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TECHNICAL MEMORANDUM

SUBJECT: Green River Basin Plan
I ndustrial Water Needs Projections

PREPARED BY: Gary Watts, Watts and Associates, Inc.
Introduction

This memorandum presents projections of industrid water needsin the Green River Basin for the period
from 2000 through 2030. These projections provide a basis for gaging the adequacy of current surface
water and groundweter suppliesin the Basin to meet potentia future needs. Following guiddines
established by the Wyoming Water Development Commission (WWDC), projections were devel oped
for three planning scenarios:

1. Low Growth
2. Moderate Growth
3. High Growth

The projections for each scenario were developed judgmentally, industry by industry, based upon a
review of available literature and a series of persond interviews with representatives of large indudtria
water usersin the Basin. Although consideration was given to econometric methods of projecting future
indudtrid growth, the factors that have and will continue to influence the rates of growth among water
intengive industries in the Basin are not amenable to quantification in multivariate economic models*

A number of indudtrid firmsin Green River Basin use water as a part of their operations. Many of these
firms are located in communities and make use of municipa weater supplies. Generdly, their usage rates
are low and for that reason they have not needed to develop dedicated water supply fecilities for their
operations. Projections of water needs for these smadl industrial water users are included in projections
of municipa demands for the communitiesin the Bagn.

Industrial water users not dependent upon municipa water suppliesinclude mining operations, the oil
and gas industry, manufacturers of soda ash and related products, and electric power producers. This
memorandum focuses on the future water needs of these indugtries®

! Econometric models are statistical models that relate the variable to be forecast, in this case industrial water
requirements, to other variables for which future values are more easily forecast, such as population.
2 Current water usage for these industries is described in a separate technical memorandum (Purcell, 2000).
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Currently, the largest industriad water uses in the Basin are those associated with dectric power
generation and soda ash production. Future water needs for eectric power production will be largely
determined by how dectric utilities in the Basin and e sewhere in the west respond to various actions
and proposas to deregulate the industry. Scenarios for possible industry responses to deregulation are
not eadly captured by multivariate satisticad modds. Similarly, future growth prospects for the soda ash
industry are largely dictated by the ability of Wyoming producers to capture an increasing share of the
internationa market in the face of volatile international economic conditions and the protective tariffs
imposed by some foreign countries. The factors that influence the competitiveness of the Basin's soda
ash producersin internationa markets are aso difficult to incorporate into economic models.

The following sections of this memorandum discuss future growth prospects of the Sgnificant water
using indudtriesin the Basin and present low, medium, and high growth projections for future water use.
The lagt section summarizes future industrial water needs.

Future Electric Power Production

Two cod-fired eectric power plants are located in the Green River Basin; the Jm Bridger Power Plant
near Point of Rocksin Sweetwater County and the Naughton Power Plant south of Kemmerer in
Lincoln County. Both are owned and operated by Pacificorp, which is a subsidiary of Scottish Power.
The Naughton Plant has a production capacity of 710 megawatts and consumptively uses approximately
13,500 acre-feet of water annudly from the Ham's Fork River. The Jm Bridger Plant has a production
capacity of 2,000 megawatts and consumptively uses approximately 34,300 acre-feet of water annudly
from the Green River. Much of the power from the Naughton Plant is exported via tranamission linesto
Utah, while much of the power from the Jm Bridger Plant is exported to Pecificorp cusomersin the
Pacific Northwest (Hoopes, 2000; Meyer, 2000).

The future of dectric power production in the Green River Basin is clouded by proposads and actions by
some western dates to open previoudy captive markets for dectricity to competition. Historicaly, the
eectric utility industry in this country has been composed of verticaly integrated monopolies under the
regulation of state agencies who st the rates (prices) at which power can be sold to consumers. These
power rates typicaly bundle charges for the three services that eectric utilities provide -- power
generdion, transmission, and distribution.

