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Chapter 11

Water Availability for Synthetic Fuels Development

INTRODUCTION

Operation of a synthetic fuels plant requires a
steady supply of water throughout the year for
both plant and site activities. Availability of water
will be determined not only by hydrology and
physical development potential, but also by insti-
tutional, legal, political, and economic factors
which govern and/or constrain water allocations
and use among all sectors. This chapter expands
the environmental discussion of the role of water

Figure 24.—Water

in synfuels development and examines the ma-
jor issues that will determine both water availabil-
ity for synfuels and the impacts of procuring water
supplies for synfuels on other water users. There
are five river basin areas where oil shale and coal
resources are principally located: in the eastern
basins of the Ohio, Tennessee and the Upper
Mississippi, and in
per Colorado and

Resources Regions

the western basins of the Up-
the Missouri (see fig. 24).
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WATER REQUIREMENTS FOR SYNFUELS PLANTS

Estimates of the consumptive use requirements
of generic synthetic fuels plants producing 50,000
barrels per day oil equivalent (B/DOE) of product
are shown in table 80. In general, the actual
amount of water consumed will vary according
to the nature of the products produced, process
methods, plant design, and site conditions. In
coal conversion, the largest single component of
total water consumption is typically for cooling, *
with other major components being for hydrogen
production, waste disposal, and revegetation. In
producing synfuels from oil shale, retorting and
upgrading require the most water; other major
uses are for the handling and disposal of spent
shale, and for revegetation.

*The amount of water consumed in cooling will depend on many
factors, includifig  the degree to which evaporative or “wet” cool-
ing, or dry cooling, are used. Air or “dry” cooling is an alternative
to wet cooling but is less efficient and generally more expensive.

Table 80.—Estimates of Net Consumptive Use
Requirements of Generic Synfuels Plants

(50,000 B/DOE)A

Barrels wate/
Acre-feet/year barrel product

Gasification . . . . . . . . . . . . . 4,500-8,000 1.9-3.4
Liquefaction. . . . . . . . . . . . . 5,500-12,000 2.3-5.1
Oil shale. . . . . . . . . . . . . . . . 5,000-12,000 2.1-5.1
aAVall~le  estimates  me baaed on theoretical Calculations,  conceptual  desirms,

small-scale experimental facllltles,  etc. A range  is shown for each generic proc-
esa In order to reflect differences among process technologies (e.g., Indirect
liquefaction will generally consume more water than direct liquefaction; modl-
fled-in-situ will generally consume less water  than aboveground 011 shale  pro-
cesses), plant design options  (e.g., alternative methods of water reuse, con-
servation, and cooling),  and sites.  Estimates also vary with the level of detail
and state of development of the engineering designs. There are also at least
two major elements of uncertainty surrounding these estimates. Firat, both the
refinement and optimization of operational requirements are Ilmlted  by the lack
of commercial experience. Secondly, eatlmates  commonly assume zero
wastewater  discharge, which  Is to be achieved vla the treatment and reuse of
plant wastewater  for cooling water makeup and boiler feed; however, the treat-
ment processes to be used genereJly  have yet to be demonstrated on a commer.
clal scale. Although the estimates shown In table 80 may thus not be represen.
tative  of actual consumptive use requirements In specific cases, the magnitude
of the other uncertainties concerning water availability in general, as discuss-
ed [n this  chapter, will  likely overshadow the question of how much water will
be required for expected synfuels  development. The following references pro-
vide additional details:
1. Office of Technology Assessment, An Assessment of 0!1 Shale Technologies,

June 1980, ch.  9.
2. Ronald F. Probsteln  and Harris Gold, Water In Synthetic  Fuel  F’roducflorr,

MIT Press, Cambridge, Mess., 1978.
3. R. M. Wham, et al., Llquefactlon  Technology Assessment—Phase 1: Indirect

Llquefection of Coal to Methanol and Gasoline Using Availabie  Technology,
Oak Ridge National Laborato~,  Oak Ridge, Term., February 1981.

4. Exxon Research and Engineering Co., EDS Coal Liquefaction Process
IX?velopment,  phase V, VOIS.  1, 11, and Ill, March 1881.

5. Harris Gold and David J. Goldstein, “Water Requirements for Synthetic Fuel
Plants;”  and Harris Gold, J. A. Nardella,  and C. A. Vogel (ads.), “Fuel  Conver-
sion and Its Environmental Effects,” Chemical Engineering Progress, August
1979, pp. 58-84.

