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PURPOSE AND FORMAT 

The purpose o f  t h i s  Environmental AmLysis Tor PipeZine Gas Demonstration Plants i s  t o  assess 

t h e  p o t e n t i a l  environmental  and s o c i a l  impacts o f  p ipe1 i n e  gas p roduc t i on .  Eva1 u a t i o n  o f  one 

p r i n c i p a l  technology makes p o s s i b l e  a thorough a n a l y s i s  o f  t h a t  technology and a l l ows  probable  

impacts o f  t h e  process t o  be d e t a i l e d .  A su r roga te  s i t e  approach was used i n  e v a l u a t i n g  p i p e l i n e  

gas demonst ra t ion p l a n t s  t o  p rov ide  s p e c i f i c  q u a n t i t a t i v e  d e t a i l s  about assoc ia ted  impacts as 

opposed t o  a more general  q u a l i t a t i v e  approach. Three su r roga te  s i t e s ,  rep resen t i ng  t h r e e  coa l  

prov inces,  were se lec ted  f o r  assessment. 

B r i e f  d e s c r i p t i o n s  o f  c o n s t r u c t i o n  a c t i v i t i e s ,  p l a n t  processes, and p l a n t  o p e r a t i o n  a r e  conta ined 

i n  Sect.  1. Sec t i on  2 prov ides  environmental  d e s c r i p t i o n s  o f  t h e  t h r e e  su r roga te  s i t e s  i n c l u d i n g  

georaphy, geology, hydro logy,  water use, l and  use, meteorology, a i r  qua1 i ty, no ise,  socioeconomics, 

and ecology. Sec t i on  3 addresses the  p o t e n t i a l  impacts and r i s k s  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  of  a p i p e l i n e  gas demonst ra t ion p l a n t .  Impacts t h a t  a r e  common t o  t h e  t h r e e  

su r roga te  s i t e s  a r e  discussed, and impacts unique t o  s p e c i f i c  s i t e s  a r e  i d e n t i f i e d .  1 

The a n a l y s i s  con ta ins  unique, d e t a i l e d  d e s c r i p t i o n s  o f  h igh-Btu  g a s i f i c a t i o n  processes and u n i t  

ope ra t i ons  i n  r e l a t i o n  t o  t h e i r  assoc ia ted  e f f l u e n t s .  The su r roga te  s i t e  approach has a l lowed 

a d e t a i l e d  e v a l u a t i o n  o f  impacts caused by c o n s t r u c t i o n  and o p e r a t i o n  o f  a gas demon- 

s t r a t i o n  p l a n t .  T h i s  a n a l y s i s  does n o t  c i rcumvent  t h e  need f o r  s i t e - s p e c i f i c  environmental  

statements b u t  does p r o v i d e  a bas i s  and re fe rence  document f o r  s i t e - s p e c i f i c  statements.  
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SUMMARY 

The Department of  Energy (DOE) has implemented programs f o r  encouraging the  development and com- 

merc ia l  i z a t i o n  o f  coa l  - r e l a t e d  technolog ies ,  which i n c l u d e  coa l  g a s i f i c a t i o n  demonst ra t ion-sca le  

a c t i v i t i e s .  I n  suppor t  o f  these a c t i v i t i e s  t h e  E n v i r o n m e n ~ a l  A n a l y s i s  f o r  P i p e l i n e  Gas Demonstra- 

t i o n  P l a n t s  has been'prepared as a  re ference document t o  be used i n  e v a l u a t i n g  p o t e n t i a l  env i ron -  

mental  and socioeconomic e f fec ts  from c o n s t r u c t i o n  and o p e r a t i o n  o f  s i t e -  and p rocess -spec i f i c  

p r o j e c t s .  E f f l u e n t s  and assoc ia ted impacts a r e  i d e n t i f i e d  f o r  s i x  coa l  g a s i f i c a t i o n  processes a t  

t h r e e  c o n t r a s t i n g  s e t t i n g s .  

The processes se lec ted  f o r  s tudy were: C02 Acceptor,  Hygas, Bi-Gas, Synthane, COGAS, and S lagg ing 

L u r g i  . Based on e x i s t i n g  s i t i n g  s t u d i e s  i n  t h e  major  coa l  prov inces,  geographic d i s t r i b u t i o n ,  

s i t e  con t ras ts ,  and the  a v a i l a b i l i t y  o f  s i t e  i n fo rma t ion ,  Mason County, West V i r g i n i a  ( i n  t he  

Eastern  P rov ince ) ,  St .  C l a i r  County, I l l i n o i s  ( i n  t he  I n t e r i o r  Prov ince) ,  and Campbell County, 

Wyoming ( i n  t h e  Nor the rn  Great P l a i n s  P rov ince ) ,  were s e l e c t e d  as t h r e e  su r roga te  s i t e s .  These 

s i t e s  were chosen t o  p r o v i d e  bo th  v a r i a t i o n  and range of environmental  s e t t i n g s .  

S p e c i f i c  d e s c r i p t i o n s  o f  t h e  thFee su r roga te  s i t e s  were used as a  b a s i s  f o r  env i ronmenta l  and 

socioeconomic analyses. Th is  approach p rov ided  s p e c i f i c  q u a n t i t a t i v e  d e t a i l s  on t h e  impacts f rom 

p i p e l i n e  gas demonst ra t ion p l a n t s  b u t  main ta ined t h e i r  a p p l i c a b i l i t y  t o  a  wide range o f  s i t e s .  

S i t i n g  was i d e n t i f i e d  on a  township l e v e l ,  a l t hough  most d a t a ' a v a i l a b l e  were on a  county  l e v e l .  

The se lec ted  s i t e s  p rov ided  c o n t r a s t i n g  e c o l o g i c a l  and socioeconomic c h a r a c t e r i s t i c s  t o  a l l o w  

a n a l y s i s  over  a  wide range o f  s e t t i n g s .  For  example, l and  use v a r i e d  f rom p r i m a r i l y  a g r i c u l t u r a l  

t o  woodlands and farmlands t o  c rop lands and ranges. Water a v a i l a b i l i t y  v a r i e d  f rom d e f i c i e n t  i n  

Wyoming t o  p l e n t i f u l  i n  West V i r g i n i a .  Socioeconomic c o n d i t i o n s  ranged f rom p r o x i m i t y  t o  a  h i g h l y  

popula ted area w i t h  l a r g e  d i v e r s i f i e d  economic s t r u c t u r e s  t o  a  spa rse l y  popula ted r u r a l  a g r i c u l -  

t u r a l  area.  T e r r e s t r i a l  fauna ranged f rom d i v e r s e  i n  West V i r g i n i a  and I l l i n o i s  t o  p r i m a r i l y  

s h o r t -  and mid-grass p r a i r i e  i n  Wyoming, whereas aqua t i c  l i f e  v a r i e d  f rom d i v e r s e  and abundant t o  

sparse o r  nonex i s ten t  i n  Wyoming. S i t e  c h a r a c t e r i s t i c s  summarized i n  t h e  r e p o r t  i n c l u d e  s i t e  

l o c a t i o n ,  geology, hydro logy,  water  quai  i t y .  l a n d  use, meteorology and a i r  qua1 i t y ,  no ise,  soc io-  

economic s t r u c t u r e ,  and ecology. 

E f f l l ~ e n t s  f rom t h e  g a s i f i c a t i o n  processes were i d e n t i f i e d  accord ing t o  u n i t  ope ra t i ons  such as 

coa l  p r e p a r a t i o n  and s torage,  g a s i f i c a t i o n ,  ac id-gas t rea tmen t  and s u l f u r  recovery ,  u t i l i t y  pro-  

duc t i on ,  water  and wastewater t reatment ,  and d i s s i p a t i o n  o f  waste heat .  Where app rop r ia te ,  

e f f l u e n t s  f rom u n i t  ope ra t i ons  were bracketed i n t o  e f f l u e n t  ranges r e p r e s e n t a t i v e  o f  t he  s i x  

processes. E f f l u e n t s  un ique t o  a  p a r t i c u l a r  g a s i f i c a t i o n  process were i d e n t i f i e d  as w e l l  as u n i t  

o p e r a t i o n  a l t e r n a t i v e s  t h a t  a f f e c t  e f f l u e n t  d ischarges.  Gaseous e f f l u e n t s  expected f rom normal 

p l a n t  ope ra t i ons  i n c l u d e  d r i f t  f rom c o o l i n g  towers,  p a r t i c u l a t e s ,  coa l  dust ,  and f l u e .  gas. Sol i d  

wastes i n c l u d e  coa l  re fuse,  g a s i f i e r  and u t i l i t y  ash, elemental  s u l f u r ,  spent  chemicals,  and 

va r ious  sludges. 



L i q u i d  e f f l u e n t s  cons is t  o f  process wastewater and leachates from coal  storage and s o l i d s  disposal 

areas. An overview o f  t h e  gaseous, s o l i d ,  and l i q u i d  e f f l u e n t  ranges i s  presented i n  Sect. 1. I n  

t h e  d isposal  o f  a l l  e f f l u e n t s ,  the  occurrence and d i s p o s i t i o n  o f  t race  elements i s  o f  p a r t i c u l a r  

concern. Analyses o f  t r a c e  elements i n  coal and g a s i f i e r  ashes are presented i n  Sect. 1. 

P o t e n t i a l  environmental e f f e c t s  f rom a p i p e l i n e  gas demonstration p l a n t  are d iv ided  i n t o  con- 

s t r u c t i o n  and operat ion.  P r o j e c t  and s i t e  descr ip t ions  a re  i n t i m a t e l y  associated i n  environmental 

and socioeconomic impact analyses. Impacts common t o  a l l  three surrogate s i t e s  are addressed, 

and those impacts unique t o  a p a r t i c u l a r  s i t e  are i d e n t i f i e d .  A wide range o f  impacts i s  

analyzed because o f  the con t ras ts  o f  the  three s i t e s  i n  ecologica l  and socioeconomic se t t ings .  

A v a i l a b i l i t y  o f  water i s  an impor tant  considerat ion dur ing  both p l a n t  cons t ruc t ion  and operat ion.  

I n  general,  impacts from cons t ruc t ion  of a high-Btu gas demonstration p l a n t  a r e  s i m i l a r  t o  those 

caused by t h e  c o n s t r u c t i o n  o f  any chemical p l a n t  o f  s i m i l a r  s i ze .  The operat ion o f  a high-Btu gas 

demonstrat ion p l a n t ,  however, has severa l  unique aspects t h a t  d i f f e r e n t i a t e  i t  from other.chemica1 

p l a n t s .  O f f s i  t e  development (su r face  min ing)  and disposal o f  l a r g e  q u a n t i t i e s  o f  waste so l  i d s  

c o n s t i t u t e  impor tant  sources o f  p o t e n t i a l  impact. I n  add i t i on ,  a i r  emissions r e q u i r e  moni tor ing 

f o r  t r a c e  metals, po1,ycyclic aromat ic  hydrocarbons, phenols, and o ther  emissions. Po ten t ia l  

b i o l o g i c a l  impacts from long-term exposure t o  these emissions are unknown, and a d d i t i o n a l  research 

and data ana lys is  may be necessary t o  determine such e f f e c t s .  Poss ib le  e f f e c t s  o f  p o l l u t a n t s  on 

vege ta t ion  and human populat ions a r e  discussed i n  Sect. 3. The occurrence o f  chemical contaminants 

i n  l i q u i d  e f f l u e n t s  and the  bioaccumulat ion o f  these contaminants i n  aquat ic  organisms may lead t o  

adverse eco log ica l  impact. Socioeconomic impacts a re  s i m i l a r  t o  those from a chemical p l a n t  o f  

equ iva len t  s i z e  and are summarized.and contrasted f o r  the th ree  s ~ ~ r r n g a t e  s i t e s .  

x v i  



1. PROJECT DESCRIPTION 

1.1 INTRODUCTION 

Coal i s  the most abundant energy resource currently accessible within the continental United 

States. The National Petroleum Council estimates that approximately 136 billion metric tons 
(150 billion tons) of recoverable coal exists i n  formations of comparable thickness and depth 

t o  those currently being mined. Thus i n  view of our current national policy to  (1) reduce 

foreign oi l  imports, (2) store sufficient oil to  prevent future disruptions, and (3) develop 

U . S . techno? ogy and resources to  ensure energy independence beyond 1 985, i ncreased expl oi t a t i  on 

of domestic coal resources i s  a necessity. 