Restructuring proposals for the industry vary in scope, but generaly are typified by the following:

1. power generation would be deregulated to alow generation companies to compete and sell at
market prices;

2. power transmission would be regulated by the Federal Energy Regulatory Commission (FERC) and
would be made available to dl parties; and

3. thelocd digtribution function would remain state regulated, but local customers would be able to
choose their generation company based upon price or other considerations.
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Although the Wyoming Legidature has not yet acted on industry restructuring, the matter has been under
study by the Wyoming Public Service Commission (PSC) and various Stakeholder Subcommittees
(Black and Veatch, 1997; PSC, 2000). Furthermore, much of the power now generated in Wyoming's
Green River Basin is exported to other western states (primarily Utah

and the Pacific Northwest) where industry restructuring isin various stages of consideration or
implementation.

Regtructuring of the dectric utility industry offers both potentid for future development and roadbl ocks
to the development of additiona generating capacity in the Green River Basin. Currently, eectric
generating cgpacity in the western U.S. is being fully utilized during pesak periods of summer demand,
and the Department of Energy is forecasting the possbility of brown outs in some parts of the west
during the year 2000 (Laramie Daily Boomerang, 2000). This fact, coupled with various proposasto
reduce hydropower production in the Pacific Northwest to lessen environmenta impacts on endangered
species, means that additional generating capacity will be needed in the near future to meet growing
needsin theregion. The availability of water and low sulfur coa resources in the Green River Basin
makes it alogica location for new generating capacity to meet some of the future power needs of the
Rocky Mountain and West Coast regions.

One roadblock to developing additiona generating capacity in the Basin isthe possbility that industry
restructuring will encourage large indudtrial power users in other states to develop co-generation
facilities to meet their own needs and sell excess power to retail consumers. If such developments take
place on alarge scae, dectric utilities might be reluctant to make large investments in new generating
facilitiesin the Green River Basn (Dahl, 1999).

Ancther roadblock to developing new generating capacity in the Basin is the fact that the transmission
linesthat carry power out of the Basin to western markets are now at capacity, and Wyoming markets,
where transmission capacity is adequate, are growing dowly (Meyer, 2000). Thus, any substantia
increase in generating capacity in the Basin would have to be accompanied by new transmission fecilities
to carry the power out of state. Traditiondly, new transmisson

facilities have been financed by utilities that were assured of recovering their investment through tariffs
imposed upon a captive set of retail customers. Prospects for industry restructuring, however, have
meade utilities leery of Sgnificant large capitd investmentsin new tranamission facilities because of
uncertainty concerning their customer base and their ability to recover capita costs in a competitive
market (Parrish, 2000). The FERC and the Wyoming PSC both recognize this problem, and various
proposas have been put forth to encourage the congtruction of new dectrica transmission facilities.

Theissue of how dectricd utility industry restructuring evolvesin the western U.S. will play an important

role in determining the magnitude of future water requirements for eectrica power generation in the
Green River Basin. Three scenarios for future growth are described below.
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Low Growth Scenario

The low growth scenario for future power generation projects current levels of water consumption for
power generdtion to remain constant over the next thirty years. Both the existing Jm Bridger and
Naughton Power Plants have been running a nearly full capacity in recent years, and expanding power
production at ether facility would require Sgnificant capita investments in both generation and
transmission facilities. The low growth scenario is based upon the assumption that additiona power
needs in the western U.S. over the next 30 years will be met by the construction of new generating
facilities outside of the Basin, possibly co-generation facilities developed in conjunction with industria
plantsin other states. Asaresult, water requirements for power generation in the Basin will remain at
current levels over the planning horizon. That leve is gpproximately 47,800 acre-feet annudly.

Moderate Growth Scenario

The moderate growth scenario is based upon the reasonably foreseeable possibility that co-generation
fecilities will not be developed a arate sufficient to meet regiona power needs over the next 30 years,
and that the State of Wyoming and/or the Federd Energy Commission will take stepsto solve the
transmission bottleneck out of Wyoming and thus encourage the construction of additiona eectrical
generating capacity in the Basin. The Wyoming Legidature recently consdered legidation to guarantee
revenue bonds to repay the congtruction of new transmission facilitiesin the state. Although the
legidation did not pass, it is expected to be re-introduced in the future with greater likelihood of passage
asregiond power needs grow. Furthermore, the FERC is expected to play a much more activerolein
future efforts to encourage states and the private sector to expand transmission facilities in the region to
avoid future power shortages (Parrish, 2000). These actions, combined with the potentia resolution of
other industry restructuring issues over the next 30 years, provide a reasonable basis for expecting at
least a moderate expansion of eectrica generating capacity in the Basin over the planning horizon.

