversions to potential plantsites, and the
seasonal nature of irrigation rights. Transfer
is unlikely in the Green River basin, for exam-
ple, because adequate and inexpensive water
appears to be available from existing Federal
reservoirs. On the other hand, it could occur
in the White River and the Colorado main-
stem basins because of the limitations of ex-
isting storage capacity.

In the White River basin, irrigated agricul-
ture consumes about 37,000 acre-ft/yr, This
amount of water could supply a 250,000-bbl/d
oil shale industry. If this water were trans-
ferred to oil shale, additional storage would
probably be needed because of the seasonal
nature of irrigation rights. These rights
generaly rely on direct diversions from a
river, and river flows might not be sufficient
during dry seasons to satisfy the oil shale
water requirement.

In the basin of the Colorado River main-
stem, irrigated agriculture currently con-
sumes about 430,000 acre-ft/yr, which is
much more than would be required for any
projected level of oil shale development. Pur-
chase of irrigation rights would reduce, but
probably not eliminate, the need for new stor-
age capacity. Irrigation water from the Col-
orado mainstem could also be diverted to ail
shale facilities in the White River basin, thus
reducing the need for new storage in that
basin. Some new interim storage would be
needed near the plantsites. In any case, new
pipelines would be needed to transport water
from current diversion points to the oil shale
facilities.

costs

I't isimportant to distinguish between the
purchase of a specific quantity of water for
use in a given year and the purchase of a
water right that would authorize use in al
future years. In recent years, the cost in Col-
orado of purchasing irrigation water for one
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year's use has ranged from about $10 to
$25/acre-ft, which is similar to the costs of
purchasing water from existing Federal res-
ervoirs.® The cost of purchasing a water
right for use in perpetuity, however, could
range from $1,000 to $2,500 for each acre-
ft/yr covered by the right.” If capital to pur-
chase the right were borrowed at lo-percent
interest, annual costs might range from $100
to $250/acre-ft. These costs are substantially
higher than current prices for single-year
diversions. The reason is that most farming
could not be conducted without irrigation.
Selling water rights essentially puts a farmer
out of business.

Ground Water Development

Description

Ground water aquifers could be feasible
water sources for oil shale development if
they are favorably located relative to plant-
sites, if the water quality is suitable for in-
dustrial applications, and if physical char-
acteristics (such as burial depth, storage
volume, and discharge rates) are advanta-
geous. Although knowledge is incomplete, ex-
isting data suggest that selected aquifers in
the Upper Basin are worthy of consideration
for some, if not all, potential oil shale
facilities.

In the Piceance basin, for example, up to
25 million acre-ft is estimated to be stored in
two major bedrock aquifers that are sepa
rated by rich oil shale beds. This resource is
currently being used in limited amounts for
livestock watering, for irrigated agriculture,
and for localized domestic consumption. The
water is generaly high in dissolved solids and
fluoride. For this reason, its use for conven-
tional purposes will probably not increase. It
is likely that an oil shale industry would be
the only large-scale application for which this
ground water would be suitable. * With prop-

*Water in the upper aquifer generally contains less than
2,000 mg/l of dissolved solids, while in the lower aquifer these
may range from 1,000 to 63,000 mg/l. The fluoride content is
typically from 10 to 70 mg/l. Federa drinking water standards
recommend a dissolved solids limit of 500 mg/landa fluoride
content of less than 1.0 mg/l.

er pretreatment, much of it could be up-
graded for such use. If this were done to the
fullest extent, the aquifers could supply a 1-
million-bbl/d shale oil industry for from 200 to
500 years, depending on the processing tech-
nologies used.

Less is known about ground water in the
White River basin in Colorado and Utah and
about Utah's water resources in general. It is
known that the Uinta basin contains large ar-
tesian aquifers, one of which discharges in
the vicinity of Federal lease tracts U-a and
U-b. The water is not potable but could be
treated for use in oil shale processing.

Because bedrock aquifers in the Piceance
and Uinta basins often coincide with minable
oil shale zones, ground water will be an im-
portant consideration in most development
plans. Even if ground water is not intentional-
ly developed for use as process water, it will
be produced on most tracts during mine de-
watering and the preparation of in situ re-
torts. In many locations, the water could sat-
isfy al processing needs, In some areas, an
excess will be produced that will have to be
disposed of through evaporation, by reinjec-
tion, or by discharge to surface streams. Puri-
fying excess ground water to discharge
standards could be costly.

In the Piceance and Uinta basins, yields
from test wells vary with location from less
than 1,000 to over 4,000 acre-ft/yr. Two to
four of these wells would be sufficient to sat-
isfy the needs of an oil shale plant producing
50,000 bbl/d by directly heated AGR. Several
additional wells would probably be drilled to
provide backup capacity.

costs

The cost of ground water development will
vary with site, with water quality, and with
the water management program of the devel-
oper. In a recent study the geohydrologic
characteristics of three wellsites in the
Piceance basin were analyzed, and estimates
were prepared of drilling capital and pump-
ing costs.”For two of the sites, which had
prolific water-bearing zones extending to
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about 1,000 ft below the surface, a minimum
cost of about $30/acre-ft was estimated for
delivery of 1,500 to 4,000 acre-ft/yr. The third
site contained much less permeable rocks,
which reduced maximum flows and thus in-
creased costs. The estimate of the maximum
flow from this well was 700 to 900 acre-ft/yr,
with a minimum cost of about $90/acre-ft. In
the DNR study, water costs from a well yield-
ing 3,000 acre-ft/yr from a depth of 500 ft
were estimated to be $22 to $30/acre-ft. *
Another estimate is about $55/acre-ft for a
1,000-ft well yielding 1,500 acre-ft/yr. *

The costs of well drilling and pumping
could, therefore, range from $20 to $60/acre-
ft, assuming that aquifers occur at reason-
able depths and in reasonably permeable for-
mations. These costs are comparable to those
for surface water. Ground water could offer
a maor economic advantage in that wells
could be located near the oil shale facilities,
thus avoiding transportation costs. On the
other hand, the poor quality of some ground
water would necessitate costly purification.

Water from some aquifers is highly saline
or brackish. It would not need to be purified
for use in dust control and spent shale com-
paction, but would have to be for use as boiler
feedwater or cooling water. Purification can
be quite costly. For example, treating brack-
ish water to cooling water standards can cost
from $200 to $300/acre-ft,”and treatment to
boiler feedwater standards can cost from
$650 to $ 1,000/acre-ft. * These high treatment
costs would not be needed for all of a plant’s
water supply, because some requirements
could be satisfied with water of any quality.
If the overal water management plan of an
AGR facility is considered, a brackish ground
water supply would add about $250 to $530/
acre-ft to the costs of water acquisition.

Thus, the overall costs of ground water de-
velopment and use could range from $20 to
$600/acre-ft/yr. The lower estimate corre-
sponds to a high-quality ground water from
permeable rocks at reasonable depths. The
higher estimate corresponds to brackish wa-
ter from relatively impermeable formations.

Interbasin Diversions

Description

Interbasin diversions move water from one
major hydrologic basin to another. Exports
from the Upper Basin to the cities of Col-
orado’s Front Range Urban Corridor (Denver,
Colorado Springs, etc. ) are examples of inter-
basin diversions. Diversions could also be
used in the future to increase overall water
availability in the Upper Basin by relocating
water from other major basins such as the
Columbia River Basin or the Upper Missouri
River basin.* As an illustration, diverting 1
percent of the net water supply of the State of
Washington in the Columbia River Basin
would provide 2 million acre-ft/yr of addi-
tional water to the oil shale area, an amount
equal to two-thirds of the present water con-
sumption in all of the Upper Basin States.

costs

Costs of interbasin diversions vary with
pipeline construction and pumping costs,
which in turn depend on the route, diameter,
and length of the pipelines; on the number
and capacity of pumping substations; and on
the cost of purchased power for the pumps.
These costs are highly project-specific, but, in
general, decrease with pipeline throughput
and increase with distance. Variations in unit
costs can be illustrated by considering two
aternate pipelines;, one providing water to a
single oil shale plant and the other supplying
water to an entire industry. An oil shale plant
producing 50,000 bbl/d by directly heated
surface retorting would consume about 6,000
acre-ft/yr of water. This quantity could be
transported to the site in an 18-inch-diameter
pipe at a unit cost of about $12/acre-f t/mile.
In comparison, about 240,000 acre-ft could be
conveyed through a 90-inch-diameter pipeline
at aunit cost of $1 .90/acre-ft/mile.”

