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ABSTRACT 

REED, R. M. (ed.). 1982. Prepara t ion  o f  environmental  
analyses f o r  synfuel and unconvent ional  gas technologies.  
ORNL-5911 Oak Ridge Nat iona l  Laboratory,  Oak Ridge, 
Tennessee. 212 pp. 

Government agencies t h a t  o f f e r  f i n a n c i a l  i ncen t i ves  t o  s t imu la te  
t h e  commerc ia l i za t ion  o f  synfuel  and unconvent ional  gas technologies 

u s u a l l y  r e q u i r e  an ana lys i s  o f  environmental  impacts r e s u l t i n g  f rom 

proposed p r o j e c t s .  Th is  r e p o r t  reviews p o t e n t i a l l y  s i g n i f i c a n t  
environmental  issues associated w i t h  a s e l e c t i o n  o f  these technologies 

and presents  guidance f o r  developing i n fo rma t ion  and prepar ing  analyses 

t o  address these issues. The techno log ies  considered are  western o i l  

shale, t a r  sand, coal  l i q u e f a c t i o n  and gas i f i ca t i on ,  peat, 
unconvent ional  gas (western t i g h t  gas sands, eastern Devonian gas 

shales, methane f rom coal  seams, and methane f rom geopressured 
aqu i fe rs ) ,  and f u e l  ethanol .  P o t e n t i a l l y  s i g n i f i c a n t  issues are 

discussed under t h e  general  ca tegor ies  o f  land use, a i r  q u a l i t y ,  water 

use, water q u a l i t y ,  b i o t a ,  s o l i d  waste d isposal ,  socioeconomics, and 
h e a l t h  and safety .  The guidance prov ided i n  t h i s  r e p o r t  can be app l ied  

t o  p repara t i on  and/or rev iew o f  proposals, environmental repor ts ,  

environmental  assessments, environmental  impact statements, and o ther  
types  o f  environmental analyses The amount o f  d e t a i l  r equ i red  f o r  any 

i ssue  discussed must, by necessi ty,  be determined on a case-by-case 
bas i  s. 

V 
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1. INTRODUCTION 

I n t e r e s t  i n  a l t e r n a t i v e  energy technologies i n  t h e  Uni ted States 

has increased considlerably w i t h i n  t h e  l a s t  f i v e  years i n  response t o  
f e d e r a l  programs f o r  p r o v i d i n g  i n d u s t r y  w i t h  f i n a n c i a l  assistance t o  

b u i l d  demonstrat ion and commercial f a c i l i t i e s .  Government i n i t i a t i v e s  

were p r i m a r i l y  t he  r e s p o n s i b i l i t y  o f  t h e  U.S. Department o f  Energy 
u n t i l  1981 when t h e  Syn the t i c  Fuels Corporat ion took t h e  lead. 

Although t h e  pace o f  development has been r e l a t i v e l y  slow, t h e r e  i s  

l i t t l e  quest ion t h a t  these technologies w i l l  make an i n c r e a s i n g l y  

impor tant  long-term e o n t r i b u t i o n  t o  the  n a t i o n ' s  energy supply. 

The present  r e p o r t  reviews environmental issues associated w i t h  

s i x  energy technologies,  namely, western o i l  shale, t a r  sand, coal  

g a s i f i c a t i o n  and l i q u e f a c t i o n ,  peat, unconventional gas, and f u e l  

ethanol .  Although o t h e r  technologies and resources cou ld  be inc luded 

i n  t h i s  review, most o f  t h e  e f f o r t  i n  research, development, and 
commerc ia l izat ion i s  l i k e l y  t o  be focused on these technologies because 

t h e  resources are t h e  most r e a d i l y  a v a i l a b l e  and/or t h e  technology i s  

e i t h e r  t h e  most promis ing o r  f a r t h e s t  along i n  development. 

The purpose of t h i s  r e p o r t  i s  t o  p rov ide  guidance t o  government 

agencies, con t rac to rs ,  and i n d u s t r i a l  app l i can ts  f o r  rev iewing t h e  

environmental e f f e c t s  o f  proposed p r o j e c t s  t o  comply w i t h  t h e  Nat ional  

Environmental Pol i c y  Act o f  1969. The r e p o r t  i d e n t i f i e s  p o t e n t i a l l y  
s i g n i f i c a n t  environmental issues t h a t  are l i k e l y  t o  be encountered f o r  

t h e  s i x  technologies noted above and prov ides a gener ic  d iscuss ion o f  

t h e  types o f  i n f o r m a t i o n  and analyses needed t o  evaluate each issue. 

I n  add i t i on ,  Appendix A discusses t h e  a c q u i s i t i o n  o f  i n f o r m a t i o n  f o r  

desc r ib ing  t h e  a f f e c t e d  environment and f o r  p r o v i d i n g  base l i ne  
i n f o r m a t i o n  needed t o  assess p o t e n t i a l l y  s i g n i f i c a n t  impacts. 

A major problem i n  conduct ing an environmental rev iew o f  a 

proposed p r o j e c t  i s  s e l e c t i n g  those isssues t h a t  are p o t e n t i a l l y  

s i g n i f i c a n t  and t h a t  need t o  be c a r e f u l l y  considered i n  dec i s ions  on 

p r o j e c t  approval. I f  an environmental impact statement i s  being 

prepared, a scoping process w i l l  be conducted t o  determine which issues 
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need t o  be considered i n  d e t a i l .  I f  an environmental assessment o r  

some o the r  type  o f  environmental  rev iew i s  be ing prepared, a v a i l a b l e  
i n fo rma t ion  on t h e  proposed p r o j e c t  and on t h e  s i t e  should be 

thoroughly  reviewed t o  i d e n t i f y  issues t h a t  deserve d e t a i l e d  analys is .  

The guidance conta ined i n  t h i s  r e p o r t  should a s s i s t  p r o j e c t  and agency 

s t a f f  i n  p repar ing  and rev iewing  environmental  analyses conta ined i n  

proposals, environmental  repor ts ,  and o the r  types o f  environmental 

documents. A d d i t i o n a l  guidance f o r  s e l e c t i n g  t h e  p e r t i n e n t  issues t o  

be addressed should come f rom consu l ta t i ons  w i t h  appropr ia te  s t a t e  and 

f e d e r a l  government o f f i c e s  and f rom d iscuss ions w i t h  o the r  i n t e r e s t e d  

p a r t i e s .  

Al though some o f  t h e  issues discussed i n  t h i s  guidance document 

may no t  be app l i cab le  t o  a p a r t i c u l a r  p r o j e c t ,  they  should a l l  be 

considered du r ing  t h e  environmental  review. I f  c e r t a i n  o f  these issues 
are no t  considered t o  be r e l e v a n t  t o  t h e  p r o j e c t  i n  quest ion,  t h e  

reasons f o r  n o t  p r o v i d i n g  a d e t a i l e d  ana lys i s  should be documented. 
The format  and conten t  o f  environmental  analyses requ i red  by 

d i f f e r e n t  government agencies vary  considerably .  Some agencies such as 

t h e  Nuclear Regu la to ry  Commission have we l l -de f ined requirements f o r  
t h e  development and submission o f  environmental  i n fo rma t ion  i n  a 

document known as an environmental  r e p o r t  (10 CFR P a r t  51). Other 

agencies, however, have no t  de f ined s p e c i f i c  requirements bu t  d e f i n e  

i n fo rma t ion  and ana lys i s  needs on a case-by-case bas is .  Appendix B o f  

t h i s  r e p o r t  presents  an o u t l i n e  o f  an enviromental  ana lys i s  t h a t  i s  

g e n e r a l l y  cons i s ten t  w i t h  most agency needs. Al though t h i s  o u t l i n e  

de f i nes  bas ic  ca tegor ies  o f  i n fo rma t ion  t h a t  are u s u a l l y  needed, each 

agency should be consu l ted  about s p e c i f i c  requirements e a r l y  i n  t h e  

process. The o u t l i n e  conta ined i n  Appendix B w i l l  serve as a good 

bas i s  f o r  these i n i t i a l  d iscuss ions.  

A 
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2. WESTERN OIL SHALE 

Michael J. Sale, l  E l i zabe th  L. E t n i e r Y 2  M a r t i n  Schweitzer,3 
and E. Douglas Waits4 

2.1 RESOURCE D E S C R I P T I O N  
O i l  sha le i s  a f i ne -g ra ined  sedimentary rock con ta in ing  a s o l i d  

hydrocarbon c a l l e d  kerogen. By p u l v e r i z i n g  t h e  raw ore and heat ing  i t  

t o  temperatures grea ter  than 45OoC, t h e  kerogen i s  decomposed t o  form 

hydrocarbon gases and 1 i q u i d s  which, upon condensation, y i e l d  shale 

o i l .  The r i c h e s t  o i l  shales can con ta in  a petroleum equ iva len t  o f  

125 L/Mg (30 g a l  o i l / t o n  shale)  o r  more. 

Four types o f  o i l  shale are found i n  t h e  Un i ted  States:  

( 1 )  T e r t i a r y  per iod,  l a c u s t r i n e  mar ls tones ( n o t  t r u e  shales)  i n  t h e  
Green R ive r  Format ion o f  Colorado, Utah, and Wyoming; ( 2 )  marine shales 

o f  t he  l a t e  Devonian and e a r l y  M iss i ss ipp ian  per iods  l oca ted  across 
severa l  mideastern and c e n t r a l  s ta tes,  f rom Michigan and Pennslyvania 

down t o  Oklahoma and Texas; ( 3 )  Mesozoic depos i ts  o f  marine shale i n  

Alaska; and ( 4 )  smal l  depos i ts  o f  Permian shales sca t te red  through 

western Montana, Idaho, Nevada, and southern Cal i f o r n i  a. 
Because t h e  high-grade o i l  shale resources i n  Colorado, Utah, and 

Wyoming w i l l  most l i k e l y  be the  f i r s t  developed i n  t h i s  country,  t h e  

guidance i s  r e s t r i c t e d  t o  p r o j e c t s  i n  t h e  western Un i ted  States.  The 

l a r g e s t  concen t ra t i on  o f  high-grade o i l  shale i s  i n  t h e  Green R ive r  
Formation, a 44,000-km2 (17,000-sq. m i l e )  area i n  northwestern 

Colorado, nor theas tern  Utah, and southwestern Wyoming. Th is  western 

o i l  shale r e g i o n  conta ins  over 90% o f  t h e  t o t a l  est imated U.S. 

resource, having y i e l d s  g rea te r  than 42 L/Mg (10 g a l / t o n )  (Bates and 

Thoem 1980). 

'Environmental Sciences D iv i s ion ,  ORNL. 

'Health and Sa fe ty  Research D iv i s ion ,  ORNL. 

3Energy D iv i s ion ,  ORNL. 

4Birmingham Southern College, Birmingham, A1 abama. 
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@ The o i l  shales o f  t h e  Green R ive r  Format ion are separated i n t o  

f o u r  geolog ic  bas ins (F ig .  1 ) :  t h e  Piceance Basin i n  west-centra l  

Colorado, t h e  U i n t a  Basin i n  Utah, t h e  Green R ive r  Basin i n  Wyoming, 

and t h e  Washaki/Sand Wa,sh Basin i n  Wyoming and northwestern Colorado. 

The o i l  shale resource o f  t h e  Piceance Basin i s  s i g n i f i c a n t l y  g rea ter  

than t h a t  o f  any o f  t h e  o the r  basins i n  terms o f  y i e l d  (Table 1)  and 

th ickness  of t he  depos i ts  [g rea te r  than 300 m (1000 f t )  i n  places].  

Colorado o i l  shale t y p i c a l l y  has an average organic  conten t  o f  

16.5% embedded w i t h i n  an inorgan ic ,  mar ls tone m a t r i x  o f  dolomite,  

c a l c i t e ,  and quar tz .  Because these depos i ts  may be associated w i t h  

Table 1. O i l  sha le resource est imates i n  t h e  Green R iver  Formation 

Green River ,  
Washakie, and 

O i l  sha le Basin Basin (Wyoming and 
Piceance U i n t a  Sand Wash bas ins 

Grade y i e l d  (Colorado) (Utah) Colorado) 

I 63 t o  104 L/Mg 191 
(15 t o  25 ga l / t on )  (1200) 

I1  104 t o  125 L/Mg 97 
(607 1 (25  t o  30 g a l / t o n )  

I11 more than 125 L/Mg 56 
(more than 30 g a l / t o n )  (355) 

51 
(321 1 

10 
(64)  

8 I 

(50) 

To ta l  resource 344 
(2162) 

69 
(435) 

51 
(321 1 

2 
(13) 

63 
(394 1 

Source: Bates and Thoem (1980). 
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AREA U N D E R L A I N  B Y  T H E  GREEN 
RIVER F O R M A T I O N  I N  WHICH T H E  
O I L  SHALE IS UNAPPAAISEO FOR 
LOW GRADE 

AREA U N D E R L A I N  BY OIL SHALE 
MORE T H A N  3 m T H I C K ,  WHICH 
Y I E L D S  104 m3 O R  M O R E  OIL PER 
Mg OF SHALE 
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c3 sodium-bearing minera ls  o f  commercial value, i n c l u d i n g  n a h c o l i t e  

(sodium b icarbonate o r  bak ing soda), t r o n a  ( a  hydrated m ix tu re  o f  
sodium b icarbonate and sodium carbonate) and dawsonite ( d i  hydroxy 

sodium aluminum carbonate),  o i l  shale development may inc lude  

mu l t im ine ra l  p r o j e c t s  t h a t  s imul taneously  produce shale o i l ,  soda, ash, 

and alumina (OTA 1980). 
Th i s  hydrocarbon resource i s  becoming an i n c r e a s i n g l y  a t t r a c t i v e  

a l t e r n a t i v e  t o  f o r e i g n  o i l  impor ts  and i s  expected t o  rece ive  much 

pressure f o r  development i n  t h e  near f u t u r e  (Bates and Thoem 1980, NAS 

1980, OTA 1980). Depending on economic cond i t i ons  and wor ld  o i l  

p r i ces ,  t h e  produc t ion  o f  s y n t h e t i c  f u e l s  f rom t h e  western o i l  shale 

i n d u s t r y  i s  expected t o  be i n  the  range o f  16,000 t o  32,000 m /d 

(100,000 t o  200,000 bb l /d )  by 1990 and p o s s i b l y  as much as 95,000 

m3/d (600,000 bb l /d )  by 1995 (Schramm 1980). Because t h e  o i l  shale 

depos i ts  i n  t h e  Green R ive r  Format ion are r i c h  and accessible,  t h i s  
area i s  r e c e i v i n g  t h e  most a t t e n t i o n  f rom t h e  emerging o i l  shale 
i ndus t r y .  

3 

2.2 TECHNOLOGY OVERVIEW 
The produc t ion  o f  crude shale o i l  i s  based on a p y r o l y s i s  r e a c t i o n  

i n  which the  kerogen i s  decomposed i n t o  long-chain hydrocarbon 
molecules. Th is  decomposition process i s  r e f e r r e d  t o  as r e t o r t i n g  and 

takes p lace a t  temperatures i n  excess of 450°C e i t h e r  i n  c losed reac to r  

vessels above ground o r  i n  s p e c i a l l y  prepared zones o f  underground 
deposi ts .  The s p e c i f i c  c h a r a c t e r i s t i c s  of shale o i l  can be q u i t e  

var iab le ,  depending on the  cond i t i ons  under which p y r o l y s i s  takes p lace  

(Table 2) .  Raw shale o i l ,  spent shale residue, and p y r o l y s i s  gases are 

t h e  major products  t h a t  r e s u l t  f rom t h e  r e t o r t i n g  process. Major 

process ing stages common t o  a l l  o i l  shale technologies are (F ig .  2) :  

( 1 )  min ing and/or p repara t i on  o f  raw shale, ( 2 )  r e t o r t i n g ,  

( 3 )  upgrading and r e f i n i n g  o f  t h e  crude shale o i l ,  and 

( 4 )  t r a n s p o r t a t i o n  o f  t h e  f i n i s h e d  product.  One o f  t h e  p r i n c i p a l  

d i f f e r e n c e s  among e x i s t i n g  techno log ies  i s  t h e  type  o f  r e t o r t  process 

n 



Table 2. Propert ies o f  crude shale o i l  f rom var ious r e t o r t i n g  processes (OTA 1980) 
~ ~~ 

Aboveground processes I n  s i  t u  processes 

F isher  Gas Union O i l  U.S. Bureau 
"A"  "6" Paraho d i r e c t  Occidental  o i l  shale o f  Mines NT U combustion TOSCO I 1  R e t o r t  assay 

Carbon, weight % 84.59 - 
Hydrogen, weight % 11.53 - 
Oxygen, weight X 
Nitrogen, weight % 1.96 2.20 
Su l fu r ,  weight % 0.61 0.92 
Carbon/hydrogen r a t i o  7.34 - 
G r  av i t y  , OAPl - 19.4 
S p e c i f i c  g r a v i t y  0.92 - 
Pour po in t ,  .OC 27 27 

Arsenic, ppma 
Nickel ,  ppm 
I ron ,  ppm 
Vanadium, ppm 

D i s t i l l a t i o n ,  
volume % 

5 @ O C  

10 @ o c  163 256 
20 @ "C 221 293 
30 @ "C 270 
40 i O C  

50 0 "C 
60 @ "C 
70 @ "C 
80 @ "C 
90 @ o c  
95 @ o c  

346 354 
363 367 
3 74 

84.61 
11.40 

1.10 
2.10 
0.79 
7.42 

20.3 

32 

84.58 
11.76 

1.77 
0.76 
7.19 

25.2 

P i  

83.92 
11.36 
1.67 
2.14 
0.70 
7.39 

19.8 

29 

6.4 

6. 
1 08 

192 
226 
27 6 
319 
359 
395 
429 
463 
502 
554 
593 

85.1 - 84.0 84.80 84.90 - 84.86 - 84.60 - 
0.8 - 0.9 0.90 1.40 - 1.13 1.18 - 

11.6 - 12.0 11.61 11.50 - 11.80 - 12.08 - 
2.12 1.9 1.85 2.0 1.74 2.19 2.00 1.50 - 1.55 1.41 

0.59 0.72 0.68 0.9 0.67 0.9 0.81 0.61 0.71 0.71 - 
7.34 - 7.0 7.30 7.38 - 7.19 - 7.00 - 

21.1 21.2 - 18.6 22.7 19.3 - 25 24.3 28.4 28.4 
0.93 0.93 - 0.81 0.94 0.94 0.90 - 0.89 - 

29 27 27 16 29 4 18 4 4 

19.6 - 
6 6 2.5 - 

- 100 55 71.2 - 
3 1.5 - 0.37 

229 
2 58 
309 
353 
3 94 
43 1 
463 
492 
529 
574 

93 - 199 
135 182 241 204 
210 249 296 
260 316 338 
327 366 377 
371 416 413 388 
413 460 443 
454 502 527 
493 549 - 516 

271 
31 6 
360 
399 
432 
449 

- 204 207 16 
277 227 238 194 327 
321 - 271 207 342 
360 316 299 316 352 
396 - 327 - 173; 361 
429 371 360 191 37 1 
460 - 379 - 213b 389 
488 410 407 - 240b 409 
527 - 441 443 276b 432 
560 493 488 - 464 

- 566 538 - 490 

apar ts  per m i l l i o n .  

bvacuum d i s t i l l a t i o n  a t  40 mn o f  mercury. A l l  other r e s u l t s  are from atmospheric d i s t i l l a t i o n .  
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used. Three a l t e r n a t i v e  approaches have been developed: aboveground 
r e t o r t i n g  (AGR), t r u e  i n  s i t u  (T IS)  processing, and mod i f ied  i n  s i t u  
(MIS) processing. The i n  s i t u  processes are advantageous i n  t h a t  they  

r e q u i r e  much l e s s  min ing  and t r a n s p o r t  o f  t he  raw shale. A t  t h e  

present  stage o f  develoment, however, t h e  T I S  and M I S  technologies are 
l e s s  e f f i c i e n t  and more unpred ic tab le  than t h e  AGR approach. 

2.2.1 M i n i n g  
Min ing a c t i v i t i e s  associated w i t h  western o i l  shale development 

are l i k e l y  t o  become some o f  t he  l a r g e s t  i n  t h e  world. Both sur face 

and underground min ing w i l l  be requ i red .  I n  t h e  Piceance Basin, 80% o f  

t he  high-grade shale l i e s  i n  deep depos i ts  i n  t h e  c e n t r a l  p a r t  o f  t h e  

b a s i n  and, there fore ,  w i l l  r e q u i r e  some t ype  o f  underground min ing 
methods o r  i n  s i t u  e x t r a c t i o n  (Bates and Thoem 1980). P o t e n t i a l  M I S  .. 
and AGR o i l  shale min ing  opera t ions  requ i red  t o  produce 8000 m’/d 

(50,000 bb l /d )  f rom 125-L/Mg depos i ts  would r e q u i r e  min ing shale a t  t h e  

r a t e  o f  26,000 t o  64,000 Mg/d (29,000 t o  70,000 ton/d) ,  respec t i ve l y .  
As t h e  i n c e n t i v e  t o  produce domestic shale o i l  increases, min ing 

opera t ions  o f  even g rea te r  s i z e  w i l l  be contemplated. 

2.2.2 Aboveground R e t o r t i n g  (AGR) 

The AGR process r e l i e s  on shale o re  e x t r a c t i o n  by convent ional  

sur face  o r  underground min ing  techniques. Open-pit m in ing  may be 

s u i t a b l e  f o r  r e l a t i v e l y  shal low deposi ts ,  w h i l e  deep, h igh  q u a l i t y  
depos i ts  may .be p r o f i t a b l y  mined us ing  t h e  room and p i l l a r  underground 

mining technique. The mined ore  i s  moved t o  t h e  sur face  r e t o r t i n g  
f a c i l i t y  where i t  i s  crushed and sized. The r e t o r t i n g  process heats 

t h e  ore t o  temperatures o f  a t  l e a s t  45OOC t o  b r i n g  about p y r o l y s i s  o f  

t he  kerogen and the  produc t ion  o f  o i l  and gas. Th is  heat ing  process 
may be e i t h e r  d i r e c t ,  c r e a t i n g  a combustion zone w i t h i n  t h e  r e t o r t  

i t s e l f ,  o r  i n d i r e c t ,  us ing  an ex te rna l  r e a c t o r  o r  combustor t o  t r a n s f e r  

heat t o  an i n t e r n a l  r e t o r t  (e.g., i n d i r e c t  heat ing  i n  t h e  TOSCO I 1  AGR 

r e t o r t  which uses ho t  ceramic b a l l s  t o  t r a n s f e r  heat i n t o  t h e  

r e a c t o r ) .  Once o i l  and/or gas are obta ined f rom t h e  r e t o r t ,  t hey  are 
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u s u a l l y  upgraded and t ranspor ted  t o  a r e f i n e r y  f o r  f u r t h e r  processing. 

(OTA 1980). Commercial-scale equipment and operat ions,  however, have 

y e t  t o  be success fu l l y  developed. The major disadvantage a n t i c i p a t e d  

f o r  us ing t h e  AGR approach i s  t h e  ex tens ive  sur face d is turbance caused 

by min ing  and d isposa l  o f  shale wastes. Approximately 85% o f  t h e  t o t a l  

weight o f  t h e  i n i t i a l  shale remains a f t e r  r e t o r t i n g  and cannot be 

re tu rned i n  i t s  e n t i r e t y  t o  t h e  mines f rom which it was ext racted.  

Recovery e f f i c i e n c i e s  as h igh  as 100% have been demonstrated us ing  AGR @ 

2.2.3 True I n  S i t u  (T IS)  R e t o r t i n g  
The T I S  approach heats t h e  shale underground and recovers t h e  o i l  

and gas produced from ho les  d r i l l e d  i n t o  t h e  shale format ion.  The 

technique requ i res  a minimum o f  convent ional  min ing operat ions bu t  

i ns tead  u t i l i z e s  n a t u r a l  o r  man-made f r a c t u r e s  t o  p rov ide  access f o r  

i n j e c t i n g  ho t  f l u i d s  o r  i g n i t i n g  a p o r t i o n  o f  t h e  bed t o  p rov ide  heat 
f o r  p y r o l y s i s .  F r a c t u r i n g  ( " r u b b l i n g " )  o f  t he  shale may be necessary 
t o  promote p e r m e a b i l i t y  and f l u i d  f l ow .  Dewatering may a l so  be 

requ i red  t o  remove groundwater p r i o r  t o  beginn ing t h e  T I S  operat ion.  
The T I S  i s  t h e  l e a s t  developed o f  t h e  t h r e e  technologies.  

Exper imental  r e s u l t s  i n d i c a t e  t h a t  T I S  w i  11 produce t h e  lowest  y i e l d s  

of t h e  t h r e e  r e t o r t  processes unless s i g n i f i c a n t  advances can be made. 

A major advantage o f  t he  T I S  process i s  t h a t  sur face  d is turbance f rom 

min ing and raw shale waste d isposa l  are l i m i t e d  o r  nonexis tent .  

Subsidence and p o t e n t i a l  contaminat ion of groundwater are two p o t e n t i a l  

areas o f  concern f o r  T I S  p ro jec ts .  

2.2.4 Mod i f i ed  I n  S i t u  (MIS) R e t o r t i n g  

The M I S  technology r e l i e s  on l i m i t e d  min ing and underground 

explos ions t o  reduce a sec t i on  o f  an o i l  shale fo rmat ion  t o  rubble.  

Twenty t o  f o r t y  percent  o f  t he  shale i n  t h e  MIS r e t o r t  zone i s  removed 

by underground min ing  t o  p rov ide  a vo id  space f o r  expansion o f  

r u b b l  i z e d  shale. Compared t o  t h e  undis turbed o i  1 shale, t h e  increased 

sur face  area o f  t h i s  rubb le  zone a l lows r e l a t i v e l y  e f f i c i e n t  r e t o r t i n g  

t o  occur. Access ho les  f o r  a i r ,  exhaust, and o i l  and gas e x t r a c t i o n  
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are d r i l l e d  i n t o  t h e  rubb le  s i t e .  A combust ib le gas i s  in t roduced 

through an access ho le  t o  i g n i t e  t h e  shale, and subsequent combustion 

i s  supported by hydrocarbons re leased f rom t h e  shale du r ing  p y r o l y s i s .  

Once combustion occurs, i t  soon becomes spontaneous and t h e  f lame f r o n t  

moves through t h e  rubble,  r e t o r t i n g  t h e  o i l  shale as i t  passes. O i l  

c o l l e c t s  a t  t he  bottom o f  t he  rubb le  and i s  then pumped t o  t h e  surface. 

A major problem w i t h  M I S  r e t o r t i n g  i s  t h e  l i m i t e d  c o n t r o l  o f  i n  

s i t u  p y r o l y s i s  reac t i ons  t h a t  i s  achieved once combustion i s  

i n i t i a t e d .  Ava i l ab le  c o n t r o l  va r iab les  are t h e  i n f l o w  o f  combustion 

gases, t h e  p a t t e r n  o f  rock f rac tu res  c rea ted  i n  r u b b l i z a t i o n ,  and the  

s i z e  o f  t h e  vo id  space c rea ted  i n  i n i t i a l  mining. Recovery e f f i c i e n c y  

i s  much lower compared t o  AGR because p y r o l y s i s  i s  incomplete and 

p i l l a r s  w i t h i n  the  shale depos i t  are l e f t  undis turbed f o r  support. 

I n  s i t u  p r o j e c t  e f f i c i e n c i e s  can be increased when AGR i s  used t o  

process the  shale removed t o  p rov ide  t h e  vo id  spaces. 

2.2.5 Upgrading and D i s t r i b u t i o n  

Al though t h e  c h a r a c t e r i s t i c s  o f  raw shale o i l  (Table 2 )  depend on 

t h e  recovery technology used, upgrading w i l l  be necessary because raw 

shale o i l  has a h igh  pour po in t ,  v i s c o s i t y ,  and n i t r o g e n  and oxygen 

content .  The shale o i l  may e i t h e r  be converted t o  an in te rmed ia te  

product  s u i t a b l e  f o r  p i p e l i n e  t r a n s p o r t  t o  o f f s i t e  r e f i n e r i e s ,  o r  i t  

may be r e f i n e d  d i r e c t l y  i n t o  f i n i s h e d  products  such as gasol ine,  d i e s e l  

o i l ,  a v i a t i o n  fue l s ,  o r  heavy f u e l  o i l .  One reason f o r  t h e  i n i t i a l  
upgrading o f  t he  crude shale o i l  i s  t o  remove undesi rab le cons t i t uen ts  

such as s u l f u r  o r  heavy meta ls  t h a t  can poison t h e  c a t a l y s t s  used i n  

t h e  r e f i n e r y  process. Western sha le  o i l  i s  a des i rab le  source o f  

r e f i n e r y  feedstocks because i t  has a r e l a t i v e l y  low b o i l i n g  p o i n t  and 

conta ins  lower r e s i d u a l s  than e i t h e r  Alaskan Nor th Slope o r  Arabian 

l i g h t  crude o i l s .  

2.3 POTENTIALLY SIGNIFICANT ISSUES 

The environmental ana lys i s  should descr ibe  and analyze p o t e n t i a l l y  

s i g n i f i c a n t  environmental  impacts associated w i t h  cons t ruc t ion ,  mining, 
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@ operat ion,  and rec lamat ion  o f  proposed o i l  shale p ro jec ts .  I n  

add i t i on ,  i n fo rma t ion  gathered on t h e  a f f e c t e d  environment should be 

reviewed t o  determine i f  any a d d i t i o n a l  s i g n i f i c a n t  o r  c o n t r o v e r s i a l  
issues are apparent. For  example, t he  rev iew o f  background in fo rma t ion  

on t h e  a f f e c t e d  environment may show t h a t  an h i s t o r i c  s i t e ,  p o r t i o n s  o f  
a 100-year f l oodp la in ,  o r  a s i t e  o f  r e l i g i o u s  s i g n i f i c a n c e  t o  l o c a l  

I nd ian  t r i b e s  i s  present  on t h e  p r o j e c t  proper ty .  I n  such a s i t u a t i o n ,  

t he  i n fo rma t ion  conten t  and ana lys i s  of t h e  issue should be expanded. 
The issues discussed i n  the  f o l l o w i n g  sec t ions  are most l i k e l y  t o  

be s i g n i f i c a n t  f o r  o i l  shale p r o j e c t s  and should be c a r e f u l l y  reviewed. 

2.3.1 Land Use 

The development o f  western o i l  shale resources may be hindered by 

t h e  complex p a t t e r n  o f  f ede ra l ,  s ta te ,  p r i v a t e ,  and Ind ian  land 

ownership and min ing c la ims (OTA 1980, NAS 1980, U.S. DO1 1973). 
Near ly  80% o f  t he  depos i ts  i n  Colorado, Utah, and Wyoming l i e  beneath 

fede ra l  lands. Most o f  t he  p r i v a t e  min ing c la ims sca t te red  throughout 

t h e  reg ion  are l oca ted  on small, noncontiguous t r a c t s  i n  areas having 

r e l a t i v e l y  low-grade resources. F u l l - s c a l e  commerc ia l izat ion i s  
c u r r e n t l y  be ing delayed f o r  a v a r i e t y  o f  reasons, i n c l u d i n g  l i t i g a t i o n  

over c o n f l i c t i n g  min ing r i g h t s ,  lack  o f  adequate economic incent ives ,  

nego t ia t i ons  f o r  p r i v a t e  o r  p u b l i c  land  exchanges which cou ld  a l l ow  
i n d u s t r y  access t o  more d e s i r a b l e  o i l  shale t r a c t s ,  and u n c e r t a i n t i e s  

over design and p r o d u c t i v i t y  o f  a v a i l a b l e  technologies.  

Land use i n  t h e  o i l  shale r e g i o n  i s  somewhat r e s t r i c t e d  by t h e  

rugged t e r r a i n  and low annual p r e c i p i t a t i o n .  Most o f  t he  land i s  used 

f o r  rangeland, watershed p ro tec t i on ,  rec rea t i on ,  w i l d l i f e ,  hay, and 

l i m i t e d  gas product ion.  Commercial-scale o i l  shale development i s  

1 i k e l y  t o  generate land-use conf 1 i c t s  when range, t imber,  mineral ,  and 

r e c r e a t i o n a l  lands are d i s rup ted  by mining, processing, and waste 

d isposa l  operat ions,  by t h e  development o f  assoc iated urban areas, and 

by secondary developments. 

The amount o f  land  sur face  d i s rup ted  by a commercial-scale o i l  

shale opera t ion  w i l l  va ry  depending on t h e  min ing  and r e t o r t i n g  
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technology used and t h e  approach adopted f o r  d ispos ing o f  spent shale. 

Surface min ing  and AGR opera t ions  are l i k e l y  t o  have t h e  grea tes t  
impact because t h e  areas d i s rup ted  by min ing and waste d isposal  w i l l  be 

l a r g e  (OTA 1980). A f a c i l i t y  us ing  sur face mining, r e t o r t i n g ,  and 

sur face  d isposa l  o f  spent shale cou ld  d i s r u p t  hundreds t o  thousands o f  

hectares o f  land. 

The presence o f  s i g n i f i c a n t  archaeologica l  and h i s t o r i c  s i t e s ,  

I n d i a n  lands, n a t i o n a l  monuments, and o the r  scenic and r e c r e a t i o n  areas 

e i t h e r  on o r  near t h e  p o t e n t i a l  o i l  shale lands may c o n f l i c t  w i t h  

development o f  s p e c i f i c  p ro jec ts .  The aes the t i c  impacts o f  o i l  shale 

development are a l so  l i k e l y  t o  be severe because t h e  o i l  shale r e g i o n  
i s  r u r a l  and r e l a t i v e l y  undeveloped. 

I n  a d d i t i o n  t o  general  base l ine  in fo rmat ion ,  t h e  ana lys i s  o f  

land-use c o n f l i c t s  should p rov ide  d e t a i l e d  in format ion on: 

0 present  and planned land use f o r  t h e  p r o j e c t  s i t e  and 
surrounding areas; 

0 present  and p ro jec ted  land ownership; 

0 n a t i o n a l  parks, landmarks, and monuments, r e c r e a t i o n  
areas, e x i s t i n g  o r  proposed wi lderness areas, and 
scenic, h i s t o r i c ,  o r  archaeologic  s i t e s  i n  t h e  v i c i n i t y  
o f  t he  p r o j e c t ;  

e v i s i b i l i t y  o f  t he  proposed s i t e  and associated 
f a c i l i t i e s  f rom p u b l i c  use areas, such as t r a i l s ,  canyon 
overlooks, and picnic/camping areas; and 

0 Ind ian-owned  l a n d s  and areas s a c r e d  t o  local I n d i a n  
t r i b e s .  

A land-use map showing t h e  p o t e n t i a l  rou tes  f o r  heavy equipment 

and c o n s t r u c t i o n  t r a f f i c  assoc iated w i t h  t h e  p r o j e c t  should be 
provided. The p o s s i b i l i t y  of adverse e f f e c t s  f rom increased t r a f f i c  

through s e n s i t i v e  land-use areas (e.g., I nd ian  lands o r  wi lderness 

areas) should be addressed. 
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2.3.2 A i r  Q u a l i t y  

Atmospheric emissions w i l l  be generated f rom mining, processing, 
r e t o r t i n g ,  and waste d isposa l  (Table 3 ) .  Because t h e  min ing operat ions 

w i l l  be novel  o n l y  w i t h  respec t  t o  scale, c o n t r o l  o f  p a r t i c u l a t e  and 

dus t  emissions f rom raw shale mining, b l a s t i n g ,  conveying, crushing, 
and screening can draw on exper ience w i t h  e x i s t i n g  p rac t i ces .  The 

environmental  ana lys i s  should cha rac te r i ze  and quan t i f y ,  t o  the  ex ten t  

poss ib le ,  f u g i t i v e  dust  emissions f rom a l l  sources ( i n c l u d i n g  d isposal  

o f  spent shale)  and descr ibe  p lans f o r  c o n t r o l l i n g  f u g i t i v e  dust. 

Spraying r a t e s  should be c a r e f u l l y  c o n t r o l l e d  because t h e  use o f  

water sprays along w i t h  o the r  w e t t i n g  agents t o  c o n t r o l  f u g i t i v e  dust  

w i l l  c o n t r i b u t e  t o  o v e r a l l  water needs o f  t h e  p r o j e c t  and may 

c o n t r i b u t e  t o  water p o l l u t i o n  problems by inc reas ing  runo f f  and 

leaching. I f  recyc led  water i s  used i n  dust  con t ro l ,  t h e  chemical 
composi t ion o f  t he  water becomes another p o t e n t i a l  problem i n  terms of 
uptake of t o x i c  chemicals by vege ta t i on  and contaminat ion o f  r u n o f f  

n 

waters. The p lans  f o r  f u g i t i v e  dus t  c o n t r o l  should i nc lude  a 
d iscuss ion  o f  t h e  use o f  water sprays and we t t i ng  agents and should 

address the  problems o f  c o n t r o l l i n g  contaminated r u n o f f  and uptake o f  

t o x i c  chemicals by vegetat ion.  
Stack emissions w i l l  i nc lude  p a r t i c u l a t e s ,  s u l f u r  oxides, oxides 

o f  n i t rogen,  hydrocarbons, and carbon monoxide as w e l l  as organic  

compounds such as p o l y c y c l i c  aromat ic hydrocarbons (PAHs). Contro l  o f  

these p o l l u t a n t s  i s  common t o  o t h e r  i n d u s t r i e s  (e.g., o i l  r e f i n e r i e s ) ,  

bu t  t h e  i n t r o d u c t i o n  o f  new p o l l u t a n t  sources i n t o  an area o f  t h e  

western Un i ted  States w i t h  good ambient a i r  q u a l i t y  w i l l  r e q u i r e  

c a r e f u l  analys is .  

