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• 8. Al ternatives t o the Proposed Project 


The following discussions center on four areas of alternatives. 

The first re l a tes t o the alternative gas sources, designs, and 
Plocesses available and considered by ANGCGC . Second are the 
~iting alternatives studied by ANGCGC . The third group of alternatives 
concerns alternative uses of the resources that would be committed 
to the proposed project. The last category relates to other 
possible sources of energy to suppl y the future energy needs of 
the Nation. 

8.1 ANGCGC's Design and Source Alternatives 

8.1.1 No Projec t 

• 

If production of the SNG from coal is not pursued , Michigan
Wisconsin might not be able to supply the long-term gas needs of 
its residential and industrial customers . Regionally and nationally, 
this would further strain already insufficient energy supplies. 
The resultant impact would either be the use of environmentally 
less desirable fuels, or in the case of some existing industries, 
curtailment of operations and the socioeconomic consequences of 
unemployment . Even if low sulfur f uel oil were available as a 
substitute for gas, such use would substantially increase sulfur 
emissions in the Michigan-Wisconsin market area. 

Without development of the proposed coal gasification project, the 
physical and biological impacts discussed in Chapters 3 and 5 
would not occur. If there were no other large scale industrial 
projects in the area, the populat ion would probably decrease 
slowly and the communi ty structure woul d likely remain rur al and 
sparsely popula ted. However , it i s probable that some coal
related development will t ake place; thus, many of the impac ts 
discussed in Chapters 3 and 5 will occur in varying degrees. 

8. 1. 2 Alternat i v e Sources of Gas 

8.1.2. 1 Importat ion 

• 

Gas could be imported into the United States either as pipeline natural 
gas or as l iquid natural gas at the expense of a further decline in the 
United States balance of payments . Natural pipeline gas is presently 
imported into the United States f r om Canada and Mexico. In 1972, 1.0 Tcf 
were imported, via pipelines, from Canada 9 whi le 8 m1cf came from Hexico. 
There may be some prospect of i ncreased import. Mexico has a relatively 
small proven natura l gas base and a pol i cy o f energy self-sufficiency 
which indicates that an adequat e supply of new gas might not be avai lable 
for export . Present _1ichigan-Wisconsin gas cont r act s with Mexi co expi re ' 
in 1982 t hus creating t he possibi lity that if no new supplies are 



released for export, natural gas imports from that country by 
Michigan-Wisconsin could cease. •
Based on actions by the Canadian National Energy Board (NEB), it 
appears that future increases in natural gas imports froID Canada 
may 11so be limited. In November 1971 , the NEB rejected three 
lic~se applications to export 2.7 Tcf of gas to the United States 
over a 15- to 20-year period. In addition, the Canadian Petroleum 
Association reported in 1973 that proven marketable reserves of 
natural gas experienced their first decline since 1954. These 
reserves d~opped 4.5 percent , or 2.5 Tef. 

The impacts of pipelines carrying gas from Canada and Mexico would 
be essentially the same as those discussed for the product pipeline 
in this statement . 

Liquified natural gas (LNG) is the other major potential source of 
gas imports. Plans are being made by the gas industry for base
load LNG imports under long-term contracts . Large scale shipping 
of LNG is a relatively new industry and the United States does not 
yet have facilities for receiving base10ad shipments. The FPC 
recently approved two projects which together woul d deliver more 
than 1 ~lcf/day of LNG. Various projections of LNG imports to 
1985 (48) are: 

1975 1980 1985 
~rillion cubic feet) •

Federal Power Commission 0.3 2.0 3.0 
Department of Interior 0.5 0.9 1.6 
National Petroleum Counci l 0.24 2.28 4.11 

American Natural Resources is examining several possibl e locations 
for a LNG terminal; however, the need for LNG would be in addition 
to, not in place of, SNG from coal . The United States balance of 
payments would suffer as a result of extensive LNG imports. In 
addition, United States capital may be r equired for construction 
of foreign liquification p l ants. Further deficits could result 
from the purchase of tankers from a fore ign source or the use of 
foreign tankers. The cost of the gas itself will , however, probably 
have the greatest i nfluence on balance of payments. It is es t tmated 
that the f.o.b. price of gas would be $1.30 to $2.30/Mcf. Importing 
1 Tcf could, therefore, result in a cash outfl ow of $1 .3 to $2.3 
bill ion (48). 

Environmental impacts in the United St a t es of LNG importation 
would l argely be t hose of tankers , terminals, and regasification 
fac ilities, and t r a nsportat ion of the gas. The chance exists that 
a tanker might be invo lved in a co l lision or other mishap, but 
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several studies have shown that the LNG would likely vaporize and 
escape into the air . An open flame could ignite the flammab l e 
gas-air mixture escaping from a rupture, however. 

~cirities would be required to transfer the LNG from the tankers, 
~tore it, and regasify it for pipeline transport . Transfer methods 
for two proposed facilities (Cove Point, Maryland and Savannah, 
Georgia) would involve initial dredging, and possibly continued 
dredging, and result in increased ~urbidity of the water and dis
ruption of marine organisms, particularly bottom-dwelling organisms. 

Regasification plants use natural gas heaters or water to regasify 
the LNG, so very few pollutants are released into the air or 
water. Plants using water would lower its temperature about 5
150 F between intake and return. However, these plants could be 
combined with heat-producing plants to minimize the effect of both 
on water temperatures. 

The potential for fire or explosion is always present during the 
transportation, transfer , or storage of LNG. Pipelines would be 
needed for transport and their impacts would be similar to those 
of the product pipeline associated with the proposed gasification 
plant. 

8.1.2.2 Domestic Supplies 

The American Natural Resources Company has attempted to purchase 
new reserves in the United States, is active in the Arctic Gas 
project, and has expanded their own efforts to explore for and 
produce new reserves in the lower 48 states, including offshore 
reserves. ANR officials have said that they find it hard to 
purchase new supplies from independent producers because of the 
price advantage intrastate purchasers can offer over the interstate 
price. New system reserves and the Arctic Gas project are not 
expected to keep pace with the decline in production from old 
reserves and an anticipated drop in pipeline gas deliveries from 
Canada of 158 MMcf in 1981. 

There are no uncommitted reserves of any magnitude available to 
ANR from within the area covered by their system. Also, there is 
no assurance that reserves of any substantial nature will be 
available in the near term which would be a viable alternative to 
the proposed project. The net contribution to ANR gas supplies 
from expanded exploration and dril l ing activities has not been 
significant to date. 