*Under the CRP Act, the Secretary of the Interior was re-
quired not to undertake reconnaissance studies of any plan for
the importation of water into the Colorado River Basin until
1978. The Reclamation Safety of Dams Act of 1978 extended

this moratorium until Nov. 2, 1988. Thus. no water imports
from other major basins will be alowed until well after 1988,
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Four options illustrate typical distances
and costs that might be encountered with in-
terbasin diversion for a large oil shale in-
dustry. One option would be to bring water to
the White River basin from the Oahe Reser-
voir on the mainstem of the Missouri River in
South Dakota. The distance would be 500 to
600 miles, and the unit costs would be $950 to
$1,150/acre-ft. A second alternative would be
to transport water from the Missouri River at
Kansas City to the John Redmond Reservoir in
Kansas, then to Denver, and finally over the
Rocky Mountains to the White River basin.”
The pipeline would be about 700 miles long,
and the unit transportation cost about
$1,130/acre-ft. A third option would be to
transport water about 800 miles from the Co-
lumbia River Basin to the White River basin.
Unit costs would be about $1,520/acre-ft. A
fourth possibility would be to divert water to
the White River area from the Yellowstone
River, a distance of approximately 400 miles,
This would cost about $750/acre-ft,

In summary, interbasin transfers for a
large industry would require 400- to 800-mile-
long pipelines and would entail unit costs of
$750 to $1,500/acre-ft. Exact costs vary wide-
ly but are, in general, quite high. To these
costs must be added the purchase price of the
water that is moved through the pipeline.

Intrabasin Diversions

Description

The total cost of a water supply includes
the cost of acquiring the water and the cost of
moving it to the oil shale facility. As indicated
above, transportation costs can outweigh ac-
quisition costs if the facility is far from the
water source. The costs of transporting
water acquired in the oil shale area will aso
be high, athough less than for transfers from
other major basins. The following discussion
describes some of the typical intrabasin di-
versions that could occur within the oil shale
region, and estimates the costs of moving
water through such diversion systems. This
cost can then be added to the purchase price

£3-898 0 -~ 80 - 26

of the water to obtain the overall cost of
developing a given water supply.

Intrabasin diversions redistribute water
within a major hydrologic basin such as the
Upper Basin, They include transfers between
individual subbasins such as the basins of the
Green River, the Colorado River mainstem,
and the White River. Intrabasin diversions
are not an acquisition strategy, but are a
method for relocating acquired water to oil
shale plants. Except for selected tracts using
ground water and for the few oil shale plants
built very close to major tributaries, new in-
trabasin diversions will be needed.

Intrabasin diversions would not reduce the
strain on the resources of the Colorado River
system. They would simply redistribute water
among individual subbasins. They could be
used, for example, to augment the sparse nat-
ural flows of the White River with surplus
surface water from the Colorado River main-
stem. They could also be used to transport
stored surplus water from Federal reservoirs
in the Green River basin to developments
aong the White River or the Colorado River
mainstem. Such diversions would be required
regardless of whether the oil shale water sup-
plies are obtained from new or from existing
reservoirs,

costs

The costs of transporting water by an in-
trabasin diversion pipeline will depend on the
fees charged by the supplying reservoir and
the costs of building and operating the pipe-
line between the reservoir and the plantsite.
Some USBR estimates of the unit costs of se-
lected intrabasin diversion projects are sum-
marized in table 84. Reservoir charges and
operating costs for the pipeline are esti-
mated, but not the costs of acquiring the
water that is moved through the pipeline, Sev-
eral types of supply systems and flow rates
are shown, and both existing and new reser-
voirs are considered. The range of unit trans-
portation costs is from $70 to $550/acre-ft. If
the highest and lowest are excluded, the
range is reduced to from $180 to $440/acre-ft.
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Table 84.-Summary of Cost Estimates for Intrabasin Diversions Within the Oil Shale Area

Unit transportation cost,

Data source Type of reservoir Destination Flow volume, acre-ftlyr $lacre-ft
USBR’® New Tract C-a 57,000 $240-390
USBR New Tract C-b 18,000 260-280
USBR New Tracts C-a and C-b 75,000 240-440
USBR Existing Tracts C-a and C-b 75,000 310-350
USBR New Tracts U-a and U-b 8,000 280-400
USBR New Tracts U-a and U-b 36,000 70-160
USBR Existing Tracts U-a and U-b 36,000 190-230
USBR New Tracts C-a, C-b, U-a, and U-b 111,000 180
DNR’ Existing Green River basin 14,000 280
30,000 260
DNR New Colorado River mainstem basin 29,000 550
84,000 400
DNR New White River basin 141,000 380
240,000 360

a4y S Bureau of Reclamation Alternative Water Sources for Prototype Oil Shale Development Salt Lake City Utah September 1974
UColorado Department of Natural Resources Upper Colorado River Basin Section 13(a) Assessment AReporttothe U S Water Resources Council (Draft) August 1979

SOURCE Office of Technology Assessment

Summary of Supply Costs

Estimates of the costs of supplying indus-
trial-quality water to oil shale sites by means
of the several acquisition and transportation
strategies discussed previously are summa-
rized in table 85. The strategy costs include
the costs of purchasing the water, of trans-
porting it from the point of acquisition to the
point of use, and of treating it for use in the
facilities. The estimates are approximate.
They were derived using the following as-
sumptions:

. All surface water acquired in the oil
shale region is transported over substan-
tial distances through intrabasin pipe-

+ Water for interbasin diversions is pur-
chased at a cost of $25/acre-ft.

+ Surface water is of good quality and
does not require substantial purification
prior to use.

« Ground water quality is variable. Only
brackish ground water must be treated
prior to use.

« All ground water is developed in the im-
mediate vicinity of the oil shale plants.
Pipelines to points of use are of insignifi-
cant length.

* Surplus water from existing reservoirs
costs $25/acre-ft. Water from new reser-
voirs costs $100/acre-ft.

The lowest cost strategy is the development

lines. of good quality ground water. Unit costs
Table 85.-Summary of Approximate Water Supply Costs for Several Acquisition Strategies
Component cost, $/acre-ft Strategy costs

Strategy Purchase Transportation Treatment $/acre-ft $/bbl of oil*
Perfection of conditional decrees . . . . . . nil $180-440 nil $180-440 $0.09-0.23
Purchase from existing Federal reservoirs ... $25 180-440 nil 205-465 0.11-0.24
Purchase from new Federal reservoirs, ., ., 100 180-440 nil 280-540 0.14-0,28
Purchase of senior Irrigation rights ., ., 100-250 180-440 nil 280-690 0.14-0,36
High-quahty ground water . . 20-60 nil nil 20-60 nil-0.03

Brackish ground water . . . . . . . . . . 20-60 nil $250-530 270-590 0.14-0.30
Interbasin diversions . " 25 750-1,500 nil 775-1,525 0.40-0,79

‘Assumes that 8500 acre-ft/yr 1sconsumed per 50,000-bbl/d Plant

SOURCE R F Probslem H Gold and R E Hicks, Waler Requirements Po/fu(lorr Ellecls, and Cos(s of Wafer .SWiply arrd Trealmerrf for fhe 0/ Sira/e induslry report prepared for OTA by Water Purification

Associates Oclober 1979
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range from essentially zero to about $0.03/bbl
of oil. The perfection of conditiona water de-
crees is more costly, with unit costs ranging
from $0.09 to $0.2/bbl of ail. It is comparable
to purchasing surplus water from existing
Federal reservoirs. Purchasing water from
new Federal reservoirs is comparable in cost
to developing brackish ground water—about
$0.14 to $0.28/bbl of oil. Water obtained by
purchasing senior irrigation rights costs a lit-
tle more. Interbasin diversions are by far the
most expensive, with unit costs from $0.40 to

$0.79.The higher unit cost for interbasin di-
versions was calculated under the assump-
tion that water would be transported for 800
miles from the Columbia River Basin.

Except for interbasin diversions, the costs
of water supplies range from essentially zero
to about $0.36/bbl of upgraded shale oil. Such
water costs, which would have seemed unat-
tractively high in the early 1970's when oil
prices were about $3.00/bbl, are less conse-
guential with current oil prices.

Legal and Institutional Considerations

The previous sections evaluated the physi-
cal and economic requirements of several
water supply strategies. The feasibility of any
of them also depends on a number of legal
and institutional factors, some of which are
examined below.

The Law of the River

As discussed previously, water develop-
ment in the Upper Basin will be constrained
by the following factors:

. The operating criteria for Federal reser-
voirs in the Upper Basin, which require
a minimum discharge of 8.23 million
acre-ft/lyr from Lake Powell.

. The Upper Colorado River Basin Com-
pact of 1948, which limits the percent-
age of total Upper Basin depletions that
can be consumed by each State.

Different assumptions about virgin flow, re-
gional growth rates, processing technologies,
and plantsites can lead to widely different
projections of the maximum size of the oil
shale industry that could be supplied by sur-
plus surface water in 2000. Assuming 13.8-
million-acre-ft/yr virgin flow, medium growth
rates, and an industry with an average water
requirement of 8,500 acre-ft/yr per plant, the
limit appears to be about 2 million bbl/d.

