





Degradation of floodplain productivity and wildlife habitat as well

as aquatic habitat could accrue from these changes. The extent of

that degradation, however, will be critically dependent on site-
specific conditions. Al so, these inpacts and issues are highly
uncertain and controversial because such changes are difficult to
guantify and are usually the cunulative result of many human activ-
ities.

As indicated in Tables 3-2 and 3-4, from a water availability
perspective, the Eastern Region is nore suitable than other regions
for synthetic fuel developnent. \Water is nore abundant there al-
though conflicts over appropriate use are energing (Ballard et al.
1980). In the West the lack of precipitation causes water avail -
ability problens--nost severe in the Colorado River Basin and in
parts of the Northern Geat Plains Region. From a water quality
perspective, however, eastern locations are already receiving a
great range of industrial and nunicipal discharges. In these |oca-
tions, water quality may be |east suitable for receiving discharges

from coal I|iquefaction plants.

Terrestrial Ecosystens

The large coal requirenents for a synfuels industry can lead to
substantial land inpacts, especially those associated with mning.
A mdrange estimate for the area of mned |ands disturbed for coal
liquefaction can be obtained by disaggregating coal supply to eight
national coal supply regions and utilizing estimates of |and area
di sturbed by surface mning based on average regional coal deposit

characteristics (see Table 3-5). This results in a production
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TABLE 3-5: ANNUAL PATTERN OF LAND USE FOR COAL SURFACE M NI NG
PRQJIECTED I N 1985

Regi onal Proportion
P report ion of Coal Surface Area
of Surface M ned Di st ur bed
Total U. S. Wthin Each (acres per
Surface M ning Regi on mllion tons
Supply Region Production® (% producti on)
Nort hern Appal achi a 12 47 127
Central Appal achi a 13 31 214
Sout hern Appal achi a 2 57 125
Eastern Interior 16 48 160
Central and @ulf Coast 9 98 107
Northern Great Plains 40 100 21
Rocky Mbunt ai ns 1 38 102
Sout hwest 7 98 52
100
U S. Average 62 98

(production weighted )

Sour ce: Based on data in U S., DCE 1979.

@Projected total U.S. coal production of 1,080 tpd by 1985; 671
tons are surface mned (U S, DCE 1979).

weighted U S. average of 98 acres disturbed per mllion tons of
coal produced by surface m ning. Thus, a two mllion bbl/day syn-
fuel industry utilizing 300 mllion tons of coal a year (wWth 62

percent surface mned) would disturb about 850 square mles from

surface mning over a 30 year period. Note this figure does not

lThe projected patterns are based On a mmjor use for coal as an

industrial and boiler fuel; thus, it may be biased against Interior
and Appal achian coal, which is nost suitable for direct processes
( see Section 3.1) . A shift to using greater proportions of Appala-

chian and Interior coals would favor underground mning and m ght
reduce the extent of surface disturbance. This reduction would be
counterbal anced to sone extent by larger areas disturbed per ton of
coal supplied from surface mnes in the Interior and Appal achi an
regions (Table 3-5).
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i nclude surface disturbances from underground mning, such as coal
cleaning areas, storage or subsidence effects.

In addition to mning, terrestrial ecosystens are nodified by
transportation, processing facilities, solid waste disposal, and by
urban growth associated with increased industrialization. | npact s
from coal l|iquefaction activities are related to the degree that
nodifications to terrestrial environnents can be assimlated or
“absorbed” by the ecosystem In areas with rich soils and noderate-
to-high rainfall such as the @ulf Coast, Interior, and Eastern prov-
inces, regrowh of vegetation occurs conparatively rapidly follow ng
a disturbance such as surface m ning. However, sone characteristics
of the Eastern Province such as conplex topography, make restoration
of environnental features difficult and contribute to reclamation
pr obl ens. Table 3-6identifies some general characteristics of ter-
restrial ecosystens in the major coal producing regions where coal
i quefaction may occur.

Based on the existing patterns of communities and stresses, the

@Qlf Coast terrestrial ecosystens appear able to absorb mning im

pacts substantially, and regrowth of dominant plant species is quite

rapi d. In the Eastern sections of the @ulf Coast Lignite Province,
for exanple, forest areas act as an additional buffer, providing
capacity for significant l|ocal and regional devel opnent.

In contrast, the arid and semarid regions of the Rocky Mun-

tains have a slower regrowh, and animal species are |less buffered

by dense forest stands in nany areas. Thus, Rocky Mountain
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terrestrial ecosystens are nore sensitive to direct disturbances

than @ulf Coast or Eastern ecosystens.

Li nkage Between Air, Water, and Land Resources: Acid Rain

Synthetic fuel facilities produce NQand SQ, and these pol-
[utants in conbination with noisture in the air form nitric acid
and sulfuric acid--acid rain. Particles containing sulfate, ni-
trate, and chlorides can also settle from the air wthout atnos-
pheric noisture. These particles can then acidify soils, streans,
and | akes. Although acid rain has been a problem associated pri-
marily with the Northeast, it is now spreading to the Southeast and
perhaps even to the West. In all these regions, 10 to 50 percent
of the acid deposition may be dry (Kerr 1981). The possible damage
in reduced productivity and |loss of species over the long termis
highly uncertain with present know edge, but may be very signifi-
cant (U.S., EPA ORD 1980). Multiple coal Iiquefaction plants
could contribute to a significant proportion of the NQand SQ
em ssions as neasured against 1975 levels of emssion (Table 3-7).

Even in regions where existing air pollution levels are |ow,
such as the Rocky Muntains and Northern Geat Plains, |ocalized
acidification has been neasured. Al t hough both the |evels of de-
vel opnent and potential inpact in western regions are uncertain,
possible elevated levels of sulfur and nitrogen oxides (as illus-
trated in Table 3-7) raise concerns in the Rocky Mountain and
Northern Great Plains Region because of plant species known to be
sensitive to acidification, including pines and wheat (U.S., EPA

ORD 1980; Wite et al. 1979). Thus, acid rain and dry deposition
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TABLE 3-7: EXAMPLES OF POTENTI AL CONTRI BUTORS TO ACID RAIN
(thousands of tpy)

A Local Case A Regi onal Case
260,000 bbl / day One mllion bbl/day
i n Henderson Co. Li quefaction in
Kent ucky® Mont ana, Nort h
Dakota, and Wom ng
Condi ti ons SO NQ, SO NQ,
1975-1976 Emi ssi on 266 57 1,123 339
Level
Synfuel Plants’ 50 74 110 110
Percent | ncrease 23% 130% 10% 32%

agsee Enoch 1980.

bNt_ range of emssions anong regions reflects different coal
conposition and technol ogy conbi nati ons.

stemming, in part, from synthetic fuels devel opnent are likely to

remain an ecological issue and to increase in inportance as an ag-

ricultural issue.