The logica location for amoderate expansion of generating capacity isthe Jm Bridger Power

Plant near Point of Rocks, east of Rock Springs. The facility was origindly designed for up to six 500
MW coal-fired generating units, athough only four such units have been ingaled. The exiding units are
among the most cogt-€fficient in the Pecific Power generating system, and an expansion to six cod-fired
units a Jm Bridger would be alogicd sep to increase regiond power production in a cost effective
manner. According to plant engineers, the water requirements for cod-fired generating units have not
changed significantly since the plant was constructed (Meyer, 2000). Thus, the moderate growth
scenario for eectric power production projects a 50 percent increase in water requirements for the Jm
Bridger Power Plant over the next 30 years, with water requirements at the Naughton facility remaining
congtant at current levels. Tota water use for the moderate growth scenario is projected to grow from
acurrent rate of 47,800 acre-feet annudly to approximately 65,000 acre-feet by the year 2030.

High Growth Scenario

The rapid economic growth that occurred in the Green River Basin during the 1970s and early 1980s
was partidly aresult of political events that occurred beyond the Basin's boundaries. The threet of
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curtailed oil imports led the U.S. to mount a campaign for energy independence that emphasized
developing and utilizing the nation’s own energy resources, including oil and gas, uranium, and cod. The
Green River Basin has abundant reserves of dl of these natural resources, and high-energy prices and
government programs to stimulate development of those resources led to a period of rapid growth in the
Basin.

There are no immediate prospects for another disruption in internationa energy markets, and thereisno
evidence that the federa government is currently poised to reinstate programs to encourage domestic
energy production. However, there is apossibility that over the next three decades internationd events
will transpire in amanner that would place increasing emphasis on domestic energy production because
of shortages of imported oil and/or surging energy prices. Such developments could lead the U.S. to
indtitute incentives for developing new coa-fired dectrica generating facilities to reduce the nation’s
dependence on foreign oil. The Green River Baan's water and cod reserves make it anaturd place for
such developments. Infact, at least two dectric utilities have studied the possibility of locating new
generating facilities at a Stein the Basin near Creston Junction (Wyoming Water Development
Commission [WWDC], 1981).

The high growth scenario for eectrical energy production is based upon the reasonable possibility that
high internationa energy prices and/or adisruption of oil importsinto the U.S. will gimulate the
congtruction of asgnificant addition to current eectric generating capacity in the Basin. This scenario
assumes that in addition to a 1,000-megawatt expansion of the Jm Bridger Power Plant, a new 3,000
megawaett coa-fired generating facility will be built in the vicinity of coa deposits near Creston Junction,
utilizing weter piped from the Green River. (Although the Little Snake River dso would be a potentid
source of water for such aplant, the lack of storage facilities for

industrial water in the Little Snake Basin makes the Green River amore likely source of water for future
power production.)

The two exigting cod-fired generating facilities in the Basin use approximately 47,800 acre-feet of water
annudly. The addition of 4,000 megawaits of generating capacity over the next 30 yearswould raise
total water use for power production to 116,500 acre-feet annudly.® This figure represents a 144
percent increase over current utilization levels.

Future Soda Ash Production

The trona patch in the vicinity of Green River, Wyoming is the Site of five indudtrid facilities thet convert
tronato soda ash, an industrid product that is used in manufacturing glass, detergents, baking soda, and
severd other industrid and consumer products. Generd Chemica, OCl Wyoming, and Solvay each
operate one facility inthe Basin. FMC, the largest soda ash producer, operates two facilities; FMC
Westvaco and FMC Granger (formerly Texas-Gulf). Asagroup, these five facilities produced
gpproximately 11.7 million tons of soda ash in 1999, and consumptively used about 17,900 acre-feet of

% This projection assumes the same wet-cooling technology and water requirements as the existing Jim Bridger
facility.

Industrial Water Needs Projections



December 11, 2000 Page 6

water from the Green River. Not al of this water is used in soda ash production, however; some soda
ash fadilities use cooling water for on-Site eectric power generation and sdll their excess power.
Furthermore, the FMC Westvaco facility uses water for manufacturing processes associated with their
bicarbonate, sodium cyanide, sodium hydroxide, and sodium phosphate plants. In addition, Church and
Dwight, the manufacturer of Arm and Hammer products, used dightly over 200 acre-feet of weter in
1999 for post-processing soda ash, bringing total industry usage for al purposes to about 18,100 acre-
feet annually.