I n d i v i d u a l  commercial-scale p l a n t  emissions can probably  be 

c o n t r o l l e d  by s t a t e - o f - t h e - a r t  p o l l u t i o n  abatement technology. 
However, t h e  cumulat ive impacts o f  a number o f  o i l  shale f a c i l i t i e s ,  as 

w e l l  as o the r  emission sources, may a f f e c t  nearby Class I a i r  q u a l i t y  

reg ions.  The cumulat ive impacts o f  nearby energy o r  minera l  

developments may severe ly  l i m i t  t h e  a v a i l a b i l i t y  o f  Prevent ion of 

S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) increments and cons t ra in  t h e  

development o f  t he  o i l  shale resource. 
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General background information shou 
specifics on the following: 

0 

0 

0 

0 

0 

0 

all affected Air Quality Control 
special emphasis on Class I areas; 

d be expanded to prov 

Regions (AQCRs), with 

local meteorology (local airport data and onsite 
measurements) , emphasizing those features that affect the 
dispersion of anticipated emissions; 

local air quality (U.S. EPA and/or state monitoring data; 
monitoring data from nearby facilities, as available; 
onsite baseline monitoring data, if required by state or 
federal agencies) ; 

proposed use of air pollution control devices, including 
an estimate of efficiency and downtime; 

characterization of atmospheric emissions and 
quantification of emission rates from both construction 
and operation activities; 

modeling of atmospheric dispersion; 

analysis of the effects of the project on visibility to 
the extent required by State Implementation Plans; 

identification of unknowns and uncertainties associated 
with the characterization and dispersion analysis of 
atmospheric emissions; 

identification of sensitive areas, both on and off the 
site (e.g., sensitive plant species or vegetation types) 
that may be affected by atmospheric emissions; and 

proposed air quality monitoring program. 

de 

2.3.3 Water Use 
The availability of adequate water supply can be a significant 

limiting factor in the development of all types of energy resources in 
the arid, western United States. Therefore, careful consideration of 
interactions between project development and local or regional water 
resources must be a specific component of any environmental analysis 
for oil shale projects. Water quantity requirements included in a 

@ 
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d e s c r i p t i o n  o f  p r o j e c t  cons t ruc t i on  and opera t ion  should be expanded 

t o i n d i c a t e  the  resource needs o f  var ious consumptive and nonconsumptive 

water uses. Plans f o r  meeting these water needs should then be 

i d e n t i f i e d  i n  the  form o f  a comprehensive water management plan. Among 

t h e  water-use ca tegor ies  t h a t  should be q u a n t i f i e d  are the  f o l l o w i n g  

(Kinney e t  a l .  1979): 

0 mining and d e l i v e r y  o f  raw shale, 

0 crushing and prepara t ion  o f  raw shale, 

0 r e t o r t i n g  processes, 

0 upgrading processes, 

0 gas cleanup and p o l l u t i o n  c o n t r o l  processes, 

0 disposal  o f  spent shale, 

0 rec lamat ion and revegetat ion,  

0 power generat ion,  and 

0 domestic consumption. 

Water management p lans should spec i f y  t h e  sources f o r  s a t i s f y i n g  

the  requirements o f  each water-use category. More s p e c i f i c a l l y ,  
i n fo rma t ion  should be prov ided t o  i d e n t i f y :  

0 sur face water sources t o  be u t i l i z e d ,  i n c l u d i n g  
d e s c r i p t i v e  hydrology o f  the watershed and planned 
withdrawal ra tes ;  

0 groundwater sources t o  be u t i l i z e d ,  i n c l u d i n g  aqu i fe r  
d e s c r i p t i o n  and sa fe  y i e l d s ;  

0 dependence o f  p r o j e c t  water sources on t h e  cons t ruc t i on  
o f  r e l a t e d  water development p ro jec ts ;  

0 i n t e r r e l a t i o n s h i p s  between groundwater sources u t i l i z e d  
and sur face water, i n c l u d i n g  o the r  aqu i fe rs  o r  recharge 
zones t h a t  might be a f fec ted  by t h e  p ro jec t ;  and 

0 i n s t i t u t i o n a l ,  lega l ,  and p o l i t i c a l  arrangements 
invo lved i n  ob ta in ing  water suppl ies,  i n c l u d i n g  
documentation o f  appropr ia te water r i g h t s ,  en t i t lements ,  
o r  permits.  
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I n  cons ider ing  i n s t i t u t i o n a l ,  l ega l ,  and p o l i t i c a l  aspects o f  

o b t a i n i n g  water, a t t e n t i o n  should be g iven t o  the  q u a n t i t y  and 

p ro jec ted  sources o f  water over t h e  est imated l i f e  o f  t h e  p r o j e c t .  

S ta te  and federa l  water law governing t h e  use o f  water i n  t h e  Upper 

Colorado R iver  Basin should be descr ibed i n  r e l a t i o n  t o  t h e  proposed 
p r o j e c t  (OTA 1980). S p e c i f i c  i n s t i t u t i o n a l  and l e g a l  arrangements f o r  

ob ta in ing  water f rom each o f  t h e  designated sources should be 

spec i f ied .  The avai  l a b i  1 i t y  o f  s u f f i c i e n t  water supp l ies  over the  1 i f e  

o f  t h e  p r o j e c t  should be est imated. Where h igh  and low est imates 

i n d i c a t e  a p o t e n t i a l  shortage, t he  competing uses f o r  t he  water (e.g., 

i r r i g a t i o n ,  urban use, and i n d u s t r i a l  use), w i t h  t h e i r  p r i o r i t i e s  and 

cons t i tuenc ies ,  should be descr ibed. Discussion o f  the  l ega l ,  

i n s t i t u t i o n a l ,  and economic arrangements f o r  a l l o c a t i n g  scarce water, 

as w e l l  as developing a d d i t i o n a l  sources (e.g., through i n t e r b a s i n  
diversion), should be included. In summary, it i s  necessary to 
descr ibe  bo th  the  s o c i e t a l  and the  phys ica l  arrangements f o r  r e t a i n i n g  

water supp l ies  over t h e  l i f e  o f  t h e  p r o j e c t .  

The q u a l i t y  o f  water sources should be descr ibed t o  ensure t h a t  i t  

meets p r o j e c t  requirements. Necessary water t reatment  should be 
descr ibed. The p r o j e c t  proponent should evaluate a l l  o p p o r t u n i t i e s  f o r  

water r e c y c l i n g  and conserva t ion  w i t h i n  t h e  p r o j e c t  design and should 

emphasize the  cons ide ra t i on  of these a l t e r n a t i v e s .  Ze ro -e f f l uen t  

opera t ions  t h a t  maximize water reuse are des i rab le,  both i n  terms o f  

reducing impacts on ambient water q u a l i t y  and conservat ion o f  reg iona l  

water resources (Bates and Thoem 1980). 

2.3.4 Water Q u a l i t y  
P o t e n t i a l  degradat ion o f  ambient sur face  o r  groundwater q u a l i t y  i s  

another impor tant  i ssue associated w i t h  o i l  shale development. Even 

p r o j e c t s  w i t h  z e r o - e f f l u e n t  designs under normal opera t ing  cond i t i ons  

should consider  t h e  i m p l i c a t i o n s  o f  e f f l u e n t s  re leased du r ing  abnormal 

opera t ing  per iods  (e.g., s ta r tup ,  shutdown, o r  equipment f a i l u r e s )  o r  

peak r u n o f f  events (Bates and Thoem 1980). Wastewater c o l l e c t i o n ,  

t reatment,  and d isposal ,  as w e l l  as any p o l l u t i o n  m i t i g a t i o n  plans, 
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should be descr ibed i n  d e t a i l  t o  ensure t h a t  a l l  p o s s i b l e  e f f o r t s  are 

made t o  min imize  t h e  l i k e l i h o o d  o f  adverse impacts on water  q u a l i t y .  

Table 4 summarizes t h e  impor tan t  c o n s t i t u e n t s  and sources o f  wastewater 

e f f l u e n t s  f rom o i l  sha le  p r o j e c t s .  

The e f f e c t s  o f  o i l  sha le  p r o j e c t s  on groundwater resources can be 

d i r e c t  o r  i n d i r e c t .  D i r e c t  e f f e c t s  i n c l u d e  water q u a l i t y  changes 

caused when r e i n j e c t i o n  i s  used as a d isposa l  method f o r  mine 

dewater ing e f f l u e n t s  o r  by leachate  f rom sur face  water  p e r c o l a t i o n  

th rough s o l i d  waste d i s p o s a l  areas o r  M I S  r u b b l e  zones. I n d i r e c t  

e f f e c t s  i n c l u d e  t h e  r e s u l t s  o f  d i s r u p t i n g  r e l a t i v e l y  impermeable sha le  

layers ,  changing t h e  i n t e r a c t i o n  between e x i s t i n g  a q u i f e r s  o f  d i f f e r e n t  

water  q u a l i t i e s .  Even though these e f f e c t s  may i n v o l v e  ques t ions  

beyond t h e  present  knowledge o f  t h e  groundwater sciences, t h e y  should 

be addressed i n  p r o j e c t  p lanning.  M o n i t o r i n g  programs should be 

designed f o r  e a r l y  d e t e c t i o n  o f  s i g n i f i c a n t  impacts (Slawson 1979). 

Spec ia l  a t t e n t i o n  should be p a i d  t o  d e s c r i b i n g  t h e  f a t e  o f  t o x i c  

compounds known t o  have p o t e n t i a l l y  h i g h  c o n c e n t r a t i o n s  i n  e f f l u e n t s  

(Bates and Thoem 1980, Kinney e t  a l .  1979). The environmental  a n a l y s i s  

should compare t h e  expected compos i t ion  o f  t o x i c  compounds i n  r e c e i v i n g  

systems t o  b a s e l i n e  c o n d i t i o n s  and t o  a p p l i c a b l e  s t a t e  and/or f e d e r a l  

water q u a l i t y  standards. For  a d e s c r i p t i o n  o f  s u r f a c e  r u n o f f  and 

leachates,  t h e  chemical compos i t ion  o f  raw and spent o i l  shales should 

be descr ibed,  and t h e  r e s u l t s  o f  s t u d i e s  on l e a c h i n g  f r o m  these 
m a t e r i a l s  should be presented. It i s  d e s i r a b l e  t h a t  composi t ion and 

q u a n t i t i e s  o f  raw m a t e r i a l s  and e f f l u e n t s  be descr ibed i n  s u f f i c i e n t  

d e t a i  1 t o  account f o r  approximate m a t e r i a l  balances through a process 

f 1 ow diagram. 

Guidance p r o v i d e d  by t h e  U.S. Environmental  P r o t e c t i o n  Agency f o r  

Best A v a i l a b l e  Technologies and Best Management P r a c t i c e  i n  o i l  sha le  

development suggests t h e  f o l l o w i n g  (Bates and Thoem 1980): 

0 no d ischarge o f  r e t o r t  o r  o i l y  process water, 

0 r e i n j e c t i o n  of mine water  i n t o  a q u i f e r s  hav ing s i m i l a r  
water  q u a l i t y ,  
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Table 4. H i g h - p r i o r i t y  water q u a l i t y  parameters assoc ia ted  
w i t h  impacts f rom o i l  sha le  p r o j e c t s  

~~ 

Parameters 

A1 k a l  i n i t y  

M o n i  a 
Arsen ic  
Boron 
Cadmi urn 
Calcium 
Chemical oxygen demand 
Chloride 
C h r  om i um 
Conduc t i v i t y  
Copper 
Cyanide 
F 1 u o r i  de 
Hardness 
I r o n  
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
N icke l  
N i t r a t e  
O i l  and grease 
PH 
Phenols ( t o t a l  pheno l i cs )  
P o l y c y c l i c  aromat ic hydrocarbons (PAH) 
Potassium 
Se 1 e n i  um 
Sodi um 
S u l f a t e  
S u l f i d e  
Temper a t  u re  
T o t a l  d i  sso l  ved so l  i d s  (TDS 
To ta l  suspended s o l i d s  (TSS 
T u r b i d i t y  
Z i n c  
Vanadium 

, Aluminum (d i sso l ved  and t o t a l )  

* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
- 

SOURCE: K i  nney e t  a1 . (1979). 
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0 d i v e r s i o n  o f  sur face r u n o f f  f rom process areas, 

0 c o l l e c t i o n  o f  r u n o f f  f rom d i s tu rbed  areas i n t o  
sediment a t  i on ponds, 

0 c o l l e c t i o n  and containment o f  leachate and r u n o f f  f rom 
spent shale d isposa l  s i t e s  and raw shale s tockp i l es ,  

0 e f f l u e n t  TDS concent ra t ions  l i m i t e d  t o  0.9 Mg/d 
(1.0 ton/d) ,  and 

0 whenever p rac t i cab le ,  t reatment  o f  process water be fore  
i t s  d isposa l  on spent shale p i l e s .  

Compliance w i t h  o r  d e v i a t i o n  f rom these suggested p r a c t i c e s  should 

be c l e a r l y  s ta ted.  

2.3.5 Impacts on B i o t a  

Development of o i l  shale resources may have major e f f e c t s  on 

t e r r e s t r i a l  and aquat ic  p l a n t  and animal communities and t h e i r  

assoc iated hab i ta t s .  D i r e c t  e f f e c t s  on b i o t i c  communities w i l l  be 

exacerbated by i n d i r e c t  e f f e c t s  r e l a t e d  t o  t h e  l a r g e  popu la t i on  i n f l u x  

associated w i t h  t h e  l abo r  force.  E f f e c t s  on n a t u r a l  communities may be 

long term and may be cumulat ive w i t h  those f rom o the r  energy 

developments (e.g., uranium, t a r  sands, and coa l ) .  The development and 

increased human presence associated w i t h  energy f a c i l i t i e s  cou ld  

severe ly  a f f e c t  indigenous species (such as r a p t o r s )  t h a t  are 

p a r t i c u l a r l y  s e n s i t i v e  t o  d is turbance.  H a b i t a t  des t ruc t ion ,  increased 
l e g a l  and i l l e g a l  hunt ing  pressure, and increased m o r t a l i t y  (e.g., 

road-k i  11 s and b i r d  c o l l  i sions w i t h  new power 1 i nes )  may adversely 

a f f e c t  w i  1 d l  i f e  populat ions.  
P o t e n t i a l  impacts on aquat ic  b i o t a  may r e s u l t  d i r e c t l y  f rom 

p r o j e c t  mining, cons t ruc t ion ,  and opera t i on  o r  i n d i r e c t l y  f rom t h e  

a l t e r a t i o n  of watershed hydrology. Increased eros ion  and sedimentat ion 

may degrade water q u a l i t y  i n  l o c a l  streams. Water wi thdrawals  may 

a l t e r  inst ream h a b i t a t ,  as w e l l  as l ead  t o  an increase i n  t o t a l  
d isso lved s o l i d s  concent ra t ions  i n  downstream p o r t i o n s  o f  t h e  Colorado 

R iver  watershed (Bates and Thoem 1980). Tox ic  waste e f f l u e n t s  may 
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@ r e s u l t  i n  e i t h e r  acute o r  c h r o n i c  s t r e s s  on p lankton,  macrophyte, 

i n v e r t e b r a t e ,  o r  f i s h  popu la t ions .  
Using b a s e l i n e  i n f o r m a t i o n  on t h e  a f f e c t e d  environment, s i t e  

survey data, and t h e  p r o j e c t  d e s c r i p t i o n ,  t h e  environmental  a n a l y s i s  

s houl  d : 

descr ibe  t h e  t e r r e s t r i a l  and aquat ic  b i o t a  t h a t  may be 
a f f e c t e d ,  g i v i n g  s p e c i a l  a t t e n t i o n  t o  endangered, 
threatened, r a r e ,  o r  o therw ise  p r o t e c t e d  p l a n t  and 
animal species; 

c h a r a c t e r i z e  by dominant spec ies and p h y s i c a l  f e a t u r e s  
a l l  t e r r e s t r i a l  and a q u a t i c  h a b i t a t  t ypes  t h a t  w i l l  be 
d is tu rbed;  

e s t i m a t e  t h e  number o f  hec tares  o f  each t y p e  o f  h a b i t a t  
t h a t  w i l l  be d i s t u r b e d  d u r i n g  mining, c o n s t r u c t i o n ,  and 
opera t ion ;  

descr ibe  those f e a t u r e s  o f  recl amation p l a n s  f o r  a1 1 
d i s t u r b e d  areas t h a t  a re  designed t o  promote 
rees tab l i shment  o f  b i o t i c  communities, h a b i t a t  f e a t u r e s ,  
and n a t u r a l  processes; 

e v a l u a t e  t h e  e f f e c t s  o f  t h e  composi te t o x i c i t y  o f  
i n d i v i d u a l  waste e f f l u e n t s ,  and, where app l icab le ,  
combined waste e f f l u e n t s  on species o f  p l a n t s ,  
i n v e r t e b r a t e s ,  f i s h ,  etc.;  and 

i n c l u d e  r e s u l t s  o f  c o n s u l t a t i o n  w i t h  s t a t e  and f e d e r a l  
f i s h  and w i l d l i f e  agencies and conserva t ion  personnel .  

2.3.6 S o l i d  Waste Disposal  

Successful d i s p o s a l  o f  t h e  v a s t  amounts o f  s o l i d  wastes produced 

by commercial o i l  s h a l e  p r o j e c t s  i s  a ma jor  chal lenge.  Because t h e r e  

i s  no p r e v i o u s  exper ience w i t h  commercial-s ized p r o j e c t s  analogous t o  

those proposed f o r  western o i l  shale,  c a r e f u l  p l a n n i n g  w i l l  be r e q u i r e d  

t o  p revent  contaminat ion  o f  ground and s u r f a c e  waters and t o  achieve 

long- term s t a b i l i z a t i o n  and r e c l a m a t i o n  o f  s p o i l  d isposa l  areas. A 

western o i l  sha le  i n d u s t r y  p roduc ing  1.6 x lo5 m3 ( 1  x 106bbl )  of 

sha le  o i l  p e r  day migh t  process 450 x l o 3  Mg (500 x lo6 t o n s )  of 
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3 shale per year  and r e q u i r e  the  d isposa l  o f  about 360 x 10 Mg (400 x 

l o 6  tons )  o f  s o l i d  waste (Moore and M i l l s  1977). Four types o f  s o l i d  

wastes w i l l  be generated: 

0 f i n e  p a r t i c l e s  o f  unprocessed shale generated du r ing  
c rush ing  operat ions,  

0 spent c a t a l y s t s  u t i l i z e d  i n  t h e  numerous steps o f  
upgrading o r  waste t reatment  process, 

0 spent shale t h a t  remains a f t e r  r e t o r t i n g ,  and 

0 sludge f rom wastewater t reatment  process. 

Ca ta l ys ts  are used i n  many stages o f  shale o i l  product ion,  

i n c l u d i n g  hydrogenat ion s teps i n  upgrading and t h e  u n i t  processes 

associated w i t h  t h e  t reatment  o f  waste streams (e.g. , Claus processes 

t o  remove s u l f u r ) .  Guard beds o f  m e t a l i c  elements used t o  t r a p  

hydrogen s u l f i d e  a l so  have l i m i t e d  l i f e  spans and w i l l  produce s o l i d  

wastes which must even tua l l y  be disposed. Because these spent 

c a t a l y s t s  i nc lude  p o t e n t i a l l y  t o x i c  heavy meta ls  (e.g., n i c k e l ,  coba l t ,  

copper, z inc,  and molybdenum), spec ia l  p rov i s ions  must be made f o r  

t h e i r  d isposa l  (Bates and Thoem 1980). Regeneration and reuse o f  spent 

c a t a l y s t s  are p re fe rab le  t o  t h e i r  d isposa l  i n  spent shale p i l e s .  

Most c u r r e n t  o i l  shale development p lans  c a l l  f o r  t h e  d isposa l  o f  

spent shale i n  i s o l a t e d  g u l l i e s  o r  canyons. The pr imary e f f e c t s  o f  t h e  

sur face  d isposa l  o f  spent shale i nc lude  changes i n  t h e  landscape, 
d i s r u p t i o n  o f  e x i s t i n g  land uses, l o s s  o r  s i g n i f i c a n t  m o d i f i c a t i o n  o f  

n a t u r a l  ecosystems, and degradat ion o f  water and a i r  q u a l i t y  by e ros ion  

and leaching. Secondary impacts such as c r e a t i o n  o f  f u g i t i v e  dus t  o r  
leachates t h a t  a f f e c t  no t  o n l y  t h e  immediate area bu t  a l so  t h e  

surrounding reg ion  can a l so  c o n t r i b u t e  s i g n i f i c a n t l y  t o  water q u a l i t y  
degradat ion.  

The sludges produced f rom t h e  t rea tment  o f  l i q u i d  waste streams 

coming f rom the  r e t o r t  and upgrading processes w i l l  con ta in  e leva ted  
concent ra t ions  o f  i n s o l u b l e  i no rgan ic  m a t e r i a l s  and t r a c e  elements. 

Because most o f  t he  t o x i c  c o n s t i t u e n t s  i n  wastewaters (Table 4 )  w i l l  



24 

@ also  be present  i n  these sludges, bu t  i n  more concentrated forms, t h e i r  

d isposal  should be g iven spec ia l  a t t e n t i o n  and in teg ra ted  w i t h  the  

o v e r a l l  p r o j e c t  p lan  fo r  s o l i d  wastes and hazardous mater ia ls .  

S o l i d  wastes generated a t  a l l  stages i n  o i l  shale processing 

should be described. Disposal  s i t e s  and methods f o r  handl ing and 
t r e a t i n g  wastes f rom a l l  sources should be i d e n t i f i e d .  The rec lamat ion 

p lan  presented i n  Sect. 2.3.7 should be c l e a r l y  l i n k e d  t o  t h e  

d iscuss ion o f  s o l i d  waste d isposal .  Guidance from the  Environmental 

P ro tec t i on  Agency f o r  Best Management Prac t ices  f o r  s o l i d  waste 
d isposal  (Bates and Thoem 1980) c a l l s  f o r  the  fo l l ow ing :  

0 record keeping and r e p o r t i n g  o f  a l l  hazardous wastes 
produced, 

0 i s o l a t i o n  and containment o f  a l l  hazardous wastes, 

0 impermeable l aye rs  (e.g., c l a y  lenses) below spent shale 
p i l e s  and o t h e r  waste d i s p o s a l  a r e a s  t o  p r o t e c t  a g a i n s t  
groundwater contaminat ion,  and 

0 avoidance of the  100-year f l oodp la in ,  wetlands, c r i t i c a l  
w i l d l i f e  h a b i t a t  areas, and recharge areas f o r  
sole-source aqui fers  i n  l o c a t i n g  d isposal  areas. 

The i n t e r p r e t a t i o n  and a p p l i c a b i l i t y  o f  the  Resource Conservation 

and Recovery Act  (Pub. L. 94-580) should be determined by consu l ta t i on  

w i t h  appropr ia te s t a t e  and fede ra l  agencies. A summary o f  t he  r e s u l t s  

of these consu l ta t i ons  should be included. 

2.3.7 Reclamation 

Reclamation o f  mined land and spent shale d isposal  areas i s  a 

major under tak ing f o r  any o i l  shale operat ion.  Plans f o r  rec lamat ion 
should be descr ibed i n  d e t a i l .  The ob jec t i ves  o f  rec lamat ion should be 

t o  ( 1 )  reduce water and wind eros ion  f rom the  d is tu rbed landscape, (2 )  
r e s t o r e  the  d i s tu rbed  areas t o  p roduc t ive  use, and (3 )  ensure t h a t  

long-term contaminat ion o f  ground and sur face waters by leachates f rom 

t h e  reclaimed areas does no t  occur. 

n 
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Reclamation plans should include all areas disturbed during 
construction and operation of the proposed facility and describe: 

the location of all areas to be reclaimed (a map should 
be provided); 

handling and storage of topsoil; 

soil amendments to be used; 

irrigation plans and water sources; 

cover species to be used. 

measures to protect the reclaimed areas from grazing for 
sufficient time to allow establishment of new vegetation; 

a monitoring program to evaluate long-term success o f  
reclamation; and 

schedule for implementation o f  specific portions o f  the 
plan. 

2.3.8 Socioeconomics 
Significant socioeconomic impacts may result from the development 

of an oil shale industry. Near-term development of oil shale is most 
likely to occur in the Piceance Basin of northwestern Colorado, which 
is rural and sparsely populated, as is true of the rest of the western 
oil shale region. Of the 12 towns that are likely to be affected by 
oil shale development in the Piceance Basin, only one has a population 
o f  over 5000. 

Boomtown effects on small communities resulting from a rapid and 
large population influx have been demonstrated in the western coal 
regions (Gilmore and Duff 1975). Housing and municipal services in 
small communities are often insufficient to handle large population 
increases (Cortese and Jones 1979). Tax revenues from the energy 
facilities lag several years behind the rise in local government 
expenditures required to meet increased demand for services and may not 
reach all, or even most, of those jurisdictions experiencing 
project-induced impacts. Hi'gh-paying energy jobs draw labor away from 
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and/or 

0 

0 

0 

0 

0 

0 

lower-paying l o c a l  employers and l o c a l  i n f l a t i o n  may occur, caus ing 

p a r t i c u l a r  damage t o  low income r e s i d e n t s  and those on f i x e d  incomes. 

Rapid p o p u l a t i o n  inc reases  may be accompanied by c u l t u r a l  d i s r u p t i o n s  

and a r i s e  i n  c r ime r a t e s .  P o p u l a t i o n  inc rease can a l s o  exacerbate 

e f f e c t s  f r o m  t h e  energy development i t s e l f  on a i r  q u a l i t y ,  water 

a v a i l a b i l i t y  and q u a l i t y ,  and surrounding n a t u r a l  h a b i t a t s .  E f f e c t s  

f r o m  development o f  o i l  sha le  resources may a l s o  be cumula t ive  w i t h  

those o f  o t h e r  nearby energy developments such as o i l  shale, uranium, 

and coa l  e x p l o i t a t i o n .  

Water supply  (Sect.  2.3.3) may be e s p e c i a l l y  c r i t i c a l  because 

t h e r e  i s  l i t t l e  water  i n  many areas o f  t h e  west, and o i l  sha le  

o p e r a t i o n s  o f t e n  consume s i g n i f i c a n t  amounts o f  water. Al though some 

o f  t h i s  water may be processed and reused, t h e  water demands assoc ia ted  

w i t h  t h e  development o f  o i l  sha le  p r o j e c t s  may have adverse e f f e c t s  on 

l o c a l  communit ies and t h e  q u a l i t y  o f  l i f e  i n  t h e  impact reg ion .  
The a n a l y s i s  o f  socioeconomic impacts should i n c l u d e  p r o j e c t i o n s  

analyses o f  t h e  f o l l o w i n g  i n f o r m a t i o n :  

r a t e  and magnitude o f  p o p u l a t i o n  inc rease d u r i n g  
c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  p r o j e c t  and probable 
r e s i d e n t i a l  l o c a t i o n  o f  in-movers; 

c a p a c i t y  o f  e x i s t i n g  and planned housing s tock t o  
accommodate p r o j e c t - i n d u c e d  housing demand i n  a f f e c t e d  
communities; 

t h e  amount and t i m i n g  o f  increased revenues and 
expend i tu res  f o r  t h e  impacted j u r i s d i c t i o n s  as a r e s u l t  
o f  p r o j e c t - r e l a t e d  growth; 

adequacy o f  l o c a l  t r a n s p o r t a t i o n  networks t o  handle 
increased worker and heavy equipment t r a f f i c ;  

adequacy o f  l o c a l  pub1 i c  s e r v i c e s  (e.g. , water s u p p l i e s  
and domest ic waste t rea tment  systems) t o  serve expected 
increased p o p u l a t i o n s  i n  a f f e c t e d  communities. 

d i r e c t  and secondary employment t o  be c rea ted  by t h e  
proposed p r o j e c t  and p r o j e c t - i n d u c e d  changes i n  t h e  
l o c a l  economic charac ter ;  
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0 impacts on s t r u c t u r e  and management o f  l o c a l  government 
and major l o c a l  o r g a n i z a t i o n s ;  and 

0 impacts t o  e x i s t i n g  l i f e - s t y l e ,  c u l t u r a l ,  and e t h n i c  
c h a r a c t e r i s t i c s  o f  t h e  impact reg ion .  

2.3.8 H e a l t h  and S a f e t y  

Recent s t u d i e s  (U.S. DOE 1979, OTA 1980, Bates and Thoem 1980, 

Walsh e t  a l .  1981) d iscuss  t h e  p o t e n t i a l  h e a l t h  and s a f e t y  issues 

assoc ia ted  w i t h  o i l  sha le  p r o j e c t s .  These p u b l i c a t i o n s  fo rm t h e  b a s i s  

f o r  t h e  f o l l o w i n g  d i s c u s s i o n  o f  occupat iona l  and p u b l i c  h e a l t h  issues. 

The p o t e n t i a l  i ssues  discussed below should be discussed by i d e n t i f y i n g  

those problems p e r t i n e n t  t o  t h e  p r o j e c t  under rev iew and d e s c r i b i n g  

p l a n s  f o r  a v o i d i n g  o r  m i t i g a t i n g  any e f f e c t s  on human h e a l t h  and 

s a f e t y .  The f o l l o w i n g  c o n t r o l  methods should be considered i n  t h i s  

r e v i e w  and d iscuss ion :  

0 worker t r a i n i n g  programs, 

0 design and maintenance o f  s a f e  work ing environments, and 

0 h e a l t h  and m o n i t o r i n g  programs. 

2.3.8.1 Occupat ional  Hea l th  

B l a s t i n g  and d r i l l i n g  d u r i n g  min ing  w i l l  generate hazardous 

m a t e r i a l s  (e.g., s i l i c a ) ,  and r e l a t e d  a c t i v i t i e s  (e.g., t h e  h a n d l i n g  o f  

raw and spent shale)  w i l l  produce f u g i t i v e  dus t  (Sect. ’2.3.2).  S i l i c a  
d u s t  has l o n g  been recognized as a major  h e a l t h  hazard o f  underground 

min ing  r e l a t e d  t o  t h e  development o f  s i l i c o s i s ,  c h r o n i c  b r o n c h i t i s ,  and 

o t h e r  pulmonary d isorders .  The p o t e n t i a l  f o r  t h i s  d u s t  hazard i s  

d i f f i c u l t  t o  assess f o r  o i l  sha le  o p e r a t i o n s  because v e r y  l i m i t e d  d a t a  

a r e  a v a i l a b l e .  However, C o s t e l l o  (1980) and Rudnick e t  a l .  (1980) 

r e p o r t  no evidence o f  increased r e s p i r a t o r y  d isease i n  miners work ing 

a t  t h e  A n v i l  P o i n t  Shale O i l  F a c i l i t y  near R i f l e ,  Colorado. I f  

commercial-scale p r o d u c t i o n  were t o  r e q u i r e  a miner  t o  spend an e n t i r e  

8-h s h i f t  work ing under t h e  present  c o n d i t i o n s  a t  A n v i l  Po in t ,  t h e  

worker would r e c e i v e  an excess ive exposure t o  d u s t  (Rudnick e t  a l .  
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@ 1980). Personnel spending a f u l l  s h i f t  i n  crushing, r e t o r t i n g ,  and 

shale d isposal  opera t ions  would a l so  rece ive  excessive exposures. Gas 

and vapor l e v e l s  f o r  a l l  stages o f  mining, however, do no t  exceed 

present  exposure standards (Hol land and S t a f f o r d  1981). Rudnick e t  a l .  

(1980) suggest t h a t  maintenance personnel, o f t e n  working i n  areas o f  
h igh  dus t  and low v e n t i l a t i o n ,  should wear r e s p i r a t o r y  equipment. 

Pa r t i cu la tes ,  i n c l u d i n g  f u g i t i v e  dus t  emissions du r ing  sur face  o r  

underground min ing should be r e a d i l y  c o n t r o l l e d  by e x i s t i n g  technology, 

such as wet t ing,  baghouse f i l t e r s ,  and var ious  wet scrubbing schemes 

(Peterson e t  a l .  1980). Min ing equipment should incorpora te  water 
sprays f o r  dus t  c o n t r o l .  These water sprays need constant  maintenance 

t o  ensure proper performance. 

The degree o f  v e n t i l a t i o n  requ i red  w i t h i n  commercial-scale M I S  

mines has no t  been es tab l i shed.  Peterson e t  a l .  (1980) note t h a t  

r e t o r t i n g  i n  one area w i l l  occur s imul taneously  w i t h  min ing and 
process ing i n  o the r  areas, and t h e  p r o b a b i l i t y  o f  leaks o f  f u g i t i v e  

emissions f rom an a c t i v e  r e t o r t  i n t o  an adjacent area i s  unknown. Such 

leaks cou ld  expose workers t o  h e a l t h  hazards rang ing  f rom carbon 

monoxide poisoning t o  long-term t o x i c  cond i t ions .  Carefu l  p lann ing  and 

management, as w e l l  as proper v e n t i l a t i o n  procedures, are necessary t o  

prevent  these problems. Unused areas i n  t h e  mines can be c losed o f f  

w i t h  hanging c l o t h s  ( " b r a t t i c e "  c l o t h s )  t o  improve v e n t i l a t i o n  i n  the  

areas o f  t h e  mine t h a t  are i n  use. 
A second h e a l t h  concern associated w i t h  min ing i s  t h e  poss ib le  

re lease o f  po lynuc lear  aromat ic hydrocarbons (PAHs) and t r a c e  

elements. Publ ished da ta  on t h e  t o x i c i t y  and c a r c i n o g e n i c i t y  o f  o i l  

shale m a t e r i a l s  used i n  animal s tud ies  are extens ive.  However, recent  

s tud ies  (Rudnick e t  a l .  1980, C o s t e l l o  1980) on workers employed a t  t h e  

A n v i l  P o i n t  O i l  Shale F a c i l i t y  i n d i c a t e  no apparent inc idence o f  

chron ic  o r  acute disease d i r e c t l y  a t t r i b u t a b l e  t o  exposure t o  o i l  shale 

o r  i t s  r e t o r t i n g  products.  Both s tud ies  do show a grea ter  c o r r e l a t i o n  

between pulmonary d i so rde rs  o r  cancer and exposure t o  r a d i o a c t i v i t y  o r  

smoking r a t h e r  than t o  exposure t o  o i l  shale. C o s t e l l o  (1980) p o i n t s  

out, however, t h a t  t h e  ac tua l  exposures t o  shale o i l  were b r i e f ,  and it 
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usions regard ing carc 

a long l a t e n t  pe r iod  

nogenic r i s k  because 

f o r  development. As 

w i t h  s i l i c a  and f u g i t i v e  dust, there  are very l i m i t e d  data ava i lab le ,  

and the  p o t e n t i a l  hea l th  r i s k  f o r  the  o i l  shale i n d u s t r y  i s  unknown. 

A t h i r d  p o t e n t i a l  hea l th  r i s k  f o r  o i l  shale miners i s  exposure t o  

excessive no ise  l eve l s .  Th is  i s  o f  p a r t i c u l a r  concern i n  underground 

operat ions when the  pr imary no ise  sources are booster fans, d r i l l s ,  

b las t i ng ,  conveyers, and min ing machines. Most underground miners are 

c h r o n i c a l l y  exposed t o  sound l e v e l s  g rea ter  than the  es tab l i shed 

standards. Such exposure can cause hear ing loss, and some data suggest 

t h a t  de le te r i ous  ef fects  t o  the  card iovascular  and nervous systems may 

occur. Miners a1 so experience shor t - term acute exposure f rom 

b l a s t i n g .  Rota t ion  o f  workers may a l l e v i a t e  exposure t o  excessive 

no ise  l eve l s .  Each worker should be f i t t e d  w i t h  ear plugs. Pe r iod i c  
mon i to r ing  o f  worker 's  hear ing a c u i t y  may s igna l  any hear ing l oss  and 

f a c i l i t a t e  r o t a t i o n  t o  o ther  areas. 

R e t o r t i n g  o i l  shale a t  h igh  temperatures w i l l  form some 

PAH-containi ng carcinogens. Some PAHs are undoubtedly released dur ing  

t h e  crushing and g r ind ing  processes due t o  the  mechanical and thermal 

degradat ion o f  kerogen. Workers should be p ro tec ted  from i n h a l a t i o n  o f  

raw shale aerosol  o r  dust and from repeated s k i n  exposure t o  raw shale 

o i l  (Peterson e t  a l .  1980). The c a r c i n o g e n i c i t y  o f  these compounds i s  

a major p o t e n t i a l  hea l th  hazard f o r  r e t o r t  workers, and t h e  problems 
invo lved are b a s i c a l l y  s i m i l a r  t o  those o f  convent ional  oi  1 r e f i n e r i e s  

(Bates and Thoem 1980). I n  t h e i r  repo r t ,  Hol land and S t a f f o r d  (1981) 

discuss the  presence o f  arsenic  i n  o i l  shale, product streams from o i l  

shale r e t o r t s ,  process waters, and crude o i l  products. Arsenic may be 
found i n  a l l  f r a c t i o n s  of crude shale o i l  a t  concentrat ions up t o  1000 

t imes t h a t  o f  na tu ra l  crude l e v e l s  (Bates and Thoem 1980). Because 

inorgan ic  arsenica ls ,  i n c l u d i n g  n i c k e l  arsenides, have been shown t o  be 

carcinogenic,  te ra togen ic ,  and embryotoxic, t h e  re lease o f  these 

substances t o  the  environment, o r  poss ib le  worker exposures t o  them, 

dur ing  o i l  shale recovery processes must be c a r e f u l l y  monitored and 

c o n t r o l l e d  (Hol land and S t a f f o r d  1981). Upgrading o f  product streams 
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reduces c a r c i n o g e n i c i t y  as w e l l  as t o x i c  e f f e c t s  o f  chemicals i n  t h e  

crude shale o i l .  Therefore, any s i g n i f i c a n t  increase i n  h e a l t h  

problems w i l l  occur du r ing  process ing when t h e  shale o i l s  d i f f e r  

cons iderab ly  f rom n a t u r a l  crude o i l s  i n  phys ica l  and chemical 
p r o p e r t i e s  (Bates and Thoem 1980). 

I n  shale o i l  r e t o r t i n g  and upgrading f a c i l i t i e s  and i n  

convent ional  r e f i n e r i e s ,  l i q u i d s  and gases must be t ranspor ted  i n  

a i r - t i g h t  p ipes  which are c a r e f u l l y  maintained and observed t o  de tec t  
and r e p a i r  leaks.  Maintenance workers assigned t o  such tasks  are those 

most l i k e l y  t o  be exposed t o  PAHs and show h igher  than average 

mor ta l  i t y  r a t e s  due t o  mal ignant  neopl asms (Coste l  l o  1980). 