SOURCE: Office of Technology Assessment.

Synfuels plants will also generally require water
for other process-related activities such as envi-
ronmental control (e.g., dust control) and for as-
sociated growth in population, commerce, and
industry (e.g., for water supply and sewerage).
Plant activities will not all require water of similar
qualities. As examples, high-quality water is re-
quired for processing; intermediate-quality water
is required for cooling; mining, materials prepara-
tion, and disposal activities are the least sensitive
to water quality characteristics.

Procuring water supplies for synfuels plants will
represent a small fraction of total plant investment
and operations costs (typically less than 1 per-
cent). * * Thus, assuming that the overall econom-
ic feasibility of the plant has been established, the
more critical industrial considerations in select-
ing a water source will be the ease of acquiring
water of appropriate quality and the certainty of
the yield. Major water sources for synfuels would
include the direct diversion of surface water, the
purchase or transferring of existing water rights,
the use of existing or the construction of new
storage, the use of tributary and nontributary
ground water,*** savings from improved efficien-
cy, reuse, and conservation by all users, and inter-
basin diversions.

The feasibility and attractiveness of sources will
vary among sites according to environmental,
social, legal, political, and economic criteria, and

**Obtaining reliable and comparable cost data on the procure-
ment of water to the synfuels industry is difficult because of varia-
tion in the conditions surrounding each sale (e.g. water rights vary
according to their seniority, historic use, point of diversion, etc.).
As examples, annual costs per acre-foot of consumption vary be-
tween $50 to $300; water rights have sold for as high as $2,000/
acre-foot (in perpetuity). Assuming a cost of $2,000/acre-foot, water
rights costs would still represent a maximum of only 0.8 percent
of the cost of a $2 billion plant with an average annual consump-
tion of 8,000 acre-feet. Note that what is bought is the right to use
water, not the water per se.

Costs are, nevertheless, important industrial criteria for evaluating
alternative sources of water supply. Costs will also be important
for water resources planning efforts, as they will help to determine
the nature and extent of impacts on other water users from syn-
fuels development.

***The development of deep, nontributary ground water, which
is hydrologically unconnected to the surface flow, can be considered
as an “additional” source of water. Development of tributary
ground water, which is hydrologically connected to streamflow,
does not represent an increase in supply and may alter the surface
flow regime,
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it is therefore difficult a priori to predict how and
which water “packages” will be assembled. Evi-
dence suggests that the industry is conservative
in planning for a plant’s water resource needs in
order to ensure (both hydrologically and legal-
ly) that the plant obtains its minimum operating
requirements. As examples, developers can se-
cure several different sources of supplies; esti-

mates of resource needs will include a margin of
safety; and sources can be “guaranteed” by ob-
taining agreements not only with rights holders
but also with upstream appropriators and/or po-
tential downstream claimants. Synfuels technol-
ogy modifications should also be forthcoming
from the industry, if needed to reduce water
needs.

IMPACTS OF SYNFUELS DEVELOPMENT ON WATER AVAILABILITY

In the aggregate, water consumption require-
ments for synfuels development are small.
Achieving a synfuels production capability of 2
MMB/DOE would require on the order of 0.3 mil-
lion acre-feet/year (AFY), which will be distributed
among all of the Nation’s major oil shale and coal
regions. This compares with an estimated (1975)
total national freshwater consumptive use of119
million AFY, of which about 83 percent is for
agriculture. ’ Table 81 shows the general hydro-
logic characteristics of the principal river basins
to be affected.

Although in the aggregate synfuels water re-
quirements are small, each synfuels pIant, never-
theless, is individually a relatively large water con-
sumer. Depending on both the water supply
sources chosen for a synfuels plant and the size
and timing of water demands from other users,
synfuels development could create conflicts
among users for an increasingly scarce water sup-

1 U.S. Water Resources Council, The Nation Water Resources—
1975-2000, December 1978. The assessment projects a total na-
tional freshwater consumption of 151 million AFY in 2000, of which
about 70 percent would be for agriculture.

ply or exacerbate conflicts in areas where water
is already limited or fully allocated. Sectors that
will be competing for water will vary among the
regions and will include both offstream uses (e.g.,
agriculture, industry, municipalities) and instream
uses (e.g., navigation, recreation, water quality
control, fish and wildlife, hydropower). Because
energy developers can afford to pay a relatively
high price for water, nonenergy sectors are not
likely to be able to compete economically against
synfuels for water. However, it is speculative to
identify which sectors may be the most vulner-
able to synfuels development.