This estimate assumes that the States in
the Upper Basin concur with the constraints

identified above. This is a questionable as-
sumption because several aspects of the law
of the river are in direct conflict and not all
have been accepted by the States, particular-
ly in the Upper Basin. For example, the Col-
orado River Compact of 1922 assured deliv-
ery of 7.5 million acre-ft/yr to both the Upper
and Lower Basins. This would be possible
with virgin flows of at least 15 million acre-
ft/yr; it would not be possible with the lower
flows that have prevailed since 1930. The de-
livery obligation of the Mexican Water Trea-
ty of 1944-45 is another source of conflict.
The treaty has not been a constraint on the
Upper Basin States because of their low
water demands in the past. However, it could
significantly affect future development pro-
grams. If the obligation were imposed on the
Upper Basin under the percentage formula of
the Upper Colorado River Compact of 1948,
Colorado’'s share would be 388,000 acre-ft/yr,
Utah's 173,000 acre-ft/yr, and Wyoming's
10 105,000 acre-ft/yr. If the Upper Basin States
were able to avoid the obligations through liti-
gation, much higher levels of regional growth
and energy development would be possible.

The States may choose to follow this path.
For example, Colorado Governor Richard
Lamm maintains that Colorado and the other
Upper Basin States are not responsible for
satisfying the Mexican treaty obligation.*
The director of the Colorado Water Conserva
tion Board describes the State's position as
follows:”
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There has been a considerable amount of
study, together with a considerable amount
of speculation, concerning the amount of
water which is still available to the State of
Colorado under the terms of the Colorado
River Compact and the Upper Colorado River
Basin Compact. The problem with any study
is that no one can actually define the precise
amount of water to which Colorado is en-
titled under the terms of the compacts. In ad-
dition to existing uncertainties concerning
the compacts, the Mexican Treaty of 1944
further complicates any water supply study.
There are some basic disagreements among
the various states of the Colorado River Ba-
sin as to the obligation of each State for the
release of water to satisfy the Mexican Trea-
ty. At some future time it appears likely that
these differences will be taken to the United
States Supreme Court for resolution.

Analysis of the legal position of the States in
this controversial matter is beyond the scope
of this assessment. It is possible, as the above
citation implies, that resistance to supply
obligations could be directed at the Mexican
treaty itself. However, because the treaty is a
national commitment, it is more likely that
resistance will be manifested against the
operating criteria for Federal reservoirs in
the Upper Basin. These criteria have been im-
plemented by DOI through requirements for
minimum annual discharges from Lake Pow-
ell. The 823 -million-acre-f ft/yr discharge re-
quirement incorporates both the Lower Basin
alocation of 7.5 million acre-ft/yr and the Up-
per Basin’'s share of the Mexican obligation.
The Upper Basin States do not agree with the
operating criteria. **

The Doctrine of Prior Appropriation

As stated earlier, most of the water rights
held by potential oil shale developers are
either conditional decrees, which are large in
qguantity but junior in date of appropriation,
or absolute irrigation rights, which are small
but senior. Under the appropriation doctrine,
only the irrigation rights would provide
secure water supplies. They would be limited
to about 10,000 to 20,000 acre-ft/yr. If the
more junior decrees were perfected, they

could be curtailed during dry periods to pro-
vide water to more senior users, with severe
economic repercussions unless sufficient
water storage had previously been con-
structed. Any new rights obtained through
the prior appropriation system would be ex-
tremely junior and even more susceptible to
curtailment. Any large-scale use of ground
water for oil shale development would have
to protect the water rights of senior surface
water users.

Thus, the prior appropriation doctrine re-
duces the attractiveness of developing water
supplies through perfection of existing or fu-
ture conditional decrees. Given the con-
straints of the appropriation system, it ap-
pears that the most reliable strategies would
be additional purchase of highly senior irriga
tion rights, purchase of surplus surface wa-
ter from reservoirs, ground water develop-
ment in selected areas, or interbasin diver-
sions.

Federal Reserved Rights Doctrine

Under this doctrine, water has been set
aside for use on Federal lands, but the
amounts of water affected have not yet been
qguantified. An important aspect of the doc-
trine is that Federal rights, when perfected,
will be senior to most others. Any more junior
user will face curtailment in times of water
shortage. The doctrine is an example of the
constraints imposed by prior appropriation.

The doctrine would affect any acquisition
strategy that relied on flows originating
within the Upper Basin. The only strategies
that would avoid the doctrine’s constraints
would be the development of nontributary
ground water, interbasin transfers specifi-
cally for use in oil shae facilities, or the pur-
chase of irrigation rights that are senior to
the Federal rights. The latter would be dif-
ficult because many of the potential Federal
rights date back to the late 19th century.

It is possible, although uncertain, that the
Federal reserved rights could be used to
assist oil shale development. Because the
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Supreme Court has decided that the affected
water may only be used to further the pur-
poses for which a reservation was estab-
lished, it appears that the only relevant rights
would be those that might be claimed for the
Naval Oil Shale Reserves in Colorado and
Utah. These reserves were established in the
1920's and the rights, if they could be imple-
mented, would be quite senior. However, the
legal position of the rights in Colorado is com-
plicated because the reserves do not border
on the Colorado River and they contain little
ground water. The Government has indicated
that it intends to claim water for the Colorado
reserves; the claim is in the early stages of
litigation by the State,

Environmental Legislation

There are a number of environmental laws
which do not directly restrict water use but
which could affect the siting of facilities, the
scale of operation, and particular water ac-
quisition strategies, It is difficult to predict
their effects on development of water re-
sources in the oil shale region, but it is impor-
tant to note their existence and to recognize
that they could be of considerable conse-
guence. Included are the following laws:

« The Fish and Wildlife Coordination Act.
This Act required that all Federal agen-
cies which direct, impound, or modify
water bodies must consult with USFWS.
Plans for water resource development
are reviewed by the Service to assure
that they include appropriate protective
measures for fish and wildlife.

« The Endangered Species Act, Under this
Act, Federal agencies are to conserve
threatened or endangered species. In
the Upper Basin there are species of en-
dangered fish—the humpback chub and
the Colorado River squawfish—which
might influence the siting of reservoirs
for energy development.

« The National Wild and Scenic Rivers
Act. This Act is designed to preserve
portions of selected streams in a natural
state. The addition of any streams in the

Upper Basin to this system might affect
their future use for energy development,

« The Wilderness Act. This Act estab-
lishes a National Wilderness Preser-
vation System composed of federally
owned wilderness areas as designated
by Congress. The Act aso stipulates the
conditions under which reservoirs and
other facilities can be built within these
areas. As a consequence of this Act, res-
ervoirs and other water facilities needed
for energy development might be re-
stricted in certain areas.

These laws should not reduce the availabil-
ity of water within the Green River hydrologic
basin because there are presently no known
endangered species or designated water
areas within this basin. Furthermore, flows
of the Green River will be insignificantly af-
fected by the projected levels of shale oil pro-
duction.

In contrast, environmental legislation
could constrain oil shale development in the
White River basin. High levels of shale oil
production are projected for this basin, and
the associated water requirements could sig-
nificantly reduce river flows. Furthermore,
the Colorado River squawfish, a federally
designated rare and endangered species, is
known to inhabit the lower portions of the
White River. In addition, the Flat Tops Wil-
derness area, an existing Federal wilderness,
includes portions of the headwaters of the
north and south forks of the White River. Flat
Tops could affect oil shale development in
that reservoirs and other structures would
not be permitted within the wilderness area,
except under presidential approval.

Water availability within the basin of the
Upper Colorado mainstem might be affected
by the Endangered Species Act, the Wilder-
ness Act, and the National Wild and Scenic
Rivers Act. The Colorado River squawfish in-
habits the Colorado River from the back-
waters of Lake Powell upstream to the con-
fluence of Plateau Creek. The humpback chub
is found in the Colorado mainstem down-
stream from the Colorado/Utah State line.
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This basin also contains three designated
wilderness areas, and additional areas are
being considered for inclusion in the wilder-
ness system pursuant to the ongoing Roadless
Area Review and Evaluation (RARE I11) re-
view. ' New reservoir storage would probably
not be permitted in these areas. However,
they are in high-elevation watersheds and
thus would probably not contain potential
sites for reservoirs. In addition, several
rivers within this basin are being considered
for wild and scenic designation.

Thus, these environmental laws might af-
fect the siting of storage reservoirs and limit
the amount of water that could be diverted
from certain rivers. Water supply strategies
that require extensive storage, such as the
purchase of irrigation water, could be af-
fected.