Engineer ing c o n t r o l s  and improvements i n  mater i  a1 s o f  cons t ruc t i on  may 

reduce these r i s k s .  However, a program f o r  proper f i t  and maintenance 
o r  personnel p r o t e c t i v e  equipment should be implemented (Ho l land and 

S t a f f o r d  1981). Arsenic, n i c k e l ,  ch lo r i ne ,  s u l f u r ,  n i t rogen,  and heavy 
meta ls  are a d d i t i o n a l  hazardous substances found i n  t h e  crude o i l .  

2.3.8.2 Occupat ional  Safe ty  

The sa fe ty  hazards associated w i t h  underground o r  open-p i t  min ing 
o f  o i l  shale are i n  general  s i m i l a r  t o  those o f  hard rock min ing  and 

would i nc lude  acc idents  f rom rock f a l l s ,  exp los ions and f i r e s ,  
e l e c t r o c u t i o n ,  heavy min ing  equipment, and veh icu la r  t r a f f i c .  There 
are no da ta  a v a i l a b l e  on acc identa l  deaths and i n j u r i e s  associated w i t h  

o i l  shale mining, a l though t h e  occupat ional  h e a l t h  hazards are expected 

t o  be lower than those f o r  min ing an equ iva len t  q u a n t i t y  o f  coal  

(U.S. EPA 1977). Because shale i s  r e l a t i v e l y  hard compared t o  coal ,  

t h e  p r o b a b i l i t y  o f  mine cave- in  o r  co l lapse,  which accounts f o r  40 t o  

50% o f  coa l  mine f a t a l i t i e s  (Commonwealth o f  Kentucky 1979 and 1980, 

U.S. EPA 1977), i s  less.  Hazards unique t o  o i l  shale opera t ions  would 

occur p r i m a r i l y  i n  M I S  processes. The h igh  temperatures and f i r e s  

associated w i t h  these processes may expose miners t o  r i s k s  no t  
experienced by o t h e r  underground miners. 

The s a f e t y  hazards a r i s i n g  from r e t o r t i n g  and upgrading i nc lude  
explosions, f i r e  and heat, e lec t rocu t i on ,  and exposure t o  ho t  l i q u i d s .  
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The degree of r isk,  however, i s  probably less  than t h a t  fo r  the m i n i n g  
phase. Safety risks associated w i t h  retorting and u p g r a d i n g  would be 
no higher than those associ ated w i t h  mineral processing and conventional 
petrol eum ref i n i  ng . 
2.3.8.3 Public Health and Safety 

Operation of a large o i l  shale p l a n t  would resu l t  i n  large volumes 
of solid waste and a i r  emissions as well as potential leachates from 
spent shale. Compliance w i t h  federal and s t a t e  ambient a i r  q u a l i t y  
standards may constrain development of the o i l  shale industry because 
major potential releases of c r i t e r i a  pollutants, organics, and t race 
elements are l ikely t o  occur. Water used i n  o i l  shale processes wi l l  
become contaminated w i t h  toxic chemicals, minerals, and t race elements, 
while water removed from shale beds will contain chlorine, carbonates, 
sulfates ,  mercury, selenium, arsenic, and var ious organic compounds 
such as phenols and carboxylic acids (U.S. EPA 1977).  Peterson e t  a l .  
(1980) suggest t h a t  mercury migh t  be a particular problem as i t s  f a t e  
d u r i n g  the retorting process is  unknown and mercury contamination and 
tox ic i ty  pose serious risks.  T h i s  potential problem needs a careful 
assessment. Industry goals include zero release into surface streams 
and groundwater supplies via incorporation of cleanup and recycling 
processes. To date, no sat isfactory methods have been identified for 
t reat ing wastewater problems encountered d u r i n g  in situ processes (U.S. 
EPA 1977).  I n  s i t u  processes present a s i g n i f i c a n t  challenge i n  

finding ways t o  make environmental measurements that  would ensure 
containment of emissions and effluents.  

The greatest  environmental health problem i n  o i l  shale development 
may be associated w i t h  the disposal o f  spent shale (Sect. 2.3.5) 
because approximately 1.4 x lo3 kg o f  waste remain fo r  every barrel 
of o i l  produced (U.S.  EPA 1977).  Health concerns are related t o  the 
potentially harmful amounts o f  mineral s a l t s  contained i n  spent shale, 
as  well as t o  toxic trace elements that  could be leached into surface 
water and groundwater. However, according t o  Resources Recovery and 
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Conservat ion Act  c r i t e r i a ,  leachate b i o t e s t  s tud ies  by t h e  A n v i l  Po in t  

O i l  Shale Research F a c i l i t y  i n d i c a t e  t h a t  leach ing  f r o m  spent shale may 

no t  be a s i g n i f i c a n t  h e a l t h  problem (Heis tand 1980). 
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3. TAR SAND 

Kathleen M. Oakes,l Michael J. Sale, l  Nancy Vaughanl 
John Switek, l  and E l i zabe th  L. E t n i e r 2  

3.1 RESOURCE D E S C R I P T I O N  

Tar sand i s  any conso l ida ted  o r  unconsol idated rock (exc lud ing  

coal ,  o i l  shale, o r  g i l s o n i t e )  t h a t  con ta ins  hydrocarbon-bearing 

m a t e r i a l  w i t h  gas- f ree v i s c o s i t y  (g rea te r  than 100 Pascal seconds) a t  

r e s e r v o i r  temperatures. Host rocks  are u s u a l l y  sands, sandstones, o r  

l imestones o f  M iss i ss ipp ian  age o r  younger, bu t  any rock o f  any age may 

con ta in  bitumen i f  t h e  necessary p o r o s i t y  i s  present  ( B a l l  and 

Associates 1975). 

The western hemisphere apparent ly  has t h e  m a j o r i t y  o f  t h e  w o r l d ' s  

t a r  sand resource, w i t h  t h e  l a r g e s t  depos i ts  occu r r i ng  i n  Canada and 

Columbia (Table 5 ) .  I n  t h e  Un i ted  States,  o i l - impregnated rocks are 

known t o  occur i n  22 s tates,  w i t h  a t o t a l  est imated resource o f  4.8 t o  

5.2 x l o 6  m3 (30-33 x lo9 b b l )  (deNevers e t  a l .  1979, U.S. DOE 

1979). Only s i x  s t a t e s  ( C a l i f o r n i a ,  Utah, New Mexico, Texas, Alabama, 

and Kentucky) con ta in  depos i ts  which cou ld  be commercial ly e x p l o i t e d  

(Table 6 ) .  Utah has by f a r  t h e  l a r g e s t  known deposi ts,  w i t h  more than 

4.0 x 10 m (29 x 10 b b l )  i n  place. 

Commercial development o f  t a r  sand depos i ts  as a source o f  f o s s i l  
fuel i s  most advanced i n  Canada, where t h e  Athabasca depos i ts  i n  

nor thern  A l b e r t a  are being mined. I n  1978, these depos i ts  were 

y i e l d i n g  more than 23,800 m (150,000 b b l )  o f  crude o i l  per  day, w i t h  

an a d d i t i o n a l  capac i t y  o f  47,700 m3 (300,000 b b l )  per  day under 
development. 

I n  t h e  Un i ted  States,  t a r  sand depos i ts  have been used o n l y  as a 

source of paving asphal t .  A recent  es t imate  o f  t h e  n a t i o n ' s  recoverable 

9 3  9 

3 

'Environmental Sciences D i v i s i o n ,  ORNL. 
'Health and Sa fe ty  Research D iv i s ion ,  ORNL. 
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Table 5. World t a r  sand resources  (McRae e t  a l .  1977)a 

Area 

E s t  i mated 
resource  Percent o f  

(m3) w o r l d  resources 

Nor th  America 
Canada 
T r i n i d a d  and Tobago 
U n i t e d  S t a t e s  

South America 
Col umb i a 
Venezuela 

A f  r i  ca 
Malagasy Republ ic  

A l b a n i a  
Rumania 
USSR 

Europe 

1.4 x 1 0 l 1  
1.1 x 1010 
4.3 109 

1.8 x 1011 
1.2 x 1010 

2.7 x l o 8  

6.4 x 107 
4.8 x i o 6  
4.8 x l o 6  

41 
3 
1 

52 
3 

0.1 

0.1 
0.1 
0.1 

aCare should be t a k e n  i n  comparing resources  among n a t i o n s  because t h e  
d a t a  used here were based on d i f f e r e n t  economic c o n s i d e r a t i o n s  as w e l l  
as on d i f f e r e n t  degrees o f  mapping and e x p l o r a t i o n .  

Table 6. Est imated commerical t a r  sand d e p o s i t s  i n  t h e  
Un i ted  S ta tes  (McRae e t  a l .  1977) 

S t a t e  

Es t ima ted  
resource  Percent  o f  

(m3) U.S. resources 

A1 abarna 
C a l i f o r n i a  
Kentucky 
New Mexico 
Texas 
Utah 

1.9 x 108 
4.7 107 
5.4 x 107 

4.0 109 

6 9.1 x l o 7  
2.1 x 10 

4.3 
1.1 
0.6 
0.2 
0.5 

93.3 

T o t a l  commercial d e p o s i t s  4.3 x 109 
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reserves using proven technology (McRae e t  a l .  1977) i s  only 0.3 t o  0.9 
x lo9 m3 (2.0 t o  2.5 x lo9 b b l ) .  Not only are the  reserves more 
limited than in Canada, b u t  the bitumen i s  a lso more t i g h t l y  bound t o  
the sand and therefore more d i f f i c u l t  t o  separate. Proposed i n  s i tu  
extraction techniques may allow more of the  resource t o  be exploited, 
b u t  the cost  i n  energy and water i s  considerable (Kuuskraa e t  a l .  1978).  

Processes f o r  extract ing and separating bitumen from t a r  sand 
deposits f a l l  i n t o  two general categories:  those t h a t  ex t rac t  the ore 
u s i n g  surface mining techniques and those tha t  use i n  situ extraction. 
The Canadian experience has been primarily w i t h  surface m i n i n g ,  whereas 
plans f o r  developing the U.S. resource include i n  situ techniques as 
well. Deposits i n  the Athabasca region are generally highly saturated 
and continuous [15 m (50 f t )  thick] and have few barren layers. In 
contrast ,  however, the U.S. deposits (especial ly  i n  Utah) are about 6 m 
(20 f t )  thick and have thick bar’ren intervening layers.  In addition, 
the bitumen i n  the U.S. t a r  sand i s  more t i g h t l y  bound t o  the sand 
grains due t o  the absence or great ly  reduced thickness of the water 
1 ayer . 

In general, the  economics of underground m i n i n g  are l e s s  favorable 
f o r  t a r  sand recovery than i n  situ recovery. Although underground 
mining  may be feas ib le  f o r  some consolidated deposits i n  Utah, 
unconsolidated deposits do not possess suf f ic ien t  strength t o  permit 
underground mining. 

3.2 TECHNOLOGY OVERVIEW 
3.2.1 Surface Minina 

Surface mining has proven t o  be technical ly  f eas ib l e  f o r  some o f  
the  Athabasca t a r  sand deposits.  Economic constraints  on surface 
m i n i n g  include depth of overburden, overburden t o  net pay r a t i o s ,  
bitumen content (weight  percent),  and s i ze  of the deposit. In Canada, 
deposits having overburden thicknesses of less than 46 m and overburden 
t o  net pay r a t i o s  of l e s s  than one are considered potent ia l ly  minable. 
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6 The optimum s i z e  o f  a depos i t  i n  Canada i s  considered t o  be 80 x 10 

t o  160 x 10 m (0.5-1.0 x 10 b b l )  o'f minable ore. 
Because U.S. depos i ts  are r e l a t i v e l y  t h i n  and overburden t o  ne t  

pay r a t i o s  are t o o  high, surface min ing  may be g r e a t l y  l i m i t e d .  

Add i t i ona l  impor tan t  cons idera t ions  are t h e  need f o r  d r i l l i n g  and 

b l a s t i n g  and the steepness o f  t he  t e r r a i n .  I n  the  steep canyon t e r r a i n  

i n  which some Utah depos i ts  occur, t h e  long-wal l  s t r i p p i n g  method 
c u r r e n t l y  used i n  coa l  min ing  may be adapted (U.S. EPA 1976). 
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3.2.2 Separat ion Processes 

Where t a r  sand depos i ts  are sur face  mined, bitumen must be 

separated f rom the  sand a f t e r  e x t r a c t i o n  (F ig .  3 ) .  I n  l a r g e  

operat ions,  such as those o f  Great Canadian O i l  Sand, Inc .  (GCOS), and 

Syncrude, t a r  sand ore  i s  f i r s t  f e d  i n t o  l a r g e  c o n d i t i o n i n g  drums 
( tumblers) ,  and then steam, ho t  water, and a s m a l l  amount o f  sodium 

hydrox ide are added t o  separate t h e  bitumen f rom most o f  t h e  coarse 
sand (F ig .  3 ) .  The processed coarse sand i s  re tu rned  t o  t h e  mine f o r  
back f i l l i n g  (U.S. DOE 1979). The t a r  i s  discharged t o  a v i b r a t i n g  

screen where l a r g e  lumps o f  t a r  sand are removed f o r  r e t u r n  t o  t h e  

c o n d i t i o n i n g  drums. The o i l  s l u r r y  i s  pumped t o  separa t ion  c e l l s  where 
a f r o t h  i s  formed. 

Th is  o i l  f r o t h ,  along w i t h  some sand and water, i s  skimmed o f f  t he  

surface, d i l u t e d  w i t h  naphtha, and run  through c e n t r i f u g e s  f o r  f i n a l  

separa t ion  (F ig .  3 ) .  Sand f rom t h e  separa t ion  c e l l s  and c e n t r i f u g e s  i s  

sent t o  a t a i l i n g s  pond. A m idd l ings  stream i s  withdrawn f rom the  

l a y e r  beneath t h e  f r o t h  i n  the  separa t ion  c e l l s .  A p o r t i o n  o f  t h i s  

stream i s  re tu rned t o  t h e  c o n d i t i o n i n g  drum f o r  a d d i t i o n a l  t reatment,  

and t h e  remainder i s  sent t o  scavenger c e l l s  and f r o t h  s e t t l e r s .  F r o t h  

f rom the  s e t t l e r s  goes t o  the  c e n t r i f u g e s  (U.S. DOE 1979). 

An a l t e r n a t i v e  approach being considered by Ge t t y  O i l  Co. i s  a 

so l  vent e x t r a c t i o n  technique developed by t h e  Dravo Corporat ion a t  

P i t t sbu rgh .  A v o l a t i l e  hydrocarbon so lvent  would i n i t i a l l y  be used t o  

wash the  sand f rom the  o i l ,  fo l lowed by a m u l t i s t e p  d i s t i l l a t i o n  

process t h a t  would separate o i l ,  water, and so lvent .  
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Fig .  3. Syn the t i c  crude o i l  process f low f rom surface-mined Athabaska t a r  sand. [SOURCE: Maugh 
Redrawn 1978. 

w i t h  permiss ion f rom T. H. Maugh, 11, and AAAS.] 
(Copyr ight  1978 by t h e  American Assoc ia t ion  f o r  t h e  Advancement o f  Science).  
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3.2.3 Upgrading Processes 
The raw t a r  sand o i l  must be upgraded t o  remove minera l  f i n e s ,  

s u l f u r ,  and t r a c e  meta ls  and t o  decrease t h e  dens i ty ,  v i s c o s i t y ,  and 
carbon-hydrogen r a t i o  o f  t h e  product.  Th i s  upgrading i s  accomplished 

i n  bo th  the  GCOS and Syncrude operat ions by cok ing  (i.e., heat ing  t h e  

bitumen t o  a temperature where i t  decomposes) (F ig .  3 ) .  When t h e  

process i s  complete, a gaseous product,  a l i q u i d  product, and a s o l i d  

coke r e s u l t  (Baughman 1978). 
The l i q u i d  f rom t h e  coker goes through th ree  hyd ro t rea te rs  

(F ig .  3 )  t h a t  d i s t i l l  naphtha, kerosene, and gas o i l .  The th ree  

l i q u i d s  are then blended t o  make s y n t h e t i c  crude o i l  f o r  market ing 
(deNevers e t  a l .  1979). Gaseous waste products  o f  hyd ro t rea t i ng  are 

combined w i t h  gas from t h e  coker and sent t o  an amine scrubber t o  

remove hydrogen s u l f i d e .  This  gas i s  then t r e a t e d  i n  a Claus conver ter  
t o  y i e l d  e lementa l  s u l f u r .  The cleaned f u e l  gas i s  used f o r  p l a n t  

heat ing  or i s  f e d  t o  the  hydrogen p l a n t  which supp l ies  t h e  
hyd ro t rea te rs  (U.S. EPA 1976). The s o l i d  coke produced by GCOS i s  used 

as f u e l  f o r  heat and e l e c t r i c i t y  generat ion a t  i t s  f a c i l i t i e s .  

Syncrude disposes o f  i t s  coke as a waste product.  

Other approaches t o  upgrading i nc lude  She l l  Canada's p lans  t o  

rep lace  cok ing w i t h  a combinat ion o f  vacuum f l a s h i n g  and so lvent  

deaspha l ta t ion  (Land e t  a l .  1975) and an anhydrous so lvent  e x t r a c t i o n  

process. I n  t h i s  l a t t e r  process, f r e s h  t a r  sand i s  mixed w i t h  so l ven t  

and water. The m i x t u r e  i s  run  through a three-stage countercur ren t  

wash. A t  t h e  end o f  each stage t h e  sand i s  al lowed t o  s e t t l e ,  and t h e  

f l u i d s  are dra ined through t h e  sand u n t i l  no f l u i d  i s  l e f t .  Th is  s tep 

removes t h e  bitumen f rom the  sand i n  much t h e  same way as t h e  r i n s e  

c y c l e  i n  a washing machine removes t h e  d i r t  and soap f rom t h e  laundry.  

The solvent-bi tumen and so lvent -so l  i d s  systems are then separated, w i t h  

the  so lvent  be ing recycled, t h e  bitumen being sent f o r  f u r t h e r  
upgrading, and t h e  sand being removed f o r  d isposal .  

C u r r e n t l y  a c t i v e  o r  proposed t a r  sands p r o j e c t s  w i l l  produce an 

upgraded crude o i l  on t h e  s i t e ,  and o f f s i t e  r e f i n e r i e s  w i l l  be used f o r  

f u r t h e r  d i s t i l l a t i o n .  
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3.2.4 I n  S i t u  E x t r a c t i o n  
Deposi ts  t h a t  lack  t h e  competence t o  be mined by underground 

min ing  methods and are t o o  deep ( g r e a t e r  than 46 m) t o  use sur face 

min ing techniques w i l l  p robably  be e x p l o i t e d  by some form o f  i n  s i t u  

processing. I n  s i t u  methods i n v o l v e  lower ing  t h e  v i s c o s i t y  o f  t h e  

bitumen i n  t h e  ore zone so t h a t  t h e  product  can be pumped t o  t h e  

surface. Proposed i n  s i t u  methods i nc lude  chemical so lvent  i n j e c t i o n ,  

steam-hot water i n j e c t i o n ,  and combustion. 

The chemical i n j e c t i o n  method i n j e c t s  a chemical so lvent  o f  e i t h e r  

hydrocarbon-based so lvents  o r  aqueous a l k a l i n e  su r fac tan ts  i n t o  t h e  t a r  

sand depos i t  t o  d i s s o l v e  t h e  bitumen. Such i n j e c t i o n s  have been 

success fu l l y  used i n  C a l i f o r n i a ' s  heavy-o i l  f i e l d s  us ing naphthenes and 
aromat ic so lvents  (U.S. Bureau o f  Mines 1972), bu t  t h e  v i s c o s i t i e s  of 

these heavy o i l s  are cons iderab ly  l e s s  than those o f  bitumen. On t h e  
o t h e r  hand, S h e l l  Canada has experimented w i t h  bo th  m i s c i b l e  so lvents  

and a combinat ion o f  aqueous-based emu ls i f y ing  f l u i d s  and sodium 

hydroxide, bu t  n e i t h e r  approach has proven t o  be economical ly f e a s i b l e  

(Doscher 1967). I n j e c t i o n  o f  so lvents  i s  sometimes preceded by 

hyd rau l i c  o r  exp los ive  f r a c t u r i n g  (U.S. Bureau o f  Mines 1972). While 
chemical i n j e c t i o n  techniques work w e l l  i n  o i l  f i e l d s ,  more s tudy i s  

needed t o  demonstrate t h e i r  e f fec t i veness  i n  t a r  sand deposi ts .  
Steam i n j e c t i o n  methods i nc lude  c y c l i c  i n j e c t i o n  and steam 

f l ood ing .  C y c l i c  steaming has been success fu l l y  used t o  increase 
production in heavy oil fields. The process involves drilling a 

closely-spaced p a t t e r n  o f  w e l l s  i n t o  t h e  depos i t  and i n j e c t i n g  up t o  
4000 m3 (25,000 b b l )  o f  260" t o  370°C steam i n t o  each we l l .  Once t h e  

steam has been in jec ted ,  t h e  w e l l s  are shut  o f f  and al lowed t o  soak, 
then opened again. f o r  p roduc t ion  (U.S. EPA 1976). Imper ia l  O i l ,  Ltd., 

i n s t a l l e d  a 795-m3 (5000 b b l )  per  day p i l o t  p r o j e c t  i n  t h e  Cold Lake 

o i l  sands i n  A l b e r t a  (Anonymous 1975). The process consumed 3 m3 o f  
water f o r  each cub ic  meter o f  o i l  produced, w i t h  recovery o f  o n l y  20 t o  

30% o f  t he  o i l  i n  place. A t  t h e  t ime  o f  t h e  p i l o t  p ro jec t ,  a quest ion 

arose about t h e  economic and energy balance f e a s i  b i  1 i ty ;  s p e c i f  i c a l  ly, 

was the  3 : l  w a t e r : o i l  r a t i o  w i t h  o n l y  20 t o  30% o i l  recovery an 
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economic process? More research on the s u i t a b i l i t y  of cycl ic  steaming 
i s  underway. 

With the steam flooding technique, injected steam reduces the  
viscosi ty  of the bitumen and drives i t  toward a nearby production 
well. A surfactant  emulsifier i s  generally injected with the steam t o  
enhance viscosi ty  reduction. In a p i l o t  project  conducted by Shell 
Canada, 4 m of steam and caust ic  were injected fo r  each cubic meter 
of o i l  produced (Baughman 1978). An  estimated 50 t o  70% recovery of 
o i l  could be real ized,  b u t  the commercial f e a s i b i l i t y  would depend on 
reducing the required energy and water impacts. 

The U.S. Department of Energy Laramie Energy Technology Center 
conducted a steam flooding experiment a t  the Vernal, Utah, s i t e  
(Lindberg 1980). An  average production r a t e  of 1.1 m /d  ( o i l )  and 
6.3 m /d (water) was achieved. These r e su l t s  were encouraging enough 
t o  continue further evaluations o f  the technical feasibility of steam 

flooding t a r  sand deposits (Johnson e t  a l .  1981). 
Combustion of bitumen in place provides heat t o  lower the viscosi ty  

of surrounding hydrocarbons. Oxygen fo r  combustion and f o r  driving the 
produced hydrocarbons t o  a production well i s  provided by the  inject ion 
of high pressure a i r  from the surface (Doscher 1967).  Fracturing may 
be required t o  ensure good interconnection between inject ion and 
production wells. 

A forward combustion o r  a reverse combustion s t ra tegy may be 
used. In the former case, igni t ion i s  s ta r ted  in the injection well, 
and the combustion f ron t  moves t h r o u g h  the formation toward the 
production well. The injected a i r  i s  heated t o  315" t o  480°C in the 
burn  zone and mobilizes the l igh ter  const i tuents  of bitumen in f ront  of 
the combustion f ron t ,  driving them toward the production well. The 
mobilized hydrocarbons, however, tend t o  condense on entering the  cold 
zone between the b u r n  front and the production well, plugging the pores 
and r e s t r i c t ing  flow t o  the production wells (Doscher 1967) .  

In reverse combustion, igni t ion occurs a t  the production well 
while a i r  i s  pumped into the inject ion well. The b u r n  f ront  migrates 
toward the inject ion well, counter t o  the direct ion of a i r  flow. The 

3 

3 
3 
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mob i l i zed  bitumen i s  conducted through t h e  ho t  burned-out zone t o  t h e  

produc t ion  w e l l  t o  prevent  condensation. The o i l  produced i s  o f  h igher  

q u a l i t y  than t h a t  produced by fo rward  combustion because t h e  bitumen 

has been the rma l l y  cracked (Cupps e t  a l .  1975). F i e l d  and l a b o r a t o r y  

experiments o f  reverse  combustion c a r r i e d  ou t  by t h e  Laramie Energy 

Technology Center (Land e t  a l .  1975, 1977) showed t h a t  t h e  temperatures 

achieved were much lower than expected. The r e s u l t i n g  product  was much 

more viscous than a n t i c i p a t e d  and congealed i n  t h e  sur face  p ipe l i nes .  

Laboratory  t e s t s  i n d i c a t e d  50% recovery o f  bitumen i n  p lace  was 

poss ib le  w i t h  40% remaining i n  t h e  depos i t  and 10% consumed i n  

combustion (Land e t  a l .  1975). A second t e s t  was performed us ing  a 

reverse combustion phase fo l l owed  by a fo rward  combustion phase 
(echoing) .  Approximately 25% (92.2 m3 o r  580 b b l )  o f  t h e  i n -p lace  

bitumen was produced, and 49% a i r  r e t u r n  was achieved. The volume o f  

t h e  o i l  produced and percent  a i r  r e t u r n  make t h e  scheme look very 

promi s i  ng . 
A combinat ion forward combustion-water f l o o d  process has been 

developed by Amoco Product ion Company t o  produce bitumen f rom t h e  

Gregoire Lake area i n  nor thern  A lber ta .  The process s t a r t s  as a 

fo rward  combustion burn u n t i l  t h e  r e s e r v o i r  reaches 815OC. Water i s  

then i n j e c t e d  w i t h  t h e  a i r ,  lower ing  t h e  combustion temperature and 
genera t ing  steam t h a t  t ransmi t s  heat i n t o  t h e  fo rmat ion  and r a p i d l y  

acce le ra tes  t h e  recovery process (Doscher 1967). A i r  requirements are 
much less than those f o r  standard fo rward  combustion. F i e l d  r e s u l t s  
f rom a smal l  p l o t  y i e l d e d  32% o f  t h e  bitumen i n  place. Th is  method i s  
considered super io r  t o  o r d i n a r y  combustion techniques because a h igher  

q u a l i t y  o i l  i s  recovered. 

3.3 POTENTIALLY SIGNIFICANT ISSUES 

P o t e n t i a l l y  s i g n i f i c a n t  environmental  impacts associated w i t h  
cons t ruc t ion ,  mining, operat ion,  and rec lamat ion  of proposed t a r  sand 

p r o j e c t s  should be assessed as appropr ia te  t o  t h e  p r o j e c t  under 

review. The f o l l o w i n g  issues are those most l i k e l y  t o  be s i g n i f i c a n t  



44 

f o r  t a r  sand p r o j e c t s  and should be c a r e f u l l y  reviewed. I f  t h i s  rev iew 

shows t h a t  the  issue i s  no t  re levan t  t o  t h e  proposed p ro jec t ,  then the  
t h e  reasons f o r  n o t  p resent ing  a d e t a i l e d  ana lys i s  should be b r i e f l y  

discussed. 

3.3.1 Land Use 

Over 90% o f  t he  n a t i o n ' s  t a r  sand depos i ts  are i n  Utah (Table 6 ) .  
Development o f  the  southeastern Utah depos i ts  has t h e  grea tes t  

p o t e n t i a l  f o r  c o n f l i c t  w i t h  n a t i o n a l  parks, monuments, and r e c r e a t i o n  

areas; i n  f a c t ,  some o f  t he  depos i ts  are w i t h i n  the  boundaries o f  such 

p ro tec ted  areas. I n  both southeast and nor theas t  Utah, c o n f l i c t s  w i t h  

es tab l i shed  and proposed U.S. Fores t  Serv ice and U.S. Bureau o f  Land 

Management wi lderness areas may occur. Extens ive Ind ian  lands i n  t h e  

U i n t a  Basin may a l so  co inc ide  w i t h  t a r  sand deposi ts .  
A commerical-size sur face  m i n i n g  opera t ion  w i l l  d i s t u r b  severa l  

hundred t o  a few thousand hectares o f  land  and commit several  hundred 

more t o  s e t t l i n g  ponds f o r  spent o re  sands (Norman and Norman 1978). 

I n  s i t u  recovery methods w i l l  a l so  i n v o l v e  considerable land 

d is tu rbance because w e l l s  are c l o s e l y  spaced. Min ing disturbance, 

combined w i t h  c o n s t r u c t i o n  o f  p l a n t  f a c i l i t i e s  f o r  separat ion and 

upgrading o f  bitumen, w i l l  represent  an i n t r u s i o n  i n t o  t h e  present  

n a t u r a l  s e t t i n g  o f  t he  reg ion.  Increased t r a f f i c  and numbers o f  people 

cou ld  a l so  adverse ly  a f f e c t  surrounding lands. 

Al though t a r  sand developments i n  C a l i f o r n i a ,  Texas, New Mexico, 

and Alabama may have a lower p r o b a b i l i t y  o f  extens ive land-use 

c o n f l i c t s  than s i m i l a r  developments i n  Utah, some adverse e f f e c t s  on 

land use are never the less l i k e l y  and should be c a r e f u l l y  reviewed. 

For  the  p r o j e c t  s i t e  and surrounding area, t h e  f o l l o w i n g  should be 

descr ibed: 

0 present  and planned land use; 

0 present  and p ro jec ted  land ownership; 
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0 n a t i o n a l  parks, n a t i o n a l  monuments, r e c r e a t i o n  areas, 
e x i s t i n g  o r  proposed w i lderness  areas, and scenic,  
h i s t o r i c ,  o r  a rchaeo log ic  s i t e s  o r  landmarks; 

0 t h e  v i s i b i l i t y  o f  t h e  proposed s i t e  and assoc ia ted  
f a c i l i t i e s  from p u b l i c  use areas (e.g., t r a i l s ,  canyon 
over looks,  and p icn ic /camping areas);  and 

0 Indian-owned lands and areas sacred t o  l o c a l  I n d i a n  
t r i b e s .  

A map should be i n c l u d e d  t o  show surrounding l a n d  uses and 

p o t e n t i a l  r o u t e s  f o r  heavy equipment and c o n s t r u c t i o n  t r a f f i c  

assoc ia ted  w i t h  t h e -  p r o j e c t .  The p o s s i b i l i t y  o f  adverse e f f e c t s  f r o m  

increased t r a f f i c  on roads th rough s e n s i t i v e  land-use areas (e.g., 

I n d i a n  lands  o r  w i lderness  areas) should be addressed. 

3.3.2 A i r  Q u a l i t y  

Some t a r  sand resources are  w i t h i n  o r  ad jacent  t o  Class I a i r  

q u a l i t y  reg ions,  such as n a t i o n a l  parks (Sect.  3.3.1), where r e l e a s e  o f  
c r i t e r i a  atmospher ic p o l l u t a n t s  w i l l  be s e v e r e l y  r e s t r i c t e d  by 

p r e v e n t i o n  o f  s i g n i f i c a n t  d e t e r i o r a t i o n  (PSD) p r o v i s i o n s .  Furthermore, 

i n  Utah, e f f e c t s  on a i r  q u a l i t y  f r o m  nearby o i l  shale, uranium, and 

c o a l  developments w i l l  be cumula t ive  w i t h  those f rom t a r  sand, and PSD 
increments may n o t  be a v a i l a b l e .  

Sur face  min ing  o f  t a r  sand d e p o s i t s  has t h e  p o t e n t i a l  t o  r e l e a s e  

l a r g e  q u a n t i t i t e s  o f  p a r t i c u l a t e s  as dust.  M in ing  w i l l  a l s o  expose 
l a r g e  areas o f  f r e s h  bi tumen ore, p o s s i b l y  r e l e a s i n g  v o l a t i l e  

hydrocarbons t o  t h e  atmosphere (U.S. EPA 1976). Hydrocarbons w i  11 a1 so 
be e m i t t e d  d u r i n g  bi tumen s e p a r a t i o n  ( e s p e c i a l l y  by t h e  s o l v e n t  

e x t r a c t i o n  process) and d u r i n g  upgrading, storage, and t r a n s f e r  of t h e  

produced o i l .  P o t e n t i a l l y  l a r g e  emiss ions o f '  s u l f u r  ox ides  (SO,) 

c o u l d  come f r o m  combustion o f  coke or produc t  f u e l  t o  p r o v i d e  process 

heat  f o r  b i tumen s e p a r a t i o n  and f r o m  t h e  t a i l - g a s  stream o f  t h e  Claus 

p l a n t  assoc ia ted  w i t h  t h e  upgrading o f  t h e  separated bitumen. The 

p o t e n t i a l  f o r  SO, r e l e a s e s  w i l l  be g r e a t e s t  i n  southeast  Utah where 

t h e  bi tumen i s  about 5% s u l f u r ,  as compared t o  o n l y  0.5% s u l f u r  i n  t h e  
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U i n t a  Basin d e p o s i t s  (deNevers e t  a l .  1979). Combustion o f  p roduc t  
f u e l  and i n  s i t u  processes t h a t  use combustion w i l l  a l s o  re lease 
q u a n t i t i e s  o f  n i t r o g e n  oxides, p a r t i c u l a t e s ,  and hydrocarbons. 

I n  a d d i t i o n  t o  genera l  background in fo rmat ion ,  s p e c i f i c  

i n f o r m a t i o n  should be developed on t h e  f o l l o w i n g :  

a l l  a f f e c t e d  A i r  Q u a l i t y  C o n t r o l  Regions (ACQRs), w i t h  
s p e c i a l  emphasis on Class I areas; 

l o c a l  meteoro logy ( l o c a l  a i r p o r t  da ta  and o n s i t e  
measurements) ; 

l o c a l  a i r  q u a l i t y  (U.S. EPA and/or s t a t e  m o n i t o r i n g  data, 
m o n i t o r i n g  d a t a  f rom nearby f a c i l i t i e s ,  as a v a i l a b l e ,  and 
o n s i t e  b a s e l i n e  m o n i t o r i n g  data, i f  r e q u i r e d ) ;  

proposed use o f  a i r  p o l l u t i o n  c o n t r o l  devices,  i n c l u d i n g  
a r e a l i s t i c  e s t i m a t e  o f  e f f i c i e n c y  and downtime; 

a v a i l a b i l i t y  o f  o t h e r  m i t i g a t i o n  measures (e.g., s i t i n g  
f a c i l i t i e s  t o  maximize d i s p e r s i o n  o f  atmospher ic 
emiss ions) ;  and 

any proposed a i r  qual  i t y  m o n i t o r i n g  program. 

3.3.3 Water Use 
The a v a i l a b i l i t y  o f  s u f f i c i e n t  q u a n t i t i e s  o f  water f o r  t a r  sand 

p r o j e c t s  i s  a p o t e n t i a l  major  env i ronmenta l  issue.  E x t r a c t i o n  

techniques i n v o l v i n g  steam i n j e c t i o n  were es t imated  t o  consume f r o m  3 

t o  6 m o f  water  per  c u b i c  meter o f  o i l  produced based on exper ience 

i n  Canada (deNevers e t  a l .  1979). Other water  uses range f rom dust  

c o n t r o l  t o  domest ic water requi rements f o r  t h e  increased p o p u l a t i o n  

assoc ia ted  w i t h  t h e  p r o j e c t  work f o r c e .  Because h i g h  q u a l i t y  t a r  sand 

d e p o s i t s  are found predominant ly  i n  r e g i o n s  o f  t h e  U n i t e d  S t a t e s  i n  

which f reshwater  resources are  a 1 i m i t e d  commodity, p r o j e c t  

env i ronmenta l  analyses must e v a l u a t e  water resource  avai  l a b i  1 i t y  and 

t h e  i m p l i c a t i o n s  o f  p r o j e c t  water  use t o  o t h e r  r e g i o n a l  water users. 

3 
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The f o l l o w i n g  should be inc luded:  

0 sources o f  water a v a i l a b l e  f o r  p r o j e c t  development; 

0 best  est imates o f  q u a n t i t i e s  requ i red  under var ious 
consumptive and nonconsumptive water-use categor ies;  

0 f o r  p r o j e c t s  us ing  groundwater resources (e.g:, aqu i fe r  
y i e l d ,  q u a l i t y ,  and recharge capac i ty ) ,  eva lua t i on  o f  t he  
e f f e c t s  on and i n t e r r e l a t i o n s h i p s  w i t h  surrounding 
groundwater uses; 

0 f o r  p r o j e c t s  us ing sur face water resources, documentation 
o f  the a v a i l a b i l i t y  o f  adequate water r i g h t s  o r  
en t i t lements ;  

0 q u a n t i f i c a t i o n  o f  a v a i l a b l e  y i e l d s  f rom sur face water 
sources, and p o t e n t i a l  adverse impacts t o  downstream 
water users; and 

0 dependency o f  p r o j e c t  opera t ion  on t h e  cons t ruc t i on  o f  
r e l a t e d  water p ro jec ts .  

A l l  o p p o r t u n i t i e s  f o r  water r e c y c l i n g  and conservat ion w i t h i n  t h e  

p r o j e c t  design should be evaluated, and those adapted f o r  t he  p r o j e c t  

should be emphasized. Zero-e f f luen t  operat ions are des i rab le,  whenever 

achievable, t o  minimize e f f e c t s  on ambient water q u a l i t y .  