Overall Ecological Characteristics

Finally, there are unique and special values associated wth
the wilderness character of sone areas--particularly the Rocky
Mount ai n region--which could be changed by l|large scale synfuels
devel opnent . A desire to preserve the “Big Sky Country” and the
“W de open spaces” is expressed by citizens across the U S Coal
m nes, |liquefaction plants, and other energy facilities, along wth
t he added popul ation increases woul d:

* Change local land use patterns;

.Degrade air quality, including visibility;
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I ncrease water consunption;
.Lower water quality; and

.Increase pressures for recreational space (Wite et al.
1979).

In conbination, these nodifications would alter the unique and
special features of sone western |ocations.

Increnental ly, changes brought about by devel opnent are snall;

for exanple, the anount of |and used by direct devel opnment of mines
and liquefaction facilities would in nost cases be between 0.05 and
1.0 percent of the land area of any one county with coal resources
under projected ranges of potential developnment (Wite et al.
1979). Thus, in many cases, changes are nore likely to be per-
ceived inpacts than neasured ones. Exceptions to this may occur
where facilities would be concentrated around the major coal de-
vel opnent conmmunities such as Gllette, Womng, and Farm ngton,
New Mexi co.

The broader ecological issue is not that anbient air concentra-

tions will exceed standards, that water w Il becone polluted, or

that coal mnes will preenpt ranchland; rather, the issue is nmulti-

faceted and based on values and perceptions stemming from the com

bi nati on of changes brought about by industrial and urban devel op-

nent in any area.

Many western areas are viewed as the only pristine areas left,
and coal developnent will locally change that. The potential for
that change in social and ecological character is a major source of

conflict.
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3.3 LOCAL FACTORS AFFECTI NG ENVI RONMENTAL | MPACTS

Wthin regions, several site-specific factors can influence the
kind and extent of environnental inpacts. Table 3-8 identifies
several factors affecting air, water, solid waste, ecological, and
public perception inpacts. For exanple, locating a plant in an
el evated area can reduce local air quality problens because the
pollutants will be dispersed over a wider area and dimnish plune
i npaction on terrain. Avoiding areas of critical habitat and flood
plains can help to reduce ecological problens and the chances for

wat er pol | ution. Thus, locational di fferences of just a few mles

may be very inportant in preserving environnental values.

TABLE 3-8: LOCAL FACTORS AFFECTI NG ENVI RONMVENTAL | MPACTS

Envi ronnmental | npact Locat i onal
Cat egory Factors
Alr Qality D spersion potenti al

Proximty to nonattai nment area
Proximty to PSD Cass | area
El evated terrain

Water Quality Proximty to flood plain
Proximty to water-quality limted
streans
Aqui fer characteristics

Solid Waste Proximty to flood plain
Presence of porous soils
(sand, sandstone, |oam

Ecol ogy Presence of critical habitat for
endangered species
Presence of wldlife refuges
Presence of breeding habitat
Wetl ands and riparian habitat

Per cepti on Proximty to tows and cities
Proximty to archaeological sites
Public perceptions of devel opnment
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An increasingly inportant factor in industrial developnent is
public reaction to a facility. For exanple, the visibility of a

facility and the plune fromits stacks are often regarded as nega-

tive aesthetic and environnental inpacts. This apparently is the
case for the Mdrgantown SRC- 11 denpnstration plant, which would be
easily seen from the University of Wst Virginia canpus. Many res-

idents of Morgantown consider the high visibility of the plant and
fear of adverse inpacts as changing the character of the area from
a small university town to an industrial city (see also Section
4.3). An alternative location just a few mles away could have
avoi ded this problem

Table 3-9 indicates the proximty to population centers of five
coal liquefaction denonstration or commercial facilities at an ad-
vanced planning stage. Three of the facilities are within 4 mles
of towns w th populations of 20,000 or nore. The other two facili-
ties, although Ilocated near small towns, are 10 to 25 miles from
| arger popul ation centers.

Al though these local factors can be very inportant to the envi-
ronment, they are wusually less inportant to devel opers than econom
icfactors. Table 3-10 identifies the initial criteria used by
devel opers to select sites for two denonstration plants. As indi-
cated, inportant economc factors affecting plant |ocation are:

.Proximty to the coal resource;

Proximty to transportation systens (for exanple, navigable
rivers) ;

.Availability of water supply and receiving water for
di scharges; and
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TABLE 3-9: SURVEY OF SITES SELECTED FOR COAL LI QUEFACTI ON PRQIECTS AT ADVANCED STAGE

Distance to Nearest City Families
of 20, 000 or nore Displaced Distance to Nearest Town

Plant Description Status Location (miles) at Site (population size)

SRC-I Draft EIS filed Newman, Davies Co., Owensboro (10) 24 0.0 to 0.6 miles to
Demonstration Kentucky Newman (400)°

6000 tpd

SRC-II Final EIS filed Ft. Martin, Morgantown (4) 10° 4 miles to Morgantown
Demonstration West Virginia (71,000)

W.R. Grace Mobil Preliminary design Baskett, Kentucky Henderson (3) NA 1 mile to Baskett
Methanol-to- (250)*

Gasoline

28,900

Tri-State Preliminary design Henderson, Henderson Co., Henderson (3) NA 3 miles to Henderson
Synthetic Kentucky (23,000)

Fuels Project

30,668 tpd

Lurgi-Fischer-

Tropsch

H-coal Preliminary design Breckinridge Co., Owensboro (25) NA 6 miles to Cloverport
23,000 tpd Kentucky (1,208)

NA = not available

*Kentucky DePT- o commerce.