Instream Water Flow

Instream flow requirements are legally
considered only in Colorado, where the State
has retained the right to obtain water for
preserving the natural environment to a rea-
sonable degree. Instream rights are subject
to the prior appropriation system, and have
priority over consumptive rights only if they
are more senior in time. The State recognized
instream rights in 1973, and thus these rights
are quite junior and should not impede the
perfection of rights held by oil shale devel-
opers, some of which date back to 1949. How-
ever, if the oil shale industry were to file for
additional surface rights they would be junior
to the instream rights and would have a lower
priority in times of water shortage. Other
water acquisition strategies—such as the
purchase of senior irrigation rights, trans-
basin diversions, and ground water devel-
opment—would not be significantly affected.
The purchase of surplus water from Federal
reservoirs would be affected only if the

*The Forest Service, in its RARE 11 program, is evaluating
over 66 million acres of land to determine their suitability for
designation as wilderness. During the period of initial evalua-
tion and up to final disposition of the wilderness recommenda-
tion by Congress, these lands will be in some form of restrictive
management.

perfection of instream rights reduced the
amount of surplus water available for sale.

On the other hand, minimum flow bypasses
around reservoirs and dams are required for
aquatic life under the Clean Water Act. De-
pending on the interpretation given this Fed-
era statute by the States, the total amount of
surplus surface water could be decreased.

Finally, USFWS is engaged in a study to de-
velop strategies for reserving flows to main-
tain fish and wildlife habitats. Although they
are not yet part of the legal system, such
strategies might ultimately reduce surface
water availability for any type of growth in
the oil shale region.

Interbasin Transfers

Several legal barriers constrain interbasin
transfers of water to the oil shale region. The
Yellowstone River Basin Compact of 1950 (65
Stat. 663) requires approval of Wyoming and
Montana before transfers of Yellowstone
water can occur. Moreover, the Colorado
River Basin Project Act of 1968 (82 Stat. 885)
specifically prohibits the Secretary of the In-
terior from undertaking feasibility studies of
any plan to import water into the Colorado
River Basin until 1978. This moratorium on
water feasibility studies was extended under
the Reclamation Safety of Dams Act (92 Stat.
2471) until November 1988. Thus, until this
moratorium is removed no new imports can
occur.

Salinity Standards

The States within the Colorado River sys-
tem are committed to maintaining salinity at
or below the average 1972 levels in the lower
mainstem of the Colorado River. They have
developed salinity criteria for three points in
the Lower Basin—Hoover Dam, Parker Dam,
and Imperial Dam. The criteria have been ap-
proved by EPA, but are tentative and subject
to revision.

Salinity criteria could constrain oil shale
development because such development has
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been linked, through theoretical calculations,
to salinity increases in the river system. In-
creases could occur through either of two
mechanisms: salt loading (in which saline
wastewaters are discharged from an oil shale
plant) or concentration (in which waters of
higher than average quality are removed
from the Upper Basin tributaries for use in oil
shale processing). Salinity increases from
concentration are discussed in the next sec-
tion of this chapter; those from salt loading
are discussed in chapter 8.

It is possible that salinity criteria could af-
fect oil shale operations if such operations
acted to increase the salinity in the lower
mainstem. If this were the case, acquisition
strategies that increase the total depletions
from the river system would be constrained.
These would include the perfection of surface
water rights and the purchase of stored sur-
face water. Ground water development

would be little affected, and interbasin diver-
sions would not be constrained as long as the
salinity of incoming water was lower than
upstream surface flows within the basin. The
transfer of senior irrigation rights would
probably not be impeded because, as dis-
cussed in chapter 4, irrigation return flows
are the chief man-related source of sdinity in
the Colorado River system. A reduction in
these flows through diversion to oil shale
processing should decrease the salinity of the
lower mainstem.

In summary, the effects of emerging salin-
ity standards cannot be predicted with any
confidence. Certain water acquisition strat-
egies would feel them more than others. They
should not severely affect any strategy if
water released from oil shale sites is treated
to achieve the discharge standards promul-
gated under the Federal Water Pollution Con-
trol Act.

Critical Uncertainties

The previous analyses have calculated that
an oil shale industry of up to 2 million bbl/d
could be supported to the year 2000 by sur-
plus water that is legally available to the oil
shale States. This calculation is based on four
key assumptions:

e The long-term average virgin flow is 13.8
million acre-f ft/yr—the running average
between 1930 and 1974.

¢ The industry continues to use a mix of
mining and processing technologies simi-
lar to that which would be used if pres
ently active and proposed projects were
compl eted.

* Water demand for conventional uses in
the Upper Basin increases at a medium
rate.

* The industry relies solely on surface
water; ground water is not ‘developed.

Following is a discussion of how the indus-
try’s capacity might be affected if other
assumptions were made in these areas. Con-
sideration is also given to the problems of
water availability beyond 2000.

Virgin Flow

As noted, the flows of the Colorado River
vary widely. Estimates of future water avail-
ability have been based on the flows meas-
ured at Lee Ferry after 1930 because earlier
estimates of virgin flow were less accurate.
(Before 1922, flows were not measured at Lee
Ferry; they were estimated from the meas-
ured flows of upstream tributaries. ) How-
ever, it is not clear that the flows encoun-
tered in the past will continue into the future.
The 13.8-million-acre-ft/yr average could sus-
tain a large industry through 2000, but if the
long-term average decreased by 3 percent, to
13.4 million acre-ft/yr, there would be no
surplus surface water available then. Meas-
urements of tree rings in the Colorado River
Basin suggest that the long-term average flow
may be closer to this level than to 13.8 million
acre-ft/yr.*On the other hand, if the flows in-
creased to 14.2 million acre-ft/yr, 3 percent
above the 1930-74 average, there would be
sufficient surplus water in 2000 for a 4-
million-bbl/d industry. The average flow be-
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tween 1906 and 1974 was 15.2 million acre-
ft/lyr. The average between 1922 (when flows
were first measured at Lee Ferry) and 1974
was 14.2 million acre-ft/yr.

Technology Mix

The industry’s actual average water re-
quirement may be substantially higher or
lower than the 8,500 acre-ft/yr per plant that
would result if present trends continued. An
industry based solely on directly heated AGR
would consume only about 4,900 acre-ft/yr
per plant. The amount of surplus surface wa
ter projected for 2000 would be sufficient for
a 3.5-million-bbl/d industry if only this tech-
nology were employed. On the other hand, an
industry of indirectly heated AGR facilities
(at 12,300 acre-ft/yr per plant) could produce
only 1.4 million bbl/d from the same surplus.

Conventional Depletions

Although the medium growth rate for con-
ventional water uses is regarded by the
States as most likely, it is possible that
demands could increase at a much higher or
lower rate. DNR analyzed the effects of low,
medium, and high growth rates. Although the
medium rate would allow an industry of up to
2 million bbl/d, a high rate would reduce the
surplus surface water by 247,000 acre-ft/yr
in 2000. Only a 550,00@ bbl/d industry could
be accommodated. On the other hand, a low
growth rate would increase the surplus by
326,000 acre-ft/yr and would allow an in-
dustry of up to 3.9 million bbl/d.

In any case, surplus water availability is
much less assured after 2000. If the low
growth rate prevails, demand will exceed
supply by 2027, even without an oil shale in-
dustry. With a medium growth rate, the
surplus will disappear by 2013. A high
growth rate will consume the surplus by

2007, again without oil shale development.
The implications of this potential problem for
oil shale are controversial. On the one side it
is argued that possible long-term water short-
ages should preclude the establishment of an
industry. On the other side, it is maintained
that a major industry could function for much
of its economic lifetime without interfering
with other users, and in any case would use
relatively little water. (A [|-million-bbl/d in-
dustry would accelerate the point of critical
water shortage by about 3 years. )

Ground Water Development

If the presently active and proposed proj-
ects were completed, more than 40 percent of
the shale oil production would come from
ground water areas in the central and north-
ern Piceance basin. If additional Federal
leasing were pursued, a much higher percent-
age of the industry’s facilities would be sited
in this area. Ground water will have to be de-
veloped on these sites in order to allow mining
or in situ retorting. The ground water ex-
tracted would have to be reinfected into the
source aquifer, or treated for discharge to
surface streams, or used in the facilities. If it
were used as process water, the need for sur-
face water would be substantially reduced. If
15 percent of the roughly 25 million acre-ft in
the Piceance basin bedrock aquifers were
used for oil shale, it could support a I-million-
bbl/d industry for 20 years. However, this
rate of consumption would exceed the re-
charge rate for the aquifers. Thus, the
ground water levels would decrease and
some of the surface streams that are supplied
by ground water discharge would dry up.
This would have relatively minor economic
ramifications because the rate of ground
water discharge is only about 20,000 acre-
ft/lyr. The environmental effects woulds be
mixed, as discussed in the next section.
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The Impacts of Using Water for Oil Shale Development

Introduction

The use of water by an oil shale industry
will cause economic, social, and ecological
changes in both the Upper and the Lower Ba
sins of the Colorado River system. The effects
of salinity increases are of special concern
because salinity levels in the Colorado River
have been identified as a matter of national
concern.*his section discusses the salinity
increases that are expected to result from
use of surface water for oil shale devel-
opment. The overall impacts of water diver-
sion on the Upper and Lower Basins are then
discussed. Because of time restrictions, OTA
did not perform an independent analysis of
these impacts, However, assessments have
recently been completed by DNR, USBR,
USGS, and USFWS. The following discussion
is largely based on the results of these
studies.