More recently, these goals have been specifically enunciated in the national energy plan of 

President Jimny Carter's administration. The goals for  1985 are: 

- reduce the annual growth of total energy demand to below 2 percent; 
- reduce gasoline consumption 10 percent below i t s  current level; 

- reduce oi 1 imports from a potential level of 16 mil 1 ion barrels per day 
to  6 million, roughly one-eighth of total energy consumption; 

- establish a Strategic Petroleum Reserve of 1 billion barrels; 

- increase coal production by two-thirds, to more than 1 billion tons per year; 

- bring 90 percent of existing American homes and a l l  new buildings up t o  minimum 
energy efficiency standards; and 

- use solar energy i n  more than 2-1/2 m i  11 ion homes. 

(Executive Office of the President, Energy Policy and Planning 1977.) 

About 95 billion metric tons (105 billion tons) of coal are underground, and 41 billion metric 

tons (45 billion tons) are near the surface. The geographic distribution of the major coal 

fields of the United States i s  shown in Fig. 1 . l .  Tables 1.1 and 1.2 show reserve figures (1970 

production) and estimated 1 i fe  of recoverable reserves a t  three different rates of consumption 

growth. Even i f  coal production expands d l  what i s  considered to be the maximum feasible rate 

of 5% per year for the conventional domestic market (or 6.7% with exports and synthetic fuel 
production included), only 10% of this  resource base will be depleted by 1985. Further, because 

this base represents less than 5% of  the 2.9 t r i l l ion  metric tons (3.21 t r i l l ion  tons) of coal 

estimated to  exist i n  the United States (including unmapped and unexplored resources), coal price 

increases and/or mining technology advances are likely to  result in significant additions t o  the 

resources that are econunical ly recoverable. Thus the U. S. coal resource base i s  sufficiently 

large to  meet the growing demands that will develop from an attempt t o  achieve energy independence. 

Adequate quantities will be available for use by both conventional and emerging technologies dur- 

ing the next 15 years and throughout the rest  o f  the century, with a wide margin of safety 

(National Petroleum Counci 1 1973). 
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Table 1.1. Underground coal reserves and production 

Minable by underground mining methods 

Remaining 
measured and 

Economically 
Recoverable 

1970 Life of recoverable 
indicated 

available 
reserves production reserves at % growth Region 

reserves 
reserves '[millions of metric rate (years) 

[billions of metric [billions of metric 
' [billions of metric (short) tonsl 

(short) tons1 (short) tons] ,056 3% 5% 
. (short) tons]" 

l .  84.1 (92.7) 60.9 (67.1) 30.4 (33.5) 132.2 (145.8) 230 69 50 
2 .  8.3 (9.1) 8.3 (9.1) 4.2 (4.6) NA 
3 75.4 (83.1) 54.0 (59.5) 26.9 (29.7) 47.4 (52.3) 568 96 68 
4 31.3 (34.51 22.1 (24.4) 11.1 (12.2) 86.2 (95.0) 129 52 40 
5 19.9 (21.9) 12.1 (13.3) 6.1 (6.7) 7.8 (8.6) 774 106 , 74 
6 1.5 (1.6) 0.5 (0.6) 0.3 (0.3) 8.3 (9.1) 35 23 20 
Other 96.4 (106.3) 31.9 (35.2) 16.0, (17.6) NA 

aBituminous, subbituminous, and lignite in seams of "intermediate" or greater thickness with less than 305 m (1000 ft) 
overburden. 

b~xcludes lignite and "intermediate" thickness seams of bituminous and subbituminous coal. . . 
'Based on 50% recovery of economically available reserves. 
d ~ a y  not add correctly because of rounding. 
Source: National Petroleum Council. 1973. U.S. energy outlook: coal availability. A report by the Coal Task Group of 

the Other Energy Resources Subcommittee of the National Petroleum Council's Committee on U.S. Energy Outlook. 
Washington, D.C. 

Table 1.2. Surface coal reserves and production 

Minable by surface mining methods 

Recoverable 1970 
reserves production Life of reserves 

Region [billions of metric [millionsof metric, at % growth rate (years) 
(short) tons] (short) tons1 0% 3% 5% 

1 
7 
3 
4 
5 
6 
Other 

Total 

Source: National Petroleum Council. 1973. U.S. energy o~tlook: coal availability. A 
report by the Coal l ask Group ot the Uther tnergy Hesources Subcomm~ttee of the 
National Petroleum Council's Committee on U.S. Energy Outlook. Washington. D.C. ' 

Increased coa l  use necess i t a tes  an examinat ion  o f  t h e  t echno log ies  t h a t  enhance coa l  use. To 

encourage e f f o r t s  i n  t h i s  d i r e c t i o n ,  t h e  Department o f  Energy (DOE) has implemented a F o s s i l  

Energy Research, Development, and Demonst ra t ion  Program t h a t  i s  designed t o  p r o v i d e  i n c e n t i v e s  

f o r  t h e  p r i v a t e  s e c t o r  t o  i n v e s t  i n  c o a l - r e l a t e d  techno logy development and commerc ia l i za t i on .  

The o v e r a l l  o b j e c t i v e  o f  t h i s  program i s  

. . . t o  deve lop t e c h n i c a l  o p t i o n s  t o  enhance t h e  a v a i l a b i l i t y  o f  f o s s i l  sources and 
t o  ensure  t h e  development o f  n a t i o n a l  f o s s i l  energy resources on a t e c h n i c a l l y  sound, 
economica l ly  f e a s i b l e ,  and env i ronmen ta l l y  accep tab le  b a s i s  (ERDA 1976b). 

The s t r a t e g y  designed t o  ach ieve t h i s  o b j e c t i v e  e x h i b i t s  t h r e e  i m p o r t a n t  f e a t u r e s .  F i r s t ,  t h e  

r i s k  o f  complete f a i l u r e  w i l l  be min imized by d i v e r s i f y i n q  investments  among a l t e r n a t i v e  tech-  

no log ies .  A v a r i e t y  o f  t e c h n o l o g i c a l  o p t i o n s  w i l l  be k e p t  open u n t i l  a c l e a r  dominance by one 

o r  more a1 t e r n a t i v e s  i s  es tab l i shed .  Second, investment  i n  techno1 ogy development w i  11 be phased 



accord ing t o  the  m a t u r i t y  o f  the var ious opt ions. Those t h a t  appear t o  be r e l a t i v e l y  c lose t o  

successful commerc ia l izat ion w i l l  rece ive  a t t e n t i o n  f i r s t .  Th i rd,  a  cost -shar ing approach w i l l  

be adopted, to  preserve p r i v a t e  i n c e n t i v e s  f o r  connnercial success o f  research, development, and 

demonstrat ion p ro jec ts ,  w i t h  the degree of i n d u s t r y  p a r t i c i p a t i o n  increasing as the given tech- 

nology approaches such commerc ia l izat ion.  By reducing the costs  and the r i s k s  o f  i n v e s t i n g  i n  

technologies t h a t  enhance coal  use, t h i s  s t ra tegy  provides the incen t i ves  necessary f o r  increased 

e f f o r t s  by the  p r i v a t e  sector .  

As p a r t  o f  t h i s  e f f o r t  t o  encourage a more i n t e n s i v e  and e f f i c i e n t  use o f  U.S coal resources, 

the  F o s s i l  Energy Program d i r e c t s  considerable a t t e n t i o n  t o  the  research, development, and 

demonstrat ion o f  high-Btu coal  g a s i f i c a t i o n  technologies. The ob jec t i ves  o f  t h i s  endeavor are 

categor ized by the pro.jected t ime frame f o r  achievement. Important near-term ob jec t i ves  inc lude 

demonstrat ion and eva lua t ion  o f  a1 t e r n a t i v e  f i r s t - g e n e r a t i o n  technologies, development and demon- 

s t r a t i o n  o f  emerging second-generation technologies, appl i c a f  i o n  o f  advances' made ' i n  second- 

generat ion technology development t o  those f i r s t - g e n e r a t i o n  processes t h a t  are capable o f  accom- 

modating such advances, and i n i t i a t i o n  o f  research on th i rd -genera t ion  g a s i f i c a t i o n  technology. 

The longer- term ob jec t i ves  of the  high-Btu g a s i f i c a t i o n  program inc lude  a s s i s t i n g  the p r i v a t e  

sec to r  i n  the  commerc ia l izat ion o f  second-generation processes (about 1985), con t inu ing  develop- 

ment and demonstrat ion o f  promising th i rd -genera t ion  processes (by 1990), and a s s i s t i n g  p r i v a t e  

i n d u s t r y  i n  the  commerc ia l izat ion o f  mu1 t i p r o d u c t  f a c i l i t i e s  (by the year  2000). 

As i n  the  o v e r a l l  F o s s i l  Energy Program, the s t ra tegy  app l ied  i n  the  high-Btu g a s i f i c a t i o n  e f f o r t  

emphasizes d i v e r s i f i c a t i o n  among a l t e r n a t i v e  processes and a phased shar ing o f  costs  w i t h  p r i v a t e  

i n d u s t r y .  The importance o f  the  demonstration phase i n  the t o t a l  movement from research t o  com- 

merc ia l  i z a t i o n  i s  r e a d i l y  apparent. Given the l a r g e  c a p i t a l  investment requ i red  t o  begin 

commercial -sca le product ion (est imated a t  approximately $1 b i  11 i o n )  and. the  economic u n c e r t a i n t i e s  

created by both technologica l  unknowns and r a p i d l y  changing market condi t ions,  the in format ion 

prov ided by demonstrat ion-scale a c t i v i t i e s  appears necessary t o  encourage actual  commercial appl i - 
c a t i o n  o f  emerging g a s i f i c a t i o n  processes. As t h i s  demonstration phase i s  i n i t i a t e d ,  i t  i s  impor- 

t a n t  t o  analyze the environmental imp l i ca t ions  o f  f a c i l i t y  cons t ruc t ion  and operat ion so t h a t  

p o l i c y  dec is ions can incorpora te  a l l  t h e  re jevan t  costs  o f  given technologica l  a l t e r n a t i v e s .  

f h i  s  r e p o r t  describes and analyzes t h e  p o t e n t i  a1 environmental e f f e c t s  o f  demonstration-scal e  

high-Btu g a s i f i c a t i o n  f a c i l i t i e s  i n  a generic manner t o  conso l ida te  the u n l i k e l y  consequences 

o f  implementing t h i s  p a r t i c u l a r  phase o f  the program. 
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1.2 CONVERSION PLANT DESCRIPTION 

1.2.1 P l a n t  requirements and c o n s t r u c t i o n  e f f l u e n t s  

1.2.1.1 Requirements f o r  f a c i l i t i e s  

A t y p i c a l  high-Btu g a s i f i c a t i o n  demonstration p l a n t  i s  assumed t o  produce 1 . 4 ' ~  l o 6  m3/day 

[s tandard temperature and pressure (STP)] (50 x l o 6  scfd)  o f  p i p e l i n e  gas [heat content  about 

3 . 5 4 ' ~  l o 7  J/m3 (STP) (950 B tu /sc f ) ] .  F a c i l i t y  requirements inc lude coal,  water, land, t rans-  

p o r t a t i o n ,  operat ing personnel, and cons t ruc t ion  labor .  The amount o f  coal requ i red  depends 

on the  Btu content  o f  the feed coal  and the e f f i c i e n c y  o f  the p a r t i c u l a r  g a s i f i c a t i o n  process. 

Coal feed requirements vary from about 1800 t o  2700 met r i c  tons (2000 t o  3000 tons) per day. 

Water requirements f o r  a p l a n t  o f  t h i s  capaci ty  a re  shown i n  Table 1.3. 

Table 1.3. Yeally walci requircmfntl fer o 1.4 X lob rnJ/d2y (STP) X in0 refdl high-8tu coal aaslticati0R blaIl1 

In cublc meters (acrefeet1 

Asl~, sldy, 
Average 

Process Cooling or sludge Boiler feed 
Processa Other Totals per 10' 

water wate8' control (or W~LYI '  
Btuldav output 

slurrv water1 

COz Acceptor 789.1 00 
(6401 

Synthane 739,800 
(6001 

aDepends on ash and Btu content o f  coal. Values presented are for use of 10-20% ash. 13,000 Btullb coal. 
b ~ h e  range varies between entirely dry cooled and entirely wet cooled. 