• 
The environmental impacts of increasing domestic supplies are 
those associated with road-building , drilling and production 
facilities, and the construc tion of pipelines to deliver the new 
gas to existing transmis s i on systems . 
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8.1.2.3 Liquid Hydrocarbon Gasificat i on 

Synthetic natural gas (SNG) can be produced from various petroleum 
,- feedstocks, notably naphtha, crude oil, and methanol. Processes 


being geveloped include (1) thermal cracking in steam, (2) thermal 

crac~fhg in qydrogen-rich atmosphere, (3) catalytic cracking in 

steam, and (4) partial oxidation. Potential commercial processes 


' #' 	 involve gasification of naphtha; one process developed by the 
British Gas Council (catalytic-rich gas) operates at 93 to 95 percent 
thermal efficiency. The general process of converting liquid 
hydrocarbons to SNG is similar to that for the gasification of 
coal except desulfurization occurs first . 

Some of the liquid hydrocarbons required for use in these SNG 

conversion processes are used by the petrochemical industry and 

are not currently available for gasification in the quantfties 

needed. In 1973, nearly all the industrial-chemical naphtha was 

used as feedstock in olefin manufacture (49). In recent years 

this usage has substantially increased in response to the expected 

short supply of natural gas liquids. For example , 12.1 percent of 

ethylene manufacture in 1971 utilized this feedstock compared to 

18.7 percent in 1973. Since petroleum refining in the United States 

is being oriented increasingly toward gasoline output, the resulting 

naphtha production has decreased considerably. 


Oil gasification depends upon a crude oil feedstock, which is 

already in short supply in the United States. In 1973, the United States 

refining capacity was 690.1 million tons/year while the ever 

increasing rate of consumption was 829.3 million tons/year (50). 

From 1970-73, all imports have increased from 12.1 percent to 

26.1 	percent of annual consumption. Annual imports increased 
26.9 percent in 1971, 31.9 percent in 1972, and 46.4 percent in 

1973. Besides the question of reliability of foreign supply, use 

of foreign crude is not in conformance with the goals of energy 

independence. 


The environmental impact of liquid hydrocarbon processes would be 

those of extraction and transportation of crude oil, the conversion 

processes, and transportation of product gas. Inasmuch as supplies 

of crude oil would be imported , the environmental impacts are 

likely to be those of importing oil. Transportation of the product 

gas would cause impacts essentially the same as those of the 

proposed product pipeline. Because coal-to-gas and liquid hydro

carbon-to-gas plants would be similar in most respects (boilers, 

gas scrubbers, etc.), the environmental impacts would be similar 

in nature. However, the intensity of the impacts of liquid hydro

carbon-to-gas plants would be less than coal gasification plants 

because they have a higher thermal efficiency than coal-based 

plants and would be relatively free of ash, char , and particulates. 
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After the SNG is removed, there remains solids and/or liquids that 
represent additional fuel supplies and/or waste. 

8.1.2.4 Nuclear Stimulation 
J 

/ Nuclear stimulation is an experimental method of fracturing low 
permeability gas reservoirs otherwise incapable of sustaining 
commercial production. It has the potential to add significantly 
to United States recoverable gas ~eserves. ERDA is conducting 
research and development of underground nuclear explosions to 
recover natural gas locked in tight geological formations. Most 
reserves amenable to nuclear stimulation lie in thick, deep reservoirs 
in the Rocky Mountain Region. 

The low permeability and heterogeneity of the reservoir rock in 
the Rocky Mountain basin require tremendous fractures over vertical 
intervals of 2,000 to 4,000 feet thick to provide adequate productivity. 
Two techniques are potentially capable of creating the underground 
fracture systems needed: (1) multiple nuclear explosive fracturing, 
and (2) massive hydraulic fracturing . Both systems are still in 
the experimental stage to determine if adequate and sustained gas 
production can be achieved (48). 

Assuming experimen tal success, commercial development could begin 
by the late 1970' s or early 1980's. A scenario developed by the 
Lawrence Radiation Laboratory predicts that 80 wells/year could be 
developed by 1980 resulting in the production of 600 Bcf/year by 
that time. Favorable conditions might allow development of 
100 wells/year beginning in 1981. This would result in production 
of 1.50 Tcf/year (4.35 Bcf/day) by 1985. 

Environmental effects of nuclear stimulation are those related to 

radioactivity and seismic disturbance, primarily subsurface but 

with some surface seismic disturbance . The chance of above ground 

contamination and disturbance is considered extremely unlikely. 

Most radioactivity remains underground, trapped in reso~idified 


rock. Water produced with the gas from nuclear stimulated wells 

contains small amounts of tritium. Methods of disposal of this 

contaminant are being developed. Gas production from the wells 

can be delayed until the short-lived radionuclides decay. The 

first gas from the wells contains high C02 levels, but after 

production of a few chimney volumes, the gas composition is 

essentially the same as that from conventional wells. 


Ground motion following the underground explosion is predictable; 

hence, damage to existing ground structures can be minimized. It 

has been suggested that residual stress from a number of detonations 

mi ght accumulate and present an earthquake hazard not present in a 

single explosion. Data from seismic wave generation and stimulated 
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fault motion at the Nevada Test Site i ndicate that the cumulative 
effect f r om many explosions is to reduce ambient stress levels •
rather than to i nc rease them. Also, a recent series of high

~ 	 precision geodolite measurements indicates that the residual 
s~rain/field around a single explosion site tends to rel ax with 
t1me . / 

8.1.3 Al ternative Des igns, Processes, and Operations 

8.1.3.1 Other Coal Gasification Processes 

Presently, commercially proven technology for coal gas i fication 

has been demonstrated by Lurgi, Koppers-Totzek, and Winkler 

processes. ANGCGC selected the Lurgi process after detailed 

reliability, economic, and engineering studies of the three 

processes. 


The Koppers-Totzek (K-T) process was developed in 1948 in cooperation 

with a German company. There are 16 K-T plants operating around 

the world, but none in the United States. The K-T process employs 

the partial oxidation of pulverized coal in suspension with oxygen 

and steam. A two-headed gasifier is capable of gasifying over 

400 tpd of coal. Coal, oxygen, and steam are brought together in 

opposing gasifier burner heads. Reaction temperature at the 

burner discharge is 3,300 to 3,5000 F and the operating pressure 

of the gasifier is slightly above atmosphere. The coal is gasified 

almost completely and instantaneously. Carbon conversion is 
 •related to the reactivity of coal, approaching 100 percent for lignites . 

The Winkler process is an atmospheric fluid-bed route in which the 

gasifying media are oxygen and steam. The fluid-bed operates at 

1,500 to 1,8500 F, and most of the ash is carried over with the 

product gas. To prevent slagging of the ash, the gases are cooled 

by a radiant boiler section in the upper portion of the gasifier. 

The process is used at 16 plants in a number of countries, using a 

total of 36 generators. 


The K-T and Winkler processes offer an advantage in not producing 

byproduct tars, oils, etc., due to their higher operating temperatures. 

The higher operating temperature, however, is also a disadvantage 

in SNG production. The SNG produced has a very low methane 

content ( < 1 percent) and the size of the methanation unit must 

almost be doubled. Their other disadvantages are greater oxygen 

consumption and low operation pressure. The resultant SNG has to 

be compressed to a final pipeline pressure of 1050 psig . 