3.3.4 Water Q u a l i t y  

t h a t  are invo lved i n  the  development o f  t a r  sand deposi ts  inc lude:  
P o t e n t i a l  mechanisms f o r  groundwater and sur face water p o l l u t i o n  

0 increased eros ion  and sediment loading f rom min ing and 
cons t ruc t i on  a c t i v i t i e s ;  

e leaching o r  over f low f rom t a i l i n g s  r e t e n t i o n  basins; 

0 r u n o f f  f rom exposed ore deposi ts,  s t o c k p i l e d  mater ia ls ,  
and s o l i d  waste d isposal  s i t e s ;  

0 contaminat ion o f  groundwater aqu i fe rs  by i n j e c t i o n  
f l u i d s ,  h igh  temperature, s a l i n i t y ,  o r  so lub le  organics 
and metals;  
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0 point -source discharges o f  waste e f f l u e n t s  f rom sur face 
e x t r a c t i o n  and upgrading processes; and 

0 acc identa l  s p i l l s  o f  process and waste streams and 
f i n i s h e d  syncrude o r  petroleum products. 

Each of these mechanisms should be discussed where appropr ia te.  

P o l l u t i o n  c o n t r o l  s t r a t e g i e s  and mon i to r ing  p lans should be presented 

t o  ensure t h a t  water q u a l i t y  degradat ion does no t  occur f rom these 

sources. E f f e c t s  on groundwater q u a l i t y  are most l i k e l y  t o  occur w i t h  

p r o j e c t s  us ing i n  s i t u  e x t r a c t i o n  techniques o r  aqu i fe r  r e i n j e c t i o n  as 

a method f o r  aqueous waste d isposal .  Surface water q u a l i t y  e f f e c t s  

w i  11 be re1  ated t o  d is turbance o f  1 and s u r f  aces associated w i t h  mining, 

const ruct ion,  and d isposal  o f  s o l i d  wastes. Po in t  source e f f l u e n t s  

w i l l  o r i g i n a t e  f rom water coproduced du r ing  bitumen e x t r a c t i o n  and from 
process waste streams associated w i t h  s u l f u r  removal, backwash, 
upgrading condensates, and coo l i ng  tower and b o i l e r  feed blowdown. 

S p e c i f i c  p o l l u t a n t s  f rom t a r  sand processing are s i m i l a r  t o  those 

f rom coal  o r  uranium mining, enhanced o i l  recovery, petroleum r e f i n i n g ,  
and the  coal  convers ion/synfuels  i ndus t r y .  Some o f  t he  p o t e n t i a l  waste 
c o n s t i t u e n t s  t h a t  r e q u i r e  a t t e n t i o n  are l i s t e d  i n  Table 7. 

Table 7. P o t e n t i a l  waste cons t i t uen ts  f rom t a r  sand processing 

Biochemical oxygen demand (BOD) 
To ta l  suspended s o l i d s  (TSS) 
A c i d i t y  o r  a l k a l i n i t y  
Ammon i a 
S u l f u r  compounds 
Heat 
Chemical oxygen demand (COD) 
O i l  and grease 

T o t a l  d isso lved s o l i d s  (TDS) 
Cyani de 
Chlor ides 
Phenol ics 
Polynuclear  aromatic 

Trace meta ls  (As, Cd, C r ,  Cu, 
hydrocarbons (PAHs) 

Pb, Hg, N i ,  Ag, Zn, Mn) 
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To address water q u a l i t y  issues, t h e  environmental  ana lys i s  should 

con ta in  i n fo rma t ion  on the  p red ic ted  composi t ion o f  e f f l u e n t s ,  

comparisons t o  ambient water q u a l i t y  cond i t ions ,  and app l i cab le  water 

q u a l i t y  standards. Chemical composi t ion and l e a c h a b i l i t y  o f  s p e c i f i c  

t a r  sand ores should a l so  be included. Composition and q u a n t i t i e s  o f  

process e f f l u e n t s  should be i d e n t i f i e d  i n  s u f f i c i e n t  d e t a i l  t o  account 

f o r  approximate mater i  a1 balances through a process f l o w  diagram. 

Required sur face  discharge o r  a q u i f e r  r e i n j e c t i o n  permi ts  should be 

l i s t e d  along w i t h  app l i cab le  water q u a l i t y  l i m i t a t i o n s .  

3.3.5 Impacts on B i o t a  

Large-scale t a r  sand development are l i k e l y  t o  des t roy  many 

hectares o f  n a t u r a l  vegeta t ion  and t e r r e s t r i a l  and aquat ic  h a b i t a t  as a 
r e s u l t  o f  bo th  t h e  energy f a c i l i t i e s  themselves and t h e  l a r g e  

popu la t i on  i n f l u x  associated w i t h  the  l abo r  fo rce .  E f f e c t s  on n a t u r a l  

communities w i l l  be cumulat ive w i t h  those f rom o ther  energy 

developments such as uranium, o i l  shale, and coa l  i n  Utah. The 
development and increased human presence associated w i t h  energy 

f a c i l i t i e s  cou ld  severe ly  a f f e c t  species, such as rap tors ,  t h a t  are 

s e n s i t i v e  t o  disturbance. Hab i ta t  des t ruc t i on ,  increased l e g a l  and 
i l l e g a l  hun t ing  pressure, and increased m o r t a l i t y  (e.g., f rom 

r o a d - k i l l s  and b i r d  c o l l i s i o n s  w i t h  new power l i n e s )  cou ld  adverse ly  

a f f e c t  w i l d 1  i f e  populat ions.  
P o t e n t i a l  impacts on aquat ic  b i o t a  may r e s u l t  f rom e i t h e r  p o i n t  o r  

nonpoint  e f f l u e n t s  o r i g i n a t i n g  f rom p r o j e c t  mining, cons t ruc t ion ,  and 
operat ion.  Increased eros ion  and sedimentat ion may degrade water 

q u a l i t y  i n  l o c a l  streams. Consumptive water wi thdrawals  may a l t e r  

inst ream h a b i t a t  cond i t ions ,  and p r o j e c t  e f f l u e n t s  cou ld  lead t o  an 
increase i n  t o t a l  d isso lved s o l i d s  concent ra t ions  i n  downstream 

p o r t i o n s  o f  t h e  watershed. Tox ic  waste e f f l u e n t s ,  i n c l u d i n g  p o i n t  o r  
nonpoint  d ischarges and i n t e r m i t t e n t  over f lows f rom ho ld ing  ponds, may 

r e s u l t  i n  e i t h e r  acute o r  ch ron ic  s t r e s s  on plankton, macrophyte, 

benth ic  macro- invertebrate,  o r  f i s h  populat ions.  
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should:  

0 

0 

0 

0 

0 

0 

Using genera l  background i n f o r m a t i o n  on t h e  a f f e c t e d  environment, @ 
o n s i t e  i n v e n t o r y  d a t a  ( t h e  t y p e  and e x t e n t  determined d u r i n g  e a r l y  

c o n s u l t a t i o n ) ,  and t h e  i n f o r m a t i o n  on t h e  p r o j e c t  design, t h e  a n a l y s i s  

descr ibe  t h e  t e r r e s t r i a l  and a q u a t i c  b i o t a  a f f e c t e d  by 
t h e  proposed p r o j e c t ,  w i t h  s p e c i a l  a t t e n t i o n  p a i d  t o  
endangered, threatened, ra re ,  o r  o therw ise  p r o t e c t e d  
p l a n t  and animal species; 

c h a r a c t e r i z e  by dominant spec ies and p h y s i c a l  f e a t u r e s  
a l l  t e r r e s t r i a l  and a q u a t i c  h a b i t a t s  t h a t  w i l l  be 
d i s t u r b e d ;  

e s t i m a t e  t h e  number o f  hec tares  o f  each t y p e  o f  h a b i t a t  
t h a t  w i l l  be d i s t u r b e d  d u r i n g  min ing,  c o n s t r u c t i o n ,  and 
opera t ion ;  

p resent  a r e c l a m a t i o n  p l a n  f o r  a l l  d i s t u r b e d  areas 
(Sect .  3.3.8); 

e v a l u a t e  t h e  e f f e c t s  o f  t h e  composi te t o x i c i t y  o f  
i n d i v i d u a l  waste e f f l u e n t s ,  and, where app l icab le ,  
combined waste e f f l u e n t s  on t a r g e t  spec ies o f  p l a n t s ,  
i n v e r t e b r a t e s ,  and f i s h ;  and 

i n c l u d e  i n f o r m a t i o n  f r o m  i n i t i a l  c o n t a c t s  w i t h  s t a t e  and 
f e d e r a l  f i s h  and w i l d l i f e  agencies and conserva t ion  
personnel  ( f o r m a l  c o n s u l t a t i o n  w i t h  t h e  U.S. F i s h  and 
W i l d l i f e  Serv ice  i n  r e l a t i o n  t o  t h e  s t a t u s  o f  f e d e r a l l y  
l i s t e d  th rea tened and endangered species i s  t h e  
r e s p o n s i b i l i t y  o f  f e d e r a l  a c t i o n  agency). 

3.3.6 Noise 

Because much o f  t h e  t a r  sand area i s  remote and undeveloped and 

has a h i g h  r e c r e a t i o n a l  value, p r o j e c t - i n d u c e d  n o i s e  l e v e l s  may cause a 

s i g n i f i c a n t  impact. Sur face min ing  w i l l  r e q u i r e  b l a s t i n g  i n  t h e  

c o n s o l i d a t e d  f o r m a t i o n s  o f  Utah. Heavy machinery and t r a f f i c  on haul  

roads may be a s i g n i f i c a n t  source of no ise.  Operat ions a t  t h e  

s e p a r a t i o n  and upgrading f a c i l i t i e s  may produce n o i s e  l e v e l s  i n  excess 

o f  100 dBA i n  t h e  p l a n t  v i c i n i t y  (Norman and Norman 1978). 

Est imates o f  t h e  l e v e l  o f  n o i s e  produced by p r o j e c t  a c t i v i t i e s  

should be suppl ied.  I n f o r m a t i o n  on t h e  l e v e l  o f  s e n s i t i v i t y  and t h e  
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d is tance t o  nearby s e n s i t i v e  receptors  (e.g., r e c r e a t i o n a l  areas, 

backpacking t r a i l s ,  o r  r e s i d e n t i a l  areas) should a lso be provided. 

3.3.7 S o l i d  Waste Disposal 

be accounted f o r .  Sources o f  s o l i d  wastes inc lude:  

S o l i d  waste generated a t  a l l  stages i n  t a r  sand processing should 

0 spent minera l  t a i l i n g s  separated f rom bitumen, 

0 coal  o r  shale i n  overburden handled bu t  discarded i n  the  
m in i  ng process , 

0 sludge produced i n  waste t reatment  processes, 

0 f l y  and bottom ash f rom b o i l e r s ,  

0 spent c a t a l y s t s  used i n  upgrading processes, and 

0 convent ional  domestic s o l i d  wastes. 

The environmental ana lys is  should i d e n t i f y  a l l  t h e  types o f  s o l i d  

wastes t h a t  w i l l  be produced by the  proposed p ro jec t ,  i n d i c a t e  which 

wastes are hazardous and which are nonhazardous, est imate the  

q u a n t i t i e s  o f  each type o f  waste t h a t  w i l l  be produced on an annual 

bas i s  and over t h e  l i f e t i m e  o f  t he  p r o j e c t ,  and descr ibe the  steps t h a t  
w i l l  be taken t o  i d e n t i f y  which o f  the  wastes are hazardous and which 

are not.  Th i s  sec t i on  should c l e a r l y  o u t l i n e  t h e  proposed p lans f o r  
disposa l  o f  both hazardous and nonhazardous wastes. 

Disposal  s i t e s  and methods f o r  hand l ing  and t r e a t i n g  wastes f rom 

each o f  the  sources l i s t e d  above should be i d e n t i f i e d .  The design o f  

o n s i t e  d isposal  areas should i nc lude  the  f o l l o w i n g  cons idera t ions  f o r  
t he  c o n t r o l  and c o l l e c t i o n  o f  leachates:  t he  placement o f  l i n e r s  i n  

ho ld ing  ponds t o  minimize seepage, cons t ruc t i on  o f  d ikes and d i t ches  t o  

c o l l e c t  sur face r u n o f f  and leachate, and the  use o f  cover m a t e r i a l  over 

long-term storage o r  d isposal  s i t e s .  Reclamation p lans (Sect. 3.3.8) 

o u t l i n i n g  the  long-term use o f  d isposal  s i t e s  should a lso  be discussed. 

Canadian exper ience has revealed severa l  problems associated w i t h  

d isposa l  o f  tar -sand t a i l i n g s  (deNevers e t  a l .  1979). C o l l o i d a l  

m a t e r i a l s  associated wi th t a i l i n g s  f rom surface-mined t a r  sand have 
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v e r y  s low s e t t l i n g  v e l o c i t i e s .  Evapora t ion  r a t e s  f r o m  s e t t l i n g  ponds 

can a l s o  be low, e s p e c i a l l y  when s u r f a c e  f i l m s  o f  r e s i d u a l  organics 

accumulate. E f f l u e n t s  produced from s e t t l i n g  pond over f lows have been 
found t o  be t o x i c  t o  f i s h  and w i l d l i f e .  Therefore,  s p e c i a l  a t t e n t i o n  

should be devoted t o  des ign o f  t a i l i n g s  ponds t o  reduce t h e  p r o b a b i l i t y  
o f  water q u a l i t y  impacts. 

3.3.8 Reclamat ion 

Reclamat ion o f  mined l a n d  and d i s p o s a l  areas i s  a major  problem 

area i n  any t a r  sand opera t ion .  P lans f o r  rec lamat ion  should be 
descr ibed i n  d e t a i l .  The o b j e c t i v e s  of r e c l a m a t i o n  should be t o  

( 1 )  reduce water  and wind e r o s i o n  from t h e  d i s t u r b e d  landscape, (2 )  

r e s t o r e  t h e  d i s t u r b e d  areas t o  p r o d u c t i v e  use, and ( 3 )  ensure t h a t  

long- term contaminat ion  of ground and surface waters by leachates f rom 
t h e  rec la imed areas does not occur. 

The r e c l a m a t i o n  p l a n  should i n c l u d e  a l l  areas d i s t u r b e d  d u r i n g  

c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  proposed f a c i l i t y  and descr ibe :  

t h e  l o c a t i o n  o f  a l l  areas t o  be rec la imed ( a  map should 
be prov ided) ;  

h a n d l i n g  and s to rage o f  t o p s o i l ;  

s o i l  amendments t o  be used; 

i r r i g a t i o n  p l a n s  and water sources; 

cover  species t o  be used. 

measures t o  p r o t e c t  t h e  rec la imed areas f r o m  g r a z i n g  f o r  
s u f f i c i e n t  t i m e  t o  a l l o w  es tab l i shment  o f  new vegetat ion;  

a m o n i t o r i n g  program t o  e v a l u a t e  long- term success o f  
rec lamat ion;  and 

schedule f o r  implementat ion o f  s p e c i f i c  p o r t i o n s  o f  t h e  
p lan.  
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3.3.9 Socioeconomics 

The m a j o r i t y  o f  t h e  t a r  sand resource i s  l oca ted  i n  areas 
charac ter ized  by smal l  i s o l a t e d  communities. Boomtown e f f e c t s  on small 

communities r e s u l t i n g  f rom a r a p i d  and l a r g e  popu la t i on  i n f l u x  have 

been demonstrated i n  the  western coal  reg ions (Gilmore and Duf f  

Housing and mun ic ipa l  serv ices  i n  smal l  communities are 

i n s u f f i c i e n t  t o  handle l a r g e  popu la t i on  increases (Cortese and 
1979). Tax revenues f rom t h e  energy f a c i l i t i e s  l a g  severa l  

975). 
o f  t e n  

Jones 
years 

behind the  r i s e  i n  l o c a l  government expendi tures requ i red  t o  meet 

increased demand f o r  serv ices  and may no t  reach a l l ,  o r  even most, o f  

those j u r i s d i c t i o n s  exper ienc ing pro jec t - induced impacts. High-paying 

energy j obs  draw labo r  away f rom lower-paying l o c a l  employers, and 

l o c a l  i n f l a t i o n  may occur, caus ing p a r t i c u l a r  damage t o  low income 

r e s i d e n t s  and those on f i x e d  incomes. Rapid popu la t i on  increases may 

be accompanied by c u l t u r a l  d i s r u p t i o n s  and a r i s e  i n  cr ime ra tes .  

Popu la t ion  increase can a l so  exacerbate e f f e c t s  f rom t h e  energy 

development i t s e l f  on a i r  q u a l i t y ,  water a v a i l a b i l i t y  and q u a l i t y ,  and 
surrounding n a t u r a l  hab i ta t s .  

Boomtown e f f e c t s  should be a n t i c i p a t e d  as a r e s u l t  o f  l a r g e  t a r  

sand development i n  eas tern  Utah and t o  a l esse r  ex ten t  i n  o ther  
areas. E f f e c t s  f rom development o f  t a r  sand resources may a l so  be 

cumulat ive w i t h  those o f  o t h e r  nearby energy developments such as o i l  

shale, uranium, and coa l  e x p l o i t a t i o n .  Adverse e f f e c t s  cou ld  be 
e s p e c i a l l y  c r i t i c a l  i n  areas o f  southeast Utah where popu la t i on  

increases f rom both t a r  sand and o the r  energy developments cou ld  a f f e c t  

communities w i t h  popu la t ions  o f  fewer than 5000 people. 

Water supply  (Sect. 3.3.3) may be e s p e c i a l l y  c r i t i c a l  because 
the re  i s  l i t t l e  water i n  many areas o f  t h e  west, and energy e x t r a c t i o n  

processes o f t e n  consume s i g n i f i c a n t  amounts o f  water. F r a z i e r  e t  a l .  

(1976) no te  t h a t  degradat ion o f  water q u a l i t y  w i l l  r e s u l t  f rom sur face 

mining o f  t a r  sand and t h a t  some i n  s i t u  techno log ies  w i l l  r e q u i r e  
s u b s t a n t i a l  amounts of' water. Al though some o f  t h i s  water may be 

processed and reused, t h e  water demands associated w i t h  t h e  development 
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of t a r  sand p r o j e c t s  may have adverse e f f e c t s  on l o c a l  communit ies and 

t h e  q u a l i t y  o f  l i f e  i n  t h e  impact reg ion .  

The a n a l y s i s  o f  socioeconomic impacts should i n c l u d e  p r o j e c t i o n s  

and/or analyses o f  t h e  f o l l o w i n g  i n f o r m a t i o n :  

a 

a 

a 

a 

a 

a 

a 

a 

0 

The 

r a t e  and magnitude of p o p u l a t i o n  inc rease d u r i n g  
c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  p r o j e c t ,  and probable 
r e s i d e n t i a l  l o c a t i o n  o f  in-movers; 

c a p a c i t y  o f  e x i s t i n g  and planned housing stock t o  
accommodate p r o j e c t - i n d u c e d  housing demand i n  a f f e c t e d  
communities; 

t h e  amount and t i m i n g  of increased revenues and 
expend i tu res  f o r  t h e  impacted j u r i s d i c t i o n s  as a r e s u l t  
o f  p r o j e c t - r e l a t e d  growth; 

adequacy o f  l o c a l  t r a n s p o r t a t i o n  networks t o  handle 
increased worker and heavy equipment t r a f f i c ;  

adequacy o f  l o c a l  p u b l i c  s e r v i c e s  (e.g., water  s u p p l i e s  
and domest ic waste t rea tment  systems) t o  serve expected 
inc reased p o p u l a t i o n s  i n  a f f e c t e d  communities. 

d i r e c t  and secondary employment t o  be c r e a t e d  by t h e  
proposed p r o j e c t  and p r o j e c t - i n d u c e d  changes on t h e  
l o c a l  economic charac ter ;  

impacts on s t r u c t u r e  and management o f  l o c a l  government 
and major  l o c a l  o r g a n i z a t i o n s ;  

impacts  t o  e x i s t i n g  l i f e - s t y l e ,  c u l t u r a l ,  and e t h n i c  
c h a r a c t e r i s t i c s  o f  t h e  impact reg ion ;  and 

l o c a l  suppor t  o r  o p p o s i t i o n  t o  t h e  proposed p r o j e c t .  

assumptions used f o r  t h e  p r o j e c t i o n s  and/or analyses l i s t e d  

above (e.g., t h e  m u l t i p l i e r s  used) should be discussed. I n  a d d i t i o n ,  

t h e  env i ronmenta l  a n a l y s i s  should i n c l u d e  p l a n s  f o r  m o n i t o r i n g  and 

m i t i g a t i o n .  

3.3.10 H e a l t h  and S a f e t y  

Al though commercial u t i l i z a t i o n  o f  

s i n c e  1968, t h e r e  are  l i t t l e  o r  no ava 

t a r  sand 

l a b l e  t o x  

n Canada has occurred 

c o l o g i c a l  o r  b ioassay 
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d a t a  a v a i l a b l e ,  nor  i s  t h e r e  any p u b l i s h e d  documentation of  i n d u s t r i a l  

hygiene programs. Jackson (1979) and MacFarland (1979) b r i e f l y  d iscuss  
t h e  occupat iona l  h e a l t h  and s a f e t y  problems t h a t  w i l l  most l i k e l y  be 

assoc ia ted  w i t h  t h e  process ing  o f  t a r  sand t o  produce s y n t h e t i c  crude 

o i l .  The p r o d u c t  i s  e s s e n t i a l l y  a heavy petroleum, and p o t e n t i a l  

h e a l t h  hazards appear t o  be s i m i l a r  t o  those found i n  r e f i n i n g  crude 

pe t ro leum o i l  o r  coa l  convers ion  and o i l  sha le  recovery  processes. 

Min ing  o f  t a r  sand w i l l  r e s u l t  i n  occupat iona l  hazards much l i k e  

those assoc ia ted  w i t h  open-p i t  o r  s t r i p  min ing.  Increased dus t  l e v e l s  

and n o i s e  f r o m  heavy equipment w i l l  be i n h e r e n t  i n  t h e  m i n i n g  

opera t ions .  A l though sand g r a i n s  composed o f  40 t o  50% s i l i c o n  
comprise about 83% o f  t h e  weight  o f  t a r  sand, t h e  s t i c k y  n a t u r e  o f  t h e  

sand w i l l  h e l p  t o  reduce dust  l e v e l s  d u r i n g  mining. However, a f t e r  t h e  

bi tumen has been removed f r o m  t h e  sand d u r i n g  rec lamat ion  o r  d isposa l ,  

increased d u s t  l e v e l s  and r e s u l t i n g  exposure t o  s i l i c a  may be 

exper ienced (Jackson 1979). The development o f  s i  1 i c o s i  s, c h r o n i c  

b r o n c h i t i s ,  and o t h e r  r e s p i r a t o r y  d i s o r d e r s  as a r e s u l t  o f  s i l i c a  d u s t  

exposures cannot be discounted, and d u s t  l e v e l s  must be eva lua ted  

c r i t i c a l l y  d u r i n g  min ing  and d isposa l .  

Var ious process streams o f  t a r  sand r e t o r t i n g  f a c i l i t i e s  as w e l l  

as t h e  r e s u l t i n g  crude o i l  may c o n t a i n  known mutagens and carc inogens 

such as a l i p h a t i c  o r  aromat ic  hydrocarbons. Dermal c o n t a c t  w i t h  these 

m a t e r i a l s  should be avoided. 
F r a c t i o n a l  d i s t i l l a t i o n ,  used t o  separate p roduc t  f r a c t i o n s  by 

b o i l i n g  p o i n t ,  i s  accompanied by t h e  use o f  c a t a l y s t s  t o  o b t a i n  t h e  

d e s i r e d  products .  Benzene, now regarded as a carc inogen thought  t o  

produce leukemia a t  h i g h  exposure l e v e l s ,  may be present  d u r i n g  t h i s  

process, as w e l l  as - n-hexane, which may induce p e r i p h e r a l  neuropathy 

f o l l o w i n g  systemic a b s o r p t i o n  (McFarland 1979). Exposures t o  carbon 
monoxide, naphtha vapors, and m e t a l - c a t a l y s t  carbony ls  d u r i n g  

e x t r a c t i o n ,  coking, and h y d r o t r e a t i n g  present  p o t e n t i a l  h e a l t h  

hazards. Because t a r  sand c o n t a i n s  up t o  6% o r g a n i c a l l y  bound s u l f u r ,  
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t h e  escape o f  hydrogen s u l f i d e  d u r i n g  r e f i n i n g  processes i s  a hazard 

t h a t  must be assessed (Jackson 1979). Workers may a l s o  be exposed t o  

heat, noise,  h i g h  pressure steam, and coke dus t  (McFarland 1979). 

The major  s o l i d  waste produced w i l l  be sand t h a t  may be coated 

w i t h  a l a y e r  o f  coke produced i n  t h e  r e t o r t .  T h i s  sand may be r e t u r n e d  

t o  t h e  mined-out area. No d a t a  were found on re leases  f rom t a r  sand 

r e t o r t i n g  processes t h a t  would p e r m i t  a d i s c u s s i o n  o f  p o t e n t i a l  p u b l i c  

h e a l t h  concerns. Releases o f  SOx, NO,, some p a r t i c u l a t e s ,  and 

t r a c e  elements a re  p o s s i b l e .  

The a n a l y s i s  should address those h e a l t h  and s a f e t y  i ssues  t h a t  

a r e  o f  concern and should i n c l u d e  p l a n s  f o r  m i n i m i z i n g  t h e  r i s k  t o  

workers and t h e  p u b l i c .  Any m o n i t o r i n g  programs should be c l e a r l y  

descr ibed. 
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4. COAL GASIFICATION AND LIQUEFACTION 

Michael J .  Sale,l Roger L. Kroodsma,l and M a r t i n  Schweitzer2 

4.1 RESOURCE D E S C R I P T I O N  

I n  terms o f  volume and gross energy p o t e n t i a l ,  coa l  i s  t h e  most 

s i g n i f i c a n t  f o s s i l  f u e l  resource i n  t h e  Un i ted  States.  Coal reserves 

c o n s t i t u t e  about 90% o f  t he  n a t i o n ' s  f o s s i l  f u e l  reserves (Parker  and 

Thompson 1976, U.S. GAO 1977) and are w ide ly  d i s t r i b u t e d  (F ig .  4 ) .  Use 
o f  t h i s  impor tant  n a t u r a l  resource has, i n  t h e  past, been l i m i t e d  by 

problems such as min ing  impacts, t r a n s p o r t a t i o n  o f  t h e  product  t o  t h e  

markets, and environmental  p o l l u t i o n .  Al though min ing and 

t r a n s p o r t a t i o n  problems can be l a r g e l y  so lved w i t h  e x i s t i n g  technology, 

environmental  issues such as p o t e n t i a l  a i r  and water p o l l u t i o n  are 
p e r s i s t e n t  problems (U.S. DOE 1978a,b; Braunste in  e t  a l .  1977a). 

Coal -der ived syn fue ls  (CDS) can be produced by g a s i f i c a t i o n  and/or 

l i q u e f a c t i o n ,  convers ion processes t h a t  t rans form coa l  f rom i t s  

o r i  g i  n a l  , heterogeneous form (Tab1 e 8 )  i n t o  more homogeneous gaseous, 

l i q u i d ,  o r  s o l i d  products.  The i n t e n t  o f  c r e a t i n g  syn fue ls  f rom coal  

i s  t h r e e f o l d :  ( 1 )  t o  develop a l t e r n a t i v e  energy sources t h a t  are 

compat ib le w i t h  e x i s t i n g  environmental  p r o t e c t i o n  c r i t e r i a ,  ( 2 )  t o  

increase t h e  use o f  domestic energy supp l ies  cons is ten t  w i t h  t h e  

n a t i o n a l  goal  of energy independence, and ( 3 )  t o  produce f u e l s  t h a t  are 
compat ib le  w i t h  e x i s t i n g  d e l i v e r y  systems and markets. These 

o b j e c t i v e s  can be met by i s o l a t i n g  t h e  hydrocarbon f r a c t i o n  o f  coal ,  
en r i ch ing  t h e  hydrogen t o  carbon r a t i o  o f  t h e  products  r e l a t i v e  t o  t h e  

raw mate r ia l ,  and removing undes i rab le  i no rgan ic  cons t i t uen ts  such as 

'Environmental Sciences D i  v i  s ion,  ORNL. 

'Energy D iv i s ion ,  ORNL. 
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Table 8. Mean a n a l y t i c a l  values f o r  101 coal  types. 

Standard 
Mean d e v i a t i o n  Minimum Maxi mum 

Arsenic, ppm 
Boron, ppm 
Bery l l ium,  ppm 
Bromine, ppm 
Cadmium, ppm 
Cobalt, ppm 
Chromium, ppm 
co PP e r Y P Pm 
F luo r ine ,  ppm 
Gallium, ppm 
Germanium, ppm 
Mercury, ppm 
Manganese, ppm 
Molybdenum, ppm 
Nickel ,  ppm 
Phosphorus, ppm 
Lead, pprn 
Antimony, ppm 
Selenium, ppm 
Tin, ppm 
Vanadium, ppm 
Zinc, ppm 
Zirconium, ppm 
Aluminum, % 
Calcium, % 
Chlor ine,  % 
I ron,  % 
Potassium, % 
Magnesium, % 
Sodium, % 
S i l i c o n ,  % 
Titanium, % 
Organic s u l f u r ,  % 
P y r i t i c  s u l f u r ,  % 
To ta l  s u l f u r ,  % 
S u l f u r  by X-ray 

f 1 uorescence, % 
A i r - d r y  loss, % 
Moisture,  % 
V o l a t i l e  matter,  % 
F i xed  carbon, % 
Ash, % 
Carbon, % 
Hydrogen, % 
Ni t rogen, % 
Oxygen, % 
High-temperature ash, % 
Low-temperature ash, % 
Heat i  ng value, MJ/kg 

14.02 
102.21 

1.61 
15.42 

2.52 
9.57 

13.75 
15.16 
60.94 

3.12 
6.59 
0.20 

49.40 
7.54 

21.07 
71.10 
34.78 

1.26 
2.08 
4.79 

32.71 
272.29 
72.46 

1.29 
0.77 
0.14 
1.92 
0.16 
0.05 
0.05 
2.49 
0.07 
1.41 
1.76 
3.27 

2.91 
7.70 
9.05 

39.70 
48.82 
11.44 
70.28 

4.95 
1.30 
8.68 

11.41 
15.28 
29.65 

17.70 
54.65 
0.82 
5.92 
7.60 
7.26 
7.26 
8.12 

20.99 
1.06 
6.71 
0.20 

40.15 
5.96 

12.35 
72.81 
43.69 

1.32 
1.10 
6.15 

12.03 
694.23 

57.78 
0.45 
0.55 
0.14 
0.79 
0.06 
0.04 
0.04 
0.80 
0.02 
0.65 
0.86 
1.35 

1.24 
3.47 
5.05 
4.27 
4.95 
2.89 
3.87 
0.31 
0.22 
2.44 
2.95 
4.04 
1.08 

0.50 
5.00 
0.20 
4.00 
0.10 
1 .oo 
4.00 
5.00 

25.00 
1.10 
1 .oo 
0.02 
6.00 
1 .oo 
3.00 
5.00 
4.00 
0.20 
0.45 
1 .oo 

11 .oo 
6.00 
8.00 
0.43 
0.05 
0.01 
0.34 
0.02 
0.01 
0.00 
0.58 
0.02 
0.31 
0.06 
0.42 

0.54 
1.40 
0.01 

18.90 
34.60 

2.20 
55.23 
4.03 
0.78 
4.15 
3.28 
3.82 

26.89 

93.00 
224.00 

4.00 
52.00 
65.00 
65.00 
54.00 
61 .OO 

143.00 
7.50 

43.00 
1.60 

181 .OO 
30.00 
80.00 

400.00 
218.00 

8.90 
7.70 

51 .OO 
78.00 

5350.00 
133.00 

3.04 
2.67 
0.54 
4.32 
0.43 
0.25 
0.20 
6.09 
0.15 
3.09 
3.78 
6.47 

5.40 
16.70 
20.70 
52.70 
65.40 
25.80 
80.14 

5.79 
1.84 

16.08 
25.85 
31.70 
33.41 

SOURCE: Ruch e t  a l .  1974. 
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sulfur, trace metals, and other inert materials. The synthetic 
products which can be generated include: 

e high, intermediate, or low Btu gases; 

0 liquids such as naphtha, methanol, gasoline, diesel oil, 
or No. 2 and No. 6 fuel oils; and 

o low-melting-point solids for use as boiler fuel with 
low-sulfur, low-ash content. 

Other commercially valuable by-products that can be obtained through 
the production of CDS include ammonia, elemental sulfur, phenol, and 
coke. 

Depending on their chemical composition, gaseous synfuels fall 
into one of three heating value classifications. Low Btu gas, also 
called synthesis gas, consists primarily of hydrogen (H2), carbon 
monoxide (CO), and nitrogen gas species; its heating value is less than 
7.5 MJ/m3 (approximately 200 Btu/scf) . Intermediate Btu gas has 
comparatively more methane (CH4) and less nitrogen than does low Btu 

3 gas. Heating values of intermediate Btu gas range up to 17 MJ/m 
(approximately 450 Btu/scf). Intermediate and low Btu gases contain 
significant amounts of impurities such as hydrogen sulfide (H2S), 
carbon dioxide (C02) , hydrogen cyanide (HCN), phenols, and higher 
molecular weight hydrocarbons. Direct uses of these coal gases are 
primarily in local industry as boiler feeds. Synthesis gas, however, 
is more commonly used as the precursor for the production of higher 
grade synfuel or as a chemical feedstock (i.e., source of H2 and/or 
CO for production of ammonia or other petrochemicals). 

High Btu gas, which is almost pure CH4, has a heating value of 
greater than 33 MJ/rn3 (900 Btu/scf). Substitute pipeline gas (SPG) ,  

a high Btu gas suitable for distribution within existing natural gas 
pipeline systems, is an example of this type of CDS. Because strict 
quality standards exist for allowable concentrations of carbon 
monoxide, carbon dioxide, hydrogen sulfide, total sulfur, water vapor, 
and higher molecular weight hydrocarbons in SPG (Strakey et al. 1975), 
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p l a n t s  producing SPG i n c l u d e  a d d i t i o n a l  processes t o  remove these 

i m p u r i t i e s .  

The syncrudes f r o m  which l i q u i d  CDS p roduc ts  a re  r e f i n e d  d i f f e r  

f r o m  pet ro leum crude o i l  i n  severa l  impor tan t  ways. A l though t h e  

o r i g i n a l  c o a l  t y p e  and t h e  s p e c i f i c  convers ion process determine 

syncrude c h a r a c t e r i s t i c s ,  c o a l - d e r i v e d  syncrudes a r e  g e n e r a l l y  h igher  

i n  n i t r o g e n ,  s u l f u r ,  c y c l i c  hydrocarbons, and t r a c e  elements than i s  

pe t ro leum crude o i l .  Coal syncrudes can be hydro t rea ted  t o  produce a 

CDS compat ib le  w i t h  s tandard o i l - r e f i n i n g  techniques (NAS 1977, 

S u l l i v a n  e t  a l .  1981). However, t h e  c o n c e n t r a t i o n s  o f  p o l y c y c l i c  

aromat ic  hydrocarbons (PAHS) and a c i d i c  o rgan ic  compounds such as 

phenols and c r e s o l s  w i l l  s t i l l  exceed those i n  pet ro leum products,  

e s p e c i a l l y  i n  heav ie r  COS p roduc ts  (Brauns te in  e t  a l .  1977a). 

An example o f  so l id-phase CDS p roduc ts  i s  t h e  l o w - s u l f u r ,  low-ash, 

s o l i d  f u e l  syn thes ized by t h e  So lvent  Ref ined Coal (SRC-I) process 

(U.S. DOE 1981b). T h i s  s y n f u e l  has been demonstrated t o  be as 

acceptable a b o i l e r  feedstock as c o a l  (Bechte l  Nat iona l ,  Inc .  1979). 

The SRC s o l i d s  have l e s s  than 0.96% s u l f u r  and 0.16% ash. Heat ing 

va lues  a r e  about 37 MJ/kg (16,000 B t u / l b ) ,  h i g h e r  t h a n  t h e  o r i g i n a l  
coa l .  The major  b e n e f i t s  o f  r e t r o f i t t i n g  power p l a n t s  t o  use SRC 

s o l i d s  a re  t h e  decreased atmospher ic emissions which r e s u l t  f rom us ing  

t h i s  c l e a n e r  b u r n i n g  f u e l .  

A l a r g e  number o f  des ign v a r i a t i o n s  among s p e c i f i c  CDS p r o j e c t s  
a r e  poss ib le ,  depending on t h e  d e s i r e d  end produc ts  and t h e  convers ion  

s t r a t e g y  used. Whi le t h e  d i s t i n c t i o n  between c o a l  g a s i f i c a t i o n  

( p r o d u c t i o n  o f  gaseous s y n f u e l s )  and l i q u e f a c t i o n  ( p r o d u c t i o n  o f  l i q u i d  

s y n f u e l s )  i s  c l e a r ,  t h e  r o u t e  t h a t  can be taken t o  produce any one 

p a r t i c u l a r  CDS i s  f a r  f rom unique ( F i g .  5 ) .  F o r  example, SPG can be 

produced v i a  c o a l  g a s i f i c a t i o n  f o l l o w e d  by methanation, o r  it can be a 

secondary p roduc t  o f  a l i q u e f a c t i o n  scheme, be ing  produced f rom c o a l  

char  l e f t  over  f r o m  p y r o l y s i s  o r  s o l v a t i o n  processes o f  l i q u e f a c t i o n  

( t h e  p r e v i o u s l y  proposed I C G G  p r o j e c t  i n  southern I l l i n o i s  was an 

example o f  t h e  l a t t e r ) .  S i m i l a r l y ,  g a s o l i n e  can be produced b y  

r e f i n i n g  naphtha produced i n  a d i r e c t  l i q u e f a c t i o n  process (e.g., 
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F i g .  5. Alternative processes for synfuel production from coal 
(modified from Gehrs 1977). 