Source: Adapted from S. G. Miller. 1974. P. 23 in Environmental Impacts o f  Alternative Conversion Processes for Western Coal 
Development. Prepared for Old West Regional Commission. Washington, D.C.: Thomas E. Carroll Associates. 

The amount o f  land requ i red  f o r  a p l a n t  var ies from 60 t o  160 ha (150 t o  400 acres),  depending on 

p l a n t  design, b u f f e r  area requirements, and f u t u r e  expansion plans. Less thar~  40 ha (100 acres) 

i s  genera l l y  d is tu rbed  f o r  demonstrat ion p l a n t  f a c i , l i t i e s .  

T ranspor ta t ion  f a c i l i t i e s  a re  requ i red  t o  move coal  t o  a p l a n t  s i t e  and t o  remove products and 

by-products. Roads, r a i l r o a d s ,  p ipe l ines ,  and coal  conveyors are among the t ranspor ta t ion  systems 

t h a t  may be required. 

Est imates o f  t o t a l  p l a n t  investment f o r  a high-Btu g a s i f i c a t i o n  demonstration p l a n t  range from 

$450 m i l l i o n  t o  $750 m i l l i o n  (1977 d o l l a r s ) .  

The number o f  personnel requ i red  t o  operate a 1 . 4 ' ~  l o 6  m3/day (STP) (50 x l o 6  scfd)  p l a n t  ranges 

from 400 t o  500. Construct ion o f  the p l a n t  i s  est imated t o  r e q u i r e  1500 t o  3000 man-years over a 

3-year per iod.  Peak cons t ruc t ion  manpower ranges from 1500 t o  2000 workers. 



1.2.1.2 E f f l uen ts  from p l a n t  c o n s t r u c t i o n  

Coal g a s i f i c a t i o n  p l a n t  c o n s t r u c t i o n  can be d i v i d e d  i n t o  p r e c o n s t r u c t i o n ,  s i t e  work, c o n s t r u c t i o n  

o f  permanent f a c i l i t i e s ,  and p r o j e c t  c j o s e o u t  phases. C o n s t r u c t i o n  emiss ions and d ischarges a r e  

l i s t e d  i n  Tab le  1.4. P r e c o n s t r u c t i o n  may i n v o l v e  s i t e  i n v e n t o r y ;  env i ronmenta l  m o n i t o r i n g ;  and 

temporary c o n t r o l s  f o r  s torm water,  e ros ion,  and dus t .  Pr imary  p o l l u t a n t s  d u r i n g  t h e  precon- 

s t r u c t i o n  s tage c o n s i s t  of  v i s u a l  impacts:  dust ,  no ise ,  and v e h i c u l a r - t r a f f i c  and t e s t - p i t  

sediment as w e l l  as sediment, n u t r i e n t s ,  and s o l i d  wastes f rom t h e  temporary c o n t r o l s .  

C l e a r i n g  and d e m o l i t i o n  r e s u l t  i n  dust ,  sediment, no ise ,  and s o l i d  and wood wastes d u r i n g  the. 

s i t e  p r e p a r a t i o n  phase. C o n s t r u c t i o n  of  temporary f a c i l i t i e s  i n c l u d i n g  shops and s to rage  sheds, 

access roads and p a r k i n g  l o t s ,  s a n i t a r y  f a c i l i t i e s ,  and co 'ns t ruc t i on  u t i l i t i e s  may r e s u l t  i n  

emiss ions of  gases, odors, fumes, p a r t i c u l a t e s ,  dus t ,  d e i c i n g  chemicals,  no ise ,  pe t ro leum prod- 

u c t s ,  wastewater, s o l i d  wastes, aeroso ls ,  p e s t i c i d e s ,  he rb i c i des ,  and sediment.  

Necessary c o n s t r u c t i o n  u t i l i t i e s  i n c l u d e  a  wa te r  source f o r  d r i n k i n g ,  s a n i t a t i o n ,  s o i l  compact ion,  

and conc re te  m ix ing ;  a  s e p t i c  tank  and l e a c h  f i e l d  o r  chemical  t o i l e t s ;  and an e l e c t r i c  power 

source t h a t  may c o n s i s t  o f  p o r t a b l e  diesel.-powered equipment a t  .the s i t e .  Excavati.on grad ing,  

t r ench ing ,  and s o i l  t r ea tmen t  d u r i n g  t h e  s i t e  work phase may r e s u l t  i n  emiss ions of  dus t ,  noise,  

sediment, deb r i s -  wood wastes, s o l  i d  wastes, p e s t i c i d e s ,  p a r t i c u l a t e s ,  b i tuminous prod;cts, and 

s o i l  c o n d i t i o n e r  chemicals.  S i t e  dra inage,  i n c l u d i n g  founda t i on  dra inage,  dewater ing ,  and stream 

channel r e l o c a t i o n ,  may r e s u l t  i n  t h e  r e l e a s e  o f  n u t r i e n t s  and p e s t i c i d e s .  

F o l l o w i n g  t h e  s i t e  work, permanent f a c i l i t i e s  may be cons t ruc ted .  C o n s t r u c t i o n  o f  t r a n s p o r t a t i o n .  

and d i s t r i b u t i o n  systems c r e a t e  sediment, dus t ,  noise,  and p a r t i c u l a t e  emiss ions.  Cons t ruc t i on  

o f  r a i l r o a d s ,  roads, and p i p e l i n e s  i n v o l v e s  purchas ing t h e  r i g h t - o f - w a y  and c l e a r i n g  i t  o f  a l l  

v e g e t a t i v e  m a t e r i a l  and l i t t e r .  A f t e r  i n s t a l l a t i o n  o f  c u l v e r t s  and b r i d g e s  f o r  roads and r a i l -  . , 

roads and shaping o f  t h e  road beds, g r a n u l a r  m a t e r i a l  i s  p l aced  on t h e  bed su r face .  Roads'may 

then be su r faced  w' i th yraded aggregate,  b i tuminous,  o r  conc re te  m a t e r i a l .  Water t r u c k s  c o n t r o l  

d u s t  by sp ray ing  t h e  road su r face  and ad jacen t  berm. C o n s t r u c t i o n  o f  p i p e l i n e s  r e q u i r e s  t h e  
, . 

b u i l d i n g  o f  c o n s t r u c t i o n  access roads t o  t h e  r i gh t -o f -way ,  which a r e  n o t  i n tended  f o r  p u b l i c  use 

and a r e  g e n e r a l l y  b u i l t  t o  l o w  standards.  Trenches may then be dug, p i p e  l a i d  a long  t h e  r i g h t -  

o f  .way, and t h c  t r c n c h  b a c k f i l l e d .  

The c o n s t r u c t i o n  o f  b u i l d i n g s  and r e l a t e d  f a c i l i t i e s  r e s u l t s  i n  emiss ion o f  sediment, t r a c e  

elements, no ise ,  c a u s t i c  chemical  waste, sediment s p o i l ,  p a r t i c u l a t e s ,  fumes, a n d . s o l i d  waste. 

Major  f a c i l i t i e s  t o  be c o n s t r u c t e d  i n c l u d e  c o a l  g a s i f i c a t i o n  and assoc ia ted  process equipment, 

warehouses, water  supp ly  and water  t r ea tmen t  f a c i l i t i e s ,  water  i n t a k e  and d i scha rge  s t r u c t u r e s ,  

s torm drainage, wastewater t rea tment ,  dams and impoundments, an oxygen p l a n t ,  a  steam and power 

p l a n t ,  ash handl  i n g  and s to rage  f a c i l i t i e s ,  by-product  handl i n g  f a c i l i t i e s ,  an  evapo ra t i on  pond, 

coa l  handl i n g  and p rocess ing  equipment ( i n c l u d i n g  coa l  conveyors) ,  and waste handl  i n g  equipment. 

C o n s t r u c t i o n  o f  s e c u r i t y  f e n c i n g  around t h e  p l a n t  may r e s u l t  i n  sediment and wood wastes. 

The ' l a s t  phase o f  c o n s t r u c t i o n  i s  p r o j e c t  c l oseou t .  Noise,  dust ,  and s o l i d  waste a r e  c r e a t e d  

when temporary o f f i c e s  and shops a r e  demol ished o r  r e l o c a t e d .  Sediment and d u s t  t h e r e f o r e  r e s u l t  

f rom s i t e  r e s t o r a t i o n  i n c l u d i n g  f i n i s h  grad ing,  t o p s o i l i n g ,  f e r t i l i z i n g ,  and sediment c o n t r o l s .  

N u t r i e n t s  and pet ro leum p roduc ts  r e s u l t  f r om c l e a n i n g  and f l u s h i n g  d u r i n g  p r e l i m i n a r y  s t a r t u p .  



Table 1.4. Consbuction discharges and emissions 

Emissions and Source Control 
discharges 

Aquatic emissions 

Keep ground disturbance to a minimum Increased runoff Vegetation removal 
Land erosion 

Incrr;acc:d si l~;~tion. turbidily. Runoff and erosion 
and nutricnt concentrations 

Limit slope steepness 
Terrace 
Dcsign to direct ond dissipate runoff 
Provide siltation basin 
Provide vegetation buffer strips 
along waterways 

Save topsoil 
Provide proper seeding and mulching 
Provide proper surfacing 
Monitor and where adverse Impacts 
develop import water or deepen 
the wall 

T w a t  with pnr tah l~  hcilities n r  
dispose at local sanitary waste 
treatment plants 

Satisfy federal, state, and local 
regulations and permit procedures 

Collect in sedimentation basin and 
trcut pl iul l u  disul~olgc 

Depression o f  water table Dewatering 
G ~ ~ ~ ~ ~ ~ ~ t l u r a l r r  in tn~r inn and 
~ro~tndwater  c~nt i~mi~a! ion 

Sonitnry .!nstv 
Chcmicnl toilets 

Aggregate washing 
Cullc8.etc lift operations 
Washlng concrete trucks 
and batch plants 

Dewatering 

Chemicals Pesticides 
Soil conditioners 
Deicing chemicals 

Use only when necessary 
Use biodegradable pesticides 

Air emissions 

Dust, dirt. particlc mutter Excavation, movement 
of vehicles, wind. 
erosion, concrete 
plant, crushing 
operations. mater~al 
storage piles 

Sprinkle or use chemical treatments 
Provide early and temporary seeding 
Use good construction practices 
including air filters, water 
sprinkling, and covering storage piles 

Pesticides 

Vehicular emissi~ns 

Applied at the site Use only as needed 
Use biodegradable pesticides 

Cons t~c l i on  equipment 
Slrnnlv deliveries 
Worl~or troncponntion 

Follow federal and svate lrgulal iu~~b 

Bum only when atmospheric conditions 
are favorable 

Comply with federal, state, and local 
regulaliu~~b 

Emissions from burning Burning of cleared trees 
and bmsh, garbage. and 
othcr solid wsstcs whcrc 
permitted ' 

Solid disposal 

Sediment 

Wood wastes 

Runoff, erosion 

Clearing and demolition Landfill or bum 
work 

Q!her solid wastes Clearing Landfill 
Eus~hwnrk 

I Permanent hci!itie? 
con~truclion 

Noise Vehicular lralltc 
Clearing and demolition 
Construction o f  tempora 
facilities 

Permnnenl facility 
const~ct ion 

Removal o f  temporary 
f&cilities 

Keslitcl AcliVllleS 
to daylight hours 

ry Use small charges which are 
regulated for noise reduction 
while blasling 

Provide noise control devices 
or mufflers where appropriate 

Source: M. S. Salk and S. G. De~ icco .  1978. Envi ronmento l !moni t r i  hondbookfor cool fonvssion facilities, 
ORNL-5319, Table 3.1.2, p. 3.1.1-4. Oak Ridge, Tenn.: Oak Ridge National Laboratory. 



As c o n s t r u c t i o n  i s  completed, d i s t u r b e d  areas shou ld  be reseeded t o  p reven t  e r o s i o n  and 

p a r t i c u l a t e  d i s p e r s i o n .  Fo l l ow ing  demonst ra t ion  p l a n t  ope ra t i on ,  t h e  conve rs ion  f a c i l i t i e s  

may: ( 1  ) con t i nue  t o  produce 1.4 x l o 6  m3/day (50  x  l o 6  s c f d )  o f  h igh-Btu  gas on a  commercial 

basis,  ( 2 )  be expanded t o  a  commerc ia l -s ize  p l a n t  (-7.1 x  l o 6  m3/day; a250 x  l o 6  s c f d ) ,  o r  

( 3 )  be r e t i r e d .  