The environmental impacts of the alternate gasification processes 

would be essentially the same as those discussed in Chapter 3 for 

the proposed project. 


8-6 • 



8.1.3.2 Alternatives Within t he Process 

A major portion of the gasif i cation plant is a Lur gi process 
package. The Lurgi process areas are (1) gas i fi cat ion, (2) gas 
fohi£t conversion, (3) gas cooling , (4) Rectisol, (5) Phenosolvan, 

1 (6) methanation, and (7) gas liquor separation. Lurgi proprietary 
. 	 equipment is used in areas 1, 4, 5, and 6 above; thus, gas quality 

and other performance guarantees only apply if Lurgi designs the 
total system. For this reason, no alternative process units in 
the above areas were considered once the Lurgi process was s e l ec t ed. 

In the area of ammonia recovery, the Lurgi CLL process was compared 
wi t h the U.S. Steel Phosam-W process. Since both processes utilize 
the same f eed stream and both produce commercial grade anhydrous 
ammonia, the Phosam-W process was selected for economic r e asons. 

In t erms of sulf ur conversion, a combination of Stretford, Claus , 
and IFP processes were considered at first. In the Sasol coal 
analysis at an existing gasification plan t, however, it was l earned 
that i n processing lignite from the Beulah-Zap bed that the sulfur 
concentra tions given off were too low to be effectively recover ed 
by the Claus and IFP processes. As a result, a total Stretf ord 
system was selected. 

Considerable testing and evaluation was also done by ANGCGC in the 
area of coal preparation. Tests were conducted in the areas of 
coal drying, crushing, and screening. The Sasol test showed t ha t 
drying was not required. Crushing tests were used t o provide data 
on final coal sizing and equipment selection. In a full scale 
screening test, a high probability screen, new to the American 
market, proved to be the best screen to use in the gasification 
plant. 

8.1.3.3. Alternative Sources of Power 

As an alternative to receiving power from the Basin Electric 
powerplant, ANGCGC could obtain some power from the existing grid 
system and provide the remainder from one of three internal systems: 
(1) low Btu fuel gas generation with gas-fired power boilers, 
(2) low Btu fuel gas generation with combined cycle power generation, 
or (3) direct firing of coal fines in a steam boiler with stack 
gas scrubbing. 

• 

Direct firing of coal fines would be preferable to low Btu gas 
generation for several reasons: low Btu gas generation involves 
high investment and operating costs, thus increasing SNG cost; it 
has lower thermodynamic effici ency than di rect firing of coal 
fines because of conversion losses in the gasifiers; and, if the 
gas generation system malfunctions, product SNG would have to be 
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us ed . Also , if Lurgi low Btu gas i fiers were used, coa l fines 
coul d not be used resulting in the need t o purchase mor e coal and 
t he cr eation of additional fines. 

Obtainipg power fr om the Basin Electr ic plant is p refer able to the 
direct/ burning of coal fines because (1) bur nihg coal f i ne s would 
require investment in coal-fired steam boilers and S02 s crubbing 
equipment thus rais ing the cost of the SNG produced, ( 2) the 
process would not use all of the coal fines generated so the 
remainder would have to be shipped offsite by rail and s old, 
(3) emissions from the gas i fication plant would be increased, and 
(4) the cost of t he fac ilities to be s ha red by ANGCGC and Basin 
Elec tric (i.e., water intake and pipeline, r ailroad spur) would 
have t o be borne by ANGCGC alone t hus adding t o t he cos t of the 
produc t SNG. 

8.1.3. 4 Al ternative Wastewater Treat ment Met hods 

Alternative wastewate r treatment methods cons ide red by ANGCGC were 
(1 ) bi ological was te treatment; (2) s olar evapor a t i on ponds; 
(3) multiple ef fec t evaporators, spray dryers , chemica l l andf i ll; 
and (4) deep-well disposal. 

Biologica l was te treatment was discarded because s evera l compounds 
i n t he wastewater may be either resistant or toxic t o biological 
organisms , making complete b i ological t reatment improbable . The 
solar evapor a tion ponds would require in excess of 1, 000 acres of •
land and could not be j ustified on the bas i s of land commitment or 
cost . 

Preliminary s tudies have shown tha t a combination of evaporators 
to r emove organic was t es and deep-well i nj ecti on of the i norganic 
brine to aquifers suf f i c i ent ly below those used for wat er supplies 
would be fea sible. Combined with a cooling t ower whi ch circulates 
and concentrates the process water , thi s method appears t o provide 
the most e f f i cient and complete method of handling pl ant wastewa t ers . 

8 . 1.3.5 Other Water Int ake Struc tures 

Several alternate design configurat i ons and constructi on methods 
for the water intake struc t ure we r e eva luated by ANGCGC . The main 
methods considered were: (1 ) offshore tower wi t h pumps and 
causeway to shore, (2) of f shor e t ower wi t h boat access instead of 
a causeway, (3) submer ged pumps with buried pipel i n e , and (4 ) open 
channel cut t o onshore pump stat i on. 

The offshore t ower , wi th or wi t hout causeway, was d iscar ded fo r 
environmental considerati ons (i ncluding high visual impac t ) and 
high mai n tenance costs . The submerged pump with buried pipeline 
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al l evi ated the aesthetic problem, but reliability and accessibility 
woul d be poor . The open channel provided good reliability, 
accessib i lity, and low maintenance cost , but the visual impact and 
env i r onmental pr oblems assoc i ated with surface withdrawal were 
present. The submerged intake and tunnel to an onshore pump 

) 	 s ~at ion , a l t hough having higher construction costs, provided good 
rel iability and accessibility, low maintenance cost , low visual 
i mpac t, and minimal operations impact. 

8. 1.3.6 Al terna.tives to Proposed Mining Plan 

The Feder a l Government has retained extensive coal rights in the 
v i cinity of t he proposed projec t and these reserves are under the 
admi nistration of the Bureau of Land Management (BLM). Prior to 
May 1971, leases to mine the coal were granted on a case by case 
basis wi t hout regard t o total reserves under lease (87). From 
May 1971 unt i l February 1973 no new leases were granted while the 
Department of the Interior r eassessed Federal coal l easing policies . 
One r esult of the study was t he recommendation to resume coal 
leas ing under an Energy Minerals Activity Recommendation System 
(EMARS) which is a leasing sys t em based upon expressed demands 
from the publi c and industry and a multiple us e planning system 
for f edera lly admini stered lands. 