SRC 11),  o r  i t  can be d e r i v e d  i n d i r e c t l y  by c a t a l y t i c  r e f o r m a t i o n  of 

methanol produced f rom synthes is  gas (hence t h e  term 

" i n d i r e c t l i q u e f a c t i o n " ) .  When g a s i f i c a t i o n  and l i q u e f a c t i o n  are  used 

t o  supplement each o t h e r  (e.g., where t h e  hydrogen gas r e q u i r e d  i n  

hydrogenat ion r e a c t i o n s  o f  l i q u e f a c t i o n  i s  produced o n s i t e  by a 

p a r a l l e l  g a s i f i c a t i o n  process) ,  CDS p r o j e c t  des ign i s  compl icated 

f u r t h e r .  Economic pressure  t o  inc rease t h e  convers ion  e f f i c i e n c y  o f  

s y n f u e l  p r o d u c t i o n  may lead t o  an increased number o f  p r o j e c t s  

i n c o r p o r a t i n g  bo th  g a s i f i c a t i o n  and l i q u e f a c t i o n  processes i n t o  t h e  

same c o a l  convers ion  scheme. 

4.2 TECHNOLOGY OVERVIEW 

4.2.1 Coal G a s i f i c a t i o n  

The c e n t r a l  element i n  a l l  g a s i f i c a t i o n  des ign schemes i s  a 

r e a c t o r  vessel  c a l l e d  t h e  g a s i f i e r  i n  which t h e  i n i t i a l  carbon 
monoxidelhydrogen syn thes is  gas m i x t u r e  i s  produced f rom coa l  o r  coa l  

char. The g a s i f i e r  i s  u s u a l l y  a h i g h  temperature,  p r e s s u r i z e d  vessel 

where bo th  combustion (Table 9 ,  Eq. 1)  and g a s i f i c a t i o n  (Tab le  9 ,  

Eq. 2 )  occur.  G a s i f i e r  designs a r e  d i v i d e d  i n t o  t h r e e  types, depending 

on t h e  method used t o  i n t r o d u c e  t h e  coa l  feed i n t o  t h e  r e a c t o r .  F i x e d  

bed g a s i f i e r s  suppor t  i n p u t  coa l  on r i g i d  rack  systems and pass gases 

over  t h e  bed a t  low v e l o c i t i e s .  F l u i d i z e d - b e d  g a s i f i e r s  operate w i t h  

h i g h  gas v e l o c i t i e s  ( u s u a l l y  up f low)  and smal l  c o a l  p a r t i c l e  s i z e s  i n  
such a way t h a t  t he  s o l i d  p a r t i c l e s  a r e  f r e e l y  suspended. En t ra ined -  

bed g a s i f i e r s  a l s o  use a h i g h  v e l o c i t y  stream o f  o x i d a n t  ( a i r  o r  0 2 )  
and steam t o  c a r r y  c o a l  p a r t i c l e s  i n t o  t h e  r e a c t o r  vessel  b u t  

f l u i d i z a t i o n  v e l o c i t i e s  a re  n o t  mainta ined.  

Other impor tan t  v a r i a b l e s  i n  g a s i f i e r  des ign a r e  t h e  temperature 

and pressure  c o n d i t i o n s  and o x i d a n t  type. High pressure  a i d s  t h e  

h y d r o g a s i f i c a t i o n  r e a c t i o n  (Tab le  9, Eq. 3) ,  which produces syn thes is  

gas w i t h  a r e l a t i v e l y  h i g h e r  h e a t i n g  va lue  (more CH4).  Use o f  pure 

oxygen as t h e  o x i d a n t  i n  p l a c e  o f  a i r  a l s o  produces a h i g h e r  grade 

produc t  because t h e  r e s u l t a n t  h e a t i n g  va lues a r e  n o t  depressed by t h e  
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Tab le  9. P r i n c i p a l  chemical  conve rs ions  i n v o l v e d  i n  c o a l - d e r i v e d  s y n f u e l s  p r o d u c t i o n  

R e a c t i o n  A H f ( k J ) a  E q u a t i o n  
No. 

COMBUSTION 

Coal, a i r  ( o r  02) Heat, CO2, H20, ash, ( 1 )  
CO, NO,, SO, 

SYNTHESIS GAS PRODUCTION ( g a s i f i c a t i o n )  

Coal, H Z O ( ~ ) ,  heat  ~ 

HYDROGASIFICAPION 

Coal, Hp F 

SHIFT CONVERSION 

METHANATION 

co + 3H2 
c a t a l y s t  * 

METHANOL SYNTHESIS 

CO + 2H2 
c a t a l y s t  .) 

CARBONIZATION ( P y r o l y s i s )  

Coal, Heat * 

CO, Hp, C o p ,  CH4, o t h e r  
hydrocarhons, H2S, char ,  
ash 

CH4, o t h e r  hydrocarhons, 
cha r  

COP + H2 

CH4 + H20 

CH4 + 2H20 

CH30H 

CH30H + H20 

V o l a t i l e  hydrocarbons, 
c o a l  gas, cha r  

( 3 )  

-1.9 t o  -2.4 ( 4 )  

-11.9 t o  -12.9 ( 5 )  

-14.1 t o  -14.9 ( 6 )  

al k J  = 0.239 k c a l .  
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presence o f  n i t rogen.  A d e v o l a t i l i z a t i o n  g a s i f i e r  emphasizes t h e  

h y d r o g a s i f i c a t i o n  r e a c t i o n  o n l y  by combining hydrogen and coa l  a t  h igh  

temperature and pressure i n  t h e  absence o f  any ox idants .  

The raw syn thes is  gases undergo a s e r i e s  o f  cleanup processes 

a f te r  l e a v i n g  t h e  g a s i f i e r .  The f i r s t  s tep  i s  gas quenching, which 

c o n s i s t s  o f  passing t h e  gas stream through a spray o f  water f o r c i n g  
condensat ion and removal o f  nongaseous by-products. The aqueous waste 

stream f rom quenching ( i  .e. , process condensate) conta ins  o i l s ,  t a r s ,  

phenol ics,  p o l y c y c l i c  aromat ic hydrocarbons (PAHs) , and en t ra ined ash 
p a r t i c l e s .  The gaseous product  stream a f t e r  quenching conta ins  t h e  

des i red  C O Y  H2, and CH4 p l u s  i m p u r i t i e s  such as H2S t h a t  must be 

removed be fore  f u r t h e r  process ing o f  t h e  syn thes is  gas. 

Ac id  gas removal i s  a u n i t  process used t o  purge undes i rab le  

s u l f u r  compounds and carbon d iox ide .  The opera t ion  i s  c a r r i e d  ou t  by 

e i t h e r  phys i ca l  o r  chemical absorp t ion  o f  a c i d i c  gases i n t o  e i t h e r  a 

l i q u i d  phase o r  s o l i d  p r e c i p i t a t e .  Absorpt ion l i q u i d s  i nc lude  ho t  

carbonate, methanol, amine so lu t i ons ,  and dimethoxy te t rae thy lene  

g l y c o l .  A f i l t e r  bed o f  i r o n  o r  z i n c  oxides can a l so  be used t o  remove 

H2S. The sour ( a c i d i c )  l i q u i d  waste streams f rom t h i s  process are 

rou ted  through a regenerator,  recyc led  t o  a wastewater t reatment  

process, o r  used i n  another stage i n  t h e  convers ion scheme (e.g., gas 

quenching). Ac id  gas removal i n  t h e  g a s i f i c a t i o n  scheme can be done 

e i t h e r  be fo re  o r  a f t e r  t h e  s h i f t  convers ion reac t ion ,  b u t  i t  must 
precede any c a t a l y t i c  processes because H2S i n a c t i v a t e s  most c a t a l y s t  
beds c r i t i c a l  i n  l a t e r  convers ion processes. 

The s h i f t  convers ion process (Table 9, Eq. 4 )  i s  an in te rmed ia te  

s tep e s s e n t i a l  t o  op t im ize  t h e  c a t a l y t i c  conversions t h a t  produce CH4 

o r  methanol (CH30H). The r e a c t i o n  c o n s i s t s  o f  s a t u r a t i n g  a CO-rich 
gas w i t h  steam and pass ing i t  through a c a t a l y t i c  r e a c t o r  (e.g., 

chromium or  i r o n  ox ide)  t o  produce Hp and COP. Carbon d i o x i d e  can 

then be removed i n  an a c i d  wash s tep t o  r e s u l t  i n  a n e t  change i n  

H :CO r a t i o s .  The presence o f  a c a t a l y s t  i s  most impor tant  a t  lower 

temperatures (e.g., l e s s  than 370°C) t o  f o r c e  t h e  r e a c t i o n  t o  

equ i l i b r i um.  Usua l l y  o n l y  p a r t  o f  t h e  p u r i f i e d  synthes is  gas stream 

2 
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@ undergoes s h i f t  convers ion  t o  produce s u f f i c i e n t  H2 f o r  subsequent 

c a t a l y t i c  convers ion r e a c t i o n s .  Opt imal molar  r a t i o s  o f  H2 t o  C02 
a r e  3 : l  f o r  methanat ion and 2:l  f o r  methanol p roduc t ion .  S h i f t  

convers ions w i l l  generate a minor  aqueous waste stream c o n s i s t i n g  o f  

excess water  and a smal l  amount o f  condensed hydrocarbons. 
Methanat ion i s  t h e  l a s t  major  s t e p  i n  t h e  p r o d u c t i o n  o f  SPG. 

E f f e c t i v e  c a t a l y s t s  f o r  t h e  methanat ion r e a c t i o n s  (Table 9, Eqs. 5 and 

6 )  are ruthenium, n i c k e l ,  c o b a l t ,  i r o n ,  o r  molybdenum (St rakey  e t  a l .  
1975). D e a c t i v a t i o n  and f o u l i n g  o f  t h e  c a t a l y s t s  i s  a s e r i o u s  

problem. Because t h e  r e a c t i o n s  produc ing  CH4 a re  h i g h l y  exothermic, 

c o o l i n g  o f  t h e  methanat ion r e a c t o r  i s  r e q u i r e d  t o  keep temperatures i n  

a range t o  m a i n t a i n  l o n g  c a t a l y s t  l i f e .  Poisoning by s u l f u r  compounds 

can occur  i f  i n f l o w  gases have n o t  been cleaned. C a r e f u l  c o n t r o l  over  

pressure and H2:C02 r a t i o s  i s  necessary t o  avo id  heterogeneous 
decomposi t ion t o  CO and CH4 and t h e  f o r m a t i o n  o f  e lementa l  carbon 

d e p o s i t s  t h a t  r e s u l t  i n  c a t a l y s t  f o u l i n g .  

4.2.2 Coal L i q u e f a c t i o n  

The o v e r a l l  o b j e c t i v e s  o f  c o a l  l i q u e f a c t i o n  are  t h e  same as c o a l  
g a s i f i c a t i o n :  i s o l a t i o n  o f  t h e  hydrocarbon f r a c t i o n  o f  t h e  raw coa l  

feedstock and enr ichment o f  t h e  hydrogen-to-carbon r a t i o s  i n  l i q u i d  CDS 

p roduc ts  (NAS 1977). Conversion processes d i f f e r  o n l y  i n  terms of 

emphasizing d i f f e r e n t  types  o f  endproducts. I n  a d d i t i o n  t o  t h e  i n d i r e c t  

l i q u e f a c t i o n  schemes which opera te  on s y n t h e s i s  gas feeds tocks  (Salmon 

e t  a l .  1980), t h r e e  genera l  techniques a r e  a v a i l a b l e  f o r  d i r e c t  c o a l  

l i q u e f a c t i o n  (F ig .  5; NAS 1977, Brauns te in  e t  a l .  1977a): 
( 1 )  c a r b o n i z a t i o n  ( p y r o l y s i s )  o r  h y d r o c a r b o n i z a t i o n  ( p y r o l y s i s  i n  a 

hydrogen-enr iched atmosphere), ( 2 )  s o l v a t i o n ,  and ( 3 )  c a t a l y t i c  

hydro1 i q u e f a c t i o n  (hydrogenat ion) .  The 1 a s t  two processes use s o l v e n t  

e x t r a c t i o n .  However, c a t a l y t i c  h y d r o l i q u e f a c t i o n  i n c l u d e s  t h e  a d d i t i o n  

o f  c a t a l y s t s  t o  t h e  i n i t i a l  r e a c t i o n  process t o  enhance r a t e s  of 

hydrogenat ion.  
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Liquefaction schemes based on pyrolysis (Table 9, Eq. 9) 
accomplish the thermal decomposition of coal by heating it in the 
absence of an oxidizing atmosphere (air or 02).  The initial products 
are a complex mixture of volatile hydrocarbons condensed from pyrolysis 
gases, purified coal gases, and a high carbon char. Elevated H2 
concentrations in the pyrolysis reactor help stabilize radical 
hydrocarbons and increase final H:C ratios in the products. However, 
the liquid products from pyrolysis reactors are generally lower in both 
quantity and quality compared with those derived from other liquefaction 
schemes (NAS 1977). Although the operating temperatures and pressures 
are less severe in the carbonization processes than those in other 
types of liquefaction, and the overall designs are less complex, major 
problems remain to be solved, including wear and erosion of valves and 
piping, entrained-flow reactor plugging due to agglomeration of coals, 
and coal caking in fluidized-bed reactors. 

Liquefaction schemes using solvation techniques begin by mixing 
crushed coal with an organic solvent. This slurry is then pumped to a 
pressurized (13.8-17.2 MPa) and heated (425-480OC) reaction vessel 
where it is mixed with hydrogen gas and the coal materials are 
dissolved. During this process, a combination of mild pyrolysis and 
hydrogenation takes place. In many process designs, the solvent serves 
a secondary purpose of being a hydrogen donar to radical hydrocarbons 
(the Exxon Donar Solvent process; Epperly et al. 1981). A filtration 
step i s  necessary after the coal/solvent mixture leaves the dissolution 
reactor to recover the solvent for recycle and to remove ash and other 
unconverted coal particles from the coal liquids. This solids 
separation process has caused many design problems (e.g., persistent 
clogging) due to the difficulty in separating solids from the very 
viscous mixture of hydrocarbons. 

Catalytic hydrogenation can use catalysts in two different methods 
to increase the quality (i.e., lower boiling point and viscosity and 
higher H:C ratios) of initial CDS products. The use o f  catalysts 
usually requires higher pressuves in the liquefaction reactor than any 
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@ o t h e r  1 i q u e f a c t i o n  designs (e.g. , t h e  H-Coal process operates a t  

pressures i n  t h e  r e g i o n  o f  20.7 MPa (3000 p s i g ) ;  Ecc les and DeVaux 
1981). These h i g h e r  pressures i n c r e a s e  equipment wear and cause more 

d i f f i c u l t y  i n  i n t r o d u c i n g  t h e  c o a l - s l u r r y  f e e d  i n t o  t h e  l i q u e f a c t i o n  

r e a c t o r .  C a t a l y s t s  can be e i t h e r  mixed d i r e c t l y  w i t h  t h e  crushed coal ,  

t r a n s p o r t e d  i n t o  t h e  l i q u e f a c t i o n  r e a c t o r ,  and d iscarded a f t e r  t h e  
s o l i d s  s e p a r a t i o n  s tep  (e.g., t h e  Dow l i q u e f a c t i o n  process; M o l l  e t  a l .  

1981), o r  l o c a t e d  i n  a f i x e d  p o s i t i o n  i n s i d e  t h e  l i q u e f a c t i o n  r e a c t o r  

(e.g., t h e  H-Coal process; Ecc les and DeVaux, 1981). 

I n d i r e c t  l i q u e f a c t i o n  o f  c o a l  i s  more analogous t o  h igh-Btu 
g a s i f i c a t i o n  processes than d i r e c t  l i q u e f a c t i o n  processes (C. F. Braun 

i$ Co. 1979, Salmon e t  a l .  1980, Wham e t  a l .  1981). Synthes is  o f  

CH30kl o r  g a s o l i n e  i s  t h e  most f requent  o b j e c t i v e  o f  i n d i r e c t  

l i q u e f a c t i o n .  The process f l o w  proceeds from coa l  t o  syn thes is  gas t o  
CH30H (Tab le  9, Eqs. 1-7 and 1-8) and, i f  des i red,  g a s o l i n e  o r  o t h e r  

re formed hydrocarbons. The CH30H s y n t h e s i s  r e a c t i o n s  occur  i n  

p ressur ized ,  c a t a l y t i c  r e a c t o r s  s i m i l a r  t o  those used i n  methanation, 

b u t  d i f f e r e n t  c a t a l y s t s  (e.g. , zinc-chrome o r  copper-z inc 

combinat ions)  , h i g h e r  pressures [ o f t e n  g r e a t e r  than 10 MPa (100 atm)], 

and s y n t h e s i s  gas w i t h  H2/(CO+C02) r a t i o s  o n l y  s l i g h t l y  g r e a t e r  
than 2 a r e  necessary t o  o p t i m i z e  t h e  CH30H synthes is  r e a c t i o n s  
(Salmon e t  a l .  1980). As w i t h  methanation, t h e  convers ion  r e a c t i o n s  

are exothermic and have s i g n i f i c a n t  c o o l i n g  requirements.  Simple 

condensat ion and d i s t i l l a t i o n  systems p u r i f y  t h e  crude methanol 

produced. A l though a s y n t h e s i s  gas feedstock can come f r o m  any c o a l  

g a s i f i c a t i o n  process, r e c e n t  s t u d i e s  i n d i c a t e  t h a t  ent ra ined-bed 

g a s i f i e r s  w i t h  h i g h  o p e r a t i n g  pressures are  more s u i t a b l e  f o r  c o u p l i n g  

w i t h  CH30H s y n t h e s i s  due t o  h i g h e r  f low- th rough volumes, h i g h e r  

H2/C0 composi t ion,  l e s s  need f o r  p ressure  changes between r e a c t o r s ,  

and smal le r  c o n c e n t r a t i o n s  o f  u n d e s i r a b l e  by-products (Salmon e t  a l .  

1980). F ischer-Tropsch and M-Gasoline processes are  two i n d i r e c t  

l i q u e f a c t i o n  schemes w i t h  s t r o n g  commercial p o t e n t i a l  t h a t  conver t  

CH30H i n t o  l a r g e r  hydrocarbons by c a t a l y t i c  r e f o r m a t i o n  (Rogers e t  
a l .  1978). 

& 

Q 
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4.2.3 A u x i l i a r y  Processes 

The u n i t  processes a long t h e  main convers ion  stream i n  CDS 
p r o d u c t i o n  ( i  .e., those processes d i r e c t l y  l i n k e d  t o  t h e  g a s i f i e r  and 

l i q u e f a c t i o n  r e a c t o r s )  c o n s t i t u t e  o n l y  p a r t  o f  an o v e r a l l  p r o j e c t  

design. Other impor tan t  processes prepare raw m a t e r i a l s  f o r  i n p u t  t o  

t h e  main convers ion  stream, e x t r a c t  by-products,  o r  t r e a t  t h e  waste 

streams c r e a t e d  i n  t h e  v a r i o u s  stages o f  coa l  convers ion ( F i g .  6 ) .  The 

des ign and o p e r a t i o n  o f  these a u x i l i a r y  processes are  as impor tan t  t o  

t h e  e v a l u a t i o n  o f  CDS p r o j e c t s  as are  t h e  c e n t r a l  g a s i f i c a t i o n  o r  

l i q u e f a c t i o n  processes because t h e y  are  i n v o l v e d  i n  t h e  use o f  raw 

m a t e r i a l s  and t h e  removal o f  p o l l u t a n t s  b e f o r e  t h e y  are re leased t o  t h e  

environment. To understand p o t e n t i a l  p r o j e c t  impacts, each o f  these 

processes should be i d e n t i f i e d  i n  a p r o j e c t  f l o w  diagram o f  inpu ts ,  

outputs ,  and f a t e s  o f  waste c o n s t i t u e n t s .  

4.3 POTENTIALLY SIGNIFICANT ISSUES 

P o t e n t i a l l y  s i g n i f i c a n t  environmental  impacts assoc ia ted  w i t h  

c o n s t r u c t i o n  and o p e r a t i o n  o f  proposed CDS p r o j e c t s  should be descr ibed 

i n  d e t a i l .  I n  a d d i t i o n  t o  addressing these issues, genera l  background 

i n f o r m a t i o n  on t h e  a f f e c t e d  environment should be reviewed t o  determine 

i f  any a d d i t i o n a l  s i g n i f i c a n t  o r  c o n t r o v e r s i a l  i ssues  a r e  apparent. 

For  example, a rev iew o f  t h i s  background i n f o r m a t i o n  c o u l d  show t h a t  an 

h i s t o r i c  s i t e  i s  p resent  on t h e  p r o j e c t  p r o p e r t y  and t h a t  p o r t i o n s  o f  a 

100-year f l o o d p l a i n  c o u l d  be a f f e c t e d .  I n  such a s i t u a t i o n ,  t h e  

a p p l i c a n t  should upgrade t h e  i n f o r m a t i o n  and a n a l y s i s  as appropr ia te .  
The f o l l o w i n g  issues  a r e  those most l i k e l y  t o  be s i g n i f i c a n t  f o r  

CDS p r o j e c t s  and should be c a r e f u l l y  reviewed. I f  t h i s  r e v i e w  shows 

t h a t  t h e  i s s u e  i s  n o t  r e l e v a n t  t o  t h e  proposed p r o j e c t ,  then t h e  

reasons f o r  n o t  p r e s e n t i n g  a d e t a i l e d  a n a l y s i s  should be discussed. 

4.3.1 Land Use 

The types  o f  i n f o r m a t i o n  needed t o  assess t h e  impacts o f  CDS 

p r o j e c t s  on l a n d  use a r e  g e n e r a l l y  s i m i l a r  t o  those needed f o r  any 

o t h e r  p r o j e c t  i n v o l v i n g  c o n s t r u c t i o n  and o p e r a t i o n  of a l a r g e - s c a l e  
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process condensate - 
sour water- 
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a i r  ______) 1 GENERATION 1 -ash 

F i g .  6. Examples o f  a u x i l i a r y  processes suppor t ing  t h e  main 
c o a l - d e r i v e d  s y n f u e l s  p r o d u c t i o n  process. 
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f a c i l i t y .  Land-use impacts o f  CDS f a c i l i t i e s  can r e s u l t  f rom o n s i t e  

a c t i v i t i e s ,  coal  mining, cons t ruc t i on  o f  t ransmiss ion  l i n e s  and 

p ipe l i nes ,  s o l i d  waste d isposal ,  product  s p i l l s ,  and secondary urban 

growth. The need f o r  coa l  convers ion f a c i l i t i e s  t o  l o c a t e  adjacent t o  

nav igab le  waters f o r  barge f a c i l i t i e s  and process and c o o l i n g  water may 
r e s u l t  i n  adverse impacts on r i v e r  bottomlands, f l oodp la ins ,  wetlands, 

pr ime farmlands, and shore l ines .  However, i t  i s  poss ib le  f o r  coa l  

convers ion p l a n t s  t o  l o c a t e  i n  uplands d i s t a n t  f rom navigable waters, 

and t h i s  a l t e r n a t i v e  should be thorough ly  explored. 

The need f o r  CDS p l a n t s  t o  be loca ted  near coa l  mines can 
c o n t r i b u t e  t o  s i g n i f i c a n t  cumulat ive impacts on land use w i t h i n  coa l  

min ing  reg ions.  I n  add i t ion ,  t he  l a r g e  work f o r c e  associated w i t h  the  

c o n s t r u c t i o n  and opera t ion  o f  CDS p l a n t s  u s u a l l y  r e q u i r e s  temporary 

housing (e.g., mob i le  home parks)  and r e s i d e n t i a l  developments t h a t  can 

cause land-use c o n f l i c t s .  

Gaseous and p a r t i c u l a t e  emissions t o  t h e  atmosphere f rom CDS 

opera t ions  cou ld  p o t e n t i a l l y  a l t e r  a g r i c u l t u r a l  land  use through 

e f f e c t s  on crop p lan ts .  The environmental  ana lys i s  should address the  

p o t e n t i a l  occurrence o f  such impacts by us ing  da ta  on p ro jec ted  

atmospheric emission concent ra t ions  (Sect. 4.3.2) and known 

s e n s i t i v i t i e s  o f  crop species grown i n  t h e  area. 

I n fo rma t ion  should be developed on t h e  q u a n t i t y  o f  land  area 

a f f e c t e d  by o n s i t e  and o f f s i t e  f a c i l i t i e s ,  coa l  min ing  requ i red  t o  
support  p l a n t  operat ion,  and d i s p o s a l  areas o r  land  f i l l s .  Although 

t h e  s p e c i f i c  impacts o f  coa l  min ing  on land use are no t  normal ly  

considered i n  t h e  environmental  rev iew o f  a CDS f a c i l i t y ,  general  
i n fo rma t ion  should be prov ided on impacts associated w i t h  t h e  opening 

o f  new mines t o  p rov ide  feedstock f o r  t h e  proposed f a c i l i t y .  I n  

add i t ion ,  i f  t h e  proposed f a c i l i t y  i s  a mine-mouth operat ion,  t he  

environmental  impacts, i n c l u d i n g  those on land use, should be 

evaluated. A l t e r n a t i v e s  f o r  reducing impacts on pr ime farmlands, 

wetlands, f l oodp la ins ,  and shore l ines  should be thorough ly  discussed. 
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69 4.3.2 A i r  Q u a l i t y  
P r e d i c t i o n  o f  gaseous and p a r t i c u l a t e  emissions f rom CDS f a c i l i t i e s  

i s  c u r r e n t l y  somewhat conceptual  because knowledge o f  p l a n t  designs and 

exper ience w i t h  t h e  o p e r a t i o n  o f  l a r g e  commercial p l a n t s  a re  l a c k i n g .  

The a n a l y s i s  should draw on i n f o r m a t i o n  f r o m  t h e  t e c h n i c a l  l i t e r a t u r e  

and c u r r e n t  o p e r a t i n g  d a t a  f r o m  f u n c t i o n i n g  p i l o t ,  demonstrat ion,  and 

commercial f a c i l i t i e s .  The f o l l o w i n g  r e p o r t s  and EISs are  examples o f  

r e f e r e n c e s  t h a t  should be consu l ted :  U.S. EPA 1973, 1978a, 1978b; 

Acurex Corp. 1977; Mur in  e t  a l .  1980; PEDCO 1976; U.S. DOE 1981b,c,d. 
Major  a i r  q u a l i t y  i ssues  assoc ia ted  w i t h  coa l  convers ion i n c l u d e  

degradat ion  o f  a i r  q u a l i t y  through t h e  r e l e a s e  o f  c r i t e r i a  and 

n o n c r i t e r i a  p o l l u t a n t s  i n c l u d i n g  known carcinogens. Much research  i s  

needed t o  determine t h e  e f f e c t s  of t h e  CDS i n d u s t r y  on a i r  q u a l i t y  and 

t h e  genera l  p u b l i c .  The research needs have r e c e n t l y  been documented 

f o r  t h e  Federa l  In te ragency  Committee on t h e  H e a l t h  and Environmental  

E f f e c t s  o f  Energy Technologies (MITRE 1981a, 1981b). 

Est imates should be made, i f  p r a c t i c a b l e ,  o f  a l l  gaseous and 

p a r t i c u l a t e  emiss ions i n c l u d i n g  c o n t r o l l e d  emissions f r o m  stacks;  

c o o l i n g  tower  emiss ions (which may i n c l u d e  process chemicals l e a k i n g  

i n t o  t h e  c o o l i n g  system and t r e a t e d  process "water"  used as c o o l i n g  

tower makeup); f u g i t i v e  emissions (e.g., leaks  from pump seals,  valves,  

e t c . ) ;  emiss ions d u r i n g  p r o d u c t  s to rage and sh ipp ing;  and windblown 

d u s t s  f rom c o a l  p i l e s ,  t r a n s p o r t e d  s lag,  and coa l  i n  t r a n s i t  bo th  

o f f s i t e  and o n s i t e .  Est imates d u r i n g  p l a n t  s t a r t u p  and shutdown, 

r o u t i n e  opera t ion ,  and upset and emergency c o n d i t i o n s  should be 

prov ided.  The bases f o r  t h e  es t imates  (e.g., coa l  composi t ion,  c o n t r o l  

equipment e f f i c i e n c y ,  1 i t e r a t u r e ,  assumptions) and any c o n s e r v a t i v e  

b iases  employed i n  t h e  c a l c u l a t i o n s  should he i n d i c a t e d .  I n  many cases 

t h e  e x i s t i n g  impact statements on proposed CDS f a c i l i t i e s  (U.S. DOE 

1981b,c,d) can serve as models o f  t h e  s p e c i f i c  types  o f  i n f o r m a t i o n  

t h a t  should be presented. 
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The following gaseous and particulate substances may be emitted 
from CDS facilities, and the best estimates of emissions for each 
should be provided (MITRE 1981b): 

0 criteria pollutants: oxides of sulfur and nitrogen, 
carbon monoxide, lead, nonmethane hydrocarbons, and 
total suspended particulates; 

0 inorganic gaseous pollutants (e.g., hydrogen cyanide, 
metal carbonyls, hydrogen sulfide, and other reduced 
species that may be produced, such as AsH3, SbH3, 
PH3, HZSe, HZTe, etc.); 

0 gaseous, particulate, and particulate-adsorbed organic 
pollutants [e.g., aromatics (benzene, etc.), polynuclear 
aromatics (with emphasis on nitrogen-containing or 
oxygen-containing PNAs), oxygen-containing organics 
(phenols, carbonyls, ethers, peroxides, acids, etc.), 
ni trogen-contai ni ng organics ( amines , ni trosoami nes , 
etc.), and sulfur-containing organics (carbonyl sulfide, 
etc.)]; 

0 size distribution of particulates; 

0 inorganic constituents of particulate matter: lead, 
cadmium, mercury, nickel, chromium, beryllium, thallium, 
tellurium, selenium, arsenic, molybdenum, aluminum, 
iron-containing compounds, fluorides, nitrates, 
silicates, sulfates, and sulfites; and 

0 thorium and uranium and their daughter products. 

Ground-level concentrations of pollutants should be estimated by 
dispersion modeling for comparison with the appropriate national 
ambient air quality standards and guidelines. Estimates should be made 
for SO2, NO2, COY lead, nonmethane hydrocarbons, and total 
suspended particulates. Existing ambient levels of these pollutants 
based on monitoring at the site and at appropriate offsite monitoring 
stations should also be provided. Consumption of Prevention of 
Significant Deterioration (PSD) increments and effects on air quality 
in Class I, 11, and I11 areas should be discussed, including 
consideration of interaction of emissions with those of other proposed 
facilities and facilities under construction in the region. Ozone, a 
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secondary p o l l u t a n t ,  and odors t h a t  may be a nuisance t o  t h e  l o c a l  

populace should a l s o  be discussed. 

The methods and equipment used t o  c o n t r o l  emissions, t h e i r  

p r o j e c t e d  e f f i c i e n c i e s ,  and a d i r e c t e d  maintenance program t o  l i m i t  

f u g i t i v e  emissions should be descr ibed i n  d e t a i l .  A l t e r n a t i v e s  

considered should be i n d i c a t e d .  The types  o f  emissions r e s u l t i n g  f rom 

end-use combustion and proposed m o n i t o r i n g  o f  process streams and 

emissions should be descr ibed.  

4.3.3 Water Use 

P r o j e c t s  producing CDS w i l l  be consumers o f  s i g n i f i c a n t  amounts o f  

water  (e.g., Whi t lach  1977). Est imates o f  n e t  water  consumption a t  

proposed demonstrat ion p r o j e c t s  range f r o m  2.5 t o  3.6 L/kg (600 t o  

860 g a l / t o n )  o f  c o a l  processed (U.S. DOE 1981b,c,d). G o l d s t e i n  and 
Yang (1977) p r o j e c t e d  s l i g h t l y  smal le r  n e t  water  demands f o r  SRC 

p r o j e c t s  i n  New Mexico and Nor th  Dakota, r a n g i n g  f rom 0.8 t o  1.2 L/kg 

(190 t o  330 g a l / t o n )  o f  coa l  processed. Al though CDS p r o j e c t s  may be 

l o c a t e d  i n  reg ions  n o t  u s u a l l y  cons idered t o  be-water- resource l i m i t e d ,  

t h e i r  d i r e c t  and cumula t ive  impacts can i n t r o d u c e  new water demands 

t h a t  compete w i t h  e x i s t i n g  water  uses (e.g., Appendix CC i n  U.S. DOE 

1981b o r  Fuess le e t  a l .  1978). Adequacy o f  l o c a l  water s u p p l i e s  and 

t h e  r e g i o n a l  i m p l i c a t i o n s  o f  new water uses must be c a r e f u l l y  examined. 

The water q u a n t i t y  requi rements should be i n  s u f f i c i e n t  d e t a i l  t o  

i n d i c a t e  water needs f o r  s p e c i f i c  consumptive and nonconsumptive 

c a t e g o r i e s  o f  water use. P lans f o r  meet ing these requi rements should 

then be i d e n t i f i e d  i n  t h e  fo rm o f  a comprehensive water management p l a n  

(sources, s inks ,  and v o l u m e t r i c  f l o w  r a t e s ) .  Among t h e  water-use 

c a t e g o r i e s  t h a t  should be covered are  t h e  f o l l o w i n g :  

0 c o a l  p r e p a r a t i o n  and crushing,  

0 coo l ing ,  

0 ash quenching and d isposa l ,  

0 process make-up water, 
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scrubbing o f  of f -gases (e.g., d e s u l f u r i z a t i o n ) ,  

domestic consumption, 

f i r e  p ro tec t i on ,  

r e s e r v o i r  evaporat ion,  and 

dust  con t ro l .  

I n  a d d i t i o n  t o  f l o w  diagrams, water management p lans should 

spec i f y  the  sources f o r  s a t i s f y i n g  the  requirements o f  each water-use 

category.  More s p e c i f i c a l l y ,  in fo rmat ion  should be prov ided t o  

i d e n t i f y :  

sur face water sources t o  be u t i l i z e d ,  i nc lud ing  
d e s c r i p t i v e  hydrology o f  the  watershed and planned 
withdrawal ra tes ;  

groundwater sources t o  be u t i l i z e d ,  i nc lud ing  aqu i fe r  
d e s c r i p t i o n  and safe y i e l d s ;  

dependence o f  p r o j e c t  water sources on the  cons t ruc t i on  
o f  r e l a t e d  water development p ro jec ts ;  

i n t e r r e l a t i o n s h i p s  between groundwater sources u t i l i z e d  
and sur face water, o ther  aqui fers ,  o r  rechange zones 
which might be a f fec ted  by the  synfuel  p r o j e c t ;  and 

i n s t i t u t i o n a l ,  l ega l ,  and p o l i t i c a l  arrangements invo lved 
i n  ob ta in ing  water suppl ies,  i nc lud ing  documentation o f  
appropr ia te water r i g h t s ,  en t i t lements ,  o r  permits.  

The q u a l i t y  o f  water sources should be descr ibed t o  ensure t h a t  i t  

meets p r o j e c t  requirements. Necessary water t reatment  should be 

described. A l l  oppor tun i t i es  f o r  water r e c y c l i n g  and conservat ion 
w i t h i n  t h e  p r o j e c t  design should be evaluated and should be emphasized 

i n  the  cons idera t ion  o f  these types o f  a l t e r n a t i v e s  (F ig .  7 ) .  
Zero-e f f luen t  operat ions t h a t  maximize water reuse are des i rab le  both 

i n  terms o f  reducing impacts on ambient water q u a l i t y  and conserving 

reg iona l  water resources. However, t h e  p o s s i b i l i t i e s  o f  excessive 
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1977). 
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b u i l d u p  o f  i n o r g a n i c  substances (e.g. , c h l o r i d e s )  t h a t  may occur  d u r i n g  

water  r e c y c l i n g  should be examined e s p e c i a l l y  i n  z e r o - e f f l u e n t  designs. 

4.3.4 Water Q u a l i t y  

P o t e n t i a l  water p o l l u t i o n  problems assoc ia ted  w i t h  c o a l  

g a s i f i c a t i o n  and l i q u e f a c t i o n  r e s u l t  f r o m  t h r e e  p r i n c i p a l  sources: 

( 1 )  po in t -source  e f f l u e n t s  f r o m  waste t rea tment  f a c i l i t i e s ;  ( 2 )  s u r f a c e  

r u n o f f  o r  leachate  f rom s o l i d  waste d i s p o s a l  areas, c o a l  s t o c k p i l e s ,  o r  

t h e  o t h e r  p a r t s  o f  t h e  p l a n t  s i t e ;  o r  ( 3 )  a c c i d e n t a l  s p i l l s  t h a t  may 

occur  d u r i n g  s to rage o r  t r a n s p o r t a t i o n  o f  1 i q u i d  CDS. Consumptive 

water w i thdrawals  may a l s o  reduce t h e  d i l u t i o n  c a p a b i l i t i e s  o f  l o c a l  

s u r f a c e  waters and thereby  inc rease t h e  impact o f  proposed o r  e x i s t i n g  

wastewater e f f l u e n t s .  To e v a l u a t e  t h e  p o t e n t i a l  adverse e f f e c t s  on 
water  q u a l i t y ,  s u f f i c i e n t  i n f o r m a t i o n  should be developed t o  descr ibe  

ambient, p r e - p r o j e c t  water q u a l i t y  c o n d i t i o n s  and t o  e s t i m a t e  

p o s t - p r o j e c t  water  q u a l i t y  c o n d i t i o n s  under var ious  modes o f  opera t ion .  

Even p r o j e c t s  w i t h  z e r o - e f f l u e n t  designs under normal o p e r a t i o n  should 

cons ider  t h e  i m p l i c a t i o n s  o f  wastewater d ischarges d u r i n g  abnormal 

o p e r a t i n g  p e r i o d s  (e.g., s t a r t u p ,  shutdown, or equipment f a i l u r e ) .  

Because these d ischarges are  1 i k e l y  t o  c o n t a i n  t h e  h ighes t  

c o n c e n t r a t i o n s  o f  hazardous o r  t o x i c  wastes, t h e  waste t rea tment  

procedures and chemical  compos i t ion  o f  a l l  process condensates, sour 

waters, g a s - s t r i p p i n g  wastes, and c o o l i n g  water  blowdown should be 
descr ibed.  