Impacts From the Construction and
Operation of Water Supply Facilities

Construction of dams, wells, and diversion
facilities would create jobs and increase dis-
posable income. However, pressures on hous-
ing and on community facilities and services
would result. Both the positive and the nega-
tive effects would diminish once construction
was completed. Operation of the facilities
would require fewer than 10 employees per
plant, out of a total work force of approx-
imately 1,500. Consequently, relatively few of
the socioeconomic impacts that may accrue
from creating an oil shale industry can be
associated with the water supply systems.

New reservoirs will flood land that may
presently be used for farming or grazing or
that may have special scenic or ecological
value. Homes, farms, businesses, roads, and

utility lines would have to be relocated, and
riparian and aquatic systems could be dis-
turbed. These impacts should be minor com-
pared to those of the mining and processing
operations. Because the reservoirs will be
relatively small, the overall impacts would be
small compared to those that were associated
with the construction of existing reservoirs.
(The new reservoirs needed for a I-million-
bbl/d industry would increase the total water
storage in the Upper Basin by 0.6 percent. )
These impacts will be site specific and have
not yet been anayzed.

Impacts From Changes in Surface Flows

Extraction of surface water will decrease
the instream flows of the Colorado River and
its tributaries. These changes will have direct
effects on water users and indirect effects on
water quality and aquatic ecosystems. The
direct effects are considered in this section;
the indirect effects in the section that follows.

Decreased flows would reduce hydroelec-
tric power production at specific CRSP reser-
voirs. According to the DNR assessment, rev-
enue losses could reach $7 million per year in
2000 as a result of a 2.44-million-bbld/ indus-
try. '5 Flow reductions would also decrease de-
liveries to the Central Arizona project and
force the agricultural industry in the Lower
Basin to rely on more expensive ground water
pumping. Net farm income would be reduced
by about $2.3 million per year by 2000 as a
result of a 2.44 million-bbl/d industry.”

According to USBR, environmental impacts
in the Lower Basin depend more on reservoir
operating criteria than they do on the quanti-
ty of water in a particular stream, and flow
reductions in the Lower Basin would have sig-
nificant effects only in that portion of the Col-
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orado River between Glen Canyon Dam and
Lake Mead.”

Reductions in instream flow will also affect
recreational use of some stream reaches.
Although most recreational activities, such as
rafting, boating, and kayaking, would remain
unchanged in 2000 even with high levels of oil
shale development, negative impacts would
occur in two river reaches. In the Colorado
River between Rifle, Colo., and its confluence
with the Gunnison River, rowing and rafting
conditions would be degraded from the pres-
ent fair condition to poor if a 2.44-million-
bbl/d industry were established. Fishing con-
ditions would be reduced from fair to poor
with substantially lower levels of develop-
ment. In the White River from Meeker, Colo.,
to Ouray, Utah, conditions for canoeing, kay-
aking, and fishing would be reduced from ex-
cellent to good. Adverse public reaction
should be expected. Secondary impacts on
tourism and recreational service suppliers
may occur, although no detailed analysis of
these impacts has been undertaken.

Impacts on Water Quality

Withdrawal of water of relatively high
quality from upstream tributaries of the Col-
orado River system will increase salinity lev-
els in the lower reaches of the Colorado River
by making the water unavailable for dilution
of more saline streams that enter the river

below the withdrawal point. Some of the esti-
mates that have been made of this salt con-
centration* effect are summarized in table
86.”* Included for each source are estimates
of salinity increases for the project or indus-
try originally analyzed and estimates scaled
to a common basis of a I-million-bbl/d indus-
try. As shown, a I-million-bbl/d industry in
the Upper Basin could increase salinity levels
at Lower Basin measuring stations by 0.2 to
2.4 percent. The estimates incorporate wide-
ly differing assumptions regarding plantsit-
ing, types of processing technologies, water
requirements, and quality of water diverted.
A very approximate average salinity in-
crease for a I-million-bbl/d industry might be
about 1 percent.

It should be noted that similar effects
would be experienced if the same amount of
water were used for other purposes. The Uni-
versity of Wisconsin study cited in table 86
estimated that diversion of 300,000 acre-ft/yr
of upstream water to oil shale would increase
salinity at Imperial Dam by about 20 mg/l. If
the same quantity of water were used for irri-
gation, the salinity increase would be about
57 mg/l. Exportation of the water from the Up-
per Basin would increase salinity by about 24

mg/l. *

The economic losses, including damage to
agricultural, municipal, and industrial users

*Increases insat loading are discussed in ch. 8.

Table 86.—Projected Salinity Changes in the Lower Colorado River From Qil Shale Development

Salinity increase from 011 shale

For model -

Shale 011 capacity Present Industry __For 1 million bblfd

Source of estimate Reference modeled, bbl/d Measuring station  salinity, mg/I° mg/l mg/l Percent
Colorado Department of Health 48 1,000,000°  Glen Canyon Dam 609 4 4 0.7
National Academy of Sciences 49 800,000 Hoover Dam 745 2 1,6 02
1,600,000 4 25 03
Stanford Research Institute . . 50 250,000 Hoover Dam 745 1 4 0.7
Unversity of Wisconsin 51 1,000,000 Imperial Dam 850 20 20 24

Department of the Intenor 52 1,000,000 Hoover Dam 745 10-15 10-15 1 3-20
Bureau of Land Management 53 47,000 Hoover Dam 745 01 26 0.3
U S. Bureau of Reclamation 54 1,300,000 Imperial Dam 850 7 5 06
2,440,000 15 6 07

‘Data from reference 59
Calculated from estimates for Increases in the White River and the Colorado Mainstem

SOURCE Off ice of Technology Assessment
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in the Lower Basin could reach $5.4 million
per year in 2000 for a 2.44-million-bbl/d in-
dustry. This estimate is based on a sainity in-
crease at Imperial Dam of 18.1 mg/l—I.8 per-
cent of present sadinity levels.’”

The full salinity impacts of water used in
the Upper Basin are not felt until much later
in the Lower Basin because of the dampening
effects of Lake Powell and Lake Mead. For
example, the Colorado River Basin Salinity
Control Forum estimates that the full effects
do not occur until after 17 years. The fore-
casts for 2000 therefore underestimate salini-
ty effects on the Lower Basin, In addition, an
assumption of the USBR analysis is that three
authorized desalinization plants will be in
operation by 2000, removing over 700,000
ton/yr of salt.

To a lesser extent other water quality pa-
rameters will be affected by the use of water
for oil shale development. Sediment loading
will increase in some reaches as the result in
changes in land use associated with the
dams, pipelines, and roads for the water sup-
ply facilities. Changes in river flow from res
ervoir operation could alter sediment trans-
port and the biochemical oxygen demand in
some reaches. These impacts have not yet
been assessed in detail.

Impacts on River Ecology

Changes in instream flow can affect the
aquatic ecosystem including the habitat of
sport fish and rare and endangered species.
Of sgpecial concern are the effects on rainbow
trout, a major sport fish, and the Colorado
River squawfish and humpback chub which
are endangered species. Analyses of the im-
pact of water use for oil shale on the rainbow
trout, the squawfish, and numerous other fish
species have been undertaken by USFWS
and the U.S. Heritage and Conservation Serv-
ice,” but the effects on the humpback chub
have not been assessed due to lack of criteria
in the USFWS study, These assessments do
not include studies of the complete aquatic
ecosystem and exclude impacts on the ecol-

ogy of smaler streams at high elevation so no
conclusions can be drawn on impacts on
these streams at present.

Limited effects on fishery habitats were in-
dicated for the Upper Basin as a whole, ex-
cept for the White River. For rainbow trout in
the Green River, the fry, juvenile, and adult
stages would be little affected by a 2.44-
million-bbl/d industry. Spawning conditions
would remain poor. Adult Colorado River
squawfish in the Yampa River would not be
affected, but conditions for squawfish fry in
the same stream would improve from their
present poor level to fair. Conditions for adult
squawfish in the White River would degrade
from their present level of excellent to good.

Assessment of impacts on plants, inverte-
brates, and other components of the aquatic
ecosystem have not been undertaken,

Transfer of Water From Irrigated
Agriculture

Although it is not necessary to take water
from irrigated agriculture to supply oil shale
developments, such transfers are legally per-
mitted. Because the economic value of an
acre-foot of water to an oil shale developer is
much greater than to irrigated agriculture,
transfers of water rights could occur in some
areas. These transfers would have social and
economic ramifications, including a redistri-
bution of income. Farm income would be re-
duced, but these reductions would be coun-
tered by a regional income gain because of in-
creased employment in the oil shale industry,

According to DNR, the gain would be 10 to
100 times greater than the loss.” The number
of farming families would also be reduced.
Significantly larger impacts would be experi-
enced, however, from factors not directly re-
lated to water use patterns, such as the com-
petition for local labor and the purchase of
agricultural lands for municipal expansion.