Figur e 8- 1 s hows the Federal coal reserves and four proposed BLM 
l ease tracts (designat ed N-IA, N-2A, N-2B, and s- ll/) near the 
pr opos ed pr oject . BLM intends to offer the l ease ~racts for 
competit i on bidding. Coteau Properties already has leases on 
several a r eas of Federal coal i n these t racts and could obtain the 
r ights to mine t he remaining Federal coal, some of which could go 
to the proposed ANGCGC and Basin Electric projects. The mi ning 
plan f or the proposed pr oject (Figure 1-8) was based on privatel y 
owned coa l and the projec t coul d proceed without Federal coal; 
however, use of a comb i na tion of Federal and private coal would 
allow more efficient mining and woul d result in a reduction of 
overall min i ng costs. 

In formu l ating the Program for l easing of Federal coal tracts, BLM 
des i gned t he tracts so that each t r act would ( 114): 

1. Contai n suf ficient reserves to provide the needs of 

gasification, power generation, and/or export , 


2. Have a stripping ratio of l ess than 10:1 (overburden to 
coal dep th) to result i n low mining cos ts, 

1./ 	 "s" t racts are pr oposed for immediate leasing; liN" tracts are 
recommended f or l easing before 1990. 
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• 3. Be topographically amenabl e to mining and relatively 
easy to reclaim, 

J 4. Be within areas classified as Known Recoverable Coal 
.' Resource Areas by the U.S. Geological Survey, 

5. Be within reasonable distance of a sufficient water 

source, 


6. Be reasonably close to existing rail lines and highways 

to facilitate movement of equipment or the coal itself, 


7 . Be near existing or proposed development s, 

8. Have an identified immediate need for the coa l, 

9. Have l ow Federal coal ownership; thus, mining could 

read ily proceed without it. 


Federal coal reserves within the four lease tracts total 182. 906 million 
tons broken down as follows: 

Tract Res erves (Million Tons) 

N-1A 8.948 

N-2A 65.135 

N-2B 67.549 

S-l 41.274 


Pr ivately owned reserves in these tracts total 717.918 million 
tons. 

Of the total of 38,856 strippable acres of coal in the four proposed 
tracts, 8,257 acres are Federal; 798 are State; and 29,801 acres 
are private coal. Surface ownership of coal acreage is distr i bu ted 
as follows: 

Tract Federal State Private Total 

N-1A 0 0 11,956 11,956 
N-2A 0 289 6,227 6,516 
N-2B 0 484 9,619 10,103 
S-l 0 0 10,281 10,281 

The four proposed lease tracts lie within the study area described 

in Chapter 2, t hus t he description of the existing environment in 


• 
that chapter would apply to the proposed lease trac ts also. The 
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impacts of mln l ng t he Federal coa l would be essentially the same 
s those described in Chap ter 3 relat ed to mining pr ivately owned • 

_ual except for t he differences noted below: 

1. ) About 570 acres of prime farmland lies within the four 
t>roposed lease tracts as follows : N-IA - 444 acres; N-2A - 126 acr es; 
N-2B - 0 acr es; S-1 - 0 acres. No unique farmland is found wi thin 
the tracts (1 14). 

2. Mining in the northern portion of tract N-IA would 
destroy t he Wei dner Campground adj acent to the Hille Game Management 
Area and l ower the qual i t y of the recreation experience at the 
Hille Game Manag ement Area and the Beulah Bay Recreation Area. 
Tract N- 2A i s a l so close to the Lake Sakakawea shoreline and would 
l ower t he qual ity of the recreation experience at the lake. 

3. Ac r eages of t he var ious plant communities within the 
proposed t r acts are as follows: 

Tr a ct Cr opland Prairie Woodland Wet land 

N- IA 15,409 5,946 154 64 

N-2A 3 , 800 8,132 714 0 

N-2B 12, 960 12,864 104 25 

S-l 12,576 5, 931 18 0 


4. The large amount of woodl and in N-2A, if mined, woul d 
result in a higher-than-average l os s of impor t an t winter cover f or 
wildlife and popula t ions of woodland ass ociated wildlife (e .g., 
white- tailed deer , black-capped chickadee). The large amount of 
prair ie i n N-2A would result in higher-than-average l oss es of 
grassland speci es (e.g. , sharp- tail ed grous e, burrowing owl) i f it 
were mined . 

Since the Federal contribut i on t o t he total coa l ava ilab le i n t he 
proposed tracts is so small , and because of the random di s tribution 
of Federal coal within the tracts, not to mine the coa l would result 
in the loss of t he resource ' t o futur e generations as i t would no t 
be economically f easible t o t ry and extract such small, isolated 
pocke t s of coal. If the Federal coal were not mined, it woul d also 
result i n higher costs and lower mi n ing eff iciencies to t he proposed 
mining operations as Coteau Proper t i es would have to mi ne a round the 
Federal coal. 
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• 8.2 ANGCGC's Siting Alternatives 

8.2.1 Plant Location Alternatives 

J a. North Dakota 
I 

ANGCGC in conjunction with Coteau Properties, studied 11 potential 
sites for the proposed gasification facility located near 5 coalfields 
in southwestern North Dakota. The"coalfields studied were: 

No. of Sites 
Coalfield AEproximate Location Studied 

l. Underwood 18 mi NE Hazen 1 
2. Ot t er Creek-Center 10 mi SE Hazen 3 
3. Beulah-Hazen 8 mi NNW Beulah 2 
4. South Beulah 12 mi SSW Beulah 2 
5. Dickinson 30 mi SE Dunn Center 3 

The sites were rated according to socioeconomic, geotechnical, and 
meteorological factors (Table 8-1), and biological factors (Table 8-2). 

Sites at the Underwood and South Beulah coalfields were elimina t ed 

• 
because of potentially large impacts to terrestrial and aquatic 
organisms (Table 8-3), and undesirable geote chnical and hydrologi ca l 
factors. Desirable sites in the Otter Creek-Center and Dickinson 
coalfields were eliminated largely because of engineering and 
economic factors. Consequently, the currently proposed site ( 3B) was 
selected as being the least environmentally damaging and most 
economically feasible alternative. 

b. Sites Nearer the Market Area 

Locat i ng the gasificat i on plant nearer the market area (i.e., Michigan) 
was an alternative considered by ANGCGC. To feed such a plant , 
coa ls f rom Illinois, Iowa, Ohio, and West Virginia were evalua ted . 
It was found that the Lurgi gasification process could not operat e 
well on Eastern coals because of their high caking tendencies (see 
Sect i on 8.1.3.1 for other gasification processes). Thus, Western 
noncaking coals were needed and North Dakota lignite reserves , 
being closest to the Michigan-Wisconsin market area, were selec t ed 
by ANGCGC. 