Upon p l a n t  re t i r emen t ,  h o l d i n g  ponds a r e  a l l owed  t o  evapora te  and a r e  f i l l e d  t o  t h e  n a t u r a l  

grade l e v e l .  I f  decommissioning measures i n c l u d e  removal o f  a l l  s t r u c t u r e s ,  t h e  l a n d  area may 

be r e t u r n e d  t o  o t h e r  p r o d u c t i v e  uses o r  revege ta ted  w i t h  n a t i v e  f o l i a g e .  The b e n e f i c i a l  uses 

o f  t h e  area by f u t u r e  gene ra t i ons  shou ld  n o t  be s i g n i f i c a n t l y  a f f e c t e d .  

1 .2 .2  D e s c r i p t i o n  o f  processes 

Wi th  a  few except ions ,  second-generat ion h igh-Btu  coa l  g a s i f i c a t i o n  processes comprise ( 1  ) coa l  

p r e p a r a t i o n  and s torage,  d u r i n g  wh ich coa l  i s  s i zed ,  c leaned, d r i e d ,  and s t o r e d  p r i o r  t o  use; 

( 2 )  g a s i f i c a t i o n ,  d u r i n g  which coa l  i s  d e v o l a t i l i z e d  and reac ted  i n  t h e  presence o f  oxygen and 

steam t o  fo rm a  low- t o  medium-Btu syn thes i s  gas ( c o n t a i n i n g  carbon d i o x i d e ,  carbon monoxide, 

hydrogen, methane, and s u l f u r o u s  compounds) and a  s o l i d  res idue ;  ( 3 )  quenching and sc rubb ing  t o  

reduce t h e  gas temperature  and remove any heavy o i l s ,  t a r s ,  and p a r t i c u l a t e s ;  ( 4 )  s h i f t  convers ion,  

d u r i n g  wh ich syn thes i s  gas i s  r e a c t e d  ove r  a  c a t a l y s t  bed t o  a l t e r  t h e  compos i t i on  o f  t h e  gas t o  

s u i t  t h e  s t o i c h i o m e t r i c  requ i rements  o f  t h e  methanat ion  r e a c t i o n s ;  ( 5 )  wa te r  scrubb ing t o  remove 

l i g h t  o i l s ,  ammonia, phenols,  and cyanides; ( 6 )  a c i d  gas t rea tmen t  and s u l f u r  recovery ,  d u r i n g  

which carbon d i o x i d e ,  hydrogen s u l f i d e ,  ca rbony l  s u l f i d e ,  and carbon d i s u l f i d e  a r e  removed f rom 

t h e  gas, and elemental  s u l f u r  i s  produced by chemical  r e a c t i o n  o f  t h e  s u l f u r  spec ies ;  ( 7 )  s u l f u r  

guards t o  e l i m i n a t e  t r a c e  concen t ra t i ons  o f  s u l f u r  compounds t h a t  a r e  poisonous t o  downstream 

methanat ion  c a t a l y s t s ;  (8)  methanat ion,  d u r i n g  wh ich t h e  s y n t h e s i s  gas i s  reac ted  ove r  a  c a t a l y s t  

hed t o  produce a  high-methane-content gas w i t h  a  h e a t i n g  va lue  o f  s t  l e a s t  3 5 . 4 ' ~  l o 6  J/m3 

(950 B t u / s c f ) ;  ( 9 )  compression and d r y i n g  t o  r a i s e  t h e  gas p ressu re  t o  meet p i p e l i n e  pressure  

s p e c i f i c a t i o n s  and remove any condensed water  vapor; (10) oxygen p roduc t i on ,  wh ich  produces 

t h e  oxygen r e q u i r e d  f o r  g a s i f i c a t i o n ;  (1  1  ) u t i l i t y  p roduc t i on ,  wh ich  generates bo'th t h e  e l  ec- 

t r i c i t y  needed t o  ope ra te  fans,  pumps, blowers,  compressors, motors,  conveyors,  e t c . ,  and the  

steam used i n  t h e  g a s i f i c a t i o n  and s h i f t  r e a c t i o n s ;  (12 )  c o o l i n g  towers,  which coo l  r e c i r c u l a t i n g  

process c o o l i n g  water.; and (13)  water  t rea tment ,  wh ich  t r e a t s  raw wa te r  and process wastewater 

and prepares b o i l e r  feedwater.  S i n g u l a r  process f e a t u r e s  a r e  desc r i bed  below. The s l a g g i n g  

L u r g i  and t h e  COGAS processes have c u r r e n t l y  advanced beyond o t h e r s  t o  t h e  p o i n t  t h a t  DOE has 

i n i t i a t e d  demonst ra t ion-sca le  p l a n t s  t o  be c o n s t r u c t e d  and opera ted.  

1.2.2.1 C02 Acceptor  process 

The C02 Acceptor  process produces s y n t h e t i c  n a t u r a l  gas f rom l i g n i t e  o r  subbi tuminous coa l  by 

g a s i f y i n g  i t  w i t h  steam a t  B50°C (1500°F) and 150 p s i g  ( F i g .  1 .2 ) ,  a  process t h a t  r e q u i r e s  no 

oxygen. C i r c u l a t i n g  do lom i te  supp l i es  hea t  i n d i r e c t l y  and absorbs carbon d i o x i d e  and s u l f u r .  

The gas l e a v i n g  t h e  g a s i f i e r  does n o t  r e q u i r e  s h i f t  conve rs ion  o r  C02 removal p r i o r  t o  methana- 

t i o n .  Waste-heat recove ry  supp l i es  a l l  necessary steam and power, which e l i m i n a t e s  t h e  need f o r  

a u x i l i a r y  u t i l i t y  p roduc t i on .  By-products a r e  ammonia and s u l f u r ,  w i t h  min imal  accumula t ion  o f  

t avs  and n i l s .  (Fn r  a mnre 11~t.biler. l  prrscess descr i !> t ion ,  see Dravo 1976).  
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1.2.2.2 Hygas process 

Three un ique f e a t u r e s  c h a r a c t e r i z e  t h e  Hygas des ign  (F ig .  1 . 3 ) .  F i r s t ,  t h e  coa l  i s  p ressu r i zed  

and f e d  t o  t h e  g a s i f i e r  i n  a s l u r r y  w i t h  by-product  o i l .  Second, t h e  s o l i d  r e s i d u e  l e a v i n g  t h e  
g a s i f i e r  i s  a c h a r  t h a t  may c o n t a i n  a 10 t o  30% carbon concen t ra t i on ,  wh ich  rep resen ts  2 t o  7% 

o f  t h e  o r i g i n a l  carbon con ta ined  i n  t h e  coa l  f i e l d .  The t h i r d  f e a t u r e  i s  a U-gas system t h a t  

conve r t s  feed c o a l  t o  c l e a n  fue l  gas f o r  u t i l i t y  p roduc t i on .  The Hygas process produces l i g h t  

o i l s  [benzene-toluene-xylene (BTX)], ammonia, phenols,  and s u l f u r  as by-products .  . (For a more 

d e t a i l e d  process d e s c r i p t i o n ,  see Dravo 1976. ) 

1.2.2.3 Bi-Gas process 

The un ique f e a t u r e s  of  t h e  BiLGas process ( F i g .  1 .4)  a r e  e n t r a i n e d  f l o w  g a s i f i c a t i o n ,  g a s i f i e r  

o p e r a t i o n  under s lag- forming c o n d i t i o n s ,  t h e  use o f  sand f i l t e r s  f o r  p a r t i c u l a t e  removal, and t h e  

r e c y c l e  o f  a l l  sour  wa te r  f o r  gas quenching. The Bi-Gas process produces by-product  ammonia and 

s u l f u r ,  w i t h  min imal  accumula t ion  o f  t a r s  and o i l s .  (Fo r  a more d e t a i l e d  process d e s c r i p t i o n ,  

see Dravo 1976.) 

1.2.2.4 '  Synthane process 

A s i n g u l a r  f e a t u r e ' o f  t h e  Synthane process ( F i g .  1 .5)  i s  t h e  combust ion o f  g a s i f i e r  cha r  t o  

genera te  t h e  r e q u i r e d  u t i l i t i e s .  The e x t e n t  o f  g a s i f i c a t i o n  i s  l i m i t e d  t o  produce a r e l a t i v e l y  

h i g h  carbon cha r  and t o  ba lance t h e  o v e r a l l  energy requ i rements  o f  t h e  p l a n t .  The p resen t  des ign  

f e a t u r e s  a cha r  le tdown system and t a r  scrubber .  The Synthane process produces by-product  t a r ,  

BTX, phenols,  ammonia, and s u l f u r .  (Fo r  a more d e t a i l e d  process d e s c r i p t i o n ,  see Dravo 1976.) 

i .2.2.5 COGAS process 

The COGAS process ( F i g .  1.6) conve r t s  coa l  t o  gas and o i l  p roduc ts  th rough mu1 t i s t a g e  f l u i d i z e d -  

bed p y r o l y s i s  o f  coa l  and g a s i f i c a t i o n  o f  r e a c t i v e  cha r  f rom t h i s  p y r o l y s i s .  The raw o i l  and 

s y n t h e s i s  gas p roduc ts  a r e  produced i n  a low-pressure  system w i t h o u t  t h e  use o f  an oxygen p l a n t .  

The COGAS concept  f o r  coa l  g a s i f i c a t i o n  c o n s i s t s  o f  t h r e e  subun i t s :  m u l t i s t a g e  f l u i d - b e d  pyro- 

l y z e r s ,  a f l u i d - b e d  g a s i f i e r ,  and a s l agg ing - t ype  cha r  f i n e s  combustor. (Fo r  a more d e t a i l e d  

process d e s c r i p t i o n ,  see Dravo 1976. ) -  

1.2.2.6 S lagg ing  L u r g i  process 

CONOCO Coal Development Company's S lagg ing  L u r g i  process i s  s i m i l a r  t o  t h e  commerc ia l ly  proven 

f i xed -bed  L u r g i  process. Because o f  t h e  p r o p r i e t a r y  n a t u r e  o f  i t s  development, few process 

d e t a i l s  a r e  a v a i l a b l e .  I t  appears s a f e  t o  assume t h a t  t h e  o v e r a l l  process d i f f e r s  f rom t h e  

s tandard  L u r g i  process most n o t i c e a b l y  i n  t h e  g a s i f i c a t i o n  s tep.  The s lagg ing  g a s i f i e r  has 

l e s s  than o n e - f i f t h  t h e  steam consumption, produces a gas l i q u o r  o f  t w i c e  t h e  s t r e n g t h  b u t  one- 

f i f t h  t h e  volume, and has a thermal o u t p u t  p e r  u n i t  c r o s s - s e c t i o n a l  area o f  a t  l e a s t  t h r e e  ti,mes 

t h a t  o f  a L u r g i  g a s i f i e r .  I t  handles c o a l s  w i t h  a w ide range o f  ash - fus ion  temperature  i f  do lo-  

m i t e  i s  used t o  f l u x  t h e  more r e f r a c t o r y  ashes. Caking c o a l s  can a l s o  be g a s i f i e d .  Oxygen con- 

sumpt ion i s  10 t o  12% g r e a t e r  than a conven t i ona l  L u r g i .  The h e a t i n g  va lue  o f  t h e  syn thes i s  gas 

i s  h i g h e r  (Hebden 1975).  By-products a r e  naptha, o i l s ,  ammonia, and s u l f u r .  The S lagg ing  L u r g i  

g a s i f i e r  i s  shown i n  F ig .  1 .7  (Sudburg, Bowden, and Watson 1976).  
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1.2.2.7 Summary of effluents 

As in virtually a l l  chemical plants, coal gasification plants have a number of very small point 

sources such as vents on machinery and vessels, small pump ar;d piping leaks, and by-product 

storage vents. Though these sources are not to  be discounted or ignored during plant operation, 

they are not detailed in this report because they cannot be specifically identified or quanti- 
fied and are discharged a t  rates that are several times less than the known effluent streams 

throughout the plant. In some plants, such leaks and fugitive emissions constitute the single 

largest source of airborne polynuclear aromatic hydrocarbons (PAH). Thexe PAHs pose a potential 

health and environmental threat both as airborne mists, fumes, and droplets and as a leachable 
contaminant to  groundwater. Pumps of several designs and other high-pressure moving equipment 

have been identified as sources (Sexton 1960). 