3advanced Stage indicates that permitting, OF environmental impact statement Process, or slite acquisition has been initiated.
byhen expanded - commerclalsize, plant borderwould be across t he railroad +tracks from downtown Newman.

CEstimated from number of residences within site boundaries.




TABLE 3-10:

INNTIAL SITE REQU REMENTS SPECI FI ED FOR

COAL LI QUEFACTI ON DEMONSTRATI ON  PLANTS

SRC | SRC 11
Requi r enent Denonstration Denonstrati on
Pl ant Pl ant
Coal Supply Not specified “Large reserves
cl ose”
Transportation Navi gabl e river; Rail, highway, and
rail contiguous barge access
or near by
Land 800 to 1,000 1,300
(acres) “sui tabl e shape”
and topography
Wat er 16, 000 15,000 to 80, 000a
(gal l ons
per mnute)
Servi ces Not specified Labor market
adequat e
O her Ash di sposal site 40 nmegawatts
(at least half of electricity
the site above 100 supply
yr. flood elevation)
Sour ce: Conpiled from U S., DOCE 198la, 1981b.

aRange reflects choices of consunptive use for closed cooling
( 15, 000) or once-through cooling (80, 000)

Proximty to adequate housing and public services for
wor kforces and their famlies.

The inportance of water and access to transportation corridors

is indicated by the fact that all five proposed denonstration and

commercial scale liquefaction plants (i.e., the five identified in

Table 3-9) have been sited adjacent to navigable rivers. However

this also neans that nost coal liquefaction plants are sited par-

tially or entirely on wetlands and fl oodpl ai ns. This can result

68



in damage to wetlands habitat, water pollution from flooding, and
failure to consider elevated terrain |ocations.

In an attenpt to determine the nost inportant considerations
for siting a facility to convert coal to synthetic fuel, the QGak
Ri dge National Laboratory (Berry et al. 1978) used a panel of ex-
perts to generate a set of siting criteria (Table 3-11). The prox-
imty of required raw resources (high-sulfur coal and water) and
air quality were considered nost inportant. The priority concern
for air quality was to site conversion plants in areas not desig-
nated by the EPA as Air Quality Miintenance Areas--regions in which

future air-quality degradation will be carefully nonitored by regu-
| atory agenci es.

A nunber of siting analyses have been conducted which, togeth-

er, have taken into consideration a wde variety of factors--

resource availability, environnental inpacts, production capabili-
ties, availability of transportation, institutional and |egal bar-
riers, and prior commtnent of the resources. Three studies (by

the U S. Geological Survey, the Bureau of Mnes, and SRl Interna-
tional) used sonewhat different criteria but identified 120 coun-
ties in common as potentially suitable for siting coal gasification
and indirect liquefaction facilities (Hagler, Bailly 1980). In the
Southern U.S., for exanple, eight Kentucky counties (Henderson,

Hopki ns, MLean, Muihl enberg, Onhio, Pike, Union, and Wbster) and
two New Mexico counties (MKinley and San Juan) were included. In

addition, an ORNL analysis of the southeastern region of the U S
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TABLE 3-11: SITING CRTERFA FOR A COAL CONVERSI ON FACI LITY
Variable
(order of relative Compatability *
Importance) Category or Value Index
Water Adjacent to stream with 7-day/10-year low flow 10
availability >194 Mgd
Adjacent to stream which could have 7-day/10-year low 4
flow >194 Mgd if additional regulation were imposed
Adjacent to Great Lakes 8
Adjacent to Atlantic Ocean or Gulf of Mexico
AQMA Not an AQMA 10
Partially an AQMA 5
Entirely an AQMA
Accessibility of high- Values represent calculations from gravity model
sulfur coal (>1.9% S) using tonnage of high-sulfur coal
Highest value 10
Lowest value 1
>100 miles from high-sulfur coal reserve
Barge accessibility Adjacent to channel of >9 ft. depth b
Seismic activity Activity level | (lowest risk) 10
Activity level 1l 5
Activity level 1Il (highest risk) 0
Rail accessibility Adjacent to medium- or heavy-duty railroad 10
Not adjacent to medium- or heavy-duty railroad 0
Accessibility of low- Values represent calculations from gravity model
sulfur coal (<1.9% S) using tonnage of low-sulfur coal
Highest value 10
Lowest value 1
>100 miles from low-sulfur coal reserve 6
Population density 90-100% of county has >500 1 nhabi tants per square nile 0
80- 90% 2
70-80% 3
60- 70% 4
50-60% 5
40-50% 6
30-40% 7
20-30% 8
10-20% 9
0-10% 10-9
Mgd = thousand gallons per day AQMA = Air Quality Maintenance Area

= excluded from consideration as potential

Source: Berry et al.

210 = compatible; O =

bScore equals number of miles of channel

candidate counties

1978, p. B-23.

least compatible;

(maximum is 94.6)

70



i ncluded Sequoyah and Miskogee, Okl ahoma; Bowi e and Shel by, Texas;
Marengo, WIlcox and Geen, Al abama; and Stewart, Tennessee.

It is interesting to note that the results obtained by the
various siting analyses frequently did not identify the areas where
devel opnents are actually being planned. In addition to sites
identified in the siting studies, coal synfuel facilities are being
planned in Florida, North Carolina, Arkansas, Louisiana, and in
other areas within a given state other than those counties included
in the siting analysis. In part this is because there are inpor-
tant institutional and social considerations that may affect where
facilities are depl oyed. Anong these are perceived econom c gains
from devel opnment and the wllingness of sone states to actively
seek industrial developnent, while others may express hesitation.
For exanple, Kentucky has actively participated in site acquisition
to facilitate synfuel developrment, while sonme coal rich states,

such as Col orado, have not been actively acquiring sites.