The s p e c i f i c  p o l l u t a n t s  formed d u r i n g  t h e  p r o d u c t i o n  o f  CDS 

i n c l u d e  a l a r g e  number o f  inorgan ic ,  organic ,  and t r a c e  elements. A l l  

o f  t h e  i n o r g a n i c  c o n s t i t u e n t s  of coa l  (Table 8) a re  p o t e n t i a l  

c o n s t i t u e n t s  o f  t h e  wastewaters d ischarged f rom CDS p r o j e c t s .  I n  

a d d i t i o n  t o  these i n o r g a n i c  and t r a c e  elements, many complex o r g a n i c  

molecules w i l l  be re leased b y  CDS p r o j e c t s .  Several  o f  these 

p o l l u t a n t s  are among t h e  64 p r i o r i t y  p o l l u t a n t s  f o r  which t h e  U.S. 

Environmental  P r o t e c t i o n  Agency has p u b l i s h e d  water  q u a l i t y  c r i t e r i a  

(Tab le  10). For  o t h e r  p o t e n t i a l  e f f l u e n t  c o n s t i t u e n t s ,  e s p e c i a l l y  PAH 

compounds, t h e r e  i s  l i t t l e  o r  no a v a i l a b l e  i n f o r m a t i o n  concern ing 



Table 10. U.S. €PA water q u a l i t y  c r i t e r i a  f o r  p o t e n t i a l  p o l l u t a n t s  f rom coa l  g a s i f i c a t i o n  
and l i q u e f a c t i o n  processes ( a l l  u n i t s  a r e  ug/L) 

~~ 

C r i t e r i a  f o r  T o x i c i t y  t o  
Human h e a l t h  freshwater aquat ic  l i f e a  f reshwater aquat ic  l i f e  

24-h average Not t o  exceed Acute Chronic 

Trace elements 

Arsenic 

Cadmium 

Chromium (hexavalent)  

Chromium ( t r i v a l e n t )  

Copper 

Lead 

Mercury 

N i c k e l  

Selenium 

Zinc 

I n d u s t r i a l  wastes 

Cyanide 

Phenol 

2-4 dimethylphenol  

Aromatic hydrocarbons 

PAH 

Naphtha 1 e ne 

Fluoranthene 

Ace nap h the  ne 

-- 
exp[l.O5 1 n( h)-8.53] 

0.29 

-- 

0.29 

exp[2.35 1 n(h)-9.48] 

0.00057 

expr0.76 ln(h)+1.06] 

35 

47 

440 

exp[l.O5 1 n( h)-3.73] 

21 

exp[ 1.08 1 n( h)+3.48] 

expT0.94 ln(h)-1.23] 

exp[ l  .22 1 n( h)-0.47] 

0.0017 

exp[ 0.76 1 n( h)+4.02] 

260 

exp[0.83 ln(h)+1.95] 

0 

10 

50 

170,000 

lO0Ob 

50 

0.000144 

13.4 

10 

5000b 

_ _  200 

2,560 3500, 300b 

_ _  400b 

0 _ _  
620 I n s u f f i c i e n t  data 

_ _  42 

520 20b 

a h = water hardness measured as mg/L CaC03. 
b Based on t a s t e  and odor thresholds.  

m 
0 

SOURCE: U.S. EPA 1980. 
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environmental  e f fec ts  o r  acceptable concentrat ions i n  r e c e i v i n g  

waters. The ana lys i s  should i d e n t i f y  a l l  a v a i l a b l e ,  water q u a l i t y  

standards ( f e d e r a l  and s t a t e )  f o r  t h e  i n d i v i d u a l  waste c o n s t i t u e n t s  

i d e n t i f i e d  i n  p r o j e c t  e f f l u e n t s .  

The major nonpoint  source o f  water p o l l u t i o n  w i l l  occur as a 
r e s u l t  o f  sur face  r u n o f f  and leachate f rom coa l  CDS s o l i d s  and ash 

s torage and d isposa l  areas (Wachter and Blackwood 1978). Plans should 

be discussed f o r  cover ing  s t o c k p i l e s  t o  minimize leachates and 

p r o v i s i o n s  f o r  c o l l e c t i o n  and/or t reatment  o f  sur face r u n o f f .  Leachate 
t e s t  r e s u l t s  f o r  any s o l i d  waste generated by t h e  p r o j e c t  should be 

presented i n  d iscuss ing  p o t e n t i a l  water q u a l i t y  degradation. 
P r e d i c t i o n  o f  t h e  f a t e  o f  p o l l u t a n t s  as complex as those r e s u l t i n g  

f rom coa l  l i q u e f a c t i o n  o r  g a s i f i c a t i o n  i s  a d i f f i c u l t  task  r e q u i r i n g  

cont inued research. For example, PAHs re leased i n t o  aquat ic  

environments undergo a combinat ion o f  processes i n c l u d i n g  d i l u t i o n ,  

d ispers ion,  v o l a t i l i z a t i o n ,  pho to l ys i s ,  sorp t ion ,  sedimentation, 

b ioaccumulat ion,  and metabolism by microorganisms (Herbes e t  a l .  

1980). These processes are c o n t r o l l e d  by bo th  t h e  c h a r a c t e r i s t i c s  o f  

t h e  aquat ic  environment and p r o p e r t i e s  o f  t he  s p e c i f i c  p o l l u t a n t .  To 

p rov ide  a bas i s  f o r  assessing r i s k s  t o  water q u a l i t y ,  t h e  environmental 
ana lys i s  should c a r e f u l l y  descr ibe p r o p e r t i e s  o f  t he  r e c e i v i n g  system, 

i nc lud ing :  

0 wind and water v e l o c i t y  pa t te rns  i n  t h e  v i c i n i t y  of 
e f f l u e n t  o u t f a l l s ;  

0 o the r  c l i m a t i c  f a c t o r s  such as temperature and s u n l i g h t  
reg  i me s ; 

0 morphology (e.g., depth and w id th )  beginn ing a t  o u t f a l l  
l o c a t i o n s  and extending a reasonable d is tance downstream; 

0 d e s c r i p t i v e  hydro logy o f  r e c e i v i n g  water bodies; and 

0 ambient water q u a l i t y ,  such as t u r b i d i t y  and suspended 
s o l i d s  loads, t h a t  a f f e c t  t h e  f a t e  o f  t o x i c  p o l l u t a n t s .  
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Acc identa l  s p i l l s  o f  l i q u i d  CDSs can a l s o  have adverse consequences 

i n  a q u a t i c  ecosystems. Because chemical  and p h y s i c a l  p r o p e r t i e s  o f  

pet ro leum crude o i l  and CDS l i q u i d s  d i f f e r  (e.g., h i g h e r  pheno l ic ,  PAH, 

and n i t r o g e n  c o n t e n t  and s p e c i f i c  d e n s i t i e s  g r e a t e r  than l.O), CDS 
s p i l l s  w i l l  behave d i f f e r e n t l y  than pet ro leum s p i l l s  (e.g., Appendix Z 

i n  U.S. DOE 1981b). Data t h a t  should be i n c l u d e d  t o  assess t h e  impacts 

o f  a c c i d e n t a l  s p i l l s  are t h e  f o l l o w i n g :  

e l i k e l y  t r a n s p o r t a t i o n  routes,  t r a n s p o r t a t i o n  methods, 
and volumes o f  f i n a l  CDS p roduc ts  t o  be shipped t o  
v a r i o u s  markets; 

e chemical  compos i t ion  and p h y s i c a l  p r o p e r t i e s  o f  f i n a l  
products ;  

e p r o x i m i t y  o f  t r a n s p o r t  r o u t e s  t o  s e n s i t i v e  areas such as 
p u b l i c  water  supply  in takes ,  commercial and s p o r t  
f i s h e r i e s ,  o r  water-based r e c r e a t i o n  areas; and 

e p h y s i c a l  and h y d r o l o g i c  d e s c r i p t i o n s  o f  r e c e i v i n g  
systems f o r  p o t e n t i a l  CDS s p i l l s .  

I n  most cases, one o r  two scenar ios  o f  s p i l l  events and l o c a t i o n s  

w i l l  be adequate t o  assess t h e  r i s k s  i n v o l v e d  w i t h  a c c i d e n t a l  r e l e a s e s  

o f  CDS p roduc ts  i n t o  a q u a t i c  environments. 

4.3.5 S o l i d  Waste D isposa l  

Large volumes o f  s o l i d  waste w i l l  be generated d u r i n g  coa l  

g a s i f i c a t i o n  and l i q u e f a c t i o n  processes. Between 20 and 40% o f  t h e  

c o a l  feedstock i n  t h e  convers ion  process w i l l  remain as s o l i d  wastes 

r e q u i r i n g  d i s p o s a l .  These wastes w i l l  i n c l u d e :  

e r e f u s e  f r o m  c o a l - c l e a n i n g  opera t ions ;  

e ashes, s lag,  and char  remain ing  a f t e r  t h e  convers ion  
processes; 

e spent c a t a l y s t s ;  and 

e sludges produced i n  water  and wastewater t rea tment  and 
f l u e - g a s  d e s u l f u r i z a t i o n .  
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Plans should be descr ibed f o r  d isposa l  o f  these wastes i n  an 

env i ronmenta l l y  acceptable manner, The a p p l i c a b i l i t y  o f  c u r r e n t  

f e d e r a l  o r  s t a t e  r e g u l a t i o n s  (e.g., Resource Recovery and Reclamation 

Act/hazardous waste r e g u l a t i o n s )  concerning t h e  d isposa l  o f  so l  i d  

wastes should be determined a t  t h e  t ime  o f  t h e  p r o j e c t  proposal  by 

c o n s u l t a t i o n s  w i t h  appropr ia te  a u t h o r i t i e s ,  and t h e  r e s u l t s  o f  these 

c o n s u l t a t i o n s  should be documented. 

4.3.6 Impacts on B i o t a  

A l t e r a t i o n s  i n  a i r  and water q u a l i t y  and m o d i f i c a t i o n s  i n  land-use 

pa t te rns  associated w i t h  t h e  c o n s t r u c t i o n  and opera t ion  o f  proposed CDS 

p r o j e c t s  can r e s u l t  i n  major impacts on surrounding ecosystems. The 

pr imary  impacts on t e r r e s t r i a l  b i o t a  by i n d u s t r i a l  developments such as 

these are u s u a l l y  assoc iated w i t h  l o s s  o f  h a b i t a t .  I n  a d d i t i o n  t o  

land-use changes which d i s t u r b  n a t u r a l  hab i ta t s ,  atmospheric emissions 

can cause adverse e f f e c t s  on p l a n t  community p r o d u c t i v i t y  o r  species 

composi t ion and thus r e s u l t  i n  i n d i r e c t  impacts on w i l d l i f e .  The 

environmental  ana lys i s  should d iscuss t h e  s e n s i t i v i t y  o f  l o c a l  p l a n t  

communities t o  acute and chron ic  s t r e s s  t h a t  may be caused by 

atmospheric emissions. Other long-term phenomena such as depos i t i on  o f  

t r a c e  elements and organics and t h e i r  accumulation i n  s o i l s  and 

vege ta t i on  should a l so  be assessed. 

The increased human presence associated w i t h  accommodating a new 
workforce (Sect. 4.3.7) exacerbates t h e  d i r e c t  e f f e c t s  o f  t h e  p r o j e c t  

on t e r r e s t r i a l  b io ta .  Indigenous species t h a t  are e s p e c i a l l y  s e n s i t i v e  

t o  d is tu rbance (e.g., r a p t o r s )  w i l l  be a f f e c t e d  t h e  most. Cumulative 

impacts lead ing  t o  p o t e n t i a l  reduc t i ons  i n  n a t u r a l  w i l d l i f e  popu la t ions  

f rom such causes as h a b i t a t  des t ruc t i on ,  increased l e g a l  and i l l e g a l  

hunt ing  pressure, and o t h e r  sources o f  m o r t a l i t y  (e.g., road k i l l s  o r  

b i r d  c o l l i s i o n s  w i t h  power l i n e s )  should be assessed. 

P o t e n t i a l  impacts on aquat ic  b i o t a  r e s u l t  f rom mechanisms s i m i l a r  

t o  those a c t i n g  on t e r r e s t r i a l  b io ta .  Wastewater e f f l u e n t s  

(Sect.  4.3.4) are a major concern, as are aquat ic  h a b i t a t  l o s s  and 

impingement o r  entrainment impacts associated w i t h  sur face  water 
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wi thdrawals .  P r o j e c t  e f f l u e n t s  c o n t a i n i n g  PAHs and o t h e r  o rgan ic  

p o l l u t a n t s  have a v a r i e t y  o f  adverse e f f e c t s  on aquat ic  b i o t a ,  

i n c l u d i n g  acute and c h r o n i c  t o x i c i t y ,  s u b l e t h a l  behavior  m o d i f i c a t i o n s ,  

b ioconcent ra t ion ,  c a r c i n o g e n i c i t y ,  mutagen ic i ty ,  and f i sh-f l e s h  

t a i n t i n g  (Brauns te in  e t  a l .  1977b). A l l  t r o p h i c  l e v e l s  can be 

a f fec ted ,  i n c l u d i n g  a lgae which are  as s e n s i t i v e  o r  more s e n s i t i v e  than 

h i g h e r  organisms t o  t h e  e f f e c t s  o f  many o f  t h e  PAHs generated d u r i n g  
CDS p r o d u c t i o n  (Giddings and Washington 1981). 

The impacts o f  consumptive and nonconsumptive water w i thdrawals  on 

a q u a t i c  b i o t a  can be s i g n i f i c a n t ,  b u t  are h i g h l y  dependent on 

s e a s o n a l i t y  and cumula t ive  e f f e c t s  o f  o t h e r  water  users.  Worst-case 

scenar ios d u r i n g  low- f low p e r i o d s  o f  t h e  year  should be used t o  examine 

any impacts on a q u a t i c  ecosystems, i n c l u d i n g  h a b i t a t  loss,  water 

q u a l i t y  a l t e r a t i o n s ,  and entrainment/ impingement o f  organisms. The 
seasonal requi rements o f  s e n s i t i v e  l i f e  stages o f  a f f e c t e d  a q u a t i c  

species must a l s o  be recognized. 

Using genera l  background i n f o r m a t i o n  on t h e  e x i s t i n g  environment, 

o n s i t e  h a b i t a t  i n v e n t o r y  data, and t h e  p r o j e c t  d e s c r i p t i o n ,  t h e  

env i ronmenta l  a n a l y s i s  should:  

d e s c r i b e  impacts on t e r r e s t r i  a1 and a q u a t i c  b i o t a ,  w i t h  
s p e c i a l  a t t e n t i o n  p a i d  t o  endangered, threatened, rare,  
o r  o t h e r w i s e  p r o t e c t e d  p l a n t  and animal species; 

e s t i m a t e  t h e  area of each t y p e  of h a b i t a t  t h a t  w i l l  be 
d i s t u r b e d  d u r i n g  c o n s t r u c t i o n  and opera t ion ;  

p resent  a r e c l a m a t i o n  p l a n  f o r  a l l  d i s t u r b e d  areas; 

e v a l u a t e  t h e  e f f e c t s  o f  t h e  combined t o x i c i t y  o f  
i n d i v i d u a l  waste c o n s t i t u e n t s  and, where app l icab le ,  
combined waste e f f l u e n t s  on species o f  a f f e c t e d  p l a n t s  
and animals; and 

i n c l u d e  r e s u l t s  o f  c o n s u l t a t i o n s  w i t h  s t a t e  and f e d e r a l  
f i s h  and w i l d l i f e  agencies and conserva t ion  personnel .  



4.3.7 Soc i oeconomi cs 

Coal-der ived synfuels (COS) p r o j e c t s  w i l l  be la rge-sca le  complexes 
i n v o l v i n g  n o t  o n l y  the  i n d u s t r i a l  f a c i l i t y  and i t s  t r a n s p o r t a t i o n  

systems bu t  a l so  a v a r i e t y  of government and p r i v a t e  i n s t i t u t i o n s ,  

workers, consumers, and o ther  i n t e r e s t e d  pa r t i es .  A wide range of 

poss ib le  s o c i a l  and economic impacts, which i n  t u r n  may in f l uence  

development dec is ions,  w i l l  occur w i t h i n  t h i s  network o f  p r o j e c t  

elements. I t  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  genera l i ze  about the  

probable c r i t i c a l  impacts because the  na ture  o f  t h e  d e l i v e r y  system 

w i l l  vary w i t h  the  technology and the  s i t e .  However, f a c t o r s  r e l a t e d  

t o  popu la t ion  growth and water a v a i l a b i l i t y  w i l l  c l e a r l y  be o f  concern 

f o r  most p ro jec ts .  

P o t e n t i a l  b e n e f i t s  accruing from CDS developments inc lude 

increased employment, broader t a x  base, community improvements i n  a 

range o f  a v a i l a b l e  serv ices  and f a c i l i t i e s ,  and the  s t i m u l a t i o n  o f  

secondary businesses. These benef i t s ,  however, must be balanced 

against  p o t e n t i a l  impacts such as housing shortages, s t r a i n s  on p u b l i c  

serv ices  and u t i l i t i e s ,  symptoms o f  s o c i a l  s t ress,  small business 

f a i l u r e s ,  water shortages, s o l i d  waste d isposal  problems, and perceived 
decrease i n  " q u a l i t y  o f  l i f e "  by some res idents .  

For  la rge-sca le  CDS p r o j e c t s  where s i g n i f i c a n t  impacts are 

an t ic ipa ted ,  base l ine  da ta  needs should p rov ide  the  f o l l o w i n g  k inds  o f  

i n f  ormat i on: 

0 popu la t ion  s i z e  and composi t ion (e thn ic ,  age, sex, 
education, and urban/ ru ra l  mix);  

0 popu la t ion  change r a t e s  (migrat ion,  f e r t i l i t y ,  and 
m o r t a l i t y ) ;  

0 l o c a l  governmental c h a r a c t e r i s t i c s  ( j u r i s d i c t i o n ,  
intergovernmental  u n i t  coo rd ina t i on  and revenue 
mechanisms, t a x  and bonding s t ruc tu res ,  p lanning and 
zoning c a p a b i l i t i e s ,  p o l i t i c a l  systems); 

0 economic s t r u c t u r e  (businesses, f i n a n c i a l  i n s t i t u t i o n s  
and resources, t rade) ;  
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0 l a b o r  f o r c e  c h a r a c t e r i s t i c s  (number and t y p e  o f  jobs,  
income l e v e l s ,  un ions) ;  

0 p u b l i c  s e r v i c e s  (water,  sewer, p o l i c e ,  f i r e ,  hea l th ,  
educat ion,  t r a n  s p o r t  a t  i on, we1 f are, parks, churches) ; 

0 housing stock;  

0 l o c a l  o r g a n i z a t i o n s  and i n t e r e s t  groups (suppor te rs  and 
opponents o f  t h e  proposed p r o j e c t  and energy developments 
i n  genera l ) ;  

0 s o c i a l  s t r u c t u r e  and l i f e - s t y l e s  ( o r i e n t a t i o n s ,  s a l i e n t  
concerns, a t t i t u d e  t o  newcomers); 

0 q u a l i t y  o f  l i f e  f e a t u r e s  ( c o s t  o f  l i v i n g ,  marr iage and 
d i v o r c e  r a t e s ,  c r ime r a t e s ,  r e c r e a t i o n  access, 
t r a n s p o r t  a t  i on ) ; 

0 i n s t i t u t i o n a l ,  economic, and l e g a l  aspects o f  water 
supply  i ssues  f o r  t h e  f a c i l i t y ;  and 

0 i n s t i t u t i o n a l ,  economic, l e g a l ,  and s o c i a l  i ssues  
i n v o l v e d  i n  f a c i l i t y  s i t i n g  and s o l i d  waste d isposa l .  

P r o j e c t i o n s  f r o m  these data, bo th  w i t h  and w i t h o u t  development 

( i n c l u d i n g  a l t e r n a t i v e s  under c o n s i d e r a t i o n ) ,  can be used t o  i d e n t i f y  

p o t e n t i a l  impacts. The c o a l  convers ion  f a c i l i t y  i t s e l f  w i l l  demand 

c e r t a i n  s e r v i c e s  i n  a d d i t i o n  t o  those r e q u i r e d  by a d d i t i o n a l  

r e s i d e n t s .  Demands on u t i l i t i e s ,  i n c l u d i n g  t r a n s p o r t a t i o n ,  water, and 

power, may compete w i t h  o t h e r  users.  

The types  o f  p o t e n t i a l  impacts t o  be considered are:  

0 r a p i d  p o p u l a t i o n  growth and subsequent d e c l i n e  over  t h e  
1 i f e  o f  t h e  p r o j e c t  ( c o n s t r u c t i o n ,  opera t ion ,  and 
decommissionings); 

0 p r o j e c t - i n d u c e d  housing shortages; 

0 p u b l i c  s e r v i c e  s h o r t f a l l s  ( i n c l u d i n g  t r a n s p o r t a t i o n  
impacts)  ; 

0 temporal  and j u r i s d i c t i o n a l  d i s s o c i a t i o n s  o f  c o s t s  and 
b e n e f i t s  f o r  l o c a l  governments; 
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i n s t i t u t i o n a l ,  economic, and o c i a l  e f f e  
c o m p e t i t i o n  f o r  t h e  l o c a l  water  supply; 

t s  o f  

i n s t i t u t i o n a l ,  economic, and s o c i a l  e f f e c t s  o f  land-use 
changes and s o l i d  waste d i s p o s a l  needs; 

s i g n i f i c a n t  changes i n  p o l i t i c a l ,  economic, and s o c i a l  
s t r u c t u r e s ,  w i t h  s p e c i a l  c o n s i d e r a t i o n  o f  t h e i r  e f f e c t s  
on t h e  l i f e - s t y l e s  o f  r e s i d e n t s ;  

community d i s r u p t i o n  o r  p r o j e c t  de lays f rom l o c a l  
o p p o s i t i o n  and suppor t  t o  t h e  proposed p r o j e c t ;  and 

p r o j e c t - i n d u c e d  s p e c i a l  needs such as occupat iona l  h e a l t h  
problems, demand f o r  psycho log ica l  counsel ing,  e tc .  

The a n a l y s i s  o f  impacts should a l s o  cons ider  t h e  p o s s i b i l i t y  o f  

secondary developments as we1 1 (e.g. , s u l f u r  p rocess ing  and s u p p l i e r  

i n d u s t r i e s ) .  Long-term e f f e c t s  should be c o n t r a s t e d  w i t h  immediate 

impacts. P o s s i b l e  concerns t o  be considered i n c l u d e  long- term 

c o n s t r a i n t s  on l o c a l  and r e g i o n a l  development as t h e  c o a l  convers ion  

f a c i l i t y  competes f o r  water, c o n t r i b u t e s  t o  a i r  q u a l i t y  degradat ion,  

e t c .  

Given c u r r e n t  u n c e r t a i n t i e s ,  a t t e n t i o n  should be p a i d  t o  t h e  

i n s t i t u t i o n a l ,  l e g a l ,  and economic aspects o f  h e a l t h  problems posed by 

t h e  proposed c o a l  g a s i f i c a t i o n  o r  l i q u e f a c t i o n  f a c i l i t i e s  (Sect.  4.3.8). 

Popular  and i n s t i t u t i o n a l  p e r c e p t i o n s  o f  r i s k s  t o  workers and t o  

ne ighbors should be considered a long w i t h  p o s s i b l e  m i t i g a t i o n  
s t r a t e g i e s .  Controversy c o u l d  develop over  such p e r c e p t i o n s  o f  h e a l t h  

r i s k s  as w e l l  as o t h e r  i ssues  o f  env i ronmenta l  degradat ion.  Federa l  

and s t a t e  r e g u l a t o r y  requi rements and p o t e n t i a l  l e g a l  i ssues  (e.g., 

water a v a i l a b i l i t y  o r  s u r f a c e  m i n i n g  r i g h t s )  should be noted. Loca l  

a t t i t u d e s  toward a l l  i ssues  should be ob ta ined d i r e c t l y  whenever 

poss ib le .  The development o f  communication channels between r e s i d e n t  

groups, developers, and governmental bodies i s  h i g h l y  d e s i r a b l e .  

S i g n i f i c a n t  degradat ion  o f  e x i s t i n g  a e s t h e t i c ,  h i s t o r i c ,  c u l t u r a l ,  

and archaeo log ica l  resources c o u l d  r e s u l t  f r o m  p r o j e c t - r e l a t e d  mining, 

c o n s t r u c t i o n ,  a i r  and water  degradat ion,  road t r a f f  i c y  coa l  
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@ t r a n s p o r t a t i o n ,  and secondary development. E f f e c t s  o f  odor and n o i s e  

on r e s i d e n t s  should be noted. V i s u a l  concerns should be addressed i n  
l i g h t  o f  t e r r a i n  and l o c a l  s e n s i t i v i t y  w i t h  c o n s i d e r a t i o n  o f  such 

f e a t u r e s  as c o o l i n g  towers, new power l i n e s ,  rec lamat ion  plans, and 

secondary commercial and p o p u l a t i o n  growth a c t i v i t i e s .  

F i n a l l y ,  s p e c i a l  emphasis should be p laced on i d e n t i f y i n g  t h e  

amount and sources o f  funds a v a i l a b l e  f o r  m i t i g a t i o n  o f  p o t e n t i a l  

adverse impacts. 

4.3.8 Hea l th  and S a f e t y  

Produc t ion  of carcinogens and mutagens are o f  s p e c i a l  concern 

d u r i n g  c o a l  l i q u e f a c t i o n  and g a s i f i c a t i o n .  B i o l o g i c a l l y  a c t i v e  agents 

a re  usual  l y  associ  a ted w i t h  t h e  p o t e n t  i a1 emiss ion o f  hydrocarbons, 

p a r t i c u l a r l y  t h e  p o l y c y c l i c  aromat ic  hydrocarbons (PAHs) and p o l y c y c l i c  

aromat ic  amines ( P A A s ) .  The accumulated evidence suppor ts  t h e  
p o s s i b i l i t y  o f  a s t r o n g  a s s o c i a t i o n  between worker exposure t o  h i g h  

c o n c e n t r a t i o n s  o f  c o a l  c a r b o n i z a t i o n  produc ts  and r i s k  o f  cancer. 

However, es tab l i shment  o f  dose-response o r  exposure-response 

r e l a t i o n s h i p s  based on exposure t o  one o r  a few c o n s t i t u e n t s  o f  c o a l  

c a r b o n i z a t i o n  i s  ex t remely  d i f f i c u l t .  Al though PAHs w i t h  known 

c a r c i n o g e n i c  p r o p e r t i e s  [e.g., benzo( a)pyrene] have been measured i n  

c o a l  c a r b o n i z a t i o n  products ,  t h e  p r o d u c t i o n  o f  CDS i n c l u d e s  h i g h l y  

complex m i x t u r e s  o f  hundreds o f  hazardous o r g a n i c  compounds and 

i n o r g a n i c  m a t e r i a l s  (e.g., s u l f u r  compounds, t r a c e  meta ls  and t h e i r  

compounds, and r a d i o a c t i v e  m a t e r i a l s  - i n  shor t ,  any th ing  i n  coa l  p l u s  

any compounds produced i n  t h e  convers ion  process) .  Whi le numerous 

p o t e n t i a l  carc inogens have been i d e n t i f i e d  i n  c o a l  convers ion process 

streams, e f f l u e n t s ,  and produc ts  ( A t t a r i  1973; Fourney e t  a l .  1974; 

Brauns te in  e t  a l .  1977a,b), c u r r e n t  t o x i c o l o g i c a l ,  ep idemio log ica l ,  and 

t h e o r e t i c a l  i n f o r m a t i o n  i s  i n s u f f i c i e n t  f o r  p r e c i s e  e x t r a p o l a t i o n  t o  

human h e a l t h  impacts. 

P o t e n t i a l  r i s k s  t o  t h e  genera l  p u b l i c  assoc ia ted  w i t h  s y n t h e t i c  

f u e l s  must awa i t  f u r t h e r  research b e f o r e  t h e y  can be assessed. 

P o s s i b l e  emissions f r o m  c o a l  convers ion  processes i n c l u d e  p a r t i c u l a t e s ,  
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carbon monoxide, hydrocarbons, n i t r o g e n  s u l f u r  compounds, and t r a c e  

elements. F i n a l  product  use w i l l  be one exposure determinant.  For  

example, a l though l e v e l s  o f  carcinogens may be h igh  i n  syncrudes, t h e  

p o t e n t i a l  chemical reac t i ons  between these m a t e r i a l s  du r ing  

d i s t i l l a t i o n  o r  re f inement  i s  unknown. It i s  poss ib le  t h a t  carcinogens 

may be reduced i n  q u a n t i t y  as crude m a t e r i a l s  are re f i ned .  
I n  p repar ing  an environmental  analys is ,  t h e  f o l l o w i n g  h e a l t h  and 

s a f e t y  issues should be considered and addressed as appropr ia te  t o  the  

types o f  processes being proposed: 

exposure t o  PAHs and o the r  p o t e n t i a l  carcinogens and 
mutagens re leased du r ing  t h e  g a s i f i c a t i o n  and 
l i q u e f a c t i o n  processes; 

exposure t o  p o t e n t i a l l y  t o x i c  m a t e r i a l s  emi t ted  du r ing  
coa l  c lean ing  processes, i n c l u d i n g  organic  so lvents  used 
t o  c lean  coa l  (U.S. DOE 1979); 

acute e f f e c t s  such as i n h a l a t i o n ,  severe r e s p i r a t o r y  
i r r i t a t i o n ,  and chemical and thermal burns i n  workers 
exposed t o  f u g i t i v e  emissions, leaks, and s p i l l s ;  

p o t e n t i a l  f i r e  and exp los ion  risks associated w i t h  t h e  
produc t ion  and hand l ing  o f  flammable m a t e r i a l s  a t  h igh  
temperatures and pressures ( H a r r i s  e t  a1 . 1980); 

exposure t o  s y n t h e t i c  crude products  which have been 
found t o  be more carc inogenic  than n a t u r a l  crudes (Ep ler  
1978; Hol land e t  a l .  1978) and which con ta in  p o l y c y c l i c  
aromat ic amines (PAAs) t h a t  e x h i b i t  e x c e p t i o n a l l y  h igh  
mu tagen ic i t i es  (Guerin e t  a l .  1980); and 

exposure t o  h igh  no ise  l e v e l s  assoc iated w i t h  coa l  
p repara t i on  and o t h e r  p l a n t  operat ions.  

se r ies  o f  new r e g u l a t i o n s  are emerging under t h e  Clean A i r  Act, 

Water P o l l u t i o n  Cont ro l  Act, Resource Conservat ion and Recovery Act, 

Tox ic  Substances Cont ro l  Act, and OSHA c r i t e r i a  documents. Adequate 

c o n t r o l  technologies and workplace mon i to r i ng  w i l l  need t o  be deployed 

t o  reduce emissions and wastes t o  a l e v e l  s u f f i c i e n t  t o  p r o t e c t  t h e  
h e a l t h  and s a f e t y  o f  workers and t h e  p u b l i c  as o u t l i n e d  i n  these 

evo lv ing  r e g u l a t i o n s  (U.S. DOE 1978a,b). 
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@ The design and implementation o f  industrial hygiene and safety 
programs will be necessary to reduce worker exposures to a variety o f  
mutagenic and carcinogenic materials as well as trace metals. These 
programs should include medical surveillance o f  workers, training in 
personal hygiene, and decontamination procedures (U.S. DOE 1978a,b). 
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5. PEAT 

Robert M. Reed,l L a r r y  D. Voorhees,l P. J .  Mulhol land, l  
and Mar t i n  Schweitzer2 

5.1 RESOURCE DESCRIPTION 

Peatlands are wetland ecosystems i n  which more organic  mat ter  i s  
produced than i s  decomposed, r e s u l t i n g  i n  the  fo rmat ion  o f  an organic 

deposi t .  A lack  o f  f r e e  oxygen, u s u a l l y  associated w i t h  a 

water-saturated subs t ra te  o r  s tanding water, slows organic  mat te r  

decomposition. Most peat lands have formed over t h e  pas t  10,000 t o  

12,000 years, w i t h  many being o n l y  2000 t o  5000 years o ld .  The 

composi t ion o f  peat deposi ts  i s  r a r e l y  homogeneous and u s u a l l y  va r ies  

w i t h  depth, r e f l e c t i n g  past changes i n  c l ima te  and vegetat ion.  
Impor tant  f a c t o r s  c o n t r i b u t i n g  t o  the  development o f  a p a r t i c u l a r  

peat land are c l imate ,  topography, drainage, sources o f  nu t r i en ts ,  

vegetat ion,  and h i s t o r y  o f  development and disturbance. These f a c t o r s  

need t o  be evaluated and understood i n  p r e d i c t i n g  environmental impacts 

r e s u l t i n g  f rom harves t ing  peatlands. 

The s i z e  o f  t he  wor ld  peat resource i s  p o o r l y  known a t  the  present 

t i m i n g  e s p e c i a l l y  i n  t r o p i c a l  regions. Publ ished est imates have ranged 

f rom 165 x l o 6  t o  421 x lo6 ha (U.S. DOE 1979a, K i v inen  and 

Pakarinen 1980). Table 11 shows t h a t  the  na t ions  having the  l a r g e s t  

a rea l  ex ten t  o f  peat lands are Canada, the  Sov ie t  Union, and t h e  Uni ted 
6 S t a t e s ,  w h i l e  resources  i n  a t  l e a s t  11 o t h e r  c o u n t r i e s  exceed 1 x 10 

ha. Data on peat resources i n  developing coun t r i es  (e.g., Burundi, S r i  
Lanka, and B r a z i l )  are j u s t  beginn ing t o  be co l l ec ted .  Such 

in fo rma t ion  w i l l  undoubtedly increase est imates o f  t h e  s i z e  o f  t h e  

wor ld ' s  peat resource s i g n i f i c a n t l y .  

C h a r a c t e r i s t i c s  o f  p o t e n t i a l l y  e x p l o i t a b l e  peat depos i ts  d i f f e r  by 

geographic l o c a t i o n  and h i s t o r y  o f  development. Peat forms i n  one o f  

'Environmental Sciences D iv is ion ,  ORNL. 
2 Energy D iv i s ion ,  ORNL. 
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Table 11. World peat resource est imatesa 

Region 
Area 

(106 ha) 

EUROPE 28.2 

F in land  
Sweden 
Norway 
Un i ted  Kingdom of Great B r i t a i n  

and N. I r e l a n d  
Po 1 and 
Republ ic o f  I r e l a n d  
West Germany 
Ice1 and 
Others 

A S I A  

USSR 
I ndones i a 
China 
Malays ia 
Japan 

NORTH AMERICA 

Canada 
Un i ted  States 

OTHERS 

TOTAL 

10.4 
7.0 
3.0 

1.6 
1.4 
1.2 
1.1 
1 .o 
1.5 

182.1 

150 
26 

3.5 
2.4 
0.2 

210.2 

170 
40.2 (61.0)b 

0.60 

421.1 

aKiv inen and Pakarinen 1980. 

bFarnham 1980. 
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two general  ways: (1 )  by l a k e - f i l l i n g  processes i n  which organic  

m a t e r i a l s  accumulate i n  shallow, p o o r l y  dra ined bas ins (e.g, former 

ponds, lakebeds, o r  p o o r l y  d ra ined te r races ) ,  and ( 2 )  by p a l u d i f i c a t i o n  

( i .e. ,  swamping) i n  which sphagnum mosses and associated wet land p l a n t s  

g r a d u a l l y  invade f l a t  t o  moderately s lop ing  minera l  s o i l s  mod i fy ing  

e x i s t i n g  drainage pa t te rns  thereby c r e a t i n g  waterlogged cond i t ions .  

Depths o f  depos i ts  can vary f rom a few cent imeters t o  more than 6 m. 

Al though peat  depos i ts  are found i n  t h e  western s t a t e s  (Cameron 

1980), proposals  f o r  us ing peat f o r  energy have p r i m a r i l y  been 

r e s t r i c t e d  t o  the no r th -cen t ra l ,  nor theastern,  and southeastern reg ions 

o f  t he  Un i ted  States.  I n  t h e  nor thern  Midwest and New England, peat 

depos i ts  have formed on p o o r l y  dra ined landscapes l e f t  by receding 

g l a c i e r s .  A v a r i e t y  o f  peat land types occur i n  these areas, i n c l u d i n g  

( 1 )  r a i s e d  bog depos i ts  i n  Maine; ( 2 )  numerous smal l ,  deep bas in 

depos i ts  i n  Wisconsin, New York, and New England (Cameron 1980); and 

( 3 )  ex tens ive  complex pa t te rns  o f  r a i s e d  peat lands i n  Minnesota 

(Heinselman 1970). On t h e  southeastern coas ta l  p la in ,  ex tens ive  peat 

depos i ts  formed i n  l a r g e  swamps and marshes as sea l e v e l s  rose and f e l l  

du r ing  t h e  pas t  10,000 years (Whitehead 1972, Heath 1975). I n  Nor th 

Caro l ina,  f o r  example, t h ree  major types o f  peat lands have been 

d i s t i n g u i s h e d  ( O t t e  and Ingram 1980): ( 1 )  pocosins ( i . e .  , evergreen 

shrub bogs on the  southeastern coas ta l  p l a i n )  occu r r i ng  i n  ex tens ive  

shal low depressions (e. g., t h e  Dismal Swamp and t h e  Pam1 imar le  
P e n i n s u l a ) ,  ( 2 )  f l o o d p l a i n  p e a t s  a long  major  rivers d r a i n i n g  t h e  

coas ta l  p l a i n ,  and ( 3 )  e l l i p t i c a l - s h a p e d  Caro l i na  Bays o f  unknown 

o r i  g ins.  

Peatlands have been considered a p o t e n t i a l  energy resource f o r  

many years, bu t  o n l y  r e c e n t l y  has any ser ious  cons ide ra t i on  been g iven 

t o  developing U.S. peat  depos i ts  f o r  t h i s  purpose. Est imates o f  t h e  

energy a v a i l a b i l i t y  i n  proven reserves o f  peat i n  t h e  Un i ted  States are 

t e n t a t i v e ,  bu t  Farnham (1978) made a p r e l i m i n a r y  est imate t h a t  these 

reserves may con ta in  as much as 1524 EJ (1443 quads). Recent surveys 

i n  some s ta tes  (e.g., Nor th Caro l ina)  found much l e s s  peat than 
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p red ic ted  by Farnham ( O t t e  and Ingram 1980), w h i l e  surveys i n  o the r  

s ta tes  (e.g., Alaska) found much more (Farnham 1980). 