Irrigated agriculture diverts large quan-
tities of surface water, but only a portion is
actually consumed. The balance eventually
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returns to the water systems through agricul-
tural return flows and/or percolation into
ground water aquifers. Oil shale developers
can only purchase rights to the consumptive
portion of the diversion. Therefore, if irriga-
tion rights were transferred to oil shale devel-
opment, less water would be diverted from
surface streams, and stream flows would in-
crease. The effects of these increases were
not modeled for DNR because of their small
size and because a significant diversion of
agricultural water to oil shale development is
not anticipated in most areas. If significant
effects occurred at all, they would most likely
be in the White River Basin, where fish habi-
tats and recreational opportunities would be
improved as a consequence.

Ground Water Development

The impacts caused by well-drilling and
maintenance would be similar to those for the
construction of reservoir and pipeline facil-
ities for surface water development—rela-
tively small and of short duration. After the
wells are drilled, only a few workers would
be needed for maintenance. The number
would be small in comparison with the esti-
mated total work force of an operating oil
shale plant. Unlike purchase of irrigation
rights, ground water development should not
have significant effects on the economic base
of the oil shale region.

Stream flows would not be significantly re-
duced for the overall basin, athough substan-

Photo credit OTA staff

Pumping water from the White River for agricultural purposes
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tial reductions would occur in those areas in
which ground water discharge supplies a ma-
jor portion of surface flows, For example,
some streams in the Piceance basin are fed
by ground water discharge during most of the
year. Aquifer drawdown as a result of
ground water development would reduce
flows in these streams, and in some cases
would completely eliminate them except dur-
ing the spring snowmelt. Fishery habitat in
these streams would be severely affected.

According to DNR, the overall effects of
ground water development on fish habitats
and recreation would be much less than
would be encountered with water acquisition
strategies that relied solely on surface water
diversions.” However, heavy dependence on
ground water could lead to using under-
ground water resources faster than the rate
of recharge and in some instances to mining
geologically old water. The use of such water

constitutes an irrevocable decision to exploit
a nonrenewable resource, hence precluding
its use for other purposes in the future.

Oil shale projects that use low-quality
ground water may produce a net decrease in
salinity in Colorado. For example, the Superi-
or Oil project in Colorado’'s Piceance basin
will use water from the lower bedrock aqui-
fer that has a salinity concentration of about
26,000 mg/l—about 30 times the salinity of
the Colorado River at Imperial Dam. With-
drawal of this water would reduce the quan-
tity of salts discharged into Piceance Creek
by about 24,500 ton/yr. As a result, the salin-
ity of Piceance Creek would decrease by
about 1,040 mg/l. Sdlinity in the near reaches
of the White River, into which Piceance Creek
discharges, would be reduced by about 40
mg/l.” Salinity at Glen Canyon Dam would
decrease by about 1.6 mg/l—about 0.3 per-
cent of its present level.

Methods for Increasing Water Availability

Sufficient water should be physicaly avail-
able in the Upper Basin to support a large oil
shale industry while simultaneously satisfy-
ing the needs of other users. However, water
scarcity could constrain regional growth
after 2000. Additional surface flows could be
provided through conservation (i.e.,, more effi-
cient use of water), interbasin diversions, and
possibly by weather modification. Water use
efficiency and weather modification are dis-
cussed below; interbasin diversions were dis-
cussed earlier.

More Efficient Use

By reducing demand, water conservation
would increase net water availability. Oppor-
tunities exist in municipalities, in irrigated
agriculture, and in industrial activities in-
cluding oil shale development.

Municipal

Because municipalities in the oil shale re-
gion consume little water, conservation stra-

tegies would have to be focused on the larger
cities in Colorado’'s Front Range Urban Cor-
ridor that import water from the Upper Ba-
sin. For example, if Front Range cities low-
ered consumption by 20 percent, exports
would be reduced by about 100,000 acre-
ft/yr.* Demand could be reduced by methods
such as restricted lawn watering or imposed
peak-use surcharges, seasonal pricing differ-
entials, and price incentives. Recycling sys-
tems could also be considered, but implemen-
tation could be hindered by high costs and
their unfavorable image.

Irrigated Agriculture

Present irrigation methods are inexpensive
to the farmer but relatively inefficient. Even
small improvements could release large
quantities of water for other purposes and
decrease the quantity and perhaps salinity of
agricultural return flows. Losses from canals
could be reduced by adding impermeable lin-
ings or pipelines. Sprinkler systems or trickle
irrigation would reduce evaporation from
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field soils. Losses to noncrop vegetation could
be reduced by eliminating the vegetation.
Crop evapotranspiration and loss of cropcap-
tured water could be reduced by substituting
crops that need little or no irrigation water.

Few of these strategies could be introduced
on a large scale, however, without substan-
tial economic, social, and environmental pen-
alties. Mechanical irrigation, for example,
would be very expensive, as would fabricated
pipelines. Vegetation removal could threaten
the ecological balance along stream courses
and manmade waterways. Dryland farming
might not be technically or economicaly fea
sible. Furthermore, conservation could be
risky because if a farmer did not use al of the
water covered by his water rights, abandon-
ment could be declared.”

Estimating possible reductions by conser-
vation is technically straightforward. Esti-
mating likely reductions is much more dif-
ficult because of the social and economic
complications. DNR concluded that reduc-

tions would probably not exceed 120,000
acre-ft/yr even with vigorous programs.

Industrial

Oil shale plants will use water efficiently.
This is a consequence more of the nature of
the processing technologies and the desire to
avoid having to treat excess process water to
discharge standards than it is of an interest
in water conservation. * However, different
technologies consume different amounts of
water for the same production rate and the
overall requirements of the industry could be
reduced by encouraging the use of processes
with the lowest water requirements. It is
unlikely that technologies would be chosen
solely on this basis because water costs are a
very small fraction of total processing costs.

*The U.S. Water Resources Council states that an AGR plant
would consume about 89 percent less water than a steam- €lec-
tric powerplant with the same net energy output, 25to 87 per-
cent less than a comparable coal gasification plant, and 40 to
90 percent less than a comparable cod liquefaction facmty )
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Offsite powerplants to support municipal
growth could adopt conservation methods
without substantially increasing power costs.
It has been estimated that water require-
ments for power generation in the oil shale
States will increase by as much as 221,000
acre-ft/yr before 2000, If the new power-
plants relied on a combination of wet and dry
cooling, water consumption could be reduced
by about 175,000 acre-ft/yr, sufficient water
L?Ir production of 1 million bbl/d of shale

Weather Modification

Cloud seeding could be used to enhance
precipitation and thereby increase surface
water and ground water resources. The re-
sults of three major projects during the last
two decades suggest that overall increases in
snowfall could range from 5 to 20 percent. It
appears that if snowfall were increased by
10 percent, runoff might increase by from 5 to
20 percent and might add up to 2.0 million
acre-ft/yr to normal surface flows. Ground
water aquifers would also be affected be-
cause they are recharged principally from
snowpack. USGS has estimated that a 10-
percent increase in snowfall in the Piceance
basin would add over 10,000 acre-ft/yr of

ground water that could be withdrawn with
out disrupting the aquifer equilibrium.”

Preliminary cost estimates range from $1
to $10/acre-ft of additional runoff, There
would be additional costs for capturing and
transporting the augmented flows, and stor-
age facilities would still be needed, Any addi-
tional runoff would be subject to the prior ap-
propriation system because the augmented
flows would be indistinguishable from natu-
ral flows. Because of the problem of uncer-
tain ownership, the delivered water cost
might well exceed the costs of other supply
methods.

The consequences of weather modification
are not well understood, but a successful pro-
gram could be expected to have widespread
effects on the region’s ecosystems. Species
composition, vegetation growth rates, and
wildlife habitats might be altered. Although
there could be recreational benefits from in-
creased snowfall and higher streamflows, ag-
riculture and transportation could be ham-
pered. Losses in precipitation to areas be-
yond the zone of augmented rainfall or snow-
fall could have severe ecological, agricul-
tural, and economic impacts. There could be
legal difficulties if cloud seeding were linked
to drought in downwind areas.

Policy Options

The distribution of water from the Colora-
do River system is governed by a complex
framework of interstate and interregional
compacts, State and Federal laws, Supreme
Court decisions, and international treaties.
Policy decisions affecting the use of this
water for oil shale development must take
into account both the provisions of these
documents and the need to protect the rights
of competing water users. A number of policy
options that would affect the availability of
water for an oil shale industry in the Upper
Colorado River Basin are examined below.
Their implementation could involve actions

by Congress, the administration, State gov-
ernments, and the oil shale developers.