Contaminated gaseous effluents may be discharged to the atmosphere from the following sources: 

1. coal storage - particulates and odors carried by wind; 

2. coal preparation -particulates, sulfur dioxide, and nitrogen dioxide from thermal 

dryers; particulates from crushing, grinding, and conveying; organics and fumes 

from spontaneous combusti on ; 

3. wastewater treatment- odors from retention ponds and lagoons; 

4. by-product storage - vents on storage tanks containing ammonia, phenols, oi ls ,  

tars ,  and BTX; 

5. ut i l i ty  boilers - particulates, sulfur dioxide, nitrogen oxides, and trace elements; 

6. sulfur recovery - f ina l  t a i l  gas containing sulfur compounds, hydrocarbons, and 

possibly fuel gas constituents such as CO and Hz; and 

7. cooling towers - a i r  and dr i f t  may rarry zinc and chromium compounds, chlur.ir~e, 
sulfuric acid, phosphates, phenols, cyanides, and/or trace elements. 

Most of the primary processing steps such as gasification, gas quenching and scrubbing, shif t  

conversion, and methanation produce no gaseous effluents. With the exception of wind, a l l  
gaseous effluents receive treatment necessary t o  comply with current Federal and local emission 

standards Many of the estimated mission rates &re bds.ed un these current legislated standards. 
Control equipment includes baghouses, electrostatic precipitators, cyclones, wet venturi 

scrubbers, acid gas removal and sulfur recovery systems, incinerators, and flue gas desulfuriza- 

tion units. 

Close examination of process waste streams reveals the close association between solid and liquid 

effluents. Solid and liquid wastes may leave the process from the following sources: 

1. coal storage -excess leachate runoff not collected by storm drainage system. 

containing pyrites, particulates, acids, minerals, and trace metals; 

2. storm pond - wet sludge of deposited solids; 

3. coal preparation - refuse from primary size reduction and washing containing rock, 
gangue, debris, coal, and leachates; 

4. raw water treatment - sludge resulting from t r ~ a t i n g  incoming water for  hardness and 
suspended solids containing lime, alum, sal ts ,  minerals, and ion exchange resins; 



, (;5. gas i f i ca t i on  - s l u r r y  from ash o r  slag quenching containing ash, minerals, salts, and 
. ' r - ,  t race elements subject t o  leaching; 

8 - ..-A \ 
" 

6 .  wastewater treatment - b io log i ca l  oxidation sludge from aeration basins, trace metal 

sludge, f i l t e r  cake, and leachates from holding o r  b io log ica l  oxidation ponds, which 

can i n f  i 1 t ra te  groundwater i f  uncontrol 1 ed; 

7. cool ing tower - wet sludge from evaporation o f  blowdown (other a l ternat ives e x i s t  f o r  

disposal o f  t h i s  blowdown) ; 

8. u t i l i t y  production - ash s l u r r y  containing minerals, leachates, and t race metals; 

9. sludge from f l u e  gas desu l fur iza t ion  - aqueous s lu r r y  o f  spent lime, limestone, o r  

dolomite, which can i n f i l t r a t e  groundwater i f  uncontrolled; and 

10. ca ta lys ts  and chemicals - from s h i f t  conversion, methanation, acid gas treatment, 

Claus and St re t ford  su l fu r  recovery, t a i l  gas cleanup, and su l fu r  yual'ds. 

Fiqure 1.8 presents an overview o f  the e f f l uen t  streams tha t  are discussed i n  the main body o f  

t h i s  report .  Kanges o f  values on a l~ i ss iun  rates r e f l e c t  the ViIIYibuS grades o f  cud1 ar~d tp%i ti- 
cat ion schemes chosen f o r  these analyses. To achieve some degree o f  s p e c i f i c i t y  i n  estimating 

discharge rates, choices o f  coal type, gas i f i e r  type, and anc i l l a ry  processing steps were ~ndde. 

The ranges shown i n  Fig. 1.8 thus d iv ide i n t o  indiv idual  estimates i n  the body o f  the report. 

I t  i s  important tha t  the s ize and depth o f  the current  data base I s  small. The quant i t ies given 

i n  t h i s  repor t  are spec i f i ca l l y  intended as estimates based on the most current information ava i l -  

able; they are not intended f o r  use as design values. 

1 -2.3 Coal preparation - descr ipt ion and e f f luents  

I n  some cases coal may be received a f t e r  primary breaking and washing have occurred a t  the mine 

s i te ,  but  i t has been assumed here t h a t  the coal preparation f a c l l  l t i e s  dre cwnlplete. This 

assumption i s  supported by the idea that a successful demonstration p lant  could become a modular 

component o f  a comnercial plant. 
L n l  . 

> n , -,- ?-**- 

L. -. ' 7  !sib 
Figure 1.9 shows schematically the layout o f  a typ ica l  coal preparation plant. The purpose o f  

: 2) b.g ,+---,; 
- . ' 8  

coal preparation i s  t o  remove impur i t ies such as rock, gangue, tramp iron, p y r i t i c  sul fur ,  and 
- A  . I  - moisture and t o  reduce the p a r t i c l e  s ize o f  the coal t o  meet gas i f i e r  requirements. Four p r i -  

mary operations a m  performed i n  t h i s  area: pialdry size reduction, washing, drying, and f i n a l  

s iz ing.  Other f a c i l i t i e s  may include a storm runof f  pond, a t a i l i n g  pond f o r  wash water, f l u e  

gas desul f u r i za t i on  f o r  the thermal dryer, a s lu r r y  preparation sys LWII, par t icu la te  t o l l  cc t ion  

equipment f o r  machinery generating dust and coal ftnes, drld extensive conveying cquipment i r i c l  ud- 

i n g  b e l t  and pneumatic devices. The major e f f l u e n t  i n  coal preparation i s  refuse from the p r i -  

mary s ize reduction and washing operations. The next e f f l uen t  i n  order o f  importance i s  the vent 

gas from the thermal dryers. 

1.2.3.1 Primary s ize  reduction 

The primary breaker receives the raw coal and reduces i t  t o  a maximum o f  10 t o  20 cm ( 4 ' t o  8 in.) 

f o r  washing and other preparation. Secondary crushers reduce the s ize o f  the products received 
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from t h e  p r imary  breakers  t o  about  3.8 t o  0  cm (1.5 t o  0  i n . ) .  Screening c rushe rs  reduce t h e  - 

p roduc ts  from the  secondary c rushe rs  t o  r e l a t i v e l y  u n i f o r m  s i z e s  o f  2.5 t o  0.95 cm (1  t o  3 ~ 8  i n . ) .  

Du r i ng  s i z e  reduc t i on ,  a  l a r g e  q u a n t i t y  o f  rock, deb r i s ,  gangue, and some o f  t h e  coa l  a r e  

r e j e c t e d ,  u s u a l l y  a t  t h e  p r imary  breaker .  Th i s  q u a n t i t y  can o f t e n  be 20% o f  t h e  run-o f -mine 

(ROM) coa l  r ece i ved  a t  t h e  p r e p a r a t i o n  p l a n t .  T h i s  rep resen ts  a  s i g n i f i c a n t  s o l  i d  waste stream. . 

Fo r  a  demonst ra t ion  p l a n t ,  re fuse p r o d u c t i o n  c o u l d  amount t o  580 t o  1252 m e t r i c  tons  (640 t o  

1380 tons )  pe r  day. The e x a c t  q u a n t i t y  depends a lmos t  e n t i r e l y  on t h e  source o f  t h e  coa l  and 

p r i o r  t rea tment .  T h i s  re fuse  m i g h t  be r e t u r n e d  t o  t h e  mine o r  used as l a n d f i l l ,  p rqv ided  t h e  

p o t e n t i a l  problems of  secondary p o l l u t i o n  a r e  eva lua ted  and c o n t r o l l e d .  

~ i r b o r n e  d u s t  and coa l  f i n e s  a r e  generated by t h e  s i z e - r e d u c t i o n  o p e r a t i o n s .  The techno logy t o  

c o n t r o l  these emissions i s  w e l l  es tab l i shed ;  consequent ly ,  s i z e  r e d u c t i o n  shou ld  n o t  c o n s t i t u t e  

a  s i g n i f i c a n t  emiss ion source. A p p l i c a b l e  p a r t i c u l a t e  c o l l e c t i o n  equipment i n c l u d e s  baghouses, 

h igh-pressure  drop cyc lones,  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 ,  and wet v e n t u r i  scrubbers .  S e l e c t i o n  

and use o f  a  c o n t r o l  dev i ce  depends on t h e  temperature,  m o i s t u r e  con ten t ,  d u s t  l o a d i n g ,  and 

p a r t i c u l a t e  c h a r a c t e r i s t i c s  ( s p e c i f i c  g r a v i t y ,  shape, p a r t i c l e  s i z e ,  abras iveness,  r e s i s t i v i t y ,  

v i s c i d i t y ,  f l a m m a b i l i t y ,  and s o l u b i l i t y ) .  Recovered s o l i d s  u s u a l l y  f o l l o w  t h e  same d i sposa l  

pa th  a s  t h e  r e j e c t e d  d e b r i s .  

The e n t i r e  s i z e - r e d u c t i o n  process can be housed i n  a  b u i l d i n g  cons t ruc ted  o f  sound-absorbent 

m a t e r i a l s  (where p r a c t i c a l  ) t o  reduce t h e  i n h e r e n t l y  h i g h  n o i s e  l e v e l s .  Whenever p o s s i b l e ,  

o p e r a t i n g  equipment i s  designed w i t h  no ise-suppress ion f e a t u r e s .  I t  shou ld  be f e a s i b l e  t o  

reduce t h e  no i se  l e v e l  a t  t h e  p l a n t  boundary t o  50 dB (Ayer 1974).  

1.2.3.2 Washing 

The washing o p e r a t i o n  separa tes  raw coa l  i n t o  two c a t e g o r i e s :  c l e a n  p roduc t  and re fuse .  I n  t h e  

washing ope ra t i on ,  wash wa te r  i s  u s u a l l y  s e n t  t o  a  s e t t l i n g  pond where f i n e s  a r e  removed so t h a t  

t h e  wa te r  can be reused. A c l a r i f i e r  may be used as w e l l .  The In te ragency  Task Force on Syn- 

t h e t i c  Fue l s  f rom Coal (1974) es t ima tes  t h a t  t h e  s o l i d  wastes f rom coa l  washing can amount t o  

between 203 and 762 m e t r i c  tons  (224 'and 840 tons )  o f  r e f u s e  pe r  day based on 1800 t o  2700 m e t r i c  

t ons  (2000 t o  3000 t o n s )  o f  mo is tu re  and ash - f ree  coa l  f e d  t o  t h e  g a s i f i e r  o f  a  demons t ra t i on  

p l a n t .  D isposa l  o f  t a i l i n g s  must be c a r r i e d  o u t  i n  such a  way as t o  a v o i d  s p i l l s  t h a t  would d r y  

o u t  and become s u b j e c t  t o  w ind and t r u c k  movement. The system shou ld  be designed f o r  complete 

r e c y c l e  o f  t h e  wash water  so t h a t  t h e r e  i s  no water  e f f l u e n t  f rom t h e  ope ra t i on .  Leaching o r  

seepage through t h e  bot tom o f  t h e  t a i l i n g  pond shou ld  a l s o  be c o n t r o l l e d .  A  b a r r i e r  o f  c l a y  o r  

p l a s t i c  may be r e q u i r e d  b u t  shou ld  n o t  be cons idered t o  be permanent o r  f o r e v e r  f r e e  o f  l e a k s .  