Public reactions to proposed water use change
and nonmarket mechanisms can be used to allo-
cate and protect water for use by certain sectors
depending on the region and State. Examples of
nonmarket mechanisms include the assertion of
Federal reserved water rights, water quality legis-
lation, and State water allocation laws. While
such mechanisms may prevent developers from
always obtaining all the water they need, the syn-
fuels industry is expected to obtain the major por-
tion of its water requirements.

Table 81 .—Regional Streamflow Characteristics 1975 a (millions acre-feet/year)

Consumption c

Mean annual streamflow b 1975 2000 Low flow ratio d Low flow month
Ohio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 2.0 4.9 0.15 September
Tennessee . . . . . . . . . . . . . . . . . . . . . . . . . 46 0.5 1.2 0.38 September
Upper Mississippi. . . . . . . . . . . . . . . . . . . 136 1.3 3.0 0.23 January
Upper Colorado. . . . . . . . . . . . . . . . . . . . . 11 2.7 3.6 0.12 July
Missouri . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 17.3 22.3 0.19 January
au,s, water  ROSOUrCOS  council  (wRc),  The P&Won  Water  ROSOUrCOS—  1975-.

%RC,  table IV-1. Note that all these outflows are inflows to a downstream river basin.
CWRCj table  111.3,
dRatio  of the annual  flow  of a Vew dw  year  (that flow  which will be exceeded with a 95-percent probability in any Year) to the mean annual  flow. WRC,  table  ‘V-2

SOURCE: US. Water Resources Council as tabulated by OTA.
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Photo credit: Office of Technology Assessment

Competing uses will increase pressures on the Nation’s water resources, especially in the arid West

The nature and extent of the impacts of syn-
fuels development on water availability in gener-
al, and on competing water users, are controver-
sial. The controversy arises in large part because
of the many hydrologic, institutional, legal, and
political constraints and uncertainties that will ulti-
mately determine when, how, and if users will
be able to obtain the water they need. Further-
more, analyzing these constraints and uncertain-
ties is difficult because of many additional com-
plex factors: the lack of dependable and consist-
ent data, limitations of demand-forecasting meth-
ods, time and budget constraints, and the unpre-
dictability of future administrative decisions and
legal interpretations. In some cases, the uncer-
tainties about water availability in general appear
to be so large that they overshadow the question

of how much water will be required for synfuels
development.

OTA’s  study2 found that there was considerable
variation in the quality, detail, and scope of the
water availability assessments that have been
completed related to synfuels development. Few
studies take into account all of the issues that will
determine resource allocations and use; and stud-
ies rarely try to address the likely, cumulative
water resource impacts of alternative decisions
on reducing uncertainties and resolving conflict
among competing water users. Decision makers
need to be better informed about the assump-

Zwright Water Engineers, Inc., “Water Availability for Synthetic
Fuels,” prepared for the Office of Technology Assessment, June
1981.
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tions and uncertainties upon which reports are
predicated, so that estimates can be properly in-
terpreted and tradeoffs can be evaluated.

Some of the major uncertainties about water
availability for synfuels are discussed below. More
informed decisions on water availability ques-
tions, however, can only partially be achieved
by “improving” studies themselves; more in-
formed decisions also depend on greatly im-
proved water planning practices in general in the
Nation. The present fragmentation of responsibil-

ities for water policy, planning, and management
effectively prevents an assessment of the cumula-
tive impacts of water resource use on an ongoing
and comprehensive basis. *

*The fragmentation of water-related responsibilities among agen-
cies, States, and levels of governments arises in large part because
river system boundaries rarely coincide with political boundaries.
As a result, there can be major inconsistencies in water manage-
ment practices across the country (e. g., inconsistent criteria for
evaluation; the lack of integrated planning—including data
management—for ground and surface waters, water quality and
quantity, and instream and offstream uses).