World soda ash consumption is estimated to be gpproximately 32 million tons annualy, meaning thet the
Green River patch supplies about 37 percent of world's needs. The two other domestic producers of
natura soda ash are located in Colorado and Cdifornia, and have a combined capacity of 2.4 million
tons annualy. Roughly 60 percent of current production in the Basin is used domesticdly, and the
remainder is exported. The mgor foreign markets for Wyoming soda ash are in Asiaand South
America, dthough Europe, Mexico, the Middle Eagt, and Africa aso import Sgnificant quantities
(Kostick, 1999).

Future growth in soda ash production in the Basin will be largely dependent upon export markets.
Domestic consumption has been relatively flat in recent years and is expected to grow by only 1.0 to
1.5 percent annudly for the foreseeable future (Kostick, 1999). Thisrdatively low growth rate

is atributable to the fact the U.S. market is rdatively mature in terms of per capita consumption of soda
ash products. Furthermore, glass container production, the largest domestic use of soda ash, faces
increasing competition from plagtics in the domestic bottled beverages market.

Foreign demand for soda ash, especidly in developing countries, is expected to increase at amore rapid
rate than in the U.S. over the next 30 years. As disposable income rises in developing countries,
consumption of beveragesin glass containers -- now consdered a luxury in many parts of the world --
is expected to become commonplace. The increased use of glass containersin foreign marketsis
expected to trandate into increased demand for U.S. soda ash because the U.S. has the world' s largest
deposits of trona and isthe lowest cost producer of soda ash.

Other factors that affect future U.S. soda ash production include trade barriers that many countries have
established to protect their domestic soda ash industries, which, in some cases, utilize synthetic
processes that are not cost competitive with natural soda ash imports. Ching, India, and certain Eastern
European countries are examples of markets with large populations, high potentiad for growth in terms of
glass container usage, and high soda ash tariffs that discourage imports. Over the next 30 years, efforts
by the World Trade Organization and the U.S. government have the potentid to lower these tariff
barriers and open up new markets for U.S. soda ash.

* The technical memorandumon current Green River Basin industrial water uses (Purcell, 2000) lists Church and
Dwight under “other surface water users’. In this memorandum Church and Dwight isincluded in the soda ash
industry because it is avalue-added producer of soda ash products.
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Soda ash exports from the Basin may also receive a boost from future cost savings in the production
and trangportation of sodaash. On the production side, solution mining processes have the potentia to
lower production costs and thus make Wyoming soda ash more cost compstitive in internationa
markets. One producer in the Basin has used this process, and most of the other producers have
indicated that it isin thar future plans. Solution mining involves injecting a sodium hydroxide solution
into atrona bed, converting the tronainto water and soda ash, which is then pumped out of recovery
wells. This process has the potentia to be more cost effective than conventiona processes, which
involve firg mining the trona and then extracting the soda ash in a surface plant.

One downside of solution mining is that production rates are harder to forecast and control than with
conventiona techniques, so it is doubtful that solution mining will completely replace conventiond
processing in the foreseegble future (Demshar, 2000). A more likely scenario is that producers will
implement solution mining for some portion of their future expangon plans, while keeping existing
facilities operating for an assured leve of basdine production. Solution mining may aso open the door
for more competition among U.S. soda ash producers. American Soda Ash recently opened a 1.1
million-ton soda ash facility near Rifle, Colorado that uses solution mining exclusively and will compete
with Wyoming producers for shares of domestic and international markets.

Thereisadso apossihility of future competition in the rail transport of soda ash to loading ports on the
West Coast for shipment overseas. Currently, most soda ash exports are shipped via

Union Pecific to an export termina in Portland, Oregon. Some soda ash, however, istrucked to a
Burlington Northern loading point near Shoshoni for rail shipment. If Burlington Northern or some other
carier were to extend arail lineinto the trona patch near Green River, the competition would tend to
lower transportation costs and thus make Wyoming soda ash even more cost competitive in oversess
markets.