4.0 ARE OUR | NSTI TUTI ONAL MECHANI SM5 ADEQUATE TO ENSURE
ENVI RONVENTAL ~ PROTECTI ON?

In addition to the technol ogical and |ocational factors dis-
cussed previously, developing a l|arge-scale coal I|iquefaction
industry with adequate environnental safeguards requires institu-
tional nechanisnms for anticipating adverse inpacts and inplenenting
needed mtigation neasures. Ef fectively managi ng synfuel devel op-
nment requires:

« Scientific information on physical, biological, and social

effects of the coal liquefaction fuel cycle;
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Criteria for siting facilities in acceptable |ocations;

A franmework for choosing appropriate technol ogies and
devel opnent schedul es; and

.Criteria for acceptable or adequate operating procedures.
The followi ng section addresses several issues indicating the
difficulties in environmental managenent of synfuels devel opnent
and areas where environnental nmanagenent can be inproved. These
i ncl ude:

Environnental risks that are difficult to nonitor
and detect;

Adequacy of environnmental standards and conpliance
i ncentives;

Effects of public perceptions; and

Adequacy of environnmental research prograns.

4.1 MONI TORI NG DI FFI CULTI ES

Environnental risks from synfuels will be difficult to neasure
and many could appear only after an extended tine period, naking it
nore difficult or inpossible to reduce their inpacts. This el enent
of risk is associated with many technol ogies. For exanple, |each-
ing from solid waste disposal areas can pollute groundwaters nany
years later--and once groundwater is polluted it is very difficult,
if not inpossible, to clean up.

In this regard, special concerns with coal |iquefaction plants

are the Potential environnmental hazards from |l ow | evels of hydro-

carbon and trace elenent en ssions. Low | evels of these pollutants

are difficult to nonitor, and their effects are difficult to de-
tect. For exanple, no standards exist for nonitoring polynuclear
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aromati ¢ hydrocarbons and polynuclear aromatic am nes.

These chem

icals present the greatest carcinogenic health risk to the general

public and plant workers.

Four categories of difficulties in detecting these environnental

risks are sunmarized in Table 4-1. These are:
(1) The diversity of pollutant sources mnakes frequent

nmeasurenments costly and tinme consuni ng;

(2) Even wwconcentrations and limted exposure can produce
adverse health effects because sone chem cals have high
toxicity;
TABLE 4-1: DI FFI CULTY | N DETECTI NG ENVI RONVENTAL HAZARDS
Hazar ds Del ays In
I nf or mati on Moni t ori ng Det ecti on Det ecti ng
Need Pr obl ens Limts Pr obl ens
Toxi ¢ Nunber of Difficulty Moni toring may
or gani cs process in detecting be i nfrequent
pol [ ution sources (i.e., | ow concentra- (every 6 nonths
| evel s air, water, and tions and to a year)
solid wastes cunul ative
stream and rel eases
variety of
chem cal s
Tr ace Nunber of Lowl evel s of Moni toring may
el enent process sources sonme trace be infrequent
pol I ution and variety of el ements make (every 6 nonths
| evel s el enent s noni toring to a year)
difficult
Pat hways Mul tiple path- Det ecti on and Effects from
to human ways; seasonal relating to bi oaccunul ati on
exposure and geographic source dif- may occur over
vari ation ficult long tine
peri ods
Di sease Large popul a- Sonme effects Up to 10 or nore
I nci dence tion size are difficult years | atency
and geographic to determ ne for sone
novenment o and relate to di seases
popul ation source (i.e., cancer)
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(3) Surveys and clinical tests rarely prove cause
and effect relationships; and

(4) Long latency periods make disease neasurenents and

effects prediction nearly inpossible over the “short”
term (up to 10 or nore years).

Thus, managers of the synthetic fuels industry are likely to be
i nadequately inforned about the chronic health risks to workers and
the general public. Dramati c cases of overexposure nost readily
docunent adverse health effects; however, even these incidents of-
ten only provide information ten to twenty years after the initial
exposure. If a synfuels industry is to become comrercial, it is

important that as nuch information as possible concerning the de-

gree of these health risks be generated at pilot or denonstration

pl ant phases. (Section 5 elaborates on the problem of increased

environmental risks with rapid devel opnent schedules. )

4.2 ENVI RONMVENTAL STANDARDS AND COWPLI ANCE | NCENTI VES
Several options exist for achieving environnmental objectives:

e Economi c incentives that encourage conpliance wth
environnmental standards;

CGovernnent prograns for regulation, nonitoring, and enforce-
ment that provide assurances for achieving standards; and

e (perator standards of performance based primarily on indus-
try consensus.

Econom c incentives exist where adverse environnmental inpacts are
tied directly to increased production costs. Unfortunately, as
with many industries, the economic incentives for neeting environ-

mental objectives in coal liquefaction plants are often not direct-

ly related to econonic benefits. To illustrate, coal |liquefaction
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plants operating under normal conditions may have 99.8 percent re-
noval of particulate in air emssion stacks. Shoul d a process up-
set occur one percent of the time, resulting in by-passing particu-
| ate renoval equipnment, total plant em ssion would increase 5-fold
or nore. However, product costs mght typically only increase one
percent or so reflecting lost production tinme. Wen economc in-
centives are not sufficient, then nore overt nanagenent actions nay
be needed. Three managenent deficiencies for controlling adverse
environnmental effects have been identified. These are:

Poor quality control of some governnment sponsored prograns;

.The need for new environnental standards for sonme problem
areas; and

.The need for industry consensus standards.

Each of these is discussed briefly bel ow

Construction Quality Control

An exanple of poor quality control can be found in reviews of
construction practices for a coal liquefaction pilot plant in
Kent ucky, where deviations from accepted standards were found
(U.S., DCE, Of. of Inspector Ceneral 1979) i ncluding: poor con-
trol of equipment and materials procurenent; inadequate planning to
permt effective maintenance during operation: and deficient weld

i nspections and recordkeeping.'

lin contrast, 3 review by the General Accounting Office of the
construction of the 250 tpd EDS pilot plant at Baytown, Texas, gave
a favorable report (U S., GAO 1981). As further evidence of the
construction quality, the unit was brought on-stream with rela-
tively little difficulty.
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A range of factors contributed to these deficiencies (U S.,
DOE, Of. of Inspector General 1979):

.The construction subcontractor did not have a
gquality control program

.The construction contracts failed to specify
guality assurances duties;

* Work supervisors had a lax and apathetic attitude
toward construction safety; and

.Radi ographic testing of high pressure piping was
i nadequate, in part because governnent oversight
agency responsibility was deleted from DCE agree-
ments.
Covernnent participation in developing a coal |iquefaction in-
dustry may shift responsibilities from devel opers and their subcon-

tractors to the governnent supervisory program In this situation

econom ¢ incentives for environnental conpliance by private indus-

try can be short-circuited.