WATER AVAILABILITY AT THE REGIONAL LEVEL

Eastern River Basins

In the principal eastern basins where energy
resources are located (i.e. Ohio, Tennessee, and
the Upper Mississippi), water should be adequate
on the mainstems and larger tributaries, without
new storage, to support planned synfuel develop-
ment.3 However, localized water scarcity prob-
lems could arise during abnormally dry periods
or due to conflicts in use on smaller tributaries.
The severity and extent of local problems can-
not be fully ascertained from existing data and
have not yet been examined comprehensively, *
but, with appropriate water planning and man-
agement, these problems should be reduced if
not eliminated.

There are, nevertheless, various uncertainties
in the eastern basins that will influence water
availability for synfuels development, and difficult
local situations could arise.4 For example, 7-day,
10-year minimum low flows are used to esti-
mate water availability. * * These estimates are
essentially based on recorded streamflow data

— . —
31 bid.
“For example, available reports related to ynfuels for the Tennes-

see River Basin  generally deal with specific project sites; the spar-
sity of comprehensive information with respect to cumulative im-
pacts and possible water use conflicts is presumably because of
the large quantities of water available at the regional level. The Ohio
River Basin Commission study focuses on water availability for plants
located on  the mainstem,  even though there are facilities being pro-
posed for tributaries.

* *The use of the 7-day, 10-year minimum flow in the East is also
the basis for water quality regulations and for estimating critical con-
ditions for navigation in rivers with limited storage.

which can be of varying quality. Furthermore, by
using historical streamflow records directly,
reports on water availability in the eastern basins
characteristically underestimate the frequency of
future critical low flows; i.e., as flow depletions
increase in the future, the critical flow associated
with the 7-day, 10-year frequency will actually
occur more often in the future than the historical
data would indicate.

The political, institutional, and legal factors that
will determine water availability for synfuels in
the eastern basins differ in type and complexity
from those in the western basins. For example,
the East and West have different regional hydro-
logic characteristics, with the East being relatively
humid. There are also varying legal and adminis-
trative structures as shown in figures 25 and 26:
riparian water law is generally applied in the East
whereby riparian landowners are entitled to an
equal, “reasonable” use of adjacent streamflow;
the prior appropriation doctrine is generally ap-
plied in the West whereby water rights are based
on “beneficial” use with priorities assigned ac-
cording to “first in time, first in right. ” Further-
more, in the East there is a general lack of treaties
and compacts, and there are no major Federal
(including Indian) reserved water rights questions.

Although water may thus appear to be more
readily available for synfuels development in the
East (e.g., through the transfer of ownership of
riparian land), eastern water law can result in
significant uncertainty concerning the depend-
ability of the supply: because all users have equal
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Figure 25.– The Nation’s Surface Water Laws
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SOURCE: U.S. Water Resources Council, (The Ncrtiorr’s  Water  Resources 7975-2000, vol. 2, pt. iv, P. 118).

Figure 26.— The Nation’s Ground Water Laws

Nebraska

SOURCE: U.S. Water Resources Council, (The Afafiort’s Water Resources 197%?000, vol. 2, pt. iv, p. 118).
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rights under riparian law, the law does not pro-
tect given users against upstream diversions or
against pumping by adjacent wells. * Uncertain-
ty also arises because eastern water law has not
been as well advanced through court tests as in
the West. There are also questions in the East
concerning the availability of water from Feder-
al storage (i.e., in the Ohio River Basin) because
of uncertainties regarding who has responsibility
for marketing and reservoir operation.

The Western River Basins

Competition for water in the West already ex-
ists and is expected to intensify with or without
synfuels development. There are potential
sources of supply in both the Upper Colorado
and the Missouri River basins that could support
synfuels development. However, the issues deter-
mining whether and the extent to which these
sources will be available for use differ between
the two basins. These issues concern complex
State water allocation laws, compacts and treat-
ies, Federal including Indian reserved water rights
claims, and the use of Federal storage. In addi-
tion, the use of “mean annual virgin flows” in
both regions to characterize the hydrology results
in the masking of important elements of hydro-
logic uncertainty.** However, and in contrast
with the situation in the East, although the com-
plex water setting in the West will probably make

*For example, Federal storage has not yet been utilized in Illinois
because delivery of the water from the reservoirs (e.g., to the syn-
fuels plants) cannot be guaranteed along the river; riparian land-
owners along the way could intercept the released water. Energy
companies are thus faced with having to build private pipelines.