• 

The poss i bility of mining the lignite in North Dakota and shipping 
it by r a i l to a point closer to the market was also considered by 
ANGCGC. Two logical plantsites tying into existing ANR sys tem 
pipelines wer e at Thief River Falls, Minnesota, and Crystal Falls , 
Michigan. At current, unit train rates of 17 mils/ton mile, rail 
s hipment of 36,767 tpd of North Dakota lignite would add $0.68/thousand 
cubic feet (Mcf) to the cost of gas produced in Minnesota, and 
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Table 8-1 

Ranking of Various Alternat ive Sites According to 

/
Socioeconomic, Geotechnical, and Meteorological Factors 

Site 

Criteria Used 	 lA 2A 2B 2C 3A 3B 4A 4B 5A 5B 5C 

Soc ioeconomic Ranking 

Land Size 1 1 1 2 1 1 3 3 2 2 1 
Dedicated Land Use 3 2 3 3 2 3 3 3 3 3 3 
Traffic Di s t urbance 2 1 2 3 2 1 3 3 3 1 3 
Labor Forc e/Unemployment 2 1 1 1 3 3 3 3 3 3 1 
Pr oxi mity to Urban Area 1 2 2 1 3 3 3 3 1 .1 3 
Median Family Income 1 3 3 3 2 2 2 2 1 1 3 
Aes thetics 2 2 2 1 3 2 2 2 1 1 2 

Tota l 12 12 14 14 16 15 19 19 14 12 16 

Geotechnical Ranking 

Sei smi city 3 3 3 3 3 3 3 3 3 3 3 
Foundation 2 1 3 3 2 2 1 1 1 2 2 •
Drai nage 2 1 2 2 2 2 1 1 3 1 3 
Topogr aphy 2 3 3 3 2 2 1 1 3 3 3 

<3Construc t i on Mater ial Avail. 1 3 3 3 3 1 3 2 2 1 
Mineral Resource Avail. 1 2 2 2 3 1 2 2 1 2 2 
Ground Wa t er Avail. 2 2 2 2 3 2 2 2 2 2 2 

Total 13 15 18 16 18 13 13 13 15 15 16 

Meteorological Ranking 

Population Center 3 3 3 3 3 3 3 3 1 1 3 
Downwi nd Frequency 2 3 2 3 3 3 3 3 2 1 3 
Sulfur Oxides 2 2 2 2 3 3 3 3 3 3 3 
Part i cul a t es 2 2 2 3 3 3 3 3 3 3 3 

Total 9 10 9 11 12 12 12 12 9 8 12 

Note: 	 Sites are r anked r elative to one another. Score of 3 i ndicates be t ter site; 
1 a poorer s i te . 

Sour ce: Woodward-Envicon, I nc. Analysis, 1974 . 
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• TABLE 8-2 

BIOLOGICAL RANKING 

Most Desirable Site SC
.' (no undesirable criteria affected) 

Desirable Site 3A 
(presence of natural prairie) 

Less Desirable Site 2A 
(some biological disturbance of a Si te 3B 
unique area) Site SA 

Undesirable Site 1A 
(,Uaturbance of one or more unique Site 2B 
areas) Site 2C 

Site 4A 
Site 4B 
Site 5B 

Source: Noodward-Envicon, Inc. Analyses, 1974. 

TABLE 8-3 

SITE EVALUATION SUMMARY 

• 
SITES 

~E SC~ ~ ~ ~ ~ ..2!... ~ ~ ~ 

Socioeconomics • Land Use, 
, Demoqraphy 

Cc.--otechnic.Ill Factors , 
Hydroloqy 

Meteoroloqy , Air Quality 

Terrestrial , Aquatic 
Bioloqy .......<?- ~ .......<?- .......<?- ---L ~ .......<?- .......<?- -1.... .......<?- -2... 

"roT.t.L 11 11 

As part o f e a ch evaluation, sites were placed into one c.t tour judqraent categories: J - Moat 
Desirable, 2 - D.sirable, 1 - LeBS Desirable, 0 - Undesirable . Judgment categorl•• are baaed on 
approximate ranking values presented in Tables 8.3-1 thro-ugh 8.3-4. 

Source : WOOdward-Envi con, Inc. Analyses, 1974. 

$1.58/Mcf to gas produced in Michigan . Comparable costs f or 
pipelining gas from North Dakota to t hese points is $0.20 and 
$0.39/Mcf, respectively. 

• 

Aside from the economic incentive f or pipelining gas r ather than 
rail-ship coal, there are other l ess obvious advan tages. The 
shipment of coal by rail hopper car r e sults in a 1 percent l oss of 
f i nes , most of which is lost in the first 50 miles. This corresponds 
to about 370 tpd of particulate matter spread over t he environment 
near t he tracks. The par ticulate mat ter emitted by t he gasificat ion 
plant would amount to 2.8 tpd. An additional impact would be the 
dis tur bance caused by long coal trains passing through towns a long 
their path every 6 hours • 
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A coal s lurry pipeline was also considered as an alternative to •
Lail shi pment . While the effects on environment and communities 
along the rout e are less t han those of rail shipment , other 
cons i.derp.t ions make slurry transport undesirable: pipeline shipment 
requires par t i c le size smaller than 1/10 inch, whereas the Lurgi 
gasif i ca t ion s ystem cannot effectively handle coal particles 
smaller than about 3/8 inch; water requirements for the slurry'" 
would be about 6 ,100 gpm, or nearly t he entire gasification plant 
requirement; and, finally , the energy requirement for slurry 
pi pelining (including preparation, pumping, and dewatering) is 
about three times greater than that for rail shi pment. 

8.2.2 Alternative Product Pipeline Routes 

An overriding constr aint in the selection of the proposed product 

pipeline route wa s tha t a pipeline constructed to transport SNG 

would presumably not have the power of eminent domain. Wi th this 

constraint i n mind, the area was evaluated for location of existing 

utility corridor s and other rights-of-way (ROW) that could accommodate 

the pipel ine and minimize the cross ing of private l ands. The 

proposed route was s elec t ed as coming the closest to existing 

pipeli ne faciliti es while needing only a minor amount of t respass 

through private l and. Other possible route s include (1) a direc t 

route from the plant to t he Thie f River Falls compressor station , 

(2) a straight-l i ne connection to the proposed Northern Border 

Pipeline, and (3) e s sentially the same route with a connection to 
 •an existing Mid-western Transmi ssion Company p i peline (Figure 8-2 ) . 

a. Direct Route 

The firs t alternate rout e is a combinat ion of a nearly straight
line route f r om t he proposed plant site to the Missouri River and 
a simi lar s traight-line or great c ircle route from the Missouri 
River to the Thief River Fal l s compressor station. A major con
sidera t ion west of the Missouri River was the avoidance of lignite 
deposits which are like ly t o be mi ned at a future date. 

East of t he Mi s s ouri Ri ver this alternative was first conside red 
as a gr ea t circl e and adjusted s light ly to avoid ur ban areas and 

the many National Wildlife Ref uges which are common in the region. 

But a major obsta cl e to this route was the Bureau of Reclamation's 
Garrison Diversion Uni t , which is presently under construction in 

the area . Because multi ple crossings of t he irrigation system 

would be required , the great circle r oute was modified southward 

to complete ly avoid the Garrison project. 