Envi r onnent al St andar ds

Sone critical environnental standard and enforcenent prograns

are proposed but not now in place. Perhaps the nost critical to

the coal liquefaction industry are proposed standards to control
carci nogeni ¢ hydrocar bons. Information contributing to these stan-
dards is not based on coal |iquefaction or even refinery experi-
ence, but rather is based on studies at selected chenical plants
(Us., EPA, Research Triangle Park 1981). Draft generic standards
describing nonitoring and maintenance to control fugitive airborne
carci nogens were issued in Cctober 1979 (Fed. Reg. 1979), but final
standards have been indefinitely delayed. [f issued, proposed

standards nmay require nonitoring and naintenance prograns (Fed.
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Req. 1979) but procedures and nechanisns to ensure conpliance have

not been determ ned.

The difficulties inposed for coal liquefaction by the absence

of standards are four-fold:

It is not possible to assess the potential carcinogenic risk,
or evaluate the other health risks from coal I|iquefaction
facilities;

There is no basis to evaluate plant design or nonitoring
pr ogr ans;

There is no assurance that the public is protected from
operators that nmay fail to neet established standards; and

Assurances of enforcenent or liability are not established
t hrough any formal neans.

I ndustry Consensus Standards

Because of the broad range of safety and environnental con-
cerns, it may be difficult to devel op conprehensive governnent pro-
grans to regulate all environnental and safety concerns of a coal

liquefaction industry. The devel opnent of adequate construction

and operator performance nmay be stimulated by industry consensus

st andar ds. For exanple, the Anerican Society for Metals estab-
lishes material standards; the American Society for Testing and
Materials specifies testing approaches; the American Society for
Mechani cal Engi neers devel ops standards for equipnent; and, in co-
ordination with technical societies and industry, the American Na-
tional Standards Institute devel ops standards for conponents and
operating systens.

Al t hough general standards have been devel oped for petroleum

refineries and hydrocarbon processing facilities, many of which are
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applicable to coal liquefaction, areas where new standards may be
especially inportant for coal liquefaction plants include:
Hydr ocarbon nonitoring;
Desi gn and nmai ntenance standards for pipes and fittings
operating with high pressure and high flow streans con-
taining entrained solids;

H gh pressure let-down valve designs where solids are en-
trained in liquid streans; and

Vent/flare conbustor systens handling entrained solids.
Much of the enphasis in plant design has focused on plant effi-
ci ency and perfornmance. | nportant health and safety research such
as fault free analysis and failure node and effect analysis, for
exanpl e, have not yet been applied despite the potential hazards in

a coal liquefaction plant.’

4.3 PUBLI C PERCEPTI ONS

The perceptions and attitudes of the public toward coal |[ique-
faction have the potential for influencing such institutional con-
cerns as site selection, environnental standards, and the pace of
devel opnent . Based on recent indicators, at |east three inportant

concerns are evident:

The general public appears to be relatively uninforned
about synthetic fuels;

.No consensus exists about the potential severity of
environmental and human health inpacts; perceptions
range from very optimstic to very pessimstic; and

lFault free anal ysis and failure node and effect analysis are

systens approaches to inproving safety which have been applied in
such critical areas as nuclear power plants, space prograns, and
of fshore oil platformns.
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» The lack of credible information available about the
inmpacts from coal I|iquefaction nmakes the resolution of
policy conflicts nore difficult.

Public opinion toward synfuels devel opnent has received little
attention to date. However, based on results from a 1980 nati onal

survey, the public appears relatively uninformed about synthetic

fuels. Only 37 percent of those polled knew what synthetic fuels
were; 15 percent defined them incorrectly, and 42 percent said that
they didn’t know anything about synthetic fuels (U S., CEQ 1980).
However, few respondents (9 percent) opposed support for synfuels,
in contrast to the 33 percent who ranked nuclear power as the |ow

est priority.

Siting of industrial facilities, including energy conversion
pl ants, has becone increasingly difficult, in part because of pub-
lic reactions to the potential risks. Thus, proposals to |ocate

synthetic fuel plants close to tows can also expect public resis-
t ance. The extent of this resistance is uncertain and certainly
subject to change--for exanple, as nore is |earned about health
ri sks.'

In the case of the SRC Il Denonstration Plant, sone parties-at-

interest to the devel opnent believe that the public is being used
in an experinment to evaluate the environnmental acceptability of the

pl ant . This perspective is expressed in a letter from an

lpos an example Of public concerns associated with the ce LI

plant in West Virginia, twenty-five letters were received from
state residents on a draft EIS; three letters were supportive,
three were neutral, and nineteen were strongly opposed (conpiled
from U S., DOE, 1981a).
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i ndustrial hygienist representing the Mpnongahela Alliance for
Community Protection:

The nost shocking part of the EIS is its clear inplication

that the denonstration plant is intended as a health experi-

ment in which the workers and residents of the region are to

be the guinea pigs (Becker 1981).

Public concerns are likely to intensify if visible upsets, such
as fires, flaring, spills, or strong odors, occur in the synfuels
denonstration program Such upsets are expected to occur nore

frequently during this denonstration phase than at the mature in-

dustry stage. Thus, constructing denpnstration plants in proxinmty

to population centers mmy increase public opposition to synthetic

fuels commercialization (see also Section 3.3).

As shown in Table 4-2, public perceptions regarding the sever-
ity of environnmental and human health inpacts from synthetic fuels
show a consi derabl e range. For exanple, some groups believe that
|arge em ssions of air pollutants from these plants will degrade
the quality of air and danmage crop yields. At the other extrene,
some believe that air quality will be relatively unaffected by the
pl ant . Simlarly, public perceptions of water quality inpacts
range from the very optimstic (assum ng zero discharge of pollu-
tants) to very pessimstic (discharges will cause fish kills and
overal | degradation of water quality). For water availability, the
differences in perspective stem in large part from controversy over
the extent and the appropriate use of existing water supplies. An-
other issue is concern over the potential human health risks from
the synthetic fuels industry. Al t hough sonme groups are worried
about the carcinogenic effects of synfuel developnent, others
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believe that industry controls as well as regulations by the
Cccupational Safety and Health Admnistration and EPA will provide
adequat e protection.