The Determination of Water Needs

In order to more accurately assess the total
amount of surplus surface water that will be
available for additional growth in the Upper
Basin, the amount needed by all projected
users must be determined. The uncertainty
about the future availability of water sup-
plies to the Upper Basin would be reduced if
the necessary determinations were carried
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out by Congress, by Federa and State govern-
ments, and by private developers. Some possi-
ble options are:

The development of a water management
system.—Preliminary water management
studies have been conducted by the Bureau of
Reclamation and by individual developers
and other users. However, no systematic
basin-wide evaluation of water management
alternatives has compared water supply op-
tions with respect to their water and energy
efficiency, their costs and benefits, and their
environmental and social effects. Such an
assessment—involving Federal, State, and lo-
cal governments; regional energy developers,
other users, and the general public—may be
an appropriate prelude to actions to con-
struct new water storage and diversion proj-
ects. It could be especially useful in evauat-
ing and coordinating such controversial op-
tions as the importation of water. Funding
could be provided by DOI, DOE, or other
agencies. The study could be managed by the
Bureau of Reclamation or by Colorado River
Compact Commission.

The determination of the amount of water
needed by the Federal Government.—This
could be done for Federal lands for which
water rights are set aside under the Federal
reserved rights doctrine. One possible alter-
native for Congress is to provide legislation to
facilitate this determination in coordination
with one of the administration’s task forces
devoted to evaluating Indian and Federal re-
served water rights.

It is anticipated that the largest Federal
claims in the oil shale region will be for the
Naval Oil Shale Reserves. The U.S. Navy has
made a preliminary filing with the Colorado
water court for 45,000 acre-ft/yr. In addition,
small amounts of water may be needed for di-
versions, impoundments, wells, and stream
flows. Although filings are being made under
this doctrine, most indications are that the
total amount of water that will be claimed by
the Federal Government in the oil shale re-
gion will not be excessive. The exact quan-
tities, however, have not been determined.
Because the extent of future filings is un-

known, reliable estimates of water availabil-
ity for regional growth cannot be made. The
uncertainty would be reduced if there were
some indication in the near future of the
amounts that will be claimed under this doc-
trine.

The determination of water needs by the
Colorado State Government.—In Colorado,
the requirements for instream flows are
legally considered only where the State has
retained the right to obtain water for preser-
vation of the natural environment. Colorado
recognized instream rights in 1973; thus,
these rights are junior and should not impede
the perfection of rights held by other users
prior to this date. However, such rights could
affect the amount of water available to users
who file in the future for additional surface
rights—any additional rights would have a
lower priority in times of water shortage. The
State is presently in the process of filing for
rights for instream water needs. Completing
this process would further clarify the total
amount of water available for development in
this region.

The determination of water needs by mu-
nicipalities, private developers, and other
water users.—Water rights in the oil shale
States have been granted liberally. As a re-
sult, the quantities of water covered by condi-
tional decrees far exceed the available re-
sources of the river. At the same time, not all
the conditional decrees have been perfected,
and relatively little of the claimed water is ac-
tually being used. If it could be determined
how much of the water allocated under the
conditional decrees will actually be benefi-
cially used in the near term (for municipal,
agricultural, or industrial purposes), then the
Upper Basin States would have a clearer indi-
cation of the actual amount of surplus water
available.

Reservoir Siting and
Direct-Flow Diversions
All water acquisition strategies that rely

on the large-scale development of surface
water resources within the oil shale area
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would necessitate the construction of new
reservoirs and direct-flow diversions (e.g.,
pipelines). Such construction might be ham-
pered, delayed, or even disalowed under pro-
visions of the Endangered Species Act, the
National Wild and Scenic Rivers Act, and the
Wilderness Act. Potential problems could be
reduced through several mechanisms.

Identification of endangered or threat-
ened species.—The Endangered Species Act
provides for the Federal identification of en-
dangered and threatened species of fish,
wildlife, and plants; prohibits private activity
that imperils such species; and requires Fed-
eral agencies to avoid any activities that
would jeopardize such species or result in the
destruction of critical habitats. A number of
studies are underway to identify endangered
and threatened species in the Upper Basin.
To date, two federally designated rare and
endangered fish species have been found in
the waters of the oil shale region. The Col-
orado River squawfish inhabits the lower por-
tions of the White River and the Colorado
River from the backwaters of Lake Powell up-
stream to the confluence of Plateau Creek.
The humpback chub lives in the Colorado
mainstem downstream from the Colorado/
Utah State line, Additional species requiring
protection may be found in the future.

The Act may be interpreted as restricting
activities that might adversely affect the
critical habitats of such species, although
none has been declared for the squawfish or
the humpback chub. Knowing their approxi-
mate locations would be helpful because the
timely siting of reservoirs and direct-flow
diversions could be affected by agency inter-
pretations involving instream flows. Should
construction of these facilities begin before
the critical areas were identified, there could
be opposition to their completion, and water
supplies from a particular reach of a river
could be delayed or interrupted. If the loca-
tions of all designated critical habitats were
identified by DOI and the required biological
opinions obtained, the facilities could be sited
to minimize interference and delay.

BA-EBB - 8L - g7

Designation of rivers to be set aside under
the Wild and Scenic Rivers Act.—Any river
area possessing one Or more scenic, recrea-
tional, archeologic, or scientific values and in
a free-flowing condition, or under restoration
to such condition, may be considered for in-
clusion in the Wild and Scenic Rivers System.
A number of rivers have already been desig-
nated under this legislation, and Congress is
considering adding others. To date none in
the oil shale region has been designated; how-
ever, several within the Colorado mainstem
basin are being considered for wild and sce-
nic designation. The amount of water that
could be diverted from specific river reaches
could be reduced if these rivers are set aside,
thus an early designation of rivers eligible
under this legislation would be of value in
planning for future shale oil production.
Given this information, direct-flow diversions
could be sited downstream to those portions
of rivers designated as wild and scenic
rivers. This would avoid a direct conflict
within a given river stretch but could add to
the water supply cost.

Designation of wilderness areas.—The
Wilderness Act created the National Wilder-
ness Preservation System to provide “the
benefits of an enduring resource of wilder-
ness’ for the whole Nation. In keeping with
the purpose of preservation, the use of these
areas is highly restricted. To date four areas
in the White River basin and the Colorado
mainstem basin have been designated under
this legislation. Also, additional areas are
being considered for inclusion in the system
pursuant to the ongoing RARE Il review. New
reservoir storage would probably not be per-
mitted in these areas, once designated. Since
they are located at higher elevations in upper
watersheds, they would probably not contain
potential sites for reservoirs; however, addi-
tional wilderness areas at lower elevations
could pose problems in siting storage facil-
ities. A complete listing of wilderness areas
that might be considered in the near uture
would aid potential developers in locating
their facilities in other areas.
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Financing and Building New Reservoirs

New reservoir and storage facilities would
need to be constructed if a large shale indus-
try were to be created. There area number of
possible policy options for the financing and
construction of such facilities.

Federal financing.—Congress could pro-
vide for the construction and funding of new
Federal water projects through two mecha-
nisms. First, Congress could appropriate
funds for those Federal water projects that
already have been authorized. Several proj-
ects have been evaluated by WPRS (formerly
USBR), and their construction approved. Ac-
tual construction of these projects cannot
begin until they are funded. However, not all
of these projects have been evaluated for
their suitability to supply water for oil shale
development, and some project features may
not be optimally located to serve oil shale
projects.

A second option available to Congress is
the passage of legislation that would specify
the construction and funding of new, not
previously authorized Federal water proj-
ects. However, unless language was included
to expedite construction, these projects
would require a long review process. They
could, however, be designed and sited with
their purposes as water sources for oil shale
(as well as other possible uses) in mind. An
example would be constructing irrigation res-
ervoirs with additional capacity for oil shale
requirements.

Under either option, DOI, through USBR,
could operate these reservoirs in accordance
with State water laws. Their costs could be
recovered over the operating life of the facil-
ities from revenues generated by selling
water to oil shale developers and other users
and in accordance with authorizing legisla-
tion.

State participation.—A State organization,
such as the Colorado River Water Conserva-
tion District (CRWCD), could finance and con-
struct new storage facilities. CRWCD holds
large storage decrees in the basin of the Col-

orado River mainstem. The river district
maintains that these decrees will likely be
used as a source of supply for an oil shale in-
dustry. Several possibilities exist for the
funding of reservoirs. One possible funding
arrangement might be to sell water from ex-
isting State-administered reservoirs, such as
Green Mountain and Reudi, to oil shale devel-
opers at very high cost (e.g., $250/acre-ft/yr).
The short-term needs of many potential oil
shale developers, depending on the siting of
their facilities, could be met from such exist-
ing reservoirs. The profits from such sales
could be used as leverage capital for market-
ing public revenue bonds. The capital gener-
ated from these bonds could then be used to
finance the new reservoir facilities that
would be needed by an oil shale industry in
the longer term. A second funding scheme,
which has been practiced by CRWCD in the
past, is to sell options for water from pro-
posed reservoirs to potential water users,
thus raising the funds needed for the con-
struction of the reservoirs.