A l l  i n d u s t r i a l  coa l  d r y e r s  i n  use a r e  t h e  cont inuous contac t ,  t y p e  w i t h  convec t i on  as t h e  ma jo r  

mechanism o f  hea t  t r a n s f e r .  Thus h o t  gases and wet coa l  a r e  b rough t  i n t o  i n t i m a t e  c o n t a c t  

w i t h  each o t h e r  on a  cont inuous gas f l o w - c o a l  f eed  b a s i s .  The s i x  bas i c  d r y e r  t ypes  are :  

( 1 )  f l u i d i z e d  bed, ( 2 )  suspension o r  f l a s h ,  ( 3 )  m u l t i l o u v r e ,  ( 4 )  v e r t i c a l  t r a y  and cascade, 

(5 )  con t i nuous  c a r r i e r ,  and ( 6 )  drum (Leonard and M i t c h e l l  1968). 



The est imated emission r a t e  fo r  p a r t i c u l a t e s ,  s u l f u r  d iox ide,  and n i t rogen  d iox ide  are shown i n  

Table 1.5 f o r  thermal d ryers  i n  Bi-Gas, Hygas, and C02 Acceptor demonstration p lan ts .  Compared 

w i t h  the  est imates and measurements by the EPA (USEPA 1972), p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c i e s  

o f  g rea te r  than 99% may be requi red.  

Table 1.5. Allowable emission rates for thermal dryers for demonstration-size gasification plants 

Based on USEPA new source performance standards 
-- - -- 

Coal feed rate Moisture (%) Heat load Emission rate 

Process to dryer on dryer Particulate so2 NO2 
[MTpd (tpd)la (in) (out) [Jlhr X 10'' Btulhr X lo6 )  [kglhr (Iblhrl [kglhr (Iblhr)]. [kglhr (Iblhr)] 

Bi-Gas 2226 (2454) 8.4 i . 3  3.3 (31.2) 1.4 3 1  16.9 (37.4) 9.9 (21.8) 
CO, Acceptor 4415 (4868) 33.67 Nib 31 (294) 13.3 (29.4) 160 (353) 93.4 (206) 

Hygas 2387 (2610) 6.5 NI" 3.2 (30.43 1.4 (3.0) 2.8 (6.1) 

aMetric tons per day (tons per day). 
b ~ i l  -that is, virtually nothing, but not zero. 
Source: Fed. Regist. 36(247); 40 CFR Part 60, Dec. 23, 1971. 

Contro l  of p a r t i c u l a t e s  i s  we l l  w i t h i n  the realm o f  e x i s t i n g  technology. Baghouses, high- 

pressure drop cyclones, 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 ,  and wet ven tu r i  scrubbers a re  capable of 

h i g h - e f f i c i e n c y  removal o f  p a r t i c l e s  i n  the submicron p a r t i c l e  s i z e  range. (Because one source 

o f  p a r t i c u l a t e s  i s  dus t  c a r r i e d  o f f  t h e  coal ,  operat ing the dryer  on r e l a t i v e l y  l a r g e  chunks o f  

coal  would reduce the p a r t i c u l a t e  loading. ) Careful  r e g u l a t i o n  o f  the combustion parameters 

c o n t r o l s  n i t r o g e n  d iox ide .  Low flame temperature and low excess a i r  are the conventional.means 

o f  l i m i t i n g  NO2 product ion.  I f  the emission o f  s u l f u r  d iox ide  cannot be l i m i t e d  t o  comply w i t h  

Federal regu la t ions  through f u e l  se lec t ion ,  f l u e  gas desul f u r i z a t i o n  becomes necessary. 

Gr ind ing  i s  u s u a l l y  t h e  f i n a l  stage i n  s i z e  reduct ion.  The coal l eav ing  the g r ind ing  step has 

been cleaned, washed, d r ied ,  and s ized  t o  g a s i f i e r  s p e c i f i c a t i o n s .  Gr ind ing sometimes precedes 

thermal d ry ing .  Because the ground coal  i s  f i n e ,  o f t e n  resembling powder, the p o t e n t i a l  e x i s t s  

f o r  dus t  t o  become a i rborne.  A d d i t i o n a l l y ,  because the dust  i s  "pure" coal dust,  i t  can form 

e x ~ l o s i v e  concentrat ions i n  a i r .  B a l l - m i l l s  and o ther  q r ind ing  devices generate heat wh i le  

operat ing,  making the concentrat ion o f  coal dust  i n  the a i r  c r i t i c a l .  

The c o a l l a i r  m ix tu re  passes through cyclones i n  which separat ion occurs, and the a i r  stream i s  

discharged t o  the  atmosphere through bag f i l t e r s  o r  an 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 .  Such an 

arrangement i s  commercialiy proven, al though the  load  on the c o l l e c t i o n  device may amount t o  

about 11 m e t r i c  tons (12 tons) per  day i n  the case o f  a  demonstration p lan t .  P a r t i c u l a t e  loading 

i n  the  vent  stream i s  about 0.05 kg per  met r i c  ton (0.1 l b  per ton) o f  coal fed t o  the g r inder  

and 90 t o  140 kg (200 t o  300 l b )  o f  coal  dust  per day (assuming 99% c o l l e c t i o n  e f f i c i e n c y ) .  Only 

t r a c e  q u a n t i t i e s  o f  hydrocarbons have been detected i n  such commercial streams; odor i s  n o t  a  

problem. Col lected' f i n e s  from the f i l t e r s  are recyc led t o  the m i l l  product.  

I n  two p i l o t  p l a n t  operat ions, o ther  s o l i d s  a re  ground i n  a d d i t i o n  t o  coal .  The C02 Acceptor 

opera t ion  crushes and screens dolomi te o r  l imestone t o  a 2.38 mm ( 6  t o  8 mesh) p a r t i c l e  s i ze .  



A t  t h e  Bi-Gas p l a n t ,  f i n e l y  crushed s i l i c a  i s  prepared f o r  a d d i t i o n  t o  t h e  feed t o  a l t e r  t h e  coa l  

ash s lagg ing  p r o p e r t i e s .  I n  bo th  cases t h e  problem areas a r e  t h e  same as those p r e v i o u s l y  d i s -  

cussed except  t h a t  f i r e s  and exp los ions  a r e  n o t  a n t i c i p a t e d .  

A l l  g r i n d i n g  and screen ing ope ra t i ons  a r e  i n h e r e n t l y  no i sy .  I t  i s  a n t i c i p a t e d  t h a t  t h e  des ign  

o f  such machinery w i l l  use sound-absorbing m a t e r i a l s  and t h a t '  t h i s  area o f  t h e  p l a n t  w i l l  be 

i s o l a t e d  and enclosed w i t h i n  a  s t r u c t u r e .  

1.2.3.5 Storage 

Coal s to rage  i s  necessary and d e s i r a b l e  f o r  bo th  p r o d u c t i o n  and use. Several  undes i rab le  aspects  

a r e  r e l a t e d  t o  t h e  s to rage  o f  coa l ,  however, most impor tan t  o f  wh ich  a r e  o x i d a t i o n  and spontaneous 

combust ion r e s u l t i n g  i n  t h e  e v o l u t i o n  o f  odors; fumes, and v o l a t i l e s ;  r a i n  dra inage and r u n o f f ;  

windblown dus t ;  changes i n  p r o p e r t i e s  wh ich  may a f f e c t  t h e  use o f  t h e  c o a l ;  deg rada t i on  o f  coa l  

f r om rehand l i ng ;  and t h e  added c o s t  o f  hand l i ng  and s to rage  f a c i l i t i e s .  

I t i s  d i f f i c u l t  t o  es t ima te  t h e  q u a n t i t y  o r  compos i t i on  o f  e f f l u e n t s  f rom t h e  s to rage  area 

because they  may o f t e n  be cons idered f u g i t i v e  emiss ions.  When p rocess ing  2700 t o  6300 m e t r i c  

t ons  (3000 t o  7000 tons )  o f  run-o f -mine coa l  pe r  day, i t  shou ld  be c o n s e r v a t i v e l y  assumed t h a t  

convey ing and t r a n s f e r r i n g  equipment (even w i t h  we1 1  -designed c o n t r o l  equipment)  e m i t  f u g i t i v e  

coa l  and r o c k  dus t .  Th i s  d u s t  i s  depos i t ed  on t h e  ground and i s  s u b j e c t  t o  wind and r a i n  e r o s i o n .  

I t  has been suggested (Shaw and Magee 1974) t h a t  e f f l u e n t  l i m i t a t i o n  g u i d e l i n e s  pub l i shed  by EPA 

f o r  t h e  coa l  m i n i n g  i n d u s t r y  under t h e  Refuse Ac t  Pe rm i t  Program app l y  t o  g a s i f i c a t i o n  p l a n t .  

s to rage  f a c i l i t i e s .  Because t h e  volume o f  t h e  s to rage  p i l e  i s  l a r g e ,  t h e  res idence  t i m e  o f  r a i n  

i s  long,  a l l o w i n g  t h e  r a i n  t o  r e a c t  and form ac ids ;  e x t r a c t  o rgan i cs ,  s u l f u r ,  and s o l u b l e  meta ls ;  

and c a r r y  away suspended ma t te r .  Tab le  1 .6  i s  an a n a l y s i s  o f  d ra inage f rom two i n d u s t r i a l  coa l  

p i l e s  (Chu, Ruane, and S t e i n e r  1976).  A  conse rva t i ve  approach would assume some leakage th rough  

t h e  s to rage  b a s i n  f l o o r  i n  s p i t e  o f  t h e  f a c t  t h a t  a  des ign  c r i t e r i a  f o r  t h e  b a s i n  i s  prevent ion . .  

o f  1  eakage. 

One method o f  s to rage  opera tes  on ' t he  p r i n c i p l e  t h a t  coa l  f rom "dead s torage"  i s  used o n l y  i n  an 

emcrgcncy whcn t h e  normal supp ly  o f  coa l  i s  i n t e r r u p t e d .  Under t h i s  arrangement, t h e  d a i l y  

d e l i v e r y  and u s e - t r a n s f e r  requ i rements  t ake  p l a c e  i n  t o t a l l y  enc losed equipment. The te rm "dead 

s torage"  means t h a t  t h i s  q u a n t i t y  o f  coa l  i s  h e l d  i n  a  compacted and sea led p i l e  t h a t  i s  n o t '  

s u s c e p t i b l e  t o  d u s t i n g  d u r i n g  wind a c t i v i t y .  The coa l  s to rage  p i l e  i s  prepared by  l a y e r i n g , c o a l  

i n  30-cm ( 1 2 - i n )  depths and by compact ing each l a y e r  t o  a  b u l k  d e n s i t y  o f  about  1120 kg/m3 

( 7 0  1  b / f t 3 ) .  The h e i g h t  o f  t h e  p i l e  i s  s e t  a t  about  7.6 m  (25 f t ) ,  and t h e  l e n g t h  and w i d t h  a r e  

f i x e d  by t h e  tonnage t o  be s tored.  To m o n i t o r  spontaneous combustion, thermocouples a r e  i n s e r t e d  

th roughou t  t h e  p i l e .  The o u t e r  su r face  o f  t h e  p i l e  i s  sprayed w i t h  an o rgan i c  polymer c r u s t i n g  

agent  t o  p reven t  d u s t i n g  o r  r a i n  e ros ion .  C r u s t i n g  a l s o  reduces r a i n w a t e r  p e n e t r a t i o n  o f  c o a l  . . 

p a r t i c l e s ;  water  r u n o f f  t h e r e f o r e  has f a r  l e s s  c o n c e n t r a t i o n  o f  contaminants  than found i n  mine 

waters .  I n  a d d i t i o n ,  t he  coa l  p i l e  i s  l o c a t e d  on a  wa te rp roo f  base designed t o  p reven t  wa te r  

seepage i n t o  t h e  ground. Thus a l l  r u n o f f  water  shou ld  be con ta ined  and used i n  t h e  process 

(Ayer  1974).  