The proposed r oute was chosen over the great circle alte rnative 
primar ily be cause it could be constructed on existing railr oad 
ROW. In addit i on , Alternative 1 would cros s numerous po t holes, 
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ponds, lakes, and wetlands which provide significant wa t e r f owl 
habitat. The pipeline would have t o be constructed so as t o avoid •many of thes e water areas, not only from envir onmental considera tions, 
but f rom construction feasipility as well. While the proposed 
rouFe crosses wetlands also, these are already crossed by t he 
ra,flroad. Potholes crossed by the r ailroad are interconnected 
with conduit to equali ze water levels. Construction of the pipeli ne 
adj acent to the r ailroad may not be feasible at all po t hole c r ossi ngs , 
and s ome deviation from the ROW may be requi r ed . 

Another significant difference between the proposed route and 
Alternative 1 is the amount of agricultura l land impacted during 
construction. Since construction would occur during t he summer 
and f a ll growing season, at l east one season's crop would be los t 
on disturbed lands. The proposed route will be constructed within 
the r a i l road ROWand no cultivated areas will be crossed except 
fo r occasi.onal parcels l eased by farmers. Alternative 1 would be 
construc ted primarily on agr i cul t ural land. 

The total cost of the project and, thus, the cost of the delivered 
SNG, is increased by the increased length of the proposed route. 
Alternative 1 would be about 70 miles shorter and would require 
8 perennial stream crossings to the proposed route's 12 (excluding 
the Snake Creek Embankment). The overall human hazard would also 
be less with Alternative 1 because of its rural location. A 
pipeline constructed in urban areas is more s usceptible to accidental 
disruption by human activity. • 

b. Connect with Northern Border Pipeline 

The shortes t of the three alternatives studied would be a 25-mile 
pipeline to the closest point of i n tersection with the proposed 
Nor t hern Border Pipeline (NBP) which would be bringing Alaskan 
na tural gas into the 48 contiguous States. Because of the competetive 
proposals f or transporting Alaskan gas, a question exists as to 
whether or not the NSP will even be built. Also, the NBP would 
r equire significant changes in capacity to handle the SNG on top 
of Alaskan gas. Add to these the problems associated with intermixing 
the lower Btu-rated SNG into a multicompany pipeline and this 
al ternat ive does not appear viable at this time. 

c. Connect with Mid-Western Pipeline Facilities 

This alternative would require essentially the same pipeline route 
as either the proposed route or Alternative 1 to an intersection 
with an existing 24-inch-diameter gas pipeline in Polk County, 
Minnesota, owned by the Mid-western Pipeline Company. The environ
mental i mpacts , ther e fore, would be about t he same as those for 
either t he proposed pipeline or Alternat i ve 1. There is some 

8-18 • 



doubt that the 24-inch pipeline has the additional capacity to 
handle the volume of SNG produced wi t hout extensive modification. 

8.2.3 Alter native Railroad Spur Routes 
) 

Five alternative routes were considered for the r ailroad spur from 
the exis ting Burlington Northern mainline to the plantsite (Figure 8-3). 
The .fifth alternative was s e lected by ANGCGC because: (1) it is 
the shortest distance to existing track in the primary shipping 
direction, ( 2) it has only moderate grades, (3) it would involve 
the least amount of earthmoving, and (4) it would have t he lowest 
construction and operating costs. In addition, about 25 percent 
of the proposed ANGCGC siding would involve the use of existing 
track, thus the degree of environmental impact would be less than 
that of the other alternatives because they would require longer 
lengths of new track. 

8.3 Resource Use Al t e rnat ives 

8.3.1 Local Use Alternatives 

8.3.1.1 Coal 

• The two most viable alternative uses for energy production of 
the coal committed to the proposed project would be f o r lique f action 
or steam electric generation. 

a. Coal Liquefac tion 

As an alternative to gasif i cation, coal may be converted, either 
by pyrolysis or by dissolution in a solvent, into a range of 
f uels. These i nclude clean gas, l ow-sulfur oils, solid char, and 
solvent r e f ined coal. All of the pyro lysis and dissolution processes 
a r e broadly referred to as "coal liquef act ion," although the end 
products include gas and solid fue l s as well as liquid fuels. 

Pyro l ysis i nvolves heating the coal at pressures of about 10 psig 
t o clean out t he volat ile hydrocarbons, and then catalytically 
hydrotreating the hydrocarbon liquids to desulfurize them. 
Relatively l a rge amounts of gas and solid char are produced along 
with the hydrocarbon liquids. Some of the gas or char can be 
converted t o supply the hydrogen needed for hydrotreating the 
liquid products, or the char can be gasified to produce additional 
clean gas. The heat required for pyrolysis can be obtained by 
burning s ome of the char with oxygen or air (55). 

• 
The dissolution processes actually dissolve coal in a hydrogenerated 
solvent oil at temperatures of 750 to 8500 F and pressures of 150 
to 2,500 psig. The end products (after recovery of the solvent 
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• oil) include gas, oil, and char or a coking feedstock . In one 
process, solvent refined coal is produced. 

N~ne of the pyrolysis or dissolut i on processes have yet been 
i ommercially developed. Many small pilot plants are opera ting or 
planned, but unless funding and development are accelerated, it 
will be 4 to 6 years before a l a rge commerc i a l plant will be 
feasible. The overall thermal efficiency of the coal liquefaction 
processe s is expec ted to be 65 percent -- which compares well with 
t he 66 per cen t thermal e f ficiency of a Lurg i coal gasif i cation plant. 

Lacking detai led designs f or l i que f action plants, i t is not 
poss i b l e to detail particul a te, NOx ' or S02 emissions . However , 
it has been es t imated (47) t ha t S02 emissions would be in the area 
of 13 to 20 tpd compared to about 30 tpd by a gasif i cation plant. 
General ly speaking , all other envir onmental factors i nvo l ved with 
coal liquefaction would be about the same as those associated with 
coal gasification. However, since l iquefaction processes can use 
high- sulfur coa l , the coal would come f rom underground mines in 
the Eastern and Mid-wester n States instead of being stri p-mined on 
the surface. Underground mining generally has l ess environment al 
impact than strip-mining. 

b. Steam Elect ric Generation• Producing electricity from coal i nvolve s feeding pulverized and 
blended coal into a furnace by fuel nozzles. In the furnace, the 
coal is mixed wi th prehea ted air and ignited. Heat energy given 
off during combust ion is transf erred through furnace wal ls to 
convert water i nto steam. The steam is then piped t hrough superheaters, 
hea ted to 1, 0000 F, and piped to a t urbine wher e i ts energy is 
used to r otate the s ha ft of an e lectric gener ator . The resul ting 
e l ec t rical output is de livered t o an exterior transmi s sion sys tem 
after be i ng transformed to a higher voltage in an adjacent switchyard . 
The the rmal efficiency of a coal-fired genera ting plant varies 
between 30 to 40 pe rcent depending on t he age of the plant , t he 
type of plant, and t he ~ypes of generators and boiler s used . 