**The accuracy of mean annual virgin flows is uncertain due to
possible inaccuracies in the underlying data both on streamflows
and on depletions. (Depletions are usually not measured directly
for practical reasons.) Furthermore, virgin flow estimates are treated
as both deterministic and stationary, rather than as time-varying,
which prevents the variability of streamflows from being addressed
accurately in areas lacking sufficient storage. Estimates of the mean
annual virgin flow for the Colorado River at Lees Ferry vary from
12.5 million to 15.2 million acre-feet depending on the assump-
tions (in this case, the period of the historical record) used.

In general, the use of aggregated data, in the form of regional
and basinwide averages, will mask the local and cumulative down-
stream effects of development on water availability. Such data do
not provide information about either the seasonal variability of
streamflows and demands or the relative positioning and hence
interrelationships among users. These factors are important for iden-
tifying potential competition for water, especially in areas where
water is scarce and subject to development pressures, as will often
characterize locations for synfuels development.

obtaining water difficult, the user will be more
assured of a certain supply once a right is ob-
tained. s

Missouri River Basin

The magnitude of the institutional, legal, politi-
cal, and economic uncertainties in the Missouri
River Basin, together with the need for major new
water storage projects to average-out seasonal
and yearly streamflow variations, preclude an un-
qualified conclusion as to the availability of sur-
face water resources for synfuels development.b
Ground water resources are not well understood
in the basin, but are not likely to be a primary
source of water for synfuels.

Major coal deposits for synfuels development
in the Missouri River Basin lie within and adja-
cent to the Yellowstone River subbasin. The avail-
ability of water for synfuels from the Yellowstone
subbasin, however, could be constrained by the
provisions of interstate compacts, i.e., the
Yellowstone River Compact. For example, at
present all signatory States must approve any
water exports from the basin (e.g., to the coal-
rich Belle Fourche/Gillette area where water is
scarce). Although export approval procedures are
now being challenged in court and States have
begun to modify approval procedures, such ap-
provals are likely to take some time. Furthermore,
additional storage would likely be required to
develop fully the compact allocations.

Federal reserved water rights are often senior
rights and have the potential of preempting cur-
rent and future uses. These rights, however, have
yet to be quantified and are a major source of
uncertainty for water planning. The largest single
component of Federal reserved rights are Indian
water rights. There is a general lack of quantitative
data concerning Indian water rights because of
political controversy over which jurisdictions
should be adjudicating the claims, varying inter-
pretations of the purposes for which water rights
reservations can be applied, and ongoing litiga-
tion.7

‘Ibid.
61~id.

The only “official” Government estimates of Indian reserved wa-
ter rights project depletions (i.e. requirements) of 1.9 million acre-

(continued on next page)
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Other major uncertainties that could effect the
availability of water for synfuels concern State wa-
ter allocation laws. For example, Montana has
established instream flow reservations in the
lower-Yellowstone River of 5.5 million AFY to
protect future water quality and wildlife. Over
500,000 AFY have also been reserved in the basin
for future municipal and irrigation use. Additional
storage would be required to meet these reserva-
tions during years of low flow, but Montana State
officials generally do not advocate the construc-
tion of new mainstem storage, even if instream
flow shortages were to occur otherwise, as this
would interfere with the free-flowing nature of
the river.8 9 No determination has yet been made
as to how these instream flow reservations would
be accommodated under the Yellowstone Com-
pact.

The transferring of water rights from existing
(e.g., agricultural) to new (e.g., synfuels) uses in
Montana is subject to administrative restrictions
under primarily the 1973 Water Use Act, and
State environmental and facility siting acts.10 Be-
cause of these restrictions, water rights are not
freely transferable from existing users, and, in ef-
fect, there is presently no economic market for
rights transfers.

State water laws and statutory provisions in
other Upper Basin States similarly could constrain
water rights transfers to synfuels.11 As examples,
water for irrigation takes precedence in these
States over water for energy development, and
the “public interest” is to be explicitly considered

feet for the year 2020 in the Yellowstone.  (U.S. Department of in-
terior,  Water for Energy Management Team, Report on Water for
Energy in the Northern Great Plains With Emphasis on the
Ye//owstone  River Basin, January 1975.) A lower estimated value
of 0.5 million acre-feet appeared in a 1960 background paper (for
a larger framework study of the Missouri River Basin) by the Bureau
of Reclamation. For a detailed discussion of Indian reserved water
rights, the reader is referred to Constance M. Boris and John V.
Krutilla,  Water Rights and Energy Development in the Yellowstone
River Basin, Resources for the Future, 1980.