Table 1.6. Analysis of drainage from 
two industrial coal piles 

Concentration (mglliter) 
Constituents 

Plant J Plant L 

Acidity (total), as CaC03 1700 270 
Calcium 240 350 
Chemical oxygen demand 9 
Chloride 0 
Conductance. mholcm 2400 . 2100 
Dissolved solids (total) 3200 1500 
Hardness, as CaC03 600 980 
Magnesium 1.2 0.023 
pH, unit 2.9 2.9 
Potassium 0.5 
Silicon (dissolved) 91 
S6UIUtVl -4.1 

Sulfate 2600 
Suspended solids (total) 55u a10 
Turbidity, Jtu 300 
Aluminum 190 

Arsenic 0.01 0.009 
Barium 0.1 
Beryllium <0.01 
Cadmium <0.001 <0.006 
C~I~UII I~UII I  <0.005 <0.006 
Copper 0.56 0.18 
l ron . 510 830 
Lead <0.01 U.U23 
Manganese 27 110 
Mercury <0.0002 0.027 
Nickel 1.7 0.32 
Selenium 0.03 0.003 
Titanium <1 
Zinc 3.7 1 .O 

Cauroo~ T: J, Chu, R, J. Ruano, and G. R .  Stoinor. 1R76 

Characteristics of waste water discharges from coal-fired power plants. 
31st  annual l'urdue industrial mstc  confcrcncc, May 4-6, 1976. West 
Lafayette, Ind.: Purdue University. 

The appl i c a t i o n  of " b e s t  p rac t icab le  control  technology" requ i res  i n s t a l  l a t i o n  of impounding and 

s e t t l i n g  f a c i l i t i e s  t o  be of  s u f f i c i e n t  s i z e  t o  handle run-off from a once-in-ten-years storm. 
The opera tor  must provide s u i t a b l e  recording ana ly t ica l  equipment t o  guarantee compliance with 

concentrat ion schedules f o r  discharges i n t o  waterways (Kal fade l i s  and Magee 1974). Runoff from 

t h e  8- t o  IU-ha (2U- t o  25-acre) area required t o  hold a 3U-day Supply o t  teed Coal Por a Cam- 
mercial p lan t  could e a s i l y  amount t o  0.32 m3/sec (5000 gpm) during a major storm common t o  

almost a l l  sec t ions  of the  United S t a t e s .  Residence time f o r  water in  t h e  re ten t ion  pond should 

be s u f f i c i e n t  t o  permit s o l i d s  t o  s e t t l e  out.  Seepage through the base of the  pond should be 

con t ro l led  with l ayers  of  c lay ,  concrete ,  o r  p l a s t i c .  

Seepage through the process area can be a problem during rainstorms o r  during leaks ,  s p i l l s ,  o r  

process upsets .  Even though storm sewers c o l l e c t  the  runoff i n  a chemical plant  o r  r e f i n e r y ,  

l eaks  and o i l  s p i l l s  can re lease  enough material t o  cause seepage i n t o  the groundwater supply. 

Liquids co l lec ted  i n  storm sewers from the  processing area can be s e n t  t o  the  storm re ten t ion  

pond, except  where s p i l l s  of o i l s  o r  phenols can occur. Because of the concentrated nature of 

such a s p i l l ,  these drainage sewers should be s e n t  t o  a separate  holding pond. I t  i s  an t ic ipa ted  

t h a t  water from the r e t e n t i o n  pond serving the  coal s torage area can f ind several avenues of 

process reuse a f t e r  minor treatment (Sect .  1.2.7).  



Al though n o t  n e c e s s a r i l y  cons idered a  p a r t  o f  t he  g a s i f i c a t i o n  f a c i l i t y ,  t he  coa l  m in ing  

ope ra t i on ,  i f  l o c a t e d  ad jacen t  t o  t he  g a s i f i c a t i o n  complex, would probably  share t rea tmen t  

f a c i l i t i e s  prov ided f o r  t h e  p l a n t  proper.  Hence t y p i c a l  a c i d  mine dra inage o f  perhaps 0.019 t o  

0.025 m3/sec (300 t o  400 gpm) might  be t r e a t e d  con t i nuous l y  by accepted techniques t o  produce 

water  s u i t a b l e  f o r  d ischarge o r  f o r  p l a n t  use. Except f o r  a  separate  i n i t i a l  h o l d i n g  pond and a  

smal l  l i m e - a d d i t i o n  f a c i l i t y ,  a l l  o t h e r  components o f  t he  t rea tmen t  f a c i l i t y  would amount t o  

incrementa l  increases on f a c i l i t i e s  t h a t  must be prov ided f o r  t h e  pa ren t  p l a n t  (Ka l fade l  i s  and 

Magee 1974). 

1.2.4 G a s i f i c a t i o n  - e f f l u e n t s  

The p r i n c i p a l  waste products  l e a v i n g  t h e  g a s i f i e r  u n i t  a re  s o l i d  ash, char ,  o r  s lag .  The s o l i d  

i s  u s u a l l y  s l u r r i e d  w i t h  water  and t h e  r e s u l t a n t  s l u r r y  u l t i m a t e l y  dewatered t o  some e x t e n t  i n  

a  r e t e n t i o n  pond and then disposed o f .  The s l u r r y  water  shou ld  n o t  be a l l owed  t o  become a  p l a n t  

e f f l u e n t  because o f  contaminat ion by s o l i d s  and leachates f rom t h e  ash. A  p a r t i a l  l i s t  o f  major  

components i n  ash s l u r r y  water  i s  shown i n  Table 1.7. Recycle back t o  the  quench tank should be 

poss ib le ,  a l though water  t reatment  and reuse i s  a l s o  a  p o s s i b i l i t y ,  as i s  s o l a r  evaporat ion.  

Table 1.7. Example of water analysis 
from gasifier ash slurry tank8 

Component Amount (mglliter) 

pH 8.8 
Conductivity. S 1.8 

0.01 
CaO 101 
MgO 161 
Ma 17.5 
K 8.5 
Zn U.03 
Fe 0.22 
NH4 157 
NO2 0.13 
No, 3.32 
PO4 (total) 0.81 
CI 85 
so4 21 6  
CN 0.52 
H2S 9 
KMnOa. consumed 18 
Chemical oxygen demand 16.0 
Si02 461 2  
Suspended solids 391 8 
Stripped residue 550 

'Data taken from the Koppers-Totzek plant, 
Kutahya, Turkey. 

SUUICB: H. M. Braunsreln, E. A. copenhaver, and H .  
A. Pfuderer. 1976. Environmental, health, and con- 
trol aspects of coal conversion: an information 
overview. (Draft). Vol. 1 ,  Table 4.37, pp. 4-88. Oak 
Ridge, Tenn.: Oak Ridge National Laboratory. 



Specia l  cases e x i s t  f o r  the  C02 Acceptor process i n  which spent r e j e c t o r  i s  produced and f o r  

t h e  Synthane process i n  which the g a s i f i e r  ash and char are f i r e d  as f u e l  i n  the  u t i l i t y  b o i l e r ;  

v i r t u a l l y  a l l  ash en te r ing  the process i n  the coal feed leaves through the u t i l i t y  b o i l e r .  

Table 1.8 summarizes est imates o f  ash and char generat ion i n  the fou r  demonstrat ion-size gas i -  

f i e r s .  Tables 1.9 and 1.10 l i s t  major components'in ashes and slags from representat ive U.S. 

coa ls .  Ash d isposal  op t ions  inc lude  r e t u r n  t o  the coal  mine, ponding, use as l a n d f i l l ,  o r  resa le  

t o  i n d u s t r i e s .  When b u r i a l ,  ponding, o r  l a n d f i l l  i s  chosen, e i t h e r  the ash o r  the s i t e  must be 

t r e a t e d  so t h a t  no t race  meta ls  can leach from the ash i n t o  groundwater systems. L i t t l e  1s known 

about the  environmental d e n s i t y  o f  ash leachates (e. g., calcium ch lo r ide ,  magnesium su l fa te ,  and 

f l u o r i d e s ) .  I n  p a r t i c u l a r ,  ash leachates may c o n s t i t u t e  a s i g n i f i c a n t  source o f  t race  metal 

environmental p o l l u t i o n  (Braunste in 1977). A d iscuss ion o f  t race  elements i s  presented i n  Sect. 

*I .2.4:5. 

1  .7.4: 1  C02 Acceptor q a s i f  i e r  and regenerator 

The o n l y  d ischarge stream from the  g a s i f i e r  i l s e l  f i s  the r e j e c t  acceptor, w t ~ i c l ~  i s  t y p i c a l  l y  

rep laced a t  a  r a t e  of 360 m e t r i c  tons (400 tons) per day t o  mainta in  a c t i v i t y  (Jahnig and Magee 

1974). Associated w i t h  the r e j e c t  acceptor i s  the p o t e n t i a l  f o r  dust iny.  Cdr.eful handl ing and 

c o n t r o l  l ed  use of water sprays should abate l h i s  problem i f  i t  ar i ses .  Based on p i l o t  p l a n t  

experience, the  r e j e c t  acceptor i s  s t a t e d  t o  be low i n  s u l f u r  content,  0.084%, which i s  s u f f i -  

c i e n t l y  low t h a t  there should be no secondary p o l l u t i o n  problem upon d isposal  a s ' l a n d f i l l .  

Regenerator f u e l  i s  suppl ied by feeding the g a s i f i e r  char t o  a f l u i d i z e d  bed and burning a l l  

carbonaceous mate r ia l  completely. The f l u e  gas i s  removed lhruuyh cyclone separators t o  take 

o u t  most o f  the  dust, which c o n s i s t s  o f  ash res idue from the  l i g n i t e  fed  t o  the g a s i f i e r .  This 

ash i s  removed from the system by way o f  a  f l u i d  bed coo le r  and i s  subsequently sent t o  the ash 

d a s ~ r l  f u r i  z a t i o n  u n i t  (Jahniq and Magee 1974). 

Gas from the cyclones passes through heat  exchangers wherein steam i s  superheated t o  650°C 

(1200°F). Add i t i ona l  steam i s  then generated i n  a waste-heat b o i l e r .  A t  an appropr ia te p o i n t  

i n  t h i s  system (e.g., before the waste-heat b o i l e r ) ,  a d d i t i o n a l  a i r  can be introduced t o  burn 

up res idua l  carbon monnxide. ' Th is  a c t i o n  i s  necessary t o  avoid re leas ing  the carbon monoxide 

t o  the atmosphere and a t  the same t ime prov ide a convenient way t o  recover t1.iy11-level heat  by 

burn ing the carbon monoxide. 

I f  the  f l u e  gas i s  sent t o  an expansion tu rb ine  t o  recover power, noise c o n t r o l  f o r  t h i s  area 

requ i res  c a r e f u l  a t t e n t i o n  i n  the f i n a l  p l a n t  design. The r l u e  gas conta ins 470 ppm o f  t o t a l  

s u l f u r .  Whether o r  n o t  t h t s  Stream may be dischdr.yed to  the atmosphere depends on f u t u r e  Federal 

EPA standards f o r  coal conversion p lan ts .  These standards f o r  s u l f u r  oxides, n i t rogen  oxides, 

and p a r t i c u l a t e  matter may be more s t r i n g e n t  than standards f o r  d i r e c t  combustion f a c i l i t i e s .  

Fur ther  in fo rmat ion  i s  needed on these c r i t i c a l  items. The NOx content  i s  expected t o  be low 

as a r e s u l t  n f  the r e l a t i v e l y  low combustion temperature i n  the regenerator,  b u t  s p e c i f i c  data 

should be obta ined i n  the  p i l o t  operat ions (Jahnig and Magee 1974). 

Bottom ash from the regenerator  has a h igh  s u l f u r  content  i n  forms such as calcium s u l f i d e ,  

which could r e s u l t  i n  secondary p o l l u t i o n  problems because o f  the re lease o f  hydrogen s u l f i d e .  