Land us e impacts of such a facility would be s imilar t o t hose of 
t he pr oposed gasif i cat ion project. Land requirements of the two 
t ypes of pl ants are comparable; water requirement s for the gener a ting 
plant would be somewhat greater. 

• 

Even with available emi ss ion control measures , a coal-fired power

plan t would pr oduce greater emissions of particulates, S02, NOx ' 

and heavy metals than thos e produced by the proposed ga sification 

plant. This would result in a degradation of ambient air quality 

and possible damage to the adjacent flora and fauna. 
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8.3.1.2 Water • 
The wa t er that would be used by the proposed gasification plant 
could be used to supply about 8 million kilowatt-hours (1 MW) of 
hydropowe~ annually. It could also be used for navigation purposes 
to achieve a slight increase in the navigation season downs t r eam. 
There would be no environmental consequences from either of these 
uses in regards to the present situation. 

Because of t he large amount of water available in the Mi s souri 
main-steam reservoirs, the use of 17,000 acre-feet annual ly for 
the coal gasif ica tion facility does not preclude irri ga t ion, 
rec r eation , or other industrial use. Thus, the hydr ogeneration of 
about 8 million kilowat t-hours of electricity is the only vi abl e 
a l t erna t ive i n t he foreseeable fu ture to the use of the water that 
would be used by t he gasification plant. 

8.3.1.3 Land 

The alternative us e s of the land involved in t he proj ect would be 
for c r opland, grazing land, and/or wi ldlife habitat. Aga in , the 
environment al impact of such use would not dif f e r fr om present day 
level s . 

8 . 3. 2 Expor t a t ion Alterna tives 

8.3.2 .1 Coal 

Coal could be exported t o almos t any place i n the United State s 
for use i n an industrial f acility in or near the ar ea to be serviced . 
The impac t s of the mining operat i on in Mercer County would be 
similar to those of the proposed gasification proj ec t. Impac t s of 
t r ansporting the coal are discussed in Section 8 . 2 .1. The major 
favorable aspect of us ing the coal in the service area is that the 
user of t he fini shed product woul d have t o bea r s ome of the environmental 
costs . For example, air and water pol l ution woul d increase i n t he 
service area rather t han the minesite. Soc i al impacts of the work 
force would be less i n tense or entir e l y masked by locating the 
plants near large popUlation centers , but larger numbers of potentially 
susceptible persons would be expos ed to t he pollutants. 

8 . 3 . 2 .2 Wat er 

The water could be physically t ranspor ted to another area for 
industrial, irrigation, munici pal , or other uses . To transport 
the water, pipelines or canal systems and pumping facil i ties woul d 
have to be constructed. These fac i lit ies would cause land t o be 
disturbed along the r outes and could result in such impact s as 
habitat loss , erosi on, reduced soil pr oductivity, and decreased 
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• water quality. There would also be environmental impacts in the 
areas receiving the water depending on what type of facilities 
were constructed. 

/ 8.4 Alternative Energy Sources 

8.4.1 Oil" 

Additiona l sources of oil could come from domestic or f oreign 
s uppl i es. United Sta t e s c rude oil produc t ion peaked in 197 0 and 
reserves have f a llen ea ch year since 1966 (51). Only the discovery 
of the Prudhoe Bay f i e l d in t he Alaskan North Slope was a t emporary 
exception to the downwar d trend. Outer Cont i nental Shel f (OCS ) 
development could also add significantly to United States crude 
production , bu t t he move into frontier areas and deeper wat ers 
will impose higher costs on oil produc tion . Even wi th increased 
exploration and drilling, however, it is doubtful t hat United States 
crude oil production can e:ven keep up with demands much less 
provide a r easonable a lternative to coal development . 

• 
The availability of l a rge volumes of f oreign crude oil is by no 
means assured . World oil s upplies are fini te and t he United States 
will increasingly f i nd itself compe ting with t he rapidly expanding 
economies of other countries for the f oreign oil. The cartel of 
oil-produci ng countries has control l ed t he price of foreign crude 
and has threatened to us e it t o inf luence United States fo r eign 
policy . For e i gn oi l supplies will cer t a inl y become more cos tly 
and tenuous as competition for ener gy supplies increases. 

Environmental impacts of oil production i nc lude those of drilling, 
extraction , t ransport a tion, and ref i ning . Oil s pills and discharges 
a r e the most notable hazards to offshore drill ing and fore i gn 
crude impor t a tion. 

8.4.2 Coal 

• 

Since coal is the most abundant fossil f uel in the Uni t ed Stat es, 
consideration should be given to its use in solid form. One 
advantage to using coal solids would be that the Btu loss in 
conversion processes would not occur. The ma jor problems are 
those of air quality and substitutability . The problems are 
particularly significant for coal-fired electrical generation 
because the largest market for coal--and many s evere a ir quality 
problems--are in the East and many major d eposit s of coal a re 
in the West. Considerable research is being devot ed to the 
development of economically feasibl e processes for the treat
ment of coal befor e burning to remove exces s sulfur, to improve 
combustion processes, and to r emove pollutants from stack gases 
after combustion. Where a i r quality standards can be met, coal 
can substitute for gas at facilities designed to use either. 
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~nvironmental impacts associated wit h increased us e of soli d coal 
would be those associated with mining, transportat ion of the coal • 

r nroduct (i .e., electrical transmission lines), and the construction 

" d, ope r a tion of coal-fired facilities. 


~. 4.~ Generation of Electricity 

8.4.3.1 Hydroelectric 

The t otal conv entional hydr oelectric power potentia l of the United States 

i s es t ima t ed t o be about 179,000 MW (53). The better hydroelectric 

sites a r e concentra t e d in areas of heavy precipitation and lar ge 

topographic r elief . Although most available sites for the economical 

produc t i on o f hydroelectric energy have been developed, some 

a ' i itional capaci t y will be provided by new sites, expansion of 

ex I s ting fac ilities , and devel opment of new technologi es to obtain 

be t ter operat i onal eff icien cies. Use of hydroelectric power to 

service peak loads enhances benefits, permit ting consideration of 

possibilit i e s t ha t were former ly marginal or uneconomic under 

h i gher capacity factor s tandar ds. 


The environmental impac ts are primarily those of cons truction and 

the i rret r i evab l e commitment of the l and resour ces beneath the dam 

and lake . Ope r a tion of the hydroel ectric power p l ant i t self 

p r oduces no air pollution , radioactivity, or waste heat. Studies 

conduc t ed i n 1971 indi cate that high nitrogen levels in the Columbi a 

and Snake River s pose a s e rious threat to the salmon and s t eelhead 
 •
resource s of the r egion. The Corps of Engineers and Bureau of 

Reclamation are active l y engaged in s tudying and testi ng severa l 

approaches to s olving t he ni t rogen problem. 