The extent of these differences in public perceptions may be

narrowed if better information about the likely inpacts of coal

liquefaction is provided. Most information on coal |iquefaction
is restricted to technical literature; thus, it nmay be inportant to
dissemnate it in other forns to a larger public. Just as i npor-

tant is the need for information to be generated by groups which
have sone credibility with the public. Studi es should be conducted
by individuals and groups who are perceived as conpetent and have
no stake in the industry s devel opnment (Section 4.4). Better qual -
ity and use of information, of course, does not nmean that conflic-
ting public perceptions will be resolved. However, it can provide

a focus for policy conflicts and narrow the range of disagreenent.

4.4 ENVI RONMENTAL RESEARCH PROGRAMS
The environnmental research progranms for coal I|iquefaction are

pl anned and sponsored largely by the U S. Environnental Protection

Agency (U S., ORD, DEM, EPA 1979; U S., EPA |ERL 1980) and by the
Ofice of Environnent in the U S. Departnent of Energy (U S., DCE,

Asst. Sec. for Fossil Energy and Asst. Sec. for Environnment 1980).
O her branches of governnent (e.g., the National Institute of Cccu-
pational Safety and Health) in coordination with these two |ead

agencies and private research prograns (such as those sponsored by

the Electric Power Research Institute) also have active research

82



prograns to characterize environnmental and health risks (Males
1980). However, several deficiencies in the existing research pro-
gram can be identified. These inadequacies are of three types:
Gaps in technical research prograns;
.Gps in social inpact and policy research; and

- Deficiencies in research program organization.

Techni cal Research Gaps

There are a nunber of scientific and technical unknowns con-
cerning coal liquefaction that have been identified throughout this
report. Wiile nost of these questions cannot be resolved until
denonstration or pioneer comercial plants are operated, others
could be, but are not being, addressed now. Table 4-3 identifies
some of these inportant information gaps. For exanpl e, although

devel opnent prograns have been initiated for refining and up-

grading coal liquids, with the exception of tests on conbustion in
stationary sources, little effort has been made to environnmentally
test coal derived liquids or liquid mxtures used for transporta-

tion purposes. A review of health and environnental research pro-

grans, especially related to risks from upsets or energencies and

product end-use, is needed to determ ne whether they are adequate

toprovide tinely information if synfuels are conmmercialized.

Social and Policy Research Gaps

Most of the current research on synthetic fuels focuses on the
physical characteristics of the technologies and the physical/
bi ol ogi cal effects of their pollutants. However, of potentially
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equal inportance are “softer” research needs that address the social
impacts of a major synfuels program and the policy of institutional
nmechani sns that influence, or can be used to influence, environnen-
tal choices. Examples of research questions in this area are:

(1) What are the current public attitudes and concerns and how

are they being addressed by the synfuels denonstration
pr ogr anf

(2) What is the range of potential changes in public at-
titudes toward regulation and how m ght these changes
affect synfuel devel opnent?

(3) What factors wll influence the choices of technol ogy,
| ocation, and rate of synfuel devel opment, and how wl|

these influence short- and |ong-term environnental inpacts?

(4) Have siting laws or other institutional factors nmade a
significant effect onwhere facility sites are planned?
How have institutional, factors affected social, economc,
and environnmental trade-offs?

Research Program O ganization

As identified in the previous section, there is w despread
but divergent public concern with the environnmental and human
health risks associated with synfuel developrment. Wile the
wi dely divergent opinions may not ever be conpletely resol vable,
the situation could be inproved with nore reliable and credible
i npact i nformation. This requires that research and nonitoring
prograns not only be scientifically and technically sound, but
al so:

.The research program nust involve a diversity of interests
in its planning and its review,

.l npact assessnents nust include site-specific conponents to
directly inform those who may be affected;

* The studies nust be funded and carried out by parties
who do not have a vested interest in the technol ogy.
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Many of the current research prograns do not neet these criteria.

For exanple, bionedical research on the carcinogenity of synthe-
tic fuels mxtures is primarily sponsored by the DCE and conducted
through its national [|aboratories, which are viewed by sone groups

as proponents of synthetic fuel devel opnent.

5.0 WHAT ARE THE ENVI RONMENTAL RI SKS OF AN ACCELERATED SYNFUELS
COWMERCI ALI ZATI ON  PROGRAM?

Al though the technology for producing liquid fuels from coal
was first denonstrated by Germany during the 1920's, coal |ique-
faction is still in an early state of developnent in this country;
no conmercial-scale plants exist or are under construction in the

Us. A “crash” or “accelerated” conmercialization program to re-

duce dependence on foreign oil wll involve substantial technical,

econom c, and environnental risks.

Indirect coal liquefaction is closer to commercialization than
di rect processes. However, rapid deploynent of indirect processes
will require the use of currently commercial gasifiers such as

Lurgi and Koppers- Tot zek. More advanced technol ogies such as the
Texaco coal gasifier and the pressurized Shell-Koppers and Wnkler
gasifiers are not yet in advanced pilot plant stages and need to go
through the commercial nodule denonstration stage before comrer-
cialization.