How dl of these influences come together over time will largely determine the future growth rate of soda
ash production in the Basin and the corresponding need for additional process water. Three scenarios
for future water needs for the Basin's soda ash industry are described below.

Low Growth Scenario

The low growth scenario for future soda ash production projects no significant changes in the structure
of domestic or international markets for soda ash over the 30-year planning horizon, and no sgnificant
changesin production and transportation costs for WWyoming producers. Under these conditions, Green
River Basin producers would be expected to maintain their current shares of both domestic and
internationd markets, and their production would be expected to grow roughly proportiond to growth
in consumption.

According to Kostick (1999), future domestic consumption is expected to grow by 1.0 to 1.5 percent
annually, and world consumption is expected to grow by 2.0 to 3.0 percent annudly for the foreseeable
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future. Using the mid-point of these estimates gives a projected domestic growth rate of 1.25 percent
annually and projected export growth rate of 2.50 percent annualy. Based on current production
estimates, approximately 60 percent of soda ash from the Green River patch is consumed domestically
and 40 percent is exported. Using these percentages as weighting factors, the overdl future growth rate
for soda ash production in the Basin is projected to be 1.75 percent annuadly for the low growth
scenario.

The amount of water used for soda ash production varies widely among producers for numerous
reasons, including the type of production technology used, whether power is generated on site and how
it is generated, how much water is used to inject process insolubles back into the mining void, how
much water islogt to evaporation in holding and settling ponds, how much water is used for dust
control, and how much water is recycled for various process purposes. Based upon industry
interviews, the overal average consumptive use rete for current production in the Green River patch is
on the order of 450 gallons per ton of soda ash production. This figure was used to project future
water requirements for the industry for the low growth scenario.

At a 1.75-percent annua growth rate, soda ash production in the Basin will grow from 11.7 million tons
in 1999 to 20.0 million tons by the year 2030. The production increase of 8.3 million tons annudly will
require an estimated 3.735 hillion galons of additiona water annudly, the

equivaent of gpproximately 11,500 acre-feet. That increase would bring total consumptive usein the
patch up to 29,600 acre-feet by the year 2030, an increase of 64 percent over current levels.

Moderate Growth Scenario

The moderate growth scenario, like the low growth scenario, projects no significant changesin the
sructure of domestic or internationa markets for soda ash over the next 30 years. Unlike the low
growth scenario, however, this scenario projects the reasonably foreseeable possibility that producers
will be able to achieve an additiona competitive advantage in the export marketplace through reductions
inrail trangportation costs and the implementation of solution mining for a portion of ther future
production. The congtruction of anew rail line into the patch would introduce competition into the
transportation arenafor the first time, and could be expected to reduce the ddivered cost of Wyoming
soda ash in overseas markets. Theimplementation of solution mining on alimited scale should dso have
some cogt reduction implications that would give Wyoming soda ash an additional competitive
advantage in overseas markets.

Foreign soda ash consumption is estimated to be roughly 25.0 million tons annually (Kostick, 1999), of
which gpproximately 20 percent is supplied by Wyoming producers. If foreign consumption increases
at the projected rate of 2.5 percent annudly, it will reach 53.8 million tons by the year 2030. Wyoming
producers could reasonably expect to increase their share of foreign market penetration from 20 to 25
percent as aresult of efficiencies described above, meaning that total foreign sales would approach 13.5
million tons annudly by the year 2030. Assuming that domestic sales continue to grow at the project
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rate of 1.25 percent, tota soda ash production from the patch would be 23.8 million tons by the year
2030, an increase of 12.1 million tons over current output levels.

The water requirements associated with this scenario are more difficult to estimate than for the low
growth scenario because of the assumption that solution mining would be employed for a portion of
future production. Only one of the Basin's current soda ash producers has production experience with
solution mining, and good estimates of higtorica water utilization are not available. Even if they were,
potential improvements in the process, such as the use of directiond drilling techniques, may make future
production more water efficient than past efforts. For purposes of estimating water requirements for this
scenario, it was assumed that 50 percent of future production increases would come from solution
mining, and that solution-mining techniques would require 750 galons of water per ton of soda ash
production. Based upon these assumptions, the consumptive use of water by soda ash industry in the
Basin would grow by 22,300 acre-feet annuadly by the year 2030 to atotal of 40,400 acre-fet. This
figure represents a 123 percent increase over current water consumption levels,