8 . 4 . 3 . 2 Nuc l ear 

The use of nuclear power as a commerc ial elec t rical energy source 

could increase cons i derably in the next 15 years. I nstalled 

capacity in June 1974 was 28 , 000 MW which r epresents about 6 percent 

of the Nation's e l ectr icity • .Nucl ear power devel opment is presently 

being slowed by various siting , constructi on , and environment a l 

problems. If nuclear faci l ities are no t constructed, the equi valen t 

of anyone f ossil fuel required annually t o fill the existing gap 

by 1990 would be 26.9 Tcf of natura l gas, 1. 28 billion tons of 

coal , or 5.28 billion barrels of oil. Up t o 10 years are required 


- to construct nuclear powerplants ; in the s hort term , nuclear 
development cannot be gr eatly increased. 

Environmental impacts of nuclear powerplan ts are tho s e of construction, 

was te heat di sposal, r a di oactive wast e dis posal, and the small 

amounts of radionuclides discharged i n the cooling water and 

gaseous plant effluents. The r emoval of vegetation and the creation 
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• of waste rock and overburden result f r om rnlnlng the ur anium. To 
mi nimize the risks o f accidents or the ir adve r se e f f ec ts i f one 
does occur, plants are located away from high population areas and 
afe de s igned to prevent accidents and to contain the effects of 
tccidents i f they do occur. Rad i oac t ive wastes mus t be isol ated 
~from t he biosphere for hundreds of thousands of years if adver se 
ef fec ts to l iving organ isms are to be totally avoided. Waste i s 
presently disposed of in underground man-made f a c i lit i es. Pilot 
studies of storage in salt beds are being conduc ted . 

8 .4.4 Geothermal Steam 

The greatest pot enti al for geothermal energy exis t s in the wes t e r n 
third of the United States. The Gey sers f i e l d in California was 
producing 552 MW of e l ectrical energy by the en d of 1974. Three 
areas planned for i niti al development soon are: Imperial Valley, 
Mono Lake-Long Valley, and Clear Lake Geysers, all i n California. 
Wi thin 20 years geothe rma l energy may ac count for 1 t o 2 pe r cent 
of the total United States energy , but in Calif orni a , it could 
account for up to 5 pe r cent of t he Stat e ' s energy consumption. 

• 
The maj or env i r onmen tal object i on to geo t hermal power devel opment 
s t ems f r om the intrus ion of indus trial development i nto pristine 
areas. Other potent i a l environmenta l impacts include those associated 
with cons truction , dr i lling, and t r ansport . Air quali t y could be 
affec t ed a t sites where relat ively large quantities of ammonia, 
hydrogen sulfide, and me thane are associated with the steam. 
Generally , however, geothermal impac ts on air qual ity are smaller 
t han t hos e associated with conventional f ossil-fuel power plant s. 

8.4.5 Oil Shale 

Oil s hales o f the Gr een River Formation in Colorado , Ut ah, and 
Wyoming represent a very large energy resource. The deposi t s 
occur over a 17,000-mi2 area (11 million acres), and contain an 
estimated 600 billion barrels of oil (52). The ul t i mate size o f 
the oil shale i ndus try will most likely not be determined by t he 
s i ze of the resource but will probably be limited by other f a c t ors , 
such as t he availabi lity of water and environmental considerations . 
In addition, since economics and technology are still uncertain 
and in the early stages, oil shale development could be severel y 
affec t ed by soaring costs and the general uncertainty in the 
energy sit uation. 

• 
Environmental impacts of oil shale development would be those of 
roads, mining, plantsites, waste disposal areas, utility and 
pipeline corridors, and associated services. These activities 
would change the existing patterns of land use, alter the existing 
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topography, and affect natural vegetative cover until revegetation •begins. Revegetation would be difficult because of the arid 
climate. 

/) 8.4.6 Solar Energy 

, 	So lar energy conversion systems which could work as an al t ernative 
energy supply are still in developmental stages. Conversion 
efficiencies of existing sys tems are relatively low avera ging 
about 30 percent for conversion to heat and 5 percent for conversion 
to electricity. A 1,000 MW solar powerplant would r equir e about 
37 mi 2 of collector surface, assuming a normal solar c limat e and 
using presently availab le technology. The most promis i ng method 
of using solar energy is a hybrid s ys tem for house heating and 
cooling . Such a hybrid sys t em could use e ither gas, oil, or 
e l ectr icity a s the auxiliary energy supply. Approximate ly 75 percent 
of t he energy required for a home in the Southwest would be supplied 
by solar energy; the r emainder would come from auxil iary sys tems. 
Development of such a hybrid system could extend the Na tion 's 
f ossil-f uel reserves considerably. 

Since solar energy systems are still experimental, the environmental 

impacts are not known. The largest potential impact is the large 

amount of land surface required for collector systems. If this 

problem could be solved, other impacts would probably be relatively 

minor. 


8.4.7 Other Sources 

Other possible sources of energy include tidal power, wind energy, 
and biological energy. The only practical opportunities for tidal 
power in the United St a tes appear to be at Passamaquoddy Bay , 
Maine, and Turnagain Bay, Alaska. However, economic considerations 
have prevented development of this energy source in the past. 
Environmental problems would be considerable. Damming with alter native 
filling and draining of the bays would affec t shipping, spor t and 
commerc i al fisher ies, wildlife, water quality, aesthetics, and 
numer ous other uses of the bays and estuaries. 

A fixed device could capture the kinetic energy of wind by rotation 

about an axis and, coupled to a generator or gears , conve r t it to 

mechanical or electrica l form. The high cost of equipment , energy 

storage, and backup .equipment coupled with the intermit t ent 

char a c t e r i stics of the wind preclude a favorab l e cost benefit of 

wind ene r gy a t the pre sent time . The chief environmental impac t 

i s t he a dverse aesthetic e ffect of large numbers of towers and 

ass orted e quipmen t . 


Sys t ems t o use biologica l waste to make energy are still in the 

exper iment a l or pilot stages ( 81). The potential energy that 


• 


•

8- 26 




• could be derived from this source could be of significant magnitude; 
an estimated 2 billion tons of organic waste is produced in the 
United States each year. This waste could be used to generate 
147 trillion Btu ' s o f energy within 10 years. Environmental 
Jrnpacts associated with this resource will be unknown until such 

I time as specific systems are devised and developed. 

Implementation of conservation measures could significantly help 
save energy and make our existing .fossil-fuel resources last 
longer. In 1972, the Office of Emergency Preparedness estimated 
that a list of proposed conservation measures could reduce United States 
energy demands by 15.35 quadrillion Btu (QBtu) by 1980, and 34.9 QBtu 
by 1990. However, the proposed list of conservation measures 
included many admittingly with low "public acceptability" and 
"likelihood of implementations," so it is highly unlikely that 
such high energy savings could realistically be achieved. 

• 

• 
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