Figure 5-1 illustrates the tinme required for the devel opnent of
a commercial plant for two direct processes, EDS and H Coal, under
a “normal” devel opnent schedule as projected by the licensing firm
(devel opers). Devel opnent is estimated to take 17 years for the
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OPERATION AND
DATA GATHERING: OPERATION AND OPERATE FIRST
250 TPV PILOT DEMONSTRATION OF COMMERCIAL
PLANT PIONEER PLANTY PLANT
L] ——
(224
a
[F9]
DESIGN AND CONSTRUCT DESIGN AND CONSTRUCT
PIONEER COMMERCIAL-SIZE FIRST COMMERCIAL-SIZE
PLANT PLANT
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
OPERATION OF OPERATION ANMD
o |600 TPD DEMONSTRATION OF OPERATION OF
«&J PILOT PLANT PIONEER PLANT FIRST COMMERCIAL PLANT
o
<
x
CONSTRUCTION OF CONSTRUCTION OF
PIONEER PLANT FIRST COMMERCIAL PLANT
Fi gure 5-1: Time schedule for two direct coal |iquefaction
processes.
a . .., 1980.
b

Based on two years operation before construction of
unit, design and construction five-year
from Rogers and H Il 1979.

next
tine estinmate

Exxon Donor Solvent (EDS) process and 14years for the H Coal pro-

cess. The EDS estimate includes 7 years for design and construc-

tion followi ng operation of both a 250 tpd pilot plant and a pio-

neer commercial size unit. In contrast, it is estimted that the

H Coal process will require only a 5-year construction period; all

design presunmably takes place while gathering data from operating

units. These estimates have assuned that the permtting process

goes on concurrently w th design. Because designing requires se-

veral years, it is the primary determ nant in project schedul es.
However, if permtting is not concurrent, then an increase equiva-
lent to permtting tine for each step would be added to the tine-

t abl es.
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If coal synfuels are comercialized rapidly, it would require:
(1) deploying indirect processes now utilizing Lurgi or Kopper-
Totzek gasification and/or (2) by-passing sone of the scale-up

steps in the devel opnent of the newer gasification or direct pro-

cess technol ogi es. Bot h approaches, and especially the latter,
may be unwise for technical and econom c reasons. I n addition,
accel erated commercialization prograns will contribute to increased

environnmental risks for four reasons:

.Technical risks from by-passing devel opnent steps;
Difficulty in nonitoring and detecting inpacts;
Regul atory | ags; and

.Added inpacts from rapid construction.

Each of these factors is briefly discussed bel ow

5.1 R SKS DUE TO TECHN CAL UNCERTAI NTI ES

The technical wuncertainties in comercial plant performance
have typically resulted in requirenents for a bench-scale, pilot
pl ant, pioneer plant, and comrercial-scale plant devel opnent se-
guence. In the case of direct processes (see Section 2), this
scal e-up sequence is required primarily because of the inability to
predict the flow of coal solids, semsolids, and entrained solids
in a liquefaction plant. Thus, they mnust be tested for phases in a
scale-up to commercial size. Any increase in the frequency of up-
sets or accidents (see Section 2.2) due to accelerated devel opnent
prograns could cause a mgjor increase in air emssions and occupa-

tional health and safety risks. In the case of air em ssions,
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neither the controlled conbuster nor the vent/flare systens are de-
signed with sulfur or particulate renoval systens; therefore, up-
sets from plugging, reactor nmalfunctioning, and other events can
lead to major increases in emssions of sonme pollutants. These
technical problens can also increase risks of |[|eaks, explosions,
and other plant accidents. Further, if units are inproperly
designed, risks in a conplex plant are not sinply additive. For
exanple, a poorly designed section that plugs can result in other
sections of a facility being shut down. These shut-downs result in
tenperature changes that can cause stress in valves and fittings,
further contributing to |eaks or other failures.

Water quality inpacts are also of concern with accelerated de-
vel opnent because wastewater treatnent designs are just energing.
Material s bal ances and performance data based on prelimnary de-
signs are not avail able. The wastewater treatnent systens have not
been tested against actual plant conditions, since existing smnall
pilot plants now send waste streans to adjacent refineries. Per -
formance data from wastewater treatnent systens being designed for

pi oneer plants need to be evaluated prior to full-scale commercial-

i zation. Because of this uncertainty and the Potential for failure

in the wastewater treatnent system for exanple due to poisoning of

biotreaters, the water quality risks would be increased under an

accel erated schedul e.

Cenerally, strong economc incentives exist for adequate design

and testing in order to achieve a high level of plant operation

capacity. Thus, developers are typically wary of a rapid
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devel opnent schedul e for econom c reasons. However, as discussed

in Section 4.2, the environnental costs can sometimes be much

|arger than the economic costs if a plant does not perform prop-

erly. For exanple, fugitive emssions of toxic hydrocarbons may
represent a substantial health risk, but they may only represent a
smal |l economc cost in ternms of [ost product. For this reason,
accel erated devel opnent prograns should include rigorous environ-

mental nonitoring prograns.

52 DIFFICULTIES IN MONI TORI NG

As discussed in Section 4.1, several of the potential environ-
mental inpacts associated with coal synfuels will be difficult to
nonitor and detect. This problem will exist even under a “nornal”

devel opment pace (such as that illustrated in Figure 5-1), and it
will be exacerbated by rapid comrercialization prograns. Rapi d

commercialization would |imt data devel opnent and interpretation
from nonitoring prograns. For exanple, the latency of skin cancer
can be 5 to 10 or nore years after exposure, with other cancers

having an even |onger | atency. Rapi d commercialization prograns

woul d increase the risks that environnental hazards would be over-

| ooked during the first years of pilot or pioneer plant operation.

A “nornal” devel opment schedule, such as described in Section

5.0, can resolve a range of existing health uncertainties as sum
marized in Table 5-1. Pilot plant operation provides tinme for

screening the range of products for bacterial nutagenicity, |[|abora-

tory carcinogenicity tests, and toxicology studies. The
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TABLE 5-1: HEALTH RI SKS POTENTI ALLY RESOLVED DURI NG A NORVAL
DEVELOPMENT  SCHEDULE
Uncertainties Potentially Resolved
Ti me
Pl ant Dur ation Em ssi ons/
Stage (years) Ef f 1 uents/ Product s Health Risk
Pil ot plant 1-4 Product conposition Bacterial nutagenicity
operation
Short-term | aboratory
carcinogenicity
Constructing 3-8 None None
pi oneer
pl ant
Denonstration 8-14 Conposi tion of Initial worker accident
of pi oneer di scharge streans ri sk assessed
pl ant (prelimnary)
potential public
exposure deternined
Construction 12-15 None None
of first
commer ci al
pl ant
Conmmer ci al 15-30 Conposi tion of dis- Level s of public ex-
pl ant charge streans posure confirnmed
operation (conmerci al)
Longer term worker and
Quantity of discharges and acci dent risks
i nf or med
Long term 30-55 Quantity of discharges; Wor ker accident risk
operation | eaks; hazards confirmed
and retire- assessment
ment Actual public health
ri sk informed
Deconmi ssi oni ng  55- None Public and occupationa

health risk nore
concl usively inforned
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denonstration (pioneer) plant phase provides for an evaluation of
the conposition of discharge streans, for determ nation of poten-
tial public exposure to chemcals, and an initial evaluation of
occupational accident and exposure risks. A normal devel opnent
sequence can provide for sone determnation of all but the |ong
termrisks, such as those due to cancer, prior to the operation of
acommercial plant.