High Growth Scenario

The high growth scenario for soda ash production in the Basin, like the moderate growth scenario,
projectsincreasing efficiencies in production and trangportation through solution mining and competition
inrail trangportation of the finished product. In addition, this scenario projects the possibility of
gructura changes in some overseas markets that will result from faling tariffs and the dimination of
certain other trade barriers. These changes could come about through pressure form the World Trade
Organization and the U.S. Government to diminate punitive tariffs on imported soda ash in countries
such as Chinaand India. They could also come about if other countries, particularly in Eastern Europe,
become convinced that their antiquated synthetic soda ash plants are not efficient and worthy of further
investment or tariff protection. If trade barriersto U.S. exports of soda ash are gradualy lowered or
eliminated over the next 30 years,

Wyoming producers could be expected to benefit enormoudy because they have a compstitive
advantage with respect to production costs that few other suppliers can equdl.

With a projected gradua elimination of trade barriers, it is not unreasonable to assume that U.S.
producers could eventualy capture 50 percent of the foreign market for soda ash. Wyoming producers
may face increasing competition from other domestic suppliers under this scenario however, especidly if
solutiort mining techniques make it more cost effective to develop less accessible depodits of tronain
other sates. For this reason, the high growth scenario for Wyoming producersis based upon the
assumption thet they could reasonably capture one-third of the total world market of 53.8 million tons
by the year 2030.

Assuming that domestic production in the patch will grow at 1.25 percent annualy, and that exports will
grow to one-third of foreign consumption by the year 2030, total estimated soda ash production in the
Basin would be 28.1 million tonsin 30 years. That figure represents an increase of 16.4 million tons
annualy over current production levels. Assuming that 50 percent of the increased production comes
from solution mining (750 gallons per ton) and 50 percent from conventiona processes (450 gallons per
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ton), the increase in annual water requirements for the industry by the year 2030 will be 30,200 acre-
feet. Total water requirements for the industry would be 48,300 acre-feet annudly, an increase of 167
percent over current levels.

Other Surface Water Uses

Electrical power generation and soda ash production congtitute the current major uses of surface water
for indugtrial purposes in the Green River Basin. The only other surface water user of Sgnificanceis FS
Industries, which manufactures phosphate fertilizer in a plant near Rock Springs. This plant current
consumptively uses about 560 acre-feet of water annudly, which is purchased from the Rock Springs-
Green River Water Supply System. Phosphate is ddlivered to the facility viaadurry pipeine from a
mine near Vernd, Utah. An expansion of production at thisfacility is probable over the next 30 years,
dthough the timing of the expansion is uncertain.

According to plant officids, the facility would triple its current water use if it processed dl of the
phosphate that could be ddlivered viaits durry line (Iring, 2000). For purposes of projecting future
water needs, the low growth scenario for this facility assumes no future growth in water needs over the
30 year planning horizon. For the moderate growth scenario, consumptive useis projected to increase
to 1,000 acre-feet annudly by the year 2030. For the high growth scenario, consumptive useis
projected to increase to 1,500 acre-feet annudly by the year 2030.

Groundwater Uses

The ail and gasindudry isan important user of groundwater in the Basin, athough water requirements
are generdly smdl and spread over alarge geographic area. Water is used to create mud during drilling
and can be used for waterflooding operations. The Bureau of Land Management (BLM) has projected
that the number of producing oil and gas wells in the Green River Resource Area (GRRA) through the
year 2010 (BLM, 1996). That projection shows that the total number of producing wellsis expected to
decline dightly from atotal of 1,725 in the year 2000 to about 1,570 in the year 2010. Although the
number of new wells drilled each year is expected to increase during this period, the number of wells
abandoned each year is projected to more than offset the increase in drilling. The GRRA contains
about one-haf of the oil and gas activity in the Basin, and production conditions are consdered by the
BLM to be representetive of the Basin asawhole. Thus, there are no indications of a significant change
in future water requirements for oil and gas drilling in the Basin.