Peat depos i ts  are present  i n  42 s t a t e s  (Cameron 1980). A recen t  
eva lua t i on  o f  t h e  peat  resource i n  t h e  Un i ted  States found t h a t  Alaska 

has the  l a r g e s t  ex ten t  of peatlands, w i t h  approximately 51 x l o 6  ha, 
o f  which o n l y  2.2 x l o 6  ha are be l i eved  t o  be fue l -g rade q u a l i t y  

(Farnham 1980). The t o t a l  U.S. resource i s  est imated t o  be 

approx imate ly  61 x l o 6  ha (Table 12). F igure  8 shows t h e  
d i s t r i b u t i o n  o f  major peat land reg ions  i n  t h e  48 conterminous s ta tes .  

F i f t y - seven  percent  o f  t h e  resource i s  i n  t h e  no r th -cen t ra l  s t a t e s  o f  

Minnesota, Michigan, and Wisconsin; 24% i s  on the  southeastern coas ta l  

p l a i n  (Nor th Carol ina,  F lo r i da ,  and Lou is iana) ;  and t h e  remaining 20% 

i s  sca t te red  throughout t h e  remainder o f  t h e  Southeast, New England, 

t h e  Rocky Mountain States, and the  West Coast. 
Al though the  general  d i s t r i b u t i o n  o f  t h e  U.S. resource i s  f a i r l y  

w e l l  known, many peat  depos i ts  do no t  con ta in  fue l -g rade peat o r  are 

Table 12. Un i ted  States peat resources 

Hectaresa 
x 106 

Percent o f  t o t a l  
(exc lud ing  A1 aska) 

A1 aska 50.59 
Minnesota 2.91 (2.4)b 
Michigan 1.83 
F l o r i d a  1.21 
Wisconsin 1.15 
Lou is iana 0.73 
Nor th  Caro l i na  0.49 (0.24)c 
Maine 0.31 
New Y ork 0.26 
Others 1.49 

T o t a l  60.97 

28.0 
17.6 
11.7 
11.1 
7.0 
4.7 
3.0 
2.5 

14.4 

100.0 

aData f rom Farnham (1980) except as noted. 

bMundale 1981. 

‘Otte and Ingram 1980. 
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Fig. 8. Distribution of peat resources in the United States,  excluding Alaska and Hawaii. Numbers 
indicate the proportion (%) o f  the resource in the 48 contiguous s t a t e s  t h a t  i s  present in 
individual s ta tes .  Adapted from U.S. DOE (1979) .  
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t o o  w i d e l y  s c a t t e r e d  t o  be economica l l y  recoverable.  I n  a number o f  

s ta tes ,  t h e  U.S. Department o f  Energy has been sponsor ing d e t a i l e d  

i n v e n t o r i e s  o f  peat  resources. The d a t a  f r o m  these e f f o r t s ,  however, 
w i l l  n o t  be a v a i l a b l e  f o r  severa l  years  (Mayer and C h r i s t i a n s o n  1982). 

5.2 TECHNOLOGY OVERVIEW 

A major r e s t r i c t i o n  t o  development o f  peat  f o r  energy i s  t h e  h i g h  

economic c o s t  assoc ia ted  w i t h  t r a n s p o r t i n g  t h e  unprocessed peat.  Peat 

has a low energy c o n t e n t  compared t o  c o a l  and has a h i g h  mois tu re  

c o n t e n t  ( o f t e n  i n  excess o f  90%) b e f o r e  i t  i s  dewatered. Peat p r o j e c t s  

w i l l ,  t h e r e f o r e ,  n o r m a l l y  be l o c a t e d  c l o s e  t o  peat  d e p o s i t s  and w i l l  

combine mining, dewater ing,  and energy convers ion  opera t ions  t o  reduce 
t r a n s p o r t a t i o n  cos ts .  An except ion  i s  t h e  F i r s t  Colony Farms, Inc., 

o p e r a t i o n  i n  Nor th  C a r o l i n a  t h a t  i s  p r i m a r i l y  o r i e n t e d  toward 
h a r v e s t i n g  t h e  peat  f o r  s a l e  as a h o r t i c u l t u r a l  supplement o r  as a f u e l  

and u s i n g  t h e  mined peat lands  f o r  a g r i c u l t u r e .  However, even i n  t h i s  

case, proposed energy convers ion  f a c i l i t i e s  w i l l  be l o c a t e d  near t h e  
h a r v e s t  s i t e  (Edelman and Manfred 1982, Rea 1982). 

The f o l l o w i n g  d i s c u s s i o n  o f  peat  energy technology addresses f o u r  

b a s i c  s teps i n  t h e  peat  f u e l  c y c l e :  ( 1 )  peat land prepara t ion ,  

( 2 )  h a r v e s t i n g  (min ing) ,  ( 3 )  dewater ing,  and ( 4 )  energy use o r  
convers ion.  A l t e r n a t i v e  approaches f o r  each s tep  are  considered. 

5.2.1 Peat land PrePara t ion  

The t y p e  of peat land p r e p a r a t i o n  r e q u i r e d  f o r  a p a r t i c u l a r  p r o j e c t  

depends on whether a wet o r  d r y  h a r v e s t  method i s  used. Wi th d r y  

harves t  methods, a d ra inage system i s  es tab l i shed,  s u r f a c e  v e g e t a t i o n  

and o b s t r u c t i o n s  (e.g., rocks  o r  stumps) a r e  removed, t h e  peat land 

s u r f a c e  i s  s loped toward t h e  d i t c h e s  t o  promote sur face  drainage, and 

access roads f o r  machinery a r e  cons t ruc ted .  The spacing and p a t t e r n  o f  

d i t c h e s  depends on f a c t o r s  such as t h e  t y p e  o f  harves t  equipment t o  be 

used, t h e  d i f f i c u l t i e s  o f  e s t a b l i s h i n g  adequate dra inage f low,  and t h e  

system f o r  t r a n s p o r t i n g  peat  t o  t h e  s i t e  o f  use. Prepar ing  f o r  harves t  

n o r m a l l y  r e q u i r e s  two t o  f i v e  years  ( A l l e n  1982, Campbell 1981, 
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Tomiczek e t  a l .  1982). Wet harves t  methods r e q u i r e  removal o f  t r e e s  

and brush and management o f  water l e v e l s  t o  p e r m i t  t h e  use o f  f l o a t i n g  

barges f o r  dredging opera t ions .  Dikes may be r e q u i r e d  t o  ensure t h a t  

adequate water  l e v e l s  are mainta ined.  

6;? 

5.2.2 Harvest  i ng 

Dry h a r v e s t  methods produce m i l l e d  o r  sod peat, w h i l e  wet harves t  

methods produce a peat-water  s l u r r y  o r  b u l k  wet peat .  The method o f  

h a r v e s t  depends on: ( 1 )  t h e  amount o f  peat  requ i red ,  ( 2 )  c l i m a t i c  

c o n d i t i o n s  (e.g., l e n g t h  o f  h a r v e s t  and d r y i n g  seasons), ( 3 )  peat land 

l o c a t i o n  and p h y s i c a l  c h a r a c t e r i s t i c s  (e.g. , ease o f  access and 

f e a s i b i l i t y  o f  implement ing dra inage) ,  and ( 4 )  need f o r  a cont inuous 

supply  o f  peat  and t h e  problems assoc ia ted  w i t h  s t o c k p i l i n g .  

5.2.2.1 M i l l e d  Peat 

The m i l l e d  peat  h a r v e s t  method i s  w i d e l y  used i n  t h e  S o v i e t  Union 

and Europe and t o  a l i m i t e d  e x t e n t  i n  t h e  U n i t e d  Sta tes  and Canada. 

Spec ia l  machinery removes a t h i n  l a y e r  o f  peat  (0.6 t o  5.0 cm) f rom t h e  

p e a t l a n d  sur face.  T h i s  loose m a t e r i a l  i s  t u r n e d  one t o  severa l  t imes 

t o  promote d r y i n g  and i s  then windrowed o r  i s  c o l l e c t e d  w i t h  l a r g e  

vacuum h a r v e s t e r s  f o r  eventual  t r a n s p o r t  t o  s t o c k p i l e s .  By t u r n i n g  t h e  

m i l l e d  peat  every h a l f  hour under f a v o r a b l e  c o n d i t i o n s ,  a 30% mois tu re  

c o n t e n t  can be ob ta ined i n  2 t o  3 h ( A l l e n  1982, Campbell 1981). I n  
Nor th  Caro l ina,  t h e  F i r s t  Colony Farms, Inc., has had t o  m o d i f y  

machinery and procedures t o  handle t h e  l a r g e  q u a n t i t i e s  o f  b u r i e d  wood 

t h a t  i s  p resent  i n  t h e i r  depos i ts .  

5.2.2.2 Sod Peat 

Sod peat  i s  removed w i t h  a c u t t i n g  machine t h a t  ex t rudes  a sod 
approx imate ly  10 cm i n  d iameter  and 20 t o  30 cm long. These sods are  

spread on t h e  f i e l d  t o  d r y  and t h e n  windrowed f o r  f u r t h e r  d r y i n g  and 

removal t o  s t o c k p i l e s .  F i r s t  Colony Farms has found t h a t  sod peats  can 

be d r i e d  t o  30% mois tu re  c o n t e n t  w i t h i n  7 t o  12 d ( A l l e n  1982). 
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5.2.2.3 Wet Peat 

A wet harves t  method i s  g e n e r a l l y  used i f  ( 1 )  t h e  bog w i l l  n o t  

suppor t  heavy machinery, ( 2 )  c l i m a t i c  c o n d i t i o n s  are  un favorab le  f o r  

d r y  harvest ,  o r  ( 3 )  t h e  t e r r a i n  i s  u n s u i t a b l e  f o r  drainage. Wet 

harves t  methods g e n e r a l l y  use water  t o  fo rm a peat-water s l u r r y  f o r  

t r a n s p o r t i n g  peat  t o  t h e  convers ion  s i t e .  Harvest  techniques i n c l u d e :  
( 1 )  washing peat  f r o m  t h e  s i d e s  o f  exposed d i t c h e s  w i t h  h i g h  pressure 

streams o f  water, f o l l o w e d  by pumping t h e  peat-water s l u r r y  i n  t h e  

d i t c h e s  t o  t h e  convers ion  s i t e  o r  ( 2 )  u s i n g  f l o a t i n g  dredges o r  

d r a g l i n e s  t o  excavate t h e  peat, f o l l o w e d  by m i x i n g  and screening t h e  

excavated m a t e r i a l  t o  f o r m  a s l u r r y  f o r  pumping t o  t h e  s i t e .  An 

impor tan t  d i f f e r e n c e  between wet and d r y  h a r v e s t  methods i s  t h a t  wet 
h a r v e s t i n g  i s  a one-pass o p e r a t i o n  t h a t  excavates a l l  t h e  h a r v e s t a b l e  

peat  f r o m  one p a r t  o f  t h e  p e a t l a n d  b e f o r e  moving on t o  t h e  n e x t  p a r t .  
I n  c o n t r a s t ,  d ry  h a r v e s t  o p e r a t i o n s  remove a t h i n  l a y e r  o f  peat  f rom 

t h e  e n t i r e  p e a t l a n d  s u r f a c e  a t  each pass, c o n t i n u i n g  u n t i l  t h e  

harves tab le  area i s  mined out ,  u s u a l l y  i n v o l v i n g  severa l  t o  many years.  

5.2.3 Dewater ing 

Because peat  harves ted  by e i t h e r  wet o r  d r y  methods has a h i g h  

m o i s t u r e  c o n t e n t  ( o f t e n  exceedi ng 90%) , dewater ing t o  a m o i s t u r e  

c o n t e n t  o f  50% o r  l e s s  i s  r e q u i r e d .  To o b t a i n  50% mois tu re  peat  f r o m  

90% m o i s t u r e  peat, 8 kg  o f  water  must be removed f rom each kg o f  d r y  

peat  ( d r y  weight  b a s i s ) ( T s a r o s  1982). 
I f  d r y  h a r v e s t  methods are  used, t h e  sod o r  m i l l e d  peat  i s  spread 

over  t h e  p e a t l a n d  s u r f a c e  t o  d r y  i n  t h e  sun (L inds t rom 1980, Campbell 

1981, Mundale 1981). F i e l d  d r y i n g  can produce peat  hav ing  m o i s t u r e  

conten ts  f r o m  30 t o  55% b u t  i s  l i m i t e d  by f a v o r a b l e  weather and b y  t h e  

amount o f  l a n d  s u r f a c e  needed t o  d r y  t h e  peat .  For  example, i f  m i l l e d  

peat  were t o  be used f o r  a 264 x lo1’ J /d  s u b s t i t u t e  n a t u r a l  gas 
(SNG)  f a c i l i t y ,  more than 52,000 ha o f  peat land would be ded ica ted  t o  
peat  h a r v e s t i n g  t o  p r o v i d e  t h e  52 x 10 kg  o f  50% m o i s t u r e  peat  

needed per  day (Tsaros 1982). 

9 
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For  wet harves t  operat ions,  a l t e r n a t i v e  approaches f o r  dewater ing 

t h e  peat-water s l u r r y  inc lude:  ( 1 ) mechanical dewatering; ( 2 )  so l  vent 
ex t rac t i on ;  (3 )  wet carbon iza t ion ;  and ( 4 )  p a r t i a l  wet ox ida t i on .  

Mechanical dewater ing uses a press s i m i l a r  t o  t h a t  used f o r  dewater ing 

sludges o r -  paper pulp.  By combining mechanical dewater ing t o  reduce 

t h e  mois tu re  conten t  t o  70% w i t h  thermal d r y i n g  ( o f t e n  us ing  process o r  

waste heat) ,  50% moisture peat  can be produced. 
Solvent  e x t r a c t i o n  dewater ing i nvo l ves  m ix ing  wet peat w i t h  an 

organic  so lvent .  The s o l u b i l i t y  o f  water i n  t h e  peat i s  increased by 
sub jec t i ng  the  m ix tu re  t o  e leva ted  temperatures and pressures. Most o f  

t h e  water i n  t h e  peat d i sso l ves  i n  t h e  so lvent ,  and t h e  s o l i d s  and 

l i q u i d s  can then be separated. Laboratory  experiments by t h e  I n s t i t u t e  

o f  Gas Technology, us ing  a v a r i e t y  o f  so lvents ,  showed t h a t  as much as 

90% o f  t he  water i n  the  peat  cou ld  be removed w i t h  t h i s  technique us ing  

benzene as a so lvent  (Paganessi e t  a l .  1980). 

Wet ca rbon iza t i on  i s  a b e n e f i c i a t i o n  process t h a t  heats t h e  wet 
6 peat under pressure (e.g., 3.4 x 10 Paqs a t  204°C). The c o l l o i d a l  

s t r u c t u r e  o f  t h e  peat i s  broken down i n  t h e  process, a l l ow ing  t h e  

product  t o  be mechanica l ly  dewatered t o  a mois tu re  content  o f  35% 
(Tsaros 1982). P a r t i a l  wet o x i d a t i o n  i s  s i m i l a r  t o  wet carbon iza t ion  

w i t h  t h e  except ion t h a t  t h e  heat needed f o r  t h e  r e a c t i o n  i s  generated 

by p a r t i a l l y  combusting t h e  peat w i t h i n  a reac tor ,  thus  us ing  some o f  

t h e  energy conten t  o f  t h e  p o t e n t i a l  product.  
The dewatering process may be bypassed if complete oxidation 

processes, which burn as much as 98% o f  t h e  S l u r r y  organic  mat ter ,  are 

used t o  produce heat and steam. I n  add i t ion ,  b i o g a s i f i c a t i o n  uses a 

wet peat-water s l u r r y  d i r e c t l y  i n  fermentat ion t o  produce methane, 

thereby bypassing t h e  dewater ing phase (Ghosh and Klass 1979, Smith 

1981). 

5.2.4 Use o r  Conversion 

Peat can be used d i r e c t l y  as a b o i l e r  f u e l  o r  i n d i r e c t l y  as a 

feedstock f o r  g a s i f i c a t i o n  o r  l i q u e f a c t i o n  f a c i l i t i e s .  D i r e c t  
combustion t o  produce steam f o r  e l e c t r i c i t y  generat ion o r  heat ing  i s  a 
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proven technology i n  Europe and t h e  S o v i e t  Union. Peat g a s i f i c a t i o n  

and l i q u e f a c t i o n  t e c h n o l o g i e s  are  under development i n  t h e  S o v i e t  

Union, Scandinavia, and t h e  U n i t e d  States.  The s i z e  o f  d i r e c t  

combustion f a c i l i t i e s  can v a r y  f rom smal l  p l a n t s  designed t o  p r o v i d e  a 

r e s t r i c t e d  supply  o f  e l e c t r i c i t y  and/or heat  f o r  a l o c a l  i n d u s t r y  o r  

community t o  a l a r g e  power o r  h e a t i n g  p l a n t  t h a t  can s i g n i f i c a n t l y  

c o n t r i b u t e  t o  r e g i o n a l  energy demands. G a s i f i c a t i o n  and l i q u e f a c t i o n  
p l a n t s  w i l l  most l i k e l y  be l a r g e  f a c i l i t i e s ,  [e.g., one t h a t  was 

proposed f o r  t h e  Minnesota Gas Company would have produced SNG 

e q u i v a l e n t  t o  260 x lo1' J/d (Punwani e t  a l .  1977) l .  

5.2.4.1 D i r e c t  combustion 

Hand-cut peat  has been used f o r  domest ic h e a t i n g  and cooking f o r  

thousands of years.  The technology f o r  u s i n g  peat  as a b o i l e r  f u e l  t o  
produce e l e c t r i c i t y  and heat  was f i r s t  developed i n  t h e  S o v i e t  Union i n  

1922. C u r r e n t l y  t h e  USSR has over  70 p e a t - f i r e d  power p l a n t s ,  t h e  

l a r g e s t  of which i s  r a t e d  a t  723 MWe (Punwani 1982). S ince 1950, t e n  

p e a t - f i r e d  power s t a t i o n s ,  r a n g i n g  i n  s i z e  f rom 20 t o  40 MWe, have been 
b u i l t  i n  I r e l a n d  and c u r r e n t l y  p r o v i d e  approx imate ly  16% o f  t h a t  

n a t i o n ' s  e l e c t r i c i t y  (Brophy 1982). F i n l a n d  has a r a p i d l y  expanding 

p e a t  energy program w i t h  19 e l e c t r i c a l  power s t a t i o n s  and d i s t r i c t  

h e a t i n g  p l a n t s  i n  opera t ion .  

P e a t - f i r e d  power and d i s t r i c t  h e a t i n g  p l a n t s  a re  s i m i l a r  t o  

c o a l - f i r e d  f a c i l i t i e s  i n  most respects .  The f a c i l i t i e s  a r e  t y p i c a l l y  

l o c a t e d  near  t h e  source o f  f u e l  because t r a n s p o r t i n g  peat  long  

d i s t a n c e s  i s  uneconomical. Peat s t o c k p i l e s  a re  u s u a l l y  l o c a t e d  on o r  

immediate ly  ad jacent  t o  t h e  peat  f i e l d s  except  f o r  r e l a t i v e l y  smal l  
ready r e s e r v e  p i l e s  a t  t h e  combustion s i t e .  T r a n s p o r t a t i o n  o f  t h e  peat  

t o  t h e  f a c i l i t y  may be by narrow-guage r a i l r o a d ,  t r u c k ,  conveyer, o r  

s l u r r y  p i p e l i n e  depending on t h e  d i s t a n c e  and t h e  t y p e  o f  h a r v e s t i n g  

and dewater ing opera t ion .  

F i e l d - d r i e d  p e a t  f u e l  can have a h i g h l y  v a r i a b l e  mois tu re  content ,  

e s p e c i a l l y  if t h e  p e a t  comes from severa l  sources. I r i s h  exper ience 
has found t h a t  by b l e n d i n g  peats  f r o m  d i f f e r e n t  sources t h e  mois tu re  
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c o n t e n t  o f  t h e  f u e l  can be c o n t r o l l e d  w i t h i n  two percentage p o i n t s  of 

t h e  average, thereby  s t a b i l i z i n g  combustion c o n d i t i o n s  (Brophy 1982). 

Residues o f  combustion i n c l u d e  b o i l e r  and f l y  ash which may be 

used as a s o i l  supplement i n  p e a t l a n d  r e c l a m a t i o n  o r  may r e q u i r e  

l a n d f i l l  d i s p o s a l .  The h i g h  l i m e  ash produced i n  I r i s h  peat -burn ing  

f a c i l i t i e s  c l o g s  ash h a n d l i n g  equipment, and s p e c i a l  techniques are  

needed t o  move i t  f rom t h e  combustion f a c i l i t y  t o  d isposa l  ponds 

(Brophy 1982). Dry ash i s  v e r y  f i n e l y  d i v i d e d  ( i .e. ,  powder) and i s  

d i f f i c u l t  t o  handle. 

D r i e d  peat  i s  a h i g h l y  r e a c t i v e  f u e l ,  w i t h  low b u l k  dens i ty ,  h i g h  

v o l a t i l i t y ,  h i g h  oxygen and n i t r o g e n ,  and low s u l f u r  and ash conten t  

(Tab le  13).  The h i g h  n i t r o g e n  c o n t e n t  may cause a i r  p o l l u t i o n  problems 

( K i n g  e t  a l .  1980). 

5.2.4.2 Thermal g a s i f i c a t i o n  

Peat g a s i f i c a t i o n  techno log ies  are g e n e r a l l y  s i m i l a r  t o  those 

be ing  developed f o r  coa l .  A d i s c u s s i o n  o f  t h e  b a s i c  technology f o r  

g a s i f i c a t i o n  processes i s  presented i n  Sect. 4.2.1 o f  t h i s  r e p o r t .  

Peat p r o v i d e s  an e x c e l l e n t  feedstock f o r  convers ion  t o  s u b s t i t u t e  

n a t u r a l  gas (SNG), because i t  tends t o  form more hydrocarbon gases than 

l i g n i t e  and subbi tuminous c o a l s  (Punwani e t  a l .  1980). 

One approach f o r  producing SNG i s  t o  use a s i n g l e - s t a g e  peat  

g a s i f i e r  w i t h  a f l u i d i z e d  bed o r  an e n t r a i n e d  bed. A syn thes is  gas i s  

produced by g a s i f y i n g  t h e  peat  w i t h  steam and oxygen and then 

process ing  t h e  gas t o  produce SNG. A l though t h i s  approach i s  l i m i t e d  

t o  producing a s i n g l e  p roduc t  ( i .e. ,  SNG) and produces l a r g e  amounts o f  

t a r s ,  i t  has t h e  major  advantage o f  u s i n g  commerc ia l ly  a v a i l a b l e  

f l u i d i z e d  and e n t r a i n e d  bed equipment (Kops te in  1982). 

An a l t e r n a t i v e  approach t o  s i n g l e - s t a g e  g a s i f i c a t i o n  i s  t h e  

two-stage h y d r o g a s i f i e r  developed a t  t h e  I n s t i t u t e  o f  Gas Technology 

( I G T )  w i t h  suppor t  f rom t h e  U.S. Department o f  Energy and Minnegasco. 

I n  a d d i t i o n  t o  SNG, a number o f  l i q u i d s  a re  produced, i n c l u d i n g  

gasol  i n e - b l e n d i  ng s tock  (benzene, to luene,  and xy lene)  and f u e l  o i  1 , 
t h a t  have g r e a t e r  end-use f l e x i b i l i t y .  The d i s t r i b u t i o n  o f  p roduc ts  
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Table 13. Analyses o f  peat samples (mo is tu re  f r e e )  

Nor th 
Carol  i naa Mai neb M i  nnesot ac 

Proximate anal vses 

Mois tu re  as rece ived (%)  61.8 - 93.3 
V o l a t i l e  ma t te r  (%) 36.3 - 67.4 
F ixed carbon (%) 21.6 - 39.5 
Ash (%) 1.2 - 42.1 

U1 t ima te  analyses 

Hydrogen (%)  
Carbon (%) 
N i t rogen ( & )  
S u l f u r  (%)  
Oxygen (%)  

Heat i na Val ue 

3.1 - 6.0 
36.1 - 64.2 

0.9 - 2.1 
0.1 - 0.5 

17.5 - 33.8 

82.0 - 94.9 
61.3 - 74.9 
24.3 - 33.0 

0.5 - 6.7 

4.8 - 5.9 
51.8 - 60.5 
0.5 - 2.2 
0.1 - 0.6 

26.5 - 40.7 

- 
65.0 
23.7 
11.3 

5.1 
49.9 

2.7 
0.3 

30.7 

M J / b  
B t u / l b  

13.6 - 25.9 20.0 - 24.2 19.8 
5860 - 11,180 8620 - 10,417 8506 

aRange based on 82 samples o f  Pamlimarle Pen in i su la  peat ( O t t e  and 

bRange based on 70 samples of Great Heath peat (Davis  1980). 

CSingle values repo r ted  by Punwani e t  a l .  (1980). 

I ngram 1980). 

I 
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can be c o n t r o l l e d  by r e g u l a t i n g  t h e  temperatures i n  t h e  h y d r o g a s i f i e r  

stage. Based on bench-scale and process development u n i t  s tud ies ,  

maximum SNG p r o d u c t i o n  i s  ob ta ined a t  r e l a t i v e l y  h i g h  temperatures 

(76OoC), w h i l e  l i q u i d s  p r o d u c t i o n  i s  l i m i t e d  t o  about 15% o f  t h e  feed 

carbon. A t  approx imate ly  540°C, l e s s  SNG i s  produced and d i r e c t  l i q u i d  

y i e l d s  a r e  about 30% o f  t h e  f e e d  carbon (Punwani e t  a l .  1977). 

The IGT has developed a process des ign f o r  a complete SNG f a c i l i t y  

u s i n g  Minnesota peat  and producing 264 x lo1' J /d  SNG (F ig .  9 )  ( A r o r a  

and Tsaros 1980). T h i s  f a c i l i t y  would r e q u i r e  a d a i l y  i n p u t  o f  52 x 

10 kg  o f  peat,  o f  which 75% i s  process peat  and t h e  remainder i s  

used f o r  b o i l e r  and d r y e r  f u e l .  E s s e n t i a l l y  a l l  o f  t h e  s u l f u r  produced 

i s  conver ted  i n t o  hydrogen s u l f i d e  and removed a long w i t h  carbon 

d i o x i d e  i n  t h e  a c i d  gas removal system ( F i g .  9 ) .  By-products i n c l u d e  

s u b s t a n t i a l  amounts o f  benzene and crude aromat ic  o i l s  as w e l l  as 

anhydrous ammonia and s u l f u r .  

A d d i t i o n a l  research and development a c t i v i t i e s  on peat  

g a s i f i c a t i o n  are  be ing  conducted by Rockwell  I n t e r n a t i o n a l  i n  t h e  

U n i t e d  S t a t e s  and by p r i v a t e  and governmental agencies i n  F i n l a n d  and 

t h e  S o v i e t  Union (Kopste in  1981, 1982; Punwani 1982). 

9 

5.2.4.3 B i o g a s i f i c a t i o n  

An a l t e r n a t i v e  approach t o  thermal  g a s i f i c a t i o n  i s  t h e  anaerobic 

d i g e s t i o n  o f  peat  t o  produce methane. B i o g a s i f i c a t i o n  o f  peat  i s  
i n i t i a t e d  by c o n c e n t r a t i n g  and p r e t r e a t i n g  a peat  s l u r r y  w i t h  sodium 
carbonate and then p a r t i a l l y  o x i d i z i n g  i t  t o  fo rm a m i x t u r e  o f  water-  

s o l u b l e  aromat ic  compounds. T h i s  m i x t u r e  i s  pumped t o  tanks  where 

anaerobic f e r m e n t a t i o n  occurs p roduc ing  methane and carbon d iox ide .  

P i p e l i n e  q u a l i t y  gas i s  produced by scrubbing t o  remove t h e  carbon 

d i o x i d e  and hydrogen s u l f i d e .  The o r g a n i c  m a t e r i a l s  t h a t  a re  n o t  
s o l u b i l i z e d  i n  t h e  pre t rea tment  s teps and t h e  r e s i d u a l  peat  m a t e r i a l s  

f r o m  t h e  f e r m e n t a t i o n  s tep  can be concent ra ted  and used as animal f e e d  

o r  as s o i l  amendments. The advantages o f  b i o g a s i f i c a t i o n  are t h a t  ( 1 )  

min imal  dewater ing i s  needed, ( 2 )  t h e  pre t rea tment  and f e r m e n t a t i o n  

s teps operate a t  r e l a t i v e l y  low temperatures (e.g., 60°C), and 
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( 3 )  waste streams appear t o  need min imal  t reatment .  The major  

d isadvantage i s  t h a t  t h e  r e a c t i o n s  are  s low compared t o  thermal 

g a s i f i c a t i o n .  A l though research on peat  b i o g a s i f i c a t i o n  i s  i n  i t s  

e a r l i e s t  stages o f  development (Kops te in  1982), t h e  technology f o r  

anaerobic d i g e s t i o n  us ing  o t h e r  feeds tocks  (e.g., sewage sludges and 

i n d u s t r i a l  wastes) i s  w e l l  e s t a b l i s h e d  (Ghosh 1980). 

Exper iments on i n  s i t u  b i o g a s i f i c a t i o n  a t  peat  bogs have been 

conducted i n  Sweden. N a t u r a l l y  produced methane i s  p resent  i n  

groundwater f r o m  t h e  bogs and i s  pumped t o  a degassing s t a t i o n  f o r  

separa t ion .  A l though t h i s  approach i n v o l v e s  low o p e r a t i n g  costs ,  t h e  

p e r i o d  d u r i n g  which f a v o r a b l e  temperatures are  present  may l i m i t  t h e  
p r o d u c t i o n  p o t e n t i a l .  I n  a d d i t i o n ,  some c o n s i d e r a t i o n  has been g iven 

t o  combining b i o l o g i c a l  and thermal  g a s i f i c a t i o n  processes. Digested 

peat  f r o m  t h e  b i o g a s i f i c a t i o n  process would be used as a feedstock t o  

produce SNG i n  a thermal  g a s i f i c a t i o n  process, t h u s  a v o i d i n g  t h e  c o s t l y  

s tep  o f  dewater ing t h a t  would o therw ise  be r e q u i r e d  (Ghosh 1980). 

5.2.4.4 L i q u i d s  Produc t ion  

L i q u i d  f u e l s  can be produced f rom peat  i n  severa l  d i f f e r e n t  ways 

(Kopste in  1982, Punwani 1982): ( 1 )  p r o d u c t i o n  o f  benzene d u r i n g  

h y d r o g a s i f i c a t i o n ,  ( 2 )  i n d i r e c t  l i q u e f a c t i o n  o f  syn thes is  gas 

(methanol)  produced by thermal g a s i f i c a t i o n ,  ( 3 )  d i r e c t  l i q u e f a c t i o n ,  

and ( 4 )  convers ion  o f  peat  t o  ethanol .  The o n l y  technology t h a t  has 
commercial p o t e n t i a l  i n  t h e  near  te rm i s  t h e  p r o d u c t i o n  o f  methanol by 

i n d i r e c t  l i q u e f a c t i o n .  Two commercial peat  methanol p l a n t s  hav ing a 

c a p a c i t y  o f  2500 m /d  are under c o n s t r u c t i o n  i n  t h e  S o v i e t  Union, and 

p l a n t s  o f  1000 t o  2000 m3/d are  be ing  eva lua ted  i n  F i n l a n d  

( S o l a n t a u s t a  and Asplund 1980). I n  Nor th  Caro l ina ,  c o n s t r u c t i o n  o f  a 

peat  methanol p l a n t  i s  be ing  planned by Peat Methanol Associates 

(Rea 1981). T h i s  f a c i l i t y  u s i n g  peat  f r o m  t h e  F i r s t  Colony Farms, 

Inc., would i n c o r p o r a t e  an e n t r a i n e d  bed g a s i f i e r  and have an i n i t i a l  

c a p a c i t y  o f  650 m3/d. Methanol p r o d u c t i o n  i n  t h e  U n i t e d  S t a t e s  i s  

c u r r e n t l y  l i m i t e d  by t h e  a v a i l a b l e  market f o r  t h e  product .  I f  methanol 

becomes an economic f u e l  o r  f u e l  a d d i t i v e ,  a d d i t i o n a l  peat  methanol 

3 
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p r o j e c t s  are l i k e l y  t o  be developed. The advantage o f  producing 
methanol and o t h e r  l i q u i d  f u e l s  f r o m  peat  i s  t h a t  a more v e r s a t i l e  

p roduc t  than SNG i s  produced (Mundale 1981). 

5.3. POTENTIALLY SIGNIFICANT ISSUES 
Peat lands are impor tan t  components o f  r e g i o n a l  ecosystems and 

s i g n i f i c a n t l y  i n f l u e n c e  r e g i o n a l  hydrology, water chemistry,  and 

b i o t a .  Because t h e y  are o f t e n  l o c a t e d  a t  headwater o r  i n t e r s t r e a m  

p o s i t i o n s  o f  t h e  landscape, peat lands  a f f e c t  r e g i o n a l  r u n o f f  p a t t e r n s  
by reduc ing  subsur face water movement and by i n c r e a s i n g  over land f l o w .  

Peat lands a c t  as n u t r i e n t  s i n k s  by a s s i m i l a t i n g  n u t r i e n t s  i n  t h e  

s u r f a c e  v e g e t a t i o n  and by r e t a i n i n g  a s s i m i l a t e d  n u t r i e n t s  i n  t h e  
o r g a n i c  s u b s t r a t e  and on t h e  peat  exchange complex. The chemis t ry  of 

water moving over  o r  th rough a peat  deposi t ,  t h e r e f o r e ,  can be 
s i g n i f i c a n t l y  m o d i f i e d  as n u t r i e n t  exchange takes  p lace.  I n  a d d i t i o n ,  

peat lands  p r o v i d e  h a b i t a t  f o r  a v a r i e t y  o f  s p e c i a l i z e d  p l a n t s  and 
animals and a r e  f r e q u e n t l y  t h e  l a s t  remnants o f  und is tu rbed l a n d  w i t h i n  

a reg ion .  These areas may p r o v i d e  impor tan t  refuge, fo rag ing ,  

breeding, and n u r s e r y  areas f o r  a v a r i e t y  o f  w i l d l i f e  species. 

Peat lands are  o f t e n  ad jacent  t o  and c l o s e l y  assoc ia ted  w i t h  o t h e r  

wet lands and a q u a t i c  ecosystems i n  a m u t u a l l y  i n t e r a c t i n g ,  complex 

p a t t e r n  (Heinselman 1970, Glaser  e t  a l .  1981). 

The f o l l o w i n g  issues  a r e  those most l i k e l y  t o  be s i g n i f i c a n t  f o r  
p e a t l a n d  p r o j e c t s  and should be c a r e f u l l y  reviewed. The c o n t e n t  of 

t h i s  s e c t i o n  i s  based p r i m a r i l y  on two r e c e n t  rev iews o f  t h e  peat  

l i t e r a t u r e  (Reed e t  a l .  1982a,b). 

5.3.1 Land Use 

Al though peat lands  a r e  f r e q u e n t l y  regarded as be ing  unproduc t ive  
i n  t h e i r  n a t u r a l  s t a t e ,  t h e y  are  o f t e n  used f o r  a g r i c u l t u r e ,  f o r e s t r y ,  

w i l d l i f e  management, r e c r e a t i o n ,  o r  w i lderness  areas. C o n f l i c t s  may, 
t h e r e f o r e ,  a r i s e  if m i n i n g  o f  such areas i s  proposed. I n  many p a r t s  o f  

t h e  count ry ,  peat  s o i l s  have been d r a i n e d  and t h e  l a n d  conver ted t o  
h i g h  q u a l i t y  farmland. I n  Nor th  Caro l ina,  f o r  example, dra inage and 
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c l e a r i n g  o f  peat lands  f o r  a g r i c u l t u r e  i s  o c c u r r i n g  r a p i d l y  (Richardson 

e t  a l .  1981). I n  Scandinavia, d ra inage of o rgan ic  s o i l s  i s  a common 

p r a c t i c e  t o  promote r e f o r e s t a t i o n .  Because peat lands are  o f t e n  l o c a t e d  

i n  remote reg ions ,  t h e y  may p r o v i d e  impor tan t  w i l d l i f e  h a b i t a t  o r  be 

p a r t s  o f  w i l d l i f e ,  r e c r e a t i o n a l ,  and/or w i lderness  areas (e.g., t h e  

Boundary Water Canoe Area i n  Minnesota).  I n  a d d i t i o n ,  peat lands  

r e p r e s e n t a t i v e  o f  a r e g i o n  and/or s u p p o r t i n g  unusual species may have 

been s e t  a s i d e  by government agencies o r  conserva t ion  groups as 

p r o t e c t e d  areas ( K i v i n e n  and Pakar inen 1981, Worley and K l e i n  1980). 

The main use o f  peat  i n  t h e  U n i t e d  S t a t e s  i s  c u r r e n t l y  f o r  

h o r t i c u l t u r a l  purposes. I n  1980, t h e  U n i t e d  S t a t e s  produced 712 x 

10 kg  of  peat  f o r  uses such as i n g r e d i e n t s  f o r  p o t t i n g  s o i l ,  general  

s o i l  improvement, mushroom beds, pack ing f lowers ,  p l a n t s ,  shrubs, and 

vegetable growing (Dav is  1980). Peat has a l s o  been used f o r  a chemical 

feedstock,  f o r  m e d i c i n a l  purposes, f o r  coke and charcoal  product ion,  

and f o r  t rea tment  o f  mun ic ipa l  wastewaters (Kadlec 1978, Fuchsman 1980, 

Guntenspergen e t  a1 . 1980). 