Developer financing.—Reservoir and stor-
age facilities could be financed and con-
structed by the oil shale industry itself.

Financing and Implementing
More Efficient Practices and Water
Augmentation

Surface flows in the Upper Basin could be
increased if water conservation procedures
were practiced by irrigated agriculture,
municipalities, and industry. Weather modi-
fication is another possibility. Since carrying
out these approaches could be quite costly for
a particular developer or municipality, their
chance of being implemented might improve
if Federal and State governments were to
supply some special funding or incentives.
The following are some possible ways this
could be done.

Funding and implementing water use
practices.—Techniques for more efficient
water use in irrigation and farming were il-
lustrated earlier. As noted, farmers would be
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taking risks by adopting water conservation
strategies because capital recovery would be
uncertain and they might lose water rights.
At the sometime, improvements in irrigation
and farming practices could substantially re-
duce the demands for water in the Upper
Basin. A number of options are available that
would encourage such improvements. Con-
gress could provide financial incentives,
through such mechanisms as tax advantages,
to those farmers who used water more effi-
ciently, Technical assistance teams specializ-
ing in conservation techniques could also be
provided to cooperating farmers by the Fed-
erad and State governments. In addition, Con-
gress could give direct financial assistance
through grant programs, administered either
by Federa or by State agencies.

Individual municipalities could institute
voluntary education programs and regulatory
strategies aimed at reducing overall water
consumption. Regulatory programs could re-
strict the watering of lawns and promote the
use of water-saving devices. Cities could es-
tablish peak-use surcharges, seasonal pricing
differentials, and price incentives to reduce
usage. Local municipalities could also adopt
water conservation techniques for their
wastewater treatment facilities.

Municipal conservation techniques, wheth-
er voluntary or mandatory, are costly. Fi-
nancing is needed to pay for administrative
personnel as well as to produce and distrib-
ute educational materials. While these pro-
grams would probably be administered at the
local level, they could be financed at the Fed-
eral or State level by direct grants or cost-
sharing programs. To help pay for carrying
out costly conservation procedures in munici-
pal wastewater treatment facilities, Congress
could provide tax incentives for such expend-
itures.

Although oil shale facilities are expected to
be efficient water users, a number of water-

conserving techniques could be used to mini-
mize overal consumption. For example, some
development technologies require less water
than others—directly heated AGR has the
lowest requirement (4,900 acre-ft/yr for
50,000 bbl/d of shale oil), while indirectly
heated AGR has the highest (about 12,300
acre-ft/yr for the same output). Total industry
consumption could be reduced by encourag-
ing the use of the lowest water-consuming
process. One congressional option would be
to provide financial incentives to those fa-
cilities that implemented this process.
Another would be to provide tax advantages
to any facility that introduced specific water-
conserving techniques. Also, through Govern-
ment contracts, Federal agencies could spe-
cifically fund R&D by developers to improve

the efficient use of water.

Funding of weather modification pro-
grams.—A number of Federal agencies, in-
cluding the Departments of Commerce and of
the Interior, have sponsored programs relat-
ing to winter orographic weather modifica-
tion, The Federal Government could continue
to fund programs in the Upper Basin with the
aim of eventually increasing overall regional
surface flows. If programs are funded, they
should include work to better understand the
impacts of weather modification.

Weather modification programs, although
costly, could be undertaken by a State organi-
zation, municipality, or private developer.
However, the ownership of any additional
surface runoff would be uncertain under the
current water appropriation system, and
legal complications could arise if cloud seed-
ing were linked to drought in other areas. It is
unlikely that a particular municipality or pri-
vate developer would undertake such a pro-
gram without some assurance that a portion
of any additional runoff would be available
for its own use.
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Federal Sources of Water for
Oil Shale Development

Congress, under its constitutional powers,
could make water available for oil shale de-
velopments from Federal water projects, or
potentially from the reserved right doctrine.
If Congress decides that water from congres-
sionally funded projects should be made
available for oil shale development, then any
legislation enacted should provide that the
term “industrial use or purpose’ includes the
use of water for oil shale development. * Con-
gress could also amend the authorizing legis-
lation for those projects from which water for
oil shale development might be sought to per-
mit the use of their water for that purpose. In
such a case, legisation may be required if the
project authorization does not list among the
contemplated purposes for its water “indus-
trial purposes” or some other category that
could encompass oil shale facilities. The ob-
jective of such legislation would be to over-
come any administrative reluctance to permit
the use of water for oil shale development
under an authorization that did not specif-
ically mention it.

The power of Congress over reserved wa-
ters is more limited than its power over wa-
ters in congressionally funded projects. The
use of water under the reserved right doc-
trine must be “in furtherance of the purpose
of the reservation. ” For this reason, Federal
water rights do not seem to be likely sources
for oil shale development, except perhaps in
the case of lands set aside for the Nava Oil
Shale Reserves. This matter, however, is in
the early stages of litigation. New reserva-
tions of land set aside for the purpose of mak-
ing water available for oil shale development
would not appear to be a feasible alternative,

*A Memorandum of Understanding exists between DOI and
the State of Colorado with respect 10 the use of water from ex-
isting or authorized WPRS (formerly USBR) projects. The State
desires that the water not be changed from agricultural, munic-
ipal, or light industry uses to energy production (including oil
shale), that are inconsistent with State policies. Under this
memorandum, the State will review any application to redis-
tribute water from conventional uses to energy production. The
memorandum could be superseded by congressional directives
of overriding national importance.

since Federal reserved water rights are sub-
ject to rights vested prior to the date of the
reservation.

A final option available to Congress would
be to deny Federal water for oil shale devel-
opment, if it decides that such development
should not be given a high priority.

The Allocation of Water Resources

If Congress were to pass legislation en-
couraging the development of an oil shale in-
dustry it might wish to address the issue of
how the necessary water would be supplied
and how oil shale legislation might affect
water allocation.

Water in the oil shale region is presently
distributed by a complex framework of in-
terstate and interregional compacts, State
and Federal laws, Supreme Court decisions,
and international treaty and administrative
decisions. Within Western States, water
rights are apportioned by the States to com-
peting users according to a doctrine of prior
appropriation under which water rights are a
form of property separate from the land.

If control over the water supply for oil
shale is to be left to the States, then Congress
should probably so specify in oil shale legisla
tion to avoid any question of the preemption
of State water laws. Legislation that would
confirm preservation to the States of the
same power over water for oil shale as they
have over other water supplies should re-
quire the developer to comply with State pro-
cedures in securing a water supply and pro-
vide that the established State appropriation
system has the same authority to grant, deny,
or place conditions on water rights and per-
mits as would prevail in the absence of the
legislation.

If Congress were to attempt to remove the
water supply for oil shale production from
the control of the States, strong legal and
political resistance would ensue. Such re-
sistance could delay oil shale development.
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Interbasin Diversions

Interbasin diversion is a technically feasi-
ble although costly* option for bringing addi-
tional water to the oil shale region. There are
also serious political obstacles to this alter-
native. The Reclamation Safety of Dams Act
of 1978, amending the Colorado River Basin
Project Act, prohibits the Secretary of the In-
terior from studying the importation of water
into the Colorado River Basin until 1988. If it
were decided to pursue this option as a
means of supplying water to an oil shale in-
dustry coming on line in 1990, this prohibition
would have to be lifted.

Interbasin diversions could be used to
relieve the water problems of the region in
several ways. Water could be transferred di-
rectly to the area, either exclusively for oil

*The cost of supplving water by interbasin transfersis esti-
mated to be no more than 5 percent of the total cost of produc-
ing abarrel of shaleail.

shale development or for all users. Alterna-
tively, the water needs of Colorado’'s eastern
slope cities, presently being supplied in part
from the Upper Colorado River Basin, could
be met from other hydrologic basins. The
water presently being exported from the Up-
per Basin then could be used for oil shale de-
velopment. In a third application of inter-
basin transfers, all or a portion of the
750,000 acre-ft/yr presently being supplied to
Mexico by the Upper Basin States under the
Mexican Water Treaty of 1944-45 could be
taken from another hydrological basin (per-
haps the Mississippi basin). The water thus
freed in the Upper Basin could be assigned in
part to oil shale development (750,000 acre-
ft/yr would be sufficient for a 3,000,000- to
7,500,000-bbl/d shale ail industry).

The transfer of water from another hydro-
logic basin could have detrimental impacts on
that basin, and impact analysis should pre-
cede diversion.
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