Thereisapotentia for coa-bed methane development to impact groundwater resourcesin the Basn
over the next 30 years. Coal-bed methane development is not a consumptive user of groundwater
resources, but produces groundwater as a by-product of gas production. Water is pumped to relieve
pressure on gasin cod seams 0 that the gas can be captured at the surface. Generdly speaking, areas
of the Basin with cod seamsin the range of from 200 to 500 feet of the surface have the potential for
coal- bed methane production, dthough the availability of gasin commercid quantities can only be
determined by drilling (Peacock, 2000).
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The Green River Resource Area Resource Management Plan (GRRARMP) issued by the BLM in
1996 identifies an area north of Rock Springs and extending east and west of the EdenFarson area as
being likdly for future development (BLM, 1996). Up to 300 commercid wells were forecast for this
area during the following decade. Since the GRRARMP was issued, the BLM has begun environmental
assessments for proposed coal-bed methane developments in the Jack Marrow Hills areanear Farson
and the Muddy Creek area between Baggs and Rawlins, and other proposals are expected (Doncaster,
2000; Peacock, 2000). The extent of future coal-bed methane development is difficult to project
because the commercid viahility of large-scale production has not been established. Given the
extengve cod resources located in some parts of the Basin, however, it is possible that extensve
production could develop in some aress.

One limiting factor with respect to future cod- bed methane development are federa laws and programs,
collectively known as the Colorado River Basin Sdinity Control Program (CRBSCP), which regulate
the amount of salt that can be discharged into surface water systems of the Green River Basin.®> The
CRBSCP drictly limits and in some cases prohibits sdine discharges from new industrid sourcesin the
Basn. If cod-bed methane developments produce saline groundwater as a by-product of gas
production, in dl likelihood that water would have to be ether reinjected into low qudity aquifers; if
available, or held and evaporated in disposa ponds that have no hydrologic connection to surface water
systems. This requirement may limit the commercia development of cod-bed methane resourcesin
some parts of the Basin.

Naturd gas processing fadilitiesin the Basn dso use groundwater, but typicaly in rdativey smdl
amounts. For example, the Exxon Shute Creek Plant has two wells permitted for 100 gpm each and a
small surface water permit (0.134 cfs). Inthelarger picture of industrid water usesin the Basin,
groundwaeter uses for natura gas processing are relatively small and future needs have not been
projected.

Severd cod minesin the Basin have groundwater permits and use water primarily for drinking water,
sanitation, dust control, and mine reclamation activities. The three largest mines are the Black Butte and
Bridger Minesthat supply cod to the Jm Bridger Power Plant and the Fittsburgh-Midway Mine thet
supplies the Naughton Power Plant. The groundwater used by these mines does not directly impact
surface water flows, and needs have not been projected into the future.

The Kennecott Uranium Company aso has a number of groundwater permits for itsinactive mine and
processing facility in the Great Basin northeast of Rawlins. When it was operationa, the mine used well
water in a process solution for extracting uranium from ore. Given current conditions in the world
market for uranium and prospects for future growth, however, the prospects for the mine and
processing facility reopening during the planning horizon of this sudy are remote (Lummis, 2000).

Potential New Industrial Uses

® A history and description of the CRBSCP is contained in another technical memorandum (Tyrrell, 2000).
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The industrid water use projections for the Green River Basin described above focus on existing
indudtries and their future water needs. The potentid for new industries to locate in the Basin to take
advantage of available water resources aso merits discussion. According to the U.S. Department of
Commerce (1992), four industry groups account for over 95 percent of al of the industrid water used
in this country each year. Theseindustries are (1) ectric power producers, (2) chemicd and dlied
products manufacturers, (3) primary metals producers, and (4) paper and

alied products manufacturers. Electric power producers aone consume over 80 percent of dl industria
water used in this country each year. The other three industry groups account for roughly 14 percent of
al indudrid water use.

The Green River Bagin is dready well represented with respect to eectric power production and
chemica manufacturers (the soda ash and phosphate producersfal into this group). The other two
intensive water use industries, primary metals and paper producers, tend to locate near the source of
their largest process inputs -- metals and wood respectively. Although the Basin does have alarge
timber inventory on Nationa Forest lands, water requirements for timber harvesting and lumber
production are minimal.® 1f apulp and paper mill were to locate in the Basin, water requirements could
be substantial. This possibility seems remote at the present time, however, given recent trends of
reduced timber harvests on federd lands in the west. It thus appears likely that any new water intensve
indudtrid developments in the Basin over the next 30 years will fal into the dectric power generaion
and/or chemica products categories.