The present  l a n d  use o f  peat lands  proposed f o r  min ing  should be 

evaluated, and a l t e r n a t i v e  uses should be descr ibed.  Background 

i n f o r m a t i o n  on l a n d  use should be developed t o  p r o v i d e  d e t a i l s  on: 

6 

0 t h e  e x i s t i n g  l a n d  use o f  t h e  peat land t o  be mined and 
t h e  areas t o  be occupied by proposed f a c i l i t i e s  f o r  
energy conversion; 

0 t h e  p a s t  use of t h e  peat land,  i n c l u d i n g  p a s t  a t tempts t o  
d r a i n  i t  o r  use i t  f o r  a g r i c u l t u r e ,  f o r e s t r y ,  e tc .  

0 t r e n d s  i n  development o f  peat lands  f o r  t h e  r e g i o n  i n  
which t h e  p e a t l a n d  i s  l o c a t e d  (e.g.* t h e  Nor th  C a r o l i n a  
c o a s t a l  p l a i n ) ;  

0 any o t h e r  proposed uses f o r  t h e  p e a t  d e p o s i t  (e.g., 
p r o d u c t i o n  of sphagnum peat  moss o r  commercial 
p r o d u c t i o n  o f  c r a n b e r r i e s ) ;  
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0 t h e  impact o f  t h e  p r o j e c t  on surrounding l a n d  uses 
(e. g., conserva t ion  o r  crop1 and areas) d u r i n g  t h e  
l i f e t i m e  o f  t h e  proposed p r o j e c t  and a f t e r  rec lamat ion  
has been implemented; and 

a conserva t ion  va lues assoc ia ted  w i t h  t h e  peat land and 
e f f o r t s  t h a t  have been made t o  p reserve  t h e  peat land.  

5.3.2 A i r  Q u a l i t y  

Most peat lands  are l o c a t e d  i n  remote, s p a r s e l y  populated r e g i o n s  

where a i r  q u a l i t y  i s  g e n e r a l l y  good and t h e  p o t e n t i a l  f o r  s i g n i f i c a n t  

d e t e r i o r a t i o n  i s  high. A i r  q u a l i t y  may be degraded b y  dus t  and f i n e  

d e b r i s  produced by d r y  peat  h a r v e s t i n g  methods, e s p e c i a l l y  t h e  m i l l e d  

peat  method. Because f i n e  peat  d e b r i s  has a low s p e c i f i c  g r a v i t y  and 

i r r e g u l a r ,  f i b r o u s  shape, i t  may remain a i r b o r n e  f o r  g r e a t  d is tances  

( C o n k l i n  1978). D r a i n i n g  a peat land d r i e s  o u t  t h e  sur face  and makes i t  

s u s c e p t i b l e  t o  f i r e .  The m i l l e d  peat  h a r v e s t i n g  method i s  p a r t i c u l a r l y  
s u s c e p t i b l e  t o  f i r e  because o f  t h e  f i n e l y  d i v i d e d  produc t  t h a t  i s  

produced and d r i e d  on t h e  bog sur face.  Machinery, a l i g h t n i n g  s t r i k e ,  

o r  a w i l d f i r e  f r o m  surrounding areas can i g n i t e  a peat  depos i t ,  

s t a r t i n g  a f i r e  t h a t  can burn o u t  of c o n t r o l  f o r  l o n g  p e r i o d s  o f  t ime. 

The smoke f r o m  such a f i r e  can degrade a i r  q u a l i t y  throughout  l a r g e  

areas ( C o n k l i n  1978). Drainage systems t h a t  p e r m i t  t h e  peat  sur face  t o  

be r e f l o o d e d  i f  a f i r e  occurs can s u b s t a n t i a l l y  reduce t h e  r i s k  and 

should be g i v e n  s e r i o u s  c o n s i d e r a t i o n  when deve lop ing  dra inage programs. 

Compared t o  c o a l  combustion, d i r e c t  combustion o f  peat  r e s u l t s  i n  

low s u l f u r  and p a r t i c u l a t e  emissions. The present  technology o f  

e l e c t r o s t a t i c  p r e c i p i t a t o r s  should l i m i t  p a r t i c u l a t e  emissions t o  

a c c e p t i b l e  l e v e l s  (Punwani e t  a l .  1977, R T I  1979). N i t r o g e n  o x i d e  

emissions, however, may exceed emiss ion s tandards (K ing  e t  a l .  1980), 

and c o n t r o l  o f  n i t r o g e n  gases may be requ i red .  

Atmospheric emissions f r o m  peat  g a s i f i c a t i o n  p l a n t s  w i l l  i n c l u d e  

carbon monoxide, hydrocarbons, p a r t i c u l a t e s ,  s u l f u r  d iox ide ,  ammonia, 
hydrogen and o r g a n i c  s u l f i d e s ,  and perhaps t r a c e  elements such as 

mercury, b e r y l l i u m ,  lead, a rsen ic ,  and selenium. Hydrogen s u l f i d e  and 

o r g a n i c  s u l f i d e  may cause l o c a l  odor problems. 
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Large-sca le  e x p l o i t a t i o n  o f  peat lands  may c o n t r i b u t e  t o  increases 

i n  atmospher ic C02 l e v e l s  and p r o j e c t e d  c l i m a t e  changes r e s u l t i n g  

f r o m  these increases  (Hansen e t  a l .  1981). G l o b a l l y ,  t h e  o r g a n i c  

carbon i n  peat  reserves i s  es t imated  t o  be f rom 150 t o  300 Pg C (Moore 

and Bel lamy 1976, Bamryd 1979, S j o r s  1980), s l i g h t l y  l e s s  than one-hal f  

t h a t  i n  t h e  atmosphere as C02. O x i d a t i o n  o f  a s i g n i f i c a n t  p o r t i o n  o f  

t h i s  reserve,  e i t h e r  by d i r e c t  convers ion  t o  usab le  energy o r  

i n d i r e c t l y  by widespread d r a i n i n g  o f  peat lands  f o r  a g r i c u l t u r a l  o r  

o t h e r  purposes, may c o n t r i b u t e  t o  an inc rease i n  atmospher ic C02. 

T h i s  issue,  however, must be addressed a t  r e g i o n a l ,  n a t i o n a l ,  and 

i n t e r n a t i o n a l  l e v e l s  r a t h e r  than on t h e  l e v e l  o f  s p e c i f i c  p r o j e c t s .  

To e v a l u a t e  t h e  s i g n i f i c a n c e  o f  atmospher ic e f f e c t s  o f  proposed 

peat  p r o j e c t s ,  t h e  a n a l y s i s  should cons ider :  

0 t h e  e f f e c t s  o f  dus t  and f i n e  d e b r i s  produced d u r i n g  peat  
h a r v e s t i n g  o p e r a t i o n s  on l o c a l  and r e g i o n a l  a i r  q u a l i t y ;  

0 t h e  p o t e n t i a l  f o r  f i r e s  t o  occur, measures t o  min imize 
t h e i r  occurrence, and p l a n s  f o r  c o n t r o l l i n g  them i f  t h e y  
do occur;  

0 d a t a  on t h e  p r e d i c t e d  atmospher ic d i s p e r s i o n  o f  
emissions f rom combustion o r  g a s i f i c a t i o n  f a c i l i t i e s ;  and 

0 i n f o r m a t i o n  on r e g i o n a l  increases i n  atmospher ic C02 
l e v e l s ,  and p o s s i b l e  e f f e c t s  caused by t h e  proposed 
f a c i  1 i t y  . 

5.3.3 Hydro logy 

Peat lands may fo rm a perched water  t a b l e  and n o r m a l l y  have an 

i n t e g r a l  r e l a t i o n s h i p  t o  t h e  groundwater hydro logy o f  t h e  surrounding 

reg ion .  Removal o f  peat  f rom a d e p o s i t  w i l l  lower  t h e  water  t a b l e ,  

m o d i f y  t h e  q u a n t i t y  and p a t t e r n  o f  s u r f a c e  f low,  and a l t e r  t h e  water 

s to rage c a p a c i t y  o f  t h e  former p e a t l a n d  ( B o e l t e r  and Ver ry  1977, Brooks 
and Predmore 1978). The e x t e n t  o f  t h i s  m o d i f i c a t i o n  w i l l  depend on t h e  

t y p e  o f  d ra inage system developed and t h e  water management program 

implemented a f t e r  t h e  peat  has been mined. Removal o f  sur face  

v e g e t a t i o n  reduces e v a p o t r a n s p i r a t i o n  and may increase annual sur face  
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runoff. If the mined peatland is developed for agriculture, the 
infiltration characteristics of the mineral soil underlying the peat 
may be modified by cultivation practices, and subsurface flow could be 
affected. In coastal areas, modification of the hydraulic head 
associated with the peatland could lead to saltwater intrusion and the 
resultant contamination o f  existing freshwater aquifers (Heath 1975, 
Hughes 1979). Saltwater intrusion may also limit the agricultural 
potential o f  mined lands by raising the salinity of the reclaimed soils. 

In addition to general baseline information on the affected 
environment, the analysis o f  impacts on hydrology should include 
consideration of: 

0 existing hydrology of the area in which the peatland is 
1 oc at ed ; 

0 

0 impacts of peat mining on existing surface and 

plans for draining the peat deposits; 

subsurface flows and associated aquifers; 

0 effects on ground and surface waters from use of the 
reclaimed peatland (e.g., from agricultural or 
silvicultural use); and 

0 the potential for the project to increase saltwater 
intrusion of freshwater aquifers in coastal areas. 

5.3.4 Water Quality 
Peat harvesting may cause significant deterioration of ground and 

surface water quality by erosion, release of nutrients and metals from 
peat oxidation, reduction in ecosystem retention of cations, and 
mobilization of  elements from underlying mineral soils. The clearing 
of surf ace vegetation and harvesting operat ions wi 11 increase peat 
erosion, thereby increasing particulate loading to surface drainage 
waters (Crisp 1966, Gilliam and Skaggs 1981). The oxidation o f  

adsorbed NH; accompanying peat drainage may release 1 arge 
quantities of NO; to receiving systems and encourage 
eutrophication (Given 1975). 
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Because peat has a high cation exchange capacity and surface 
reactivity (Given 1975), its removal will reduce retention of 
atmospheric inputs and thus increase outputs of these cations to the 
receiving systems. In addition, removal of peat may expose the 
underlyi ng mineral soi 1 , thereby i ncreasi ng the rate of weathering and 
nutrient release. The type of reclamation planned for the mined 
peatland can significantly influence the severity of such problems. 

Liquid effluents from peat energy conversion facilities may 
include ammonia, phenols, sulfides, suspended solids, oxygen-demanding 
materials, and trace elements. 

Potential project effects on water quality should be considered in 
detail. This analysis should include: 

0 evaluation of water quality changes (i.e., 
characterization of pollutants released from the 
peatland and from the conversion facilities), including 
identification of (1) the types and amounts of specific 
pollutants and (2) the aquatic systems receiving 
drainage or process waters from mined peatlands and from 
combustion and gasification facilities; 

0 identification and predicted releases of potentially 
toxic substances (e.g. , heavy metals and organics) from 
the peatlands being mined, storage and waste disposal 
areas, and facility operations; 

0 plans for treating drainage and process waters; and 

0 evaluation of potential long-term water quality changes 
resulting from post-mining land use (e.g., agriculture 
or forestry). 

5.3.5 Solid Waste Disposal 
Solid wastes are produced in all phases of peat projects. During 

the clearing of a peatland, trees, shrubs, and other biomass residues 
are cut and generally require disposal. In some situations, these 
materials may be shredded and mixed with the surface layer of peat. 
This mixed layer is then harvested in the initial milling operation 
(Allen 1982). Alternatively, these biomass wastes may be removed from 
the peatland and burned. 
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Dewater ing and pre t rea tment  o p e r a t i o n s  may produce some s o l  i d  

m a t e r i a l s  t h a t  a re  n o t  used i n  energy convers ion  processes (e.g., t h e  

u n s o l u b i l i z e d  o r g a n i c  m a t e r i a l s  r e s u l t i n g  f rom a l k a l i  p re t rea tment  i n  

b i o g a s i f i c a t i o n ) .  These m a t e r i a l s  a re  o f t e n  used f o r  f u e l  t o  generate 

process heat.  

Peat combustion and g a s i f i c a t i o n  processes generate ash s i m i l a r  t o  

t h a t  produced by combustion and g a s i f i c a t i o n  o f  coa l  (Sect.  4 ) .  

A l though t h e  ash c o n t e n t  of peat  i s  comparable t o  t h a t  o f  coals ,  t h e  

g r e a t e r  volume o f  peat  r e q u i r e d  t o  o b t a i n  t h e  same energy o u t p u t  may 

r e s u l t  i n  a l a r g e r  volume o f  ash. The ash may be used as a s o i l  

amendment d u r i n g  r e c l a m a t i o n  o f  mined peat lands,  b u t  t h e  heavy metal  

con ten t  of some peats  may prec lude such use and r e q u i r e  l a n d f i l l  

d isposa l  o f  t h e  ash. B i o g a s i f i c a t i o n  of peat  produces l i q u i d  e f f l u e n t s  

and sludges t h a t  c o n t a i n  h i g h  c o n c e n t r a t i o n s  o f  n i t r o g e n  and t r a c e  
elements. These wastes may r e q u i r e  s p e c i a l  t rea tment  b e f o r e  d ischarge 

o r  d i s p o s a l .  

Background i n f o r m a t i o n  d e s c r i b i n g  t h e  p r o j e c t  and e x i s t i n g  

environment should be supplemented as necessary t o  p e r m i t  a d e t a i l e d  

e v a l u a t i o n  o f :  

0 t h e  t y p e s  and q u a n t i t i e s  o f  s o l i d  wastes produced d u r i n g  
c l e a r i n g ,  min ing,  p re t rea tment ,  and energy convers ion  
steps; 

0 t h e  p h y s i c a l  and chemical  compos i t ion  of these wastes; 

0 t h e  p lans  f o r  d i s p o s a l  o r  use o f  t h e  wastes; and 

0 t h e  impacts  o f  waste d i s p o s a l  on e x i s t i n g  o r  newly 
planned 1 andf i 11 s; and 

0 t h e  a p p l i c a b i l i t y  o f  c u r r e n t  f e d e r a l ,  s t a t e ,  and l o c a l  
s o l  i d  waste standards.  

5.3.6 Impacts on B i o t a  

Because peat lands  are  p r i m a r i l y  found i n  remote and r e l a t i v e l y  

und is tu rbed reg ions,  t h e y  f r e q u e n t l y  p r o v i d e  impor tan t  h a b i t a t  f o r  

r a r e ,  threatened,  endangered, and commerc ia l ly  i m p o r t a n t  p l a n t s  and 
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animals. I n  Minnesota, f o r  example, endangered and th rea tened species 

o c c u r r i n g  i n  o r  u s i n g  peat lands  i n c l u d e  18 p l a n t  species and f o u r  

animal spec ies (MDNR 1981). Peat lands may p r o v i d e  s p e c i a l i z e d  h a b i t a t  

c o n d i t i o n s  f o r  some species w i t h  r e s t r i c t e d  d i s t r i b u t i o n s  (e.g. , 
o r c h i d s )  (MDNR 1981). B i g  game p o p u l a t i o n s  such as moose i n  Minnesota 

(MDNR 1981) and b l a c k  bear i n  Nor th  C a r o l i n a  (Monschein 1981) may use 

peat land h a b i t a t s  f o r  f e e d i n g  and r e f u g e  f rom human d is turbance.  Cedar 

swamp h a b i t a t s  assoc ia ted  w i t h  Minnesota peat lands  p r o v i d e  w i n t e r i n g  

yards  f o r  w h i t e - t a i l e d  deer and impor tan t  h a b i t a t  f o r  b i r d s  (MDNR 

1981). Peat lands are  o f t e n  c l o s e l y  assoc ia ted  w i t h  o t h e r  wet lands t h a t  

p r o v i d e  h a b i t a t  f o r  m i g r a t o r y  water fowl  and animals such as r e p t i l e s  

and amphibians. 

Harves t ing  peat lands  can d e s t r o y  s p e c i a l  h a b i t a t  c o n d i t i o n s  f o r  

species e i t h e r  d i r e c t l y  by d e s t r o y i n g  t h e  h a b i t a t  i t s e l f  o r  i n d i r e c t l y  

by m o d i f y i n g  h y d r o l o g i c a l  c o n d i t i o n s  o r  t h e  water q u a l i t y  o f  h a b i t a t s  

downstream from t h e  harvested peat lands.  I n p u t  o f  a c i d i c  peat land 

waters  t o  downstream r e c e i v i n g  systems d u r i n g  dra inage and subsequent 

r e c l a m a t i o n  may adverse ly  a f f e c t  s e n s i t i v e  b i o t a  t h a t  a re  e c o l o g i c a l l y  
o r  economica l l y  impor tant .  I n  c o a s t a l  reg ions,  a d d i t i o n s  o f  NO; 

may be p a r t i c u l a r l y  impor tan t  because n i t r o g e n  i s  a l i m i t i n g  n u t r i e n t  

i n  e s t u a r i e s  and e u t r o p h i c a t i o n  may have an adverse e f f e c t  on impor tan t  

she1 1 f i s h e r i e s ,  nurser ies ,  and spawning grounds. Other adsorbed 

c a t i o n s  (Sect .  5.3.4), p a r t i c u l a r l y  metals,  may a l s o  be r e l e a s e d  t o  
s u r f a c e  waters  d u r i n g  peat  dra inage and a f f e c t  e c o l o g i c a l  processes i n  

downstream r e c e i v i n g  systems. 

I n  a d d i t i o n  t o  general  d e s c r i p t i v e  in fo rmat ion ,  d a t a  should be 

developed f rom a d e t a i l e d  survey o f  t h e  p l a n t  and animal l i f e  o f  t h e  

a f f e c t e d  peat land,  emphasizing r a r e ,  threatened,  and endangered 

species, species w i t h  h i g h l y  s p e c i a l i z e d  adapta t ions  t o  t h e  p e a t l a n d  
h a b i t a t  (e.g., o r c h i d s  and bog lemmings), and commerc ia l ly  o r  

r e c r e a t i o n a l l y  i m p o r t a n t  species (e.g. , moose, bear, and f u r b e a r e r s )  

dependent on t h e  p e a t l a n d  h a b i t a t .  Any d i s r u p t i o n  t o  such species 

should be eva lua ted  w i t h i n  t h e  c o n t e x t  o f  t h e  s t a t u s  o f  r e g i o n a l  

6d 
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populations and the presence of equivalent habi ta t  t h a t  will  be l e f t  
undisturbed (Reed 1979). 

5.3.7 Impacts on Unique Ecosystems 
Peatlands have a number of unique fea tures  t h a t  may i n  spec i f ic  

cases argue f o r  preservation ra ther  than exploi ta t ion.  In addition t o  
providing habi ta t  f o r  r a r e  and commercially important species 
(Sect.  5.3.6), peatlands may have s c i e n t i f i c  and educational values 
re la ted t o  geological, b iological ,  and hydrological developmental 
processes. For example, the "Big Bog" i n  Minnesota i s  the la rges t  
contiguous peatland i n  the  conterminous United S ta tes  (116,550 ha).  

As peat deposi ts  develop, pollen grains from the  peatland and 
surrounding areas are  trapped and preserved in the  organic sediments. 
Palynologists ( i  .e., s p e c i a l i s t s  who study pollen grains preserved i n  
peat p r o f i l e s )  can remove ver t ica l  cores from the peat deposi ts  and 
reconstruct the types of pollen deposited in the v i c i n i t y  of the 
peatland over the period of i t s  development (e.g., up t o  12,000 
years) .  This type of study has contributed a great  deal t o  the 
understanding of past  changes i n  climate and vegetation (e.g. ,  Amundson 
and Wright 1979, Whitehead 1972) and i s  cur ren t ly  being used t o  
i n t e r p r e t  the s ignif icance of past  changes of atmospheric carbon 
dioxide leve ls  in the biosphere (Auerbach e t  a l .  1981, pp.  53-54). 
Because peatlands are sinks f o r  nu t r ien ts  and pol lutants ,  they may a l so  
provide a long-term record of changes in vegetation and pol lutant  
leve ls  associated w i t h  atmospheric emissions. I n  areas o f  extensive 
peatland deposi ts ,  representat ive peatlands should be preserved t o  
allow f o r  fu ture  palynological s tudies .  In many cases,  where peat 
deposits a re  t o  be harvested, i t  may be appropriate t o  c o l l e c t  and 
preserve cores so t h a t  a record of regional var ia t ions i n  peatland 
fea tures  and development i s  preserved f o r  fu ture  study. 

The loss  of wetlands has become an important national concern 
(Executive Order 11990 1977, CEQ 1978, Horwitz 1978), and federal  and 

I 

s t a t e  governments have adopted pol ic ies  t o  stem th i s  loss  and t o  avoid 
taking actions t h a t  would lead t o  the destruction or modification of 
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wetlands. Peat lands are  c l a s s i f i e d  as wet lands by t h e  U.S. F i s h  and 

W i l d l i f e  S e r v i c e  (Cowardin e t  a l .  1979) and are  o f t e n  c l o s e l y  

assoc ia ted  w i t h  o t h e r  ad jacent  wet land areas. Ex tens ive  env i ronmenta l  

r e v i e w  may be r e q u i r e d  by s t a t e  and f e d e r a l  government agencies b e f o r e  

p e r m i t t i n g  peat  m i n i n g  (U.S. DOE 1979b, 1981). 

An assessment o f  t h e  uniqueness o f  peat lands  should be based on 

bo th  a d e t a i l e d  e v a l u a t i o n  of t h e  p e a t l a n d  t o  be mined and an o v e r a l l  

e v a l u a t i o n  o f  s i m i l a r  and r e l a t e d  r e g i o n a l  ecosystems (Reed 1979). 

5.3.8 Rec 1 amat i on 

The r e c l a m a t i o n  o f  harvested peat lands  i s  cons idered by many t o  be 

a major  advantage i n  u s i n g  peat  f o r  energy because t h e  "nonproduct ive"  

peat land can be conver ted  t o  " p r o d u c t i v e "  use (e.g., a g r i c u l t u r e  o r  

s i l v i c u l t u r e ) .  Such major  changes i n  l a n d  use and d i s r u p t i o n  o f  
e x i s t i n g  ecosystems, however, can have major env i ronmenta l  consequences 

i f  r e c l a m a t i o n  i s  n o t  adequate ly  planned and achieved. Proposals  f o r  
pos t -harves t  l a n d  use have i n c l u d e d  developing t h e  s i t e  f o r  crop land,  

pasture,  f o r e s t  p roduc t ion ,  o r  biomass energy p l a n t a t i o n s  (Farnham 

1978). Such uses r e q u i r e  t h e  i n s t a l l a t i o n  and maintenance o f  permanent 

dra inage systems and o f t e n  i n v o l v e  i n t e n s i v e  c u l t i v a t i o n  and o t h e r  

management p r a c t i c e s .  P o t e n t i a l  env i ronmenta l  e f f e c t s  f r o m  these types  

o f  a c t i v i t i e s  can i n c l u d e  permanent a l t e r a t i o n  o f  f reshwater  f l o w  

regimes, inc reases  i n  t h e  sediment l o a d  t o  downstream r e c e i v i n g  
systems, a d d i t i o n  o f  p e s t i c i d e s  and h e r b i c i d e s  t o  dra inage waters,  and 

permanent displacement o f  w i l d l i f e  p o p u l a t i o n s  dependent on p e a t l a n d  
h a b i t a t .  I n  a d d i t i o n ,  c u l t i v a t i o n  o f  t h e  m i n e r a l  s o i l s  u n d e r l y i n g  t h e  

peat  d e p o s i t s  c o u l d  a l t e r  t h e  p o r o s i t y  o f  t h e  s u b s t r a t e  and promote 

contaminat ion  o f  sha l low a q u i f e r s .  Harvested peat lands  a long t h e  

c o a s t a l  p l a i n  of t h e  Southeast may be a t  o r  below sea l e v e l  and t h u s  

s u b j e c t  t o  s a l t w a t e r  i n t r u s i o n  and f l o o d  damage d u r i n g  major  storms. 

I f  t h e  harves ted  peat land i s  t o  be f l o o d e d  permanently, c o n s t r u c t i o n  o f  

d i k e s  may be r e q u i r e d  and management o f  water  l e v e l s  may be r e q u i r e d  t o  

avo id  d i s r u p t i n g  e s t a b l i s h e d  f l o w  p a t t e r n s .  A l though r e c l a m a t i o n  

p o t e n t i a l  i s  h i g h  f o r  many harves ted  peat lands, t h e  development o f  new 
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l a n d  uses i s  accompanied by d i f f e r e n t  environmenta 

e v a l u a t i o n  should be p a r t  o f  p r o j e c t  p lann ing .  

impacts, and t h e i r  

The d i s c u s s i o n  and e v a l u a t i o n  o f  proposed rec lamat ion  p lans  should 

i n c l u d e  a d e t a i l e d  c o n s i d e r a t i o n  o f :  

e impacts on water  and a i r  q u a l i t y  assoc iated w i t h  t h e  
rec la imed l a n d  use; 

e impacts on w i l d l i f e  p o p u l a t i o n s  caused by permanent 
e l i m i n a t i o n  o f  t h e  mined p e a t l a n d  h a b i t a t ;  

e a l t e r n a t i v e  r e c l a m a t i o n  p o s s i b i l i t i e s  and t h e  r a t i o n a l e  
f o r  s e l e c t i n g  t h e  proposed p lan;  

e long- term changes i n  s u r f a c e  and groundwater hydro logy  
as compared t o  p r e - p r o j e c t  c o n d i t i o n s ;  and 

e a v a i l a b l e  m i t i g a t i o n  measures and proposed m o n i t o r i n g  
programs. 

5.3.9 Socioeconomics 

Most peat  resources are l o c a t e d  i n  r e l a t i v e l y  remote r e g i o n s  

( F i g .  8 )  t h a t  a r e  o f t e n  economica l l y  depressed (RT1 1979, Radian Corp. 

1980). U s u a l l y  these r e g i o n s  have no o t h e r  domest ic f o s s i l  energy 

reserves, a l though biomass energy p r o d u c t i o n  i s  o f t e n  f e a s i b l e  (RTI 

1979). U s u a l l y  these r e g i o n s  are  n e t  i m p o r t e r s  o f  e l e c t r i c i t y ,  n a t u r a l  

gas, and o t h e r  f u e l s .  Development o f  peat  energy p r o j e c t s  i s ,  

t h e r e f o r e ,  seen as a p o s i t i v e  economic s t imu lus .  

The impact o f  peat  energy p r o j e c t s  on t h e  l o c a l  economy and 

communit ies must be c a r e f u l l y  cons idered t o  avo id  r a p i d  p o p u l a t i o n  

growth w i t h  i t s  incumbent s t r e s s  on t h e  l o c a l  supply  o f  goods and 
s e r v i c e s  and p o t e n t i a l  decrease i n  q u a l i t y  o f  l i f e .  The e x t e n t  o f  

socioeconomic impacts w i l l  v a r y  w i t h  p r o j e c t  s i z e  and t h e  r e g i o n  i n  

which t h e  p r o j e c t  i s  loca ted .  Development o f  a number o f  smal l  peat-  

f i r e d  power p l a n t s  throughout  a r e g i o n  i s  u n l i k e l y  t o  cause s i g n i f i c a n t ,  

long- term socioeconomic problems. However, l a r g e - s c a l e  f a c i l i t i e s  such 

as t h e  260 x lo ’ *  J /d  SNG p l a n t  proposed by t h e  Minnesota Gas Company 

would employ l a r g e  numbers of workers d u r i n g  c o n s t r u c t i o n  and o p e r a t i o n  
and would have major  impacts on l o c a l  communities. 
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P o t e n t i a l  b e n e f i t s  accru ing  f rom peat  developments i n c l u d e  

increased employment, broader  t a x  base, community improvements i n  a 

range o f  a v a i l a b l e  s e r v i c e s  and f a c i l i t i e s ,  and t h e  s t i m u l a t i o n  o f  

secondary businesses. These b e n e f i t s ,  however, must be balanced 

a g a i n s t  p o t e n t i a l  impacts such as housing shortages, s t r a i n s  on p u b l i c  

s e r v i c e s  and u t i l i t i e s ,  symptoms o f  s o c i a l  s t r e s s ,  smal l  business 
f a i l u r e s ,  water shortages, s o l i d  waste d isposa l  problems, and perce ived 

decrease i n  q u a l i t y  o f  l i f e  by some r e s i d e n t s .  

For  l a r g e - s c a l e  peat  p r o j e c t s  where s i g n i f i c a n t  impacts are 

a n t i c i p a t e d ,  a n a l y s i s  o f  t h e  f o l l o w i n g  types o f  p r o j e c t  impacts may be 

needed : 

0 

0 

0 

0 

0 

0 

0 

0 

r a p i d  p o p u l a t i o n  growth and subsequent d e c l i n e  caused by 
t h e  p r o j e c t  ( i .e.,  boom and bus t  c y c l e ) ;  

p r o j e c t - i n d u c e d  housing storages; 

p u b l i c  s e r v i c e  s h o r t f a l l s  ( i n c l u d i n g  t r a n s p o r t a t i o n  
i mpac t s ) ; 

temporal  and j u r i s d i c t i o n a l  d i s s o c i a t i o n s  o f  c o s t s  and 
b e n e f i t s  f o r  l o c a l  governments; 

i n s t i t u t i o n a l ,  economic, and s o c i a l  e f f e c t s  o f  l a n d  use 
changes, s o l i d  waste d i s p o s a l  needs, and c o m p e t i t i o n  f o r  
water;  

s i g n i f i c a n t  changes i n  p o l i t i c a l ,  economic, and s o c i a l  
s t r u c t u r e s ,  w i t h  s p e c i a l  c o n s i d e r a t i o n  o f  t h e i r  e f f e c t s  
on t h e  l i f e - s t y l e s  o f  r e s i d e n t s ;  

community d i s r u p t i o n  o r  p r o j e c t  de lays r e s u l t i n g  f rom 
l o c a l  o p p o s i t i o n  t o  and suppor t  o f  t h e  proposed p r o j e c t ;  
and 

p r o j e c t - i n d u c e d  s p e c i a l  needs such as occupat iona l  h e a l t h  
problems and demand f o r  p s y c h o l o g i c a l  counsel ing.  

The a n a l y s i s  should a l s o  cons ider  t h e  socioeconomic impacts o f  

secondary developments such as i n d u s t r i e s  developed t o  supply  t h e  peat  

f a c i l i t y  and t o  market by-products  such as su lphur .  Long-term e f f e c t s  

should be c o n t r a s t e d  w i t h  immediate impacts. P o s s i b l e  concerns t o  be 
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considered i n c l u d e  long- te rm c o n s t r a i n t s  on l o c a l  and r e g i o n a l  

development as t h e  peat  f a c i l i t y  competes f o r  water,  c o n t r i b u t e s  t o  a i r  

q u a l i t y  degradat ion,  e t c .  

Given present  u n c e r t a i n t i e s ,  a t t e n t i o n  should be g i v e n  t o  t h e  

i n s t i t u t i o n a l ,  l e g a l ,  and economic aspects o f  h e a l t h  problems 

(Sect.  5.3.10) posed by t h e  proposed peat  combustion o r  g a s i f i c a t i o n  

f a c i l i t i e s .  Popular and i n s t i t u t i o n a l  percept ions  o f  r i s k s  t o  workers 

and t o  ne ighbors should be considered. Controversy c o u l d  develop over  

such percept ions  o f  h e a l t h  r i s k s  as w e l l  as o t h e r  issues o f  

env i ronmenta l  degradat ion.  Federa l  and s t a t e  r e g u l a t o r y  requi rements 

and p o t e n t i a l  l e g a l  i ssues  (e.g., water a v a i l a b i l i t y  o r  sur face  min ing  

r i g h t s )  should be noted. Loca l  a t t i t u d e s  toward a l l  issues should be 

ob ta ined d i r e c t l y  whenever p o s s i b l e .  The development o f  communication 

channels between r e s i d e n t  groups, developers,  and governmental bodies 

i s  h i g h l y  d e s i r a b l e .  
S i g n i f i c a n t  degradat ion  o f  e x i s t i n g  a e s t h e t i c ,  h i s t o r i c ,  c u l t u r a l ,  

and a r c h a e o l o g i c a l  resources c o u l d  r e s u l t  f r o m  p r o j e c t - r e l a t e d  min ing,  

c o n s t r u c t i o n ,  a i r  and water degradat ion,  road t r a f f i c ,  peat  and produc t  

t r a n s p o r t a t i o n ,  and secondary developments. E f f e c t s  o f  odor and n o i s e  

on r e s i d e n t s  should be considered (no ted) .  V i s u a l  concerns should be 

addressed, w i th  c o n s i d e r a t i o n  o f  such f e a t u r e s  as c o o l i n g  towers, new 

power and p i p e l i n e s ,  r e c l a m a t i o n  p lans,  and secondary commercial and 
p o p u l a t i o n  growth a c t i v i t i e s .  

F i n a l l y ,  i n  cases where s i g n i f i c a n t  adverse impacts a re  l i k e l y  t o  

occur,  s p e c i a l  emphasis should be p laced on i d e n t i f y i n g  t h e  amount and 

sources o f  funds a v a i l a b l e  f o r  implement ing m i t i g a t i o n  measures. 

5.3.10 H e a l t h  and S a f e t y  

I n  genera l  t h e  h e a l t h  and s a f e t y  i ssues  assoc ia ted  w i t h  u s i n g  peat  

f o r  energy w i l l  be s i m i l a r  t o  those f o r  coa l .  Peat min ing  i s  

e s s e n t i a l l y  a s u r f a c e  m i n i n g  opera t ion ,  and t h e  p r i n c i p a l  hazards are  

those assoc ia ted  w i t h  t h e  o p e r a t i o n  o f  l a r g e  equipment. Peat d e p o s i t s  I 

a re  g e n e r a l l y  

s lumping o f  

on f l a t ,  wet t e r r a i n ,  and t h e  hazards o f  rock  f a l l s  and 

overburden p i l e s  assoc ia ted  w i t h  c o a l  m i n i n g  a r e  n o t  
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present .  Dra ined peat lands  are  s u s c e p t i b l e  t o  f i r e  caused by 

l i g h t n i n g ,  sparks f rom equipment, o r  t h e  spread o f  w i l d f i r e s  f r o m  

surrounding lands. Dry h a r v e s t  opera t ions  i n v o l v e  cons iderab le  

f u g i t i v e  dust,  and equipment opera tors  should be p r o t e c t e d  f rom 

i n h a l a t i o n  o f  these m a t e r i a l s .  

A major  concern i n  h a n d l i n g  and process ing  d r y  peat  f o r  e i t h e r  

d i r e c t  combustion o r  peat  g a s i f i c a t i o n  i s  t h e  hazard o f  dus t  exp los ions  
and f i r e .  C a r e f u l  m a n i p u l a t i o n  o f  mo is tu re  conten t  and e l i m i n a t i o n  o f  

i g n i t i o n  sources can reduce t h i s  hazard cons iderab ly .  Peat s t o c k p i l e s  

must be p r o p e r l y  formed t o  l i m i t  t h e  danger o f  spontaneous combustion 

(Jones 1979). f i r s t  Colony Farms, Inc., found t h a t  m o i s t u r e  conten t  of 

s t o c k p i l e s  does n o t  change a p p r e c i a b l y  except i n  t h e  sur face  l a y e r  and 

p r o t e c t i o n  f r o m  r e w e t t i n g  i s  n o t  requ i red .  

A l though t h e r e  i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on emissions and 

produc ts  f r o m  peat  g a s i f i c a t i o n  processes, h e a l t h  r i s k s  should be 

e s s e n t i a l l y  s i m i l a r  t o  those f r o m  c o a l  g a s i f i c a t i o n  f a c i l i t i e s .  

Sec t ion  4 rev iews t h e  r i s k s  t o  workers and t h e  p u b l i c  f rom exposure t o  

p o t e n t i a l l y  t o x i c  and c a r c i n o g e n i c  emissions f r o m  c o a l  g a s i f i c a t i o n .  

Substances o f  p a r t i c u l a r  concern i n c l u d e  po lynuc lear  aromat ics,  

phenols, th iophenes, aromat ic  amines, benzene, and s o l u b l e  heavy meta l  

compounds and complexes ( K i n g  e t  a l .  1980). 

The a n a l y s i s  o f  h e a l t h  and s a f e t y  i ssues  should eva lua te  t h e  

f o l l o w i n g  issues  as a p p r o p r i a t e  t o  t h e  proposed p r o j e c t :  

0 exposure o f  workers t o  f u g i t i v e  dus t  in harves t i ng ,  
handl ing,  and process ing  o f  m i l l  and sod peat; 

0 p r e v e n t i o n  and c o n t r o l  o f  f i r e s  on peat lands  be ing  mined; 

0 p r e v e n t i o n  and c o n t r o l  o f  e x p l o s i o n  and f i r e  i n  t h e  
handl ing,  t r a n s p o r t a t i o n ,  and process ing o f  d r y  peat  f o r  
combustion and g a s i f i c a t i o n ;  

0 exposure t o  PAH's and o t h e r  p o t e n t i a l  carc inogens and 
mutagens releas-ed d u r i n g  g a s i f i c a t i o n  processes; 

0 exposure t o  p o t e n t i a l l y  t o x i c  m a t e r i a l s  e m i t t e d  d u r i n g  
pre t rea tment  and process ing  o f  peat;  
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0 acute e f f e c t s  such as i n h a l a t i o n ,  severe r e s p i r a t o r y  
i r r i t a t i o n ,  and chemical  and thermal  burns i n  workers 
exposed t o  f u g i t i v e  emissions, leaks,  and s p i l l s ;  

0 exposure t o  s y n t h e t i c  crude produc ts  which have been 
found t o  be more c a r c i n o g e n i c  than n a t u r a l  crudes and 
which c o n t a i n  p o l y c y c l i c  aromat ic  amines t h a t  e x h i b i t  
e x c e p t i o n a l l y  h i g h  m u t a g e n i c i t i e s ;  

0 exposure t o  h i g h  n o i s e  l e v e l s  assoc ia ted  w i t h  peat  
h a r v e s t i n g  and p l a n t  opera t ions ;  and 

0 worker exposure t o  t h e  r i s k s  i n v o l v e d  i n  o p e r a t i n g  and 
m a i n t a i n i n g  l a r g e  h a r v e s t i n g  machinery us ing  c u t t i n g  
blades, macerators, e tc .  
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