BWright  Water Engineers, Inc., op. cit.
9Personal  communications, Department of Natural Resources and

Conservation, State of Montana.
IOFor a detailed  discussion of State water allocation laws  See Grant

Gould, State Water Law in the West: /mp/ications  for Energy DeveL
opment, Los Alamos  Scientific Laboratory, Los Alamos,  N. Mex.,
January 1979.

I I Ibid.

in approving water allocations. Alternatively,
other laws could work to the disadvantage of
nonenergy sectors, such as navigation in the Mis-
souri region under the Federal Flood Control Act
of 1944 (33 USC 701 -(b)).

Many of the water availability issues in the Mis-
souri River Basin cannot be adequately evaluated
because of a lack of supporting data and case law
interpretations. Figure 27 illustrates the possible
magnitude of uncertainty by superimposing the
major projected consumptive uses (excluding
synfuels) onto the availability of water in the
Yellowstone River. As can be seen, assuming a
low total estimated demand growth scenario, de-
mands would not be met in a dry year without
additional storage. Assuming a high-growth sce-
nario, not only would demands not be met in a
dry year without storage, but they would also ex-
ceed the average annual flow with additional
storage.

Upper Colorado River Basin

Although water may not be available in certain
tributaries and at specific sites, sources of water

Figure 27.–Streamflows and Projected Increased
Incremental Water Depletions, Yellowstone River

at Sidney, Mont.

1975 1985 2000

Year

SOURCE: “WaterAvailability for Synthetic Fuels,” Wright Water Engineers, Inc.,
contractor report to OTA, June 5, 1981.
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generally exist in the Upper Colorado River Basin
that could be made available to support OTA’s
low and high estimates of oil shale development
through at least 1990. * However, the institution-
al, political, and legal uncertainties in the basin
make it difficuIt to determine which sources
would be used, the actual amount of water that
wouId in fact be made available from any source
to support synfuels development, and thus the
water resource impacts of using any source for
synfuels on other water users. Until major com-
ponents of these uncertainties are analyzed quan-
titatively and start to become resolved, the ex-
tent to which synfuels production can be ex-
panded beyond a level of several hundred thou-
sand barrels/day (i. e., about 125,000 AFY) can-
not be estimated with confidence.12

One potential source of water supply for syn-
fuels is storage from Federal reservoirs. For exam-
ple, approximately 100,000 AFY could be made
available for synfuels from two Federal reservoirs
on the western slope of Colorado (Ruedi and
Green Mountain). However, the amount of water
available is uncertain because of questions re-
garding firm yields, contract terms for water sales,
which purposes are to be served by the reser-
voirs, competing demands, the marketing agent,
and operating policy.

Under State water laws, water rights throughout
the basin—in Colorado, Utah, and Wyoming—
can generally be transferred (e. g., from agricul-
ture) via the marketplace (i. e., sold) to synfuels
developers who can afford to pay a relatively high
price for water.13 The degree to which developers
rely on such transfers will determine the subse-
quent economic and social impacts on the users
being displaced and, in turn, on the region. * The
transfer process, however, is time-consuming and

*The low estimate for shale oil production in 1990 (see ch. 6)

implies a range of annual water use of 20,000 to 48,000 acre-feet;

the high estimate implies a range of 40,000 to 96,000 acre-feet. By

2000, annual water requirements would be, respectively, 50,000

to 120,000 acre-feet, and 90,000 to 216,000 acre-feet.
I Zwright  Water  Eng ineers ,  ! nc., OP.  cit.

‘JGould,  op. cit.

“ irr igation requirements are determined by many factors, includ-

ing climate, crop, irrigation methods, etc. Assuming that agriculture

consumes 1.5 to 2.5 acre-feet/acre in the Rocky Mountain area,

an average oil  shale plant consuming 8,500 AFY  would need to
acquire  water rights applicable to about 3,4oo to 5,7oo irrigated
areas.

legally cumbersome, is constrained under State
water law by the nature of the original right, and
is subject to political and legal challenge.