Expansion of eectric power production in the Basin is consdered in an earlier section of this
memorandum, asisthe potentia for expansion by the soda ash and phosphate fertilizer indudtries. The
possibility remains that new industrial water uses not discussed in this report will develop over the next
30 years, but the nature and extent of such developmentsis not foreseeable at this time and water
requirements for such developments are not included in the projections described in this memorandum.

Summary of Findings

Projected industrid water requirements for the Green River Basin are presented graphicaly in Figures 1
through 3, and the numericd results are summarized in Table 1. These projections are for surface water
requirements for large industria water users. Industrid uses of groundwater are discussed quditatively
in a previous section of this memorandum. Requirements for small industrial users dependent upon
municipa water supplies are included in projected municipa water requirements.

Figure 1 depicts current water use for electric power generation in the Basin, dong with low, moderate,
and high growth projections of water needs for the year 2030. The results show awide range of
potentia future water needs for thisindustry. This range reflects the uncertainty surrounding how future
power generation requirements in the western United States will be met by an industry that is

® Thetotal estimated consumptive use of water by the timber industry in Wyoming in 1970 was less than 200 acre-feet
annually (Wyoming Water Planning Program, 1970).
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restructuring itself to operate in a more competitive marketplace. It dso reflects uncertainty concerning
internationa events that may affect the price and availability of foreign ail that is used to satisfy much of
the energy demand in this country.

Industrial Water Needs Projections
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Table 1
Green River Basin Industrial
Water Use Projections
Scenario/ Consumptive Use (affyr) Percentage
Industry 2000 2030 Change
Low Growth
Electric power 47,800 47,800 0%
Soda ash' 18,100 29,600 64%
Other? 600 600 0%
Total 66,500 78,000 17%
Moderate Growth
Electric power 47,800 65,000 36%
Soda ash’' 18,100 40,400 123%
Other? 600 1,000 67%
Total 66,500 106,400 60%
High Growth
Electric power 47,800 116,500 144%
Soda ash' 18,100 48,300 167%
Other? 600 1,500 150%
Total 66,500 166,300 150%

!Includes related production activities.

*Excludes groundwater and small municipal water

users.

The resultsin Figure 1 show that water requirements for power generation in the Basin could remain
roughly static at about 48,000 acre-feet annualy under the low growth scenario. For the high growth
scenario, water requirements could more than double to over 116,000 acre-feet annudly. The
moderate growth scenario presents a reasonably foreseeable projection of 65,000 acre-feet annudly,

an increase of 36 percent over current usage levels.

Figure 2 shows that there is somewhat |ess uncertainty associated with future water requirements for
soda ash production in the Basin.  Future water requirements are projected to grow under al scenarios
as the industry responds to projected increases in worldwide demand over the next 30 years. The low
growth scenario projects no structural changesin production techniques, transportation costs, or trade
barriers over the 30-year planning horizon, meaning that the industry should maintain its current share of

Industrial Water Needs Projections
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domesgtic and international markets. The moderate growth and high growth scenarios project various
reasonably foreseeable changes that would give producersin the Basin greater access to international

markets.

140,000

Figure 1
Electric Power Water Use Projections
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Soda Ash Use Projections
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The resultsin Figure 2 show that industry water requirements for the low growth scenario are expected
to increase from about 18,000 acre-feet currently to over dmost 30,000 acre-feet by the year 2030.
Under the high growth scenario, water requirements could reach 48,300 acre-feet by 2030. The
moderate growth scenario projects a reasonably foreseeable estimate of 40,400 acre-feet annudly, an
increase of 123 percent over current usage levels.
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Projections of total industria water requirementsin the Basin are depicted in Figure 3. The results show
that for the low growth scenario, water requirements are expected to increase from a current level of

66,500 acre-feet to 78,000 acre-feet by 2030, an increase of 17 percent. For the high growth

scenario, requirements are projected to grow to 166,300 acre-feet, an increase of 150 percent. The
moderate growth scenario projects a reasonably foreseeable requirement of 106,400 acre-feet by

2030, an increase of 68 percent.

Figure 3
Total Industrial Water Use Projections
Green River Basin
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