Al though a range of short-term screening tests can be used to
eval uate the hazards of intermediate process streans, discharges,
and products, sonme hazard will remain that can only be eval uated
with detailed occupational and public health studies. As indicated
above, these studies are likely to identify risk (for some skin
cancers) within as few as about 5 years. As indicated in the
exanples in Table 5-2 sone cancers show up sooner than five years,
such as those induced by chemcal therapy or ionizing radiation.
However, cancers initiated by occupational exposures to various
chem cals, such as detection of elevated rates of lung and ki dney
cancer from exposure to chemcals in coal tar, typically require 10
to 20 or nore years to be detected. Because the |atency period of
cancer is dependent on the organ, dose, and susceptibility of the
popul ation, no clear pattern energes to dictate how effective a
nonitoring program can be over the short term Apparently many of
the risks can be determined within 5 to 10 years of the operation
of a pioneer plant, but the degree of risk for many soft tissue
cancers can only be determned after up to 30or nore years of com

nmercial plant operation.
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TABLE 5-2: TYPICAL LATENCY PERICDS | N CANCER DETECTI ON
Lat ency
Peri od Cancer
(years) Cause (site)
(0. 2 100.3) Chemni cal therapy Lynmphoma (| ynph gl ands)
2to 15 I oni zing radiation Leukem a (bl ood)
5to 10 PNAS Skin cancer
lo- Mustard gas Lung cancer
10 to 15 Vinyl chloride Li ver cancer
10 to 30 Snoki ng Lung cancer
10 to 30 I oni zi ng radiation Breast cancer
20 to 40 Coal tar Lung and ki dney cancer
35 to 50 Asbest os Mesot hel i oma (chest or
stomach |i ning)
up to 60 Bur ns Skin cancer

Sour ce: Conpi |l ed from Nati onal
Copenhaver and Pfuderer 1978; NIOSH 1977.

5.3 REGULATORY LAG

A closely

related problem is

during an accel erated devel opnent

Cancer Institute 1981;

regul atory

schedul e.

Br aunst ei n,

| ags that would occur

As indicated in Sec-

tion 2.0, emssion and discharge standards do not exist for coal

i quefaction plants.
Qui dance Docunents”

eval uating plant designs in the near

be an on-going process as nore is

EPA and DOE are devel oping
(PCA s) which will

“Pol | uti on Control

serve as guidelines for

Fi nal standards will

| earned from each new pilot or

pi oneer commercial plant. If a synfuels commercialization program

is accelerated by building the next
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fully evaluating the previous one, or by sinply by-passing steps in
the normal scale of sequence, then some types of environnental
regul ati ons (such as em ssion standards) would always |ag behind
ongoi ng design and construction. Experience with the nuclear power
i ndustry has shown the problens of attenpting to redesign conpo-
nents of a very conplex system in response to environnmental/safety

concerns while the project is under construction. Accel erated de-

vel opnment increases environnmental risks because each generation of

plants would not be guided by environnental regulations infornmed by

the prior generation, and any nodifications or retrofits needed to

correct past deficiencies would often be very expensive.

5.4 | MPACTS FROM RAPID CONSTRUCTI ON

Accel erated developnent of synfuels could also aggravate the

soci oeconom ¢ and environnental problens associated wth "“boom and

bust” population cycles in small conmunities. These probl ens

i ncl ude:

| nadequat e nunicipal services (water supply, police and
fire protection, etc.);

Insufficient housing;

Water quality and ecological effects (e.g., inadequate
sewage treatnent capacity); and

| nadequate streets, roads, and highways.
Al t hough these growth managenent problens will exist for any |arge
construction project in rural areas, they wll be increased by an

accel erated synfuels program because of the nunber of plants re-

quired, the lack of nmeans to coordinate plant schedules, and the
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probability that many facilities will be located in clusters in
single or multicounty regions in the eastern US. (for exanple, see
Enoch 1980). As an exanple, Figure 5-2 shows the nunmber of workers
included in synfuel plant construction in a 30-mle radius of
Onensboro, Kentucky, if plans developed in 1980 should be inple-

ment ed.

25

201

15¢ F1SCHER-TROPSCH

10 s
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0 f T “Y T 1 } ;] T T

1981 1982 1983 1984 19851986 1987 19881989 1990 1991

Figure 5-2: Synfuel plant construction |abor requirenent
near Oaensboro, Kentucky.

Sour ce: Enoch 1980.

Scheduling can play a major role in determ ning the magnitude
of popul ation inpacts experienced by a comunity. Construction of
a coal synfuel plant can require a peak workforce of approximtely
5,000; this can result in population increases of 15,000, including

95



famly nenbers and secondary popul ation grow h. Figure 5-3(A)

illustrates a typical workforce schedule for a coal gasification

pl ant . Si nul t aneous construction of two or nore plants in an area

under an accelerated synfuels commercialization programwll pro-

portionately increase population and probably exponentially in-

crease inpacts. On the other hand, construction of multiple plants

can be phased so that population inpacts are |essened, as illus-

trated in Figure 5-3(B).

Person- Years Per son- Year s
5000 1 5000 1
4000 A 4000 -
3000 -
3000 1
2000 4 2000 A
1000 - 1000 -
1 3 5 Year s 1 3 5 7 Year s
(A) Single Plant (B) Two plants started

2 years apart

Figure 5-3: Workforce schedules for coal gasification projects.

Sour ce: Wite et al, 1979.
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