Some provisions of the laws and compacts gov-
erning water availability to the States within the
basin will not be tested and interpreted until
water rights in the basin are fully developed. For
example, procedures and priorities have not yet
been developed for limiting diversions among the
Upper Basin States when downstream com-
mitments to the Lower Basin, under the Colorado
River Basin Compact, cannot otherwise be met.
There is also controversy about whether the Up-
per Basin States as a whole will be responsible
for providing any of the 1.5 million AFY commit-
ment to Mexico under the Mexican Water Trea-
ty of 1944-45. Individual States within the basin,
such as Colorado, have generally not yet devel-
oped procedures and priorities for internally ad-
ministering their downstream delivery com-
mitments for when the basin becomes fully
developed; thus, the impacts of a State’s alloca-
tion of available water to individual subbasins and
users within that State, such as synfuels, cannot
yet be determined. State water law also general-
ly evolves through individual court cases, so that
the cumulative effects of development are not
known.

There are generally no institutional or financial
mechanisms for obtaining water for synfuels, ei-
ther through conservation or through increased
efficiency in water use in other sectors, as in other
parts of the country. In Colorado, for example,
changes in agricultural practices to increase water
efficiency are likely to be challenged legally, since
downstream water rights appropriators are en-
titled to return flows resulting from existing albeit
inefficient practices. It has been reported that
basin exports for municipal uses could be re-
duced by as much as 200,000 to 300,000 AFY
with improved water use efficiency .14

Other uncertainties that affect water availability
for synfuels in the area include: Federal reserved
water rights (e. g., for the Naval Oil Shale Reserve

IAoffice  of the Executive Director, Colorado Department of Natu-
ral Resources, The Availability of Water for Oil Shale and Coal Gasi-
fication Development in the Upper Colorado River Basin, Upper

Colorado River Basin 13(a) Assessment, October 1979.
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at Anvil Points, Colo.) have not yet been quanti-
fied; storage would have to be provided in the
White River Basin (where the Uinta and Piceance
Creek oil shale reserves are located) but prime
reservoir sites are located in designated wilder-
ness areas; there is as yet no compact between
Colorado and Utah apportioning the flows of the
White River; and in Colorado, in order to develop
much of the deep ground water in the Piceance
Basin, oil shale developers must prove that the
ground water is nontributary, for which data are
often lacking and difficult to obtain. The resolu-
tion of the uncertainties in the Upper Colorado
could limit large-scale synfuels growth as illus-
trated in table 82, but “even at these highly ag-
gregated levels for the entire Upper Colorado
River Basin, the confidence limits or ranges that
are placed on estimates of water availability are
so broad that they tend to (overshadow) the
amount of water needed for synfuels
development.” 15

Wright Water Engineers, Inc., op. cit., p. IV-38.

Table 82.—Preliminary Quantification of
Uncertainties With Respect to Water Availability

in the Upper Colorado River Basin

Annual amount available for consumption
(millIons of acre-feet) a

12.5 -15.2

Subtract 7.5

5.0 -7.7
Subtract 0.75

4,25-6.95
Subtract .65

Estimates of mean annual flow
of the Colorado River at
Lees Ferry

Required delivery to the Lower
Basin

Estimate of the Upper Basin’s
Mexican Treaty obligation

Estimated annual reservoir
evaporation from Flaming
Gorge, Lake Powell, and the
Curecanti Unit Reservoirs

Total 3.60-6.30

Annual projected consumptive demands
(millions of acre-feet) In 2000 b

Total 4.10-4.78 (excluding synfuels)
Total 4.15-4.90 (including OTA low estimates for oil

shale c)
Total 4.19-5.00 (including OTA high estimates for oil

shale c)
ams not nl~e ~lowmces  for  the quantlflcatlon  of Federal reserved water  rights

cleims  (the Naval Oil Shale Reserve at Anvil Points has claimed, for exempie,
200,01Xl  AFM. the effect of Dotentlai  environmental constraints (e.ci.. saiinity
coniroi,  prot~tion  of endangered species), or the availability of F~er~’storage.

bEstlmates  ~ for 2ocm  and exclude synfuels  development (@iorado  @Partment

of Natural Resources, Section 13(a) Assessment of the Upper Coiorado  River
Basin; 1975 estimate = 3.12 maf).  instream  uses are not inciuded.

cThe low estimate for shale oil production in 1990 (see ch. 6) imPlies  a ran9e
of annuai  water use of 20,000 to 48,000 acre-feet; the  high estimate implies a
range of 40,000 to 98,tXXl  acre-feet. By 2000, annual water requirements wouid
be, respectively, 50,000 to 120,000 acre-feet, and S,000  to 216,000 acre-feet.

SOURCE: OTA based on Wright Water Engineers, Inc.