Table 1.8. Ash and char generation in demonstration gasification plants 

Plant size Coal feed rate Char production Ash production 
 mess [m3 X lo6  '%) [metric tonslday (tonslday)] !metric tons/day [metric tonslday (tonslday)] 

(scfd X l o 5 ) ]  Ash Gasifier It(fons1dav)l Gasifier Utility plant 

Bi.Gzs 1.4(50) W. K~ntucky 1.3 7.2 3.75 2070(2280) 390(431) None 150(164) slag plus 26129) (dry) 
No. 11 (8.4% H20) 150( 164) quench1 

slurry water 

Synthane 1.4(50) Pittsburgh 2.5 7.4 1.6 2590(2850) None 790(870) gasifier None 190(211) (dry) 
Seam char to utility 

production 

C0, 4ccepto- 1.4150) Lignite 0 11.45 0.9 2930(3229) None 1030(1135) to 480(532) carbonated None 
regenerator ash plus 

480(532) water; 
from regenerator 

Hyga; 1.4150) Illinois 0 11.54 4.2 1570(1733) 6401708) to 290(321) from Ash is contained 
No. 6 U.Gas gasifier plus , in char 

plant to make 78(86) from 
fuel gas U-Gas 

plant, plus 
11 lO(1221) 
quenchlslurry 



Table 1.9. Elemental composition of ash from representative U.S. coals 

Type of coal Analysis of ash (%I  

State Bedormine Si02 AI2O3 Fe203 Ti02 P205 CaO MgO Na20 K 2 0  SO3 Rank Source 

Illinois 
Pennsylvania 
Ohio 
West Virginia 
Kentucky 
Missouri 
North Dakota 
Montana 
Wyoming 
New Mexico 

No. 6 
Pittsburgh 
No. 5 
Eagle 
No. 9 
Bevier 
Dakota Star 
Colstrip 
No 15 
Yankee 

Bit 3 
Bit 3 

1 
1 
1 
1 

Lig 3 
Sub 2 
Bit 3 

1 
- 

Sources: 1G.I'. 1Yb'I. Comp~led trom: (1 I H. F. Abernathy, M. J. Peterson and F. H. Gibson. 1Y6Y. Major ash constituents in  U.S. coals. 
U.S. Bureau o f  Mines R1240. Washington, D.C.: U.S. Bureau of Mines. (2) G. H. Gronhord, A. E. Harak, and P. H. Tufte. 1970. Ash fouling 
and air pollution studies using a pilot plant test furnace. In  fechnology and use o f  lignites, eds. J. L. Elder and W. R. Kube. U.S. Bureau of 
Mines ICl3471, pp. 69-77. Washington, D.C.: U.S. Bureau of Mines. (3) W. A. Selviq and F. H. Gibson. 1956. Analysisofash from United 
Statescoals. U.S. Bureau of Mines bull. 567. Washington, D.C.: U.S. Bureau of Mines. 

Table 1.10. Major components of coal combustion slags 
(wt %) 

Si02 AI2O3 Fe203 FeO MgO CaO Na20 K 2 0  T O 2  PZOS 

53.8 13.9 2.6 9.3 4.1 7.9 3.0 1.5 2.0 0.4 
48.4 15.2 6.6 6.7 6.1 8.4 2.3 0.6 1.9 0.2 
54.54 22.97 5.91 1.24 6.35 1.62 0.55 3.36 0.85 
51.71 21.93 5.54 1.21 5.87 5.87 7.1 7 3.19 0.78 

Source: H. M. Braunstein. 1977. Environmentaland health aspects o f  disposalofsolid wastes from coal 
conversion: an information i)sscsssmcnt.(Droft), vol. I. Oak Ridge, Tenn.: Oak Ridge National Laboratory. 

There fore ,  ash produced f rom t h e  coa l  i s  processed t o  remove 98% o f  i t s  s u l f u r  by a l l o w i n g  i t  t o  

r e a c t  w i t h  GO2 a t  8b°C (190°F) i n  a w a t e r  s l u r r y .  Of f -gas c o n t a i n i n g  a c a l c u l a t e d  27% H,S, 7% 

CU2, and 66% H2U i s  s e n t  t o  a s u l f u r  r ecove ry  p l a n t .  A l l  o f  t h e  gas streams i n  t h i s  system a r e  

c o n t a i n e d  and shou ld  n o t  cause env i ronmenta l  problems. The carbonated ash i s  w i thdrawn a t  a r a t e  

o f  483 m e t r i c  t o n s  (532 tons )  p e r  day ( d r y )  as a 50% s l u r r y  i n  wa te r  and i s  n o t  expected t o  

c r e a t e  odors,  a l t hough  t h i s  p o s s i b i l i t y  shou ld  be examined f u r t h e r .  The wa te r  con ta ined  i n  t h e  

ash s l u r r y  shou ld  c o n s t i t u t e  t h e  predominant water  e f f l u e n t  f rom t h e  p l a n t  d u r i n g  normal ope ra t i on .  

1.2.4.2 Hygas g a s i f i e r  

The m a j o r  e f f l u e n t  f rom t h i s  area o f  t h e  p l a n t  i s  spent  char,  which serves t o  r e j e c t  ash b rough t  

i n  w i t h  t h e  c o a l  feed. Res idua l  c h a r  r e j e c t e d  f rom t h e  steam-oxygen g a s i f i c a t i o n  s tage a t  an 

e s t i m a t e d  r a t e  of  291 m e t r i c  t o n s  (321 t o n s )  p e r  day ( d r y )  c o n t a i n s  10 t o  30% carbon, correspond- 

i n g  t o  2 t o  7% o f  t h e  o r i g i n a l  carbon con ta ined  i n  t h e  coa l  feed. (An es t ima ted  78 m e t r i c  tons ,  

o r  86 tons  o f  cha r  pe r  day, d ry ,  i s  a l s o  r e j e c t e d  f rom t h e  U-Gas p l a n t ,  which s u p p l i e s  f u e l  gas 

t o  t h e  u t i l i t y  p l a n t .  The two c h a r  streams a r e  p robab l y  hand led and d isposed o f  t oge the r . )  The 

c h a r  i s  quenched and s l u r r i e d  i n  wa te r  (25% so l  i d s ) ,  depressur ized,  and d i scha rged  th rough  l o c k  

hoppers.  Steam formed i n  t h e  char-quenching o p e r a t i o n  c o n t a i n s  p a r t i c u l a t e s  and o t h e r  contami-  

nan ts  and shou ld  t h e r e f o r e  be r e t u r n e d  t o  t h e  process o r  c o l l e c t e d  f o r  t r ea tmen t  and d i s p o s a l .  

(A baghouse opera ted above t h e  dew p o i n t  of t h e  gas may p r o v i d e  s u f f i c i e n t  c leanup t o  a l l o w  



t h e  steam t o  be vented t o  t h e  atmosphere i f  o n l y  p a r t i c u l a t e  p o l l u t i o n  i s  t h e  o v e r a l l  concern.)  

The amount of  steam produced shou ld  be abou t ' 4 :5  m e t r i c  tons  p e r  hour  (10,000 l b l h r ) .  

Ash i n  t h e  wa te r  s l u r r y  i s  recovered i n  a  s e t t l i n g  pond; wh ich  i s  d ra ined  so t h a t  semidry ash 

can be removed f o r  b u r i a l .  Water f rom t h e  s e t t l i n g  pond i s  r e c y c l e d  t o  t h e  quench system. 

A l though wet ash i s  n o t  dusty,  p a r t s  o f  t h e  s e t t l i n g  b a s i n  o r  s p i l l s  on t h e  ground can d r y  o u t  

and become a  d u s t  nuisance, as has happened i n  t h e  p a s t  ( Jahn ig  1975b). Consequent ly,  no water  
e f f l u e n t  f rom t h e  ash system shou ld  remain o t h e r  than t h a t  r e t a i n e d  by t h e  ash. However, t h i s  

may c o n t a i n  s o l u b l e  s a l t s  o r  t r a c e  elements;  f u r t h e r  i n f o r m a t i o n  shou ld  t h e r e f o r e  be ob ta ined  on 

l eachab les  f rom t h e  wet ash. Exposure t o  a i r  may be a  f a c t o r ,  and t e s t s  a r e  needed t o  determine 

t h e  e x t e n t  o f  problems caused by l e a c h i n g  by  r a i n  o r  groundwater when t h e  cha r  i s  d isposed o f  by  

b u r i a l  o r  as f i l l .  P o t e n t i a l  l each ing  o f  c a l c i u m  c h l o r i d e ,  magnesium s u l f a t e ,  compounds o f  

i r o n ,  manganese, f l u o r i n e ,  e t c . ,  a r e  a  concern  ( Jahn ig  1975b). 

The na tu re  o f  t h i s  ash o r  cha r  wa r ran ts  f u r t h e r  d i scuss ion .  I f  t h e  o r i g i n a l  c o a l  p a r t i c l e s  

m a i n t a i n  t h e i r  s i z e  d u r i n g  g a s i f i c a t i o n ,  t h e i r  d e n s i t y  decreases as t h e  carbonaceous c o n t e n t  

f a l l s  t o  10.3% carbon. The p a r t i c l e s  a r e  n o t  o n l y  l i g h t  b u t  a r e  f r i a b l e  as w e l l .  Severe 

t u rbu lence  assoc ia ted  w i t h  char-quenching and d e p r e s s u r i z i n g  o f  t h e  s l u r r y  may c r e a t e  v e r y  

f i n e ' p a r t i c l e s .  I f  t h e  cha r  p a r t i c l e s  break up, t hen  ve ry  f i n e  d u s t  may r e s u l t ,  w i t h  compl i -  

c a t i o n s  i n  ash hand l i ng  and d i sposa l .  A l t e r n a t i v e  approaches t o  t h i s  problem have used s i n t e r -  

i n g  o f  f l y  ash, an agg lomerat ing  f l u i d - b e d  system, o r  a  s l a g g i n g  g a s i f i e r  ( Jahn ig  1975b). 

A d d i t i o n a l  i n f o r m a t i o n  shou ld  be ob ta ined  on t h e  dep ressu r i z i ng ,  hand l ing ,  and d i sposa l  opera- 

t i o n s  t o  ensure t h a t  p o t e n t i a l  problems a r e  s a t i s f a c t o r i l y  r eso l ved .  

I t  has been i n d i c a t e d  t h a t  t h e  cha r  resembles a c t i v a t e d  carbon i n  t h a t  i t  has a d s o r p t i v e  proper -  

t i e s  and removes phenol f rom wastewater.  I f  used i n  t h i s  manner, t h e  cha r  c o u l d  be regenera ted,  

fo r  example, by r e t u r n i n g  i t ' t o  t h e  g a s i f i e r .  

1.2.4.3 B1-Gas g a s l f i e r  

I n  normal o p e r a t i o n  t h e r e  a r e  no e f f l u e n t s  t o  t h e  a i r  f rom t h e  g a s i f i c a t i o n  s e c t i o n  because a l l  

of  t h e  gas streams a r e  con ta ined  and processed i n  downstream equipment. The major  e f f l u e n t  f rom 

t h i s  s e c t i o n  i s  t h e  s l a g  formed f rom ash i n  t h e  c o a l .  E s s e n t i a l l y  a l l  o f  t h e  ash i n  t h e  feed i s  

r e j e c t e d  here  a f t e r  hav ing been fused i n  t h e  l ower ' zone  o f  t h e  g a s i f i e r .  P roduc t i on  o f  d r y  s l a g  

I n  a  demonst ra t ion-s ize  g a s i f i e r  i s  150 m e t r i c  t ons  (165 tons)  p e r  day, cor respond ing t o  about  

2.2 x  l o 4  m3 (18  a c r e - f t )  p e r  year;  consequent ly,  adequate p r o v i s i o n  f o r  d i s p c s a l  i s  needed. 

The s l a g  leaves t h e  g a s i f i e r  as a  50 w t  % s o l i d  s l u r r y .  The s l a g  shou ld  be r e l a t i v e l y  s u l f u r  

f r e e  and un reac t i ve ,  hav ing  been fused a t  h i g h  temperature.  A lso ,  i t  c o n t a i n s  l i t t l e ' o r  no 

carbon and can t h e r e f o r e  be d i sca rded  f rom a  process p o i n t  o f  v iew. The water .used f o r  quenching 

and s l u r r y i n g  p i c k s  up d u s t  f rom t h e  s l a g  and leaches o u t  s o l u b l e  s a l t s  and meta ls ;  t h e r e f o r e ,  

i t  shou ld  be c o l l e c t e d  and reused t o  p reven t  becoming an e f f l u e n t  fro111 t h e  p l a n t .  The ash 

s l u r r y  m igh t  be dewatered f o r  mine d i sposa l  and t h e  water  s e n t  t o  a  h o l d i n g  pond f o r  reuse 

( Jahn ig  1975a). Depending on t h e  f i n a l  d i s p o s i t i o n  o f  t h e  s l a g  s l u r r y ,  d u s t  may o r  may n o t  be 

a  c o n s i d e r a t i o n .  For  example, i f  t h e  s l u r r y  i s  used as l a n d - f i l  I o r  i f  i t  i s  r e l e g a t e d  t o  a  

s to rage  p i l e ,  a  d u s t  problem cou ld  a r i s e  when th'e s l u r r y  d r i e s .  The p o s s i b i l i t y  of  odors  a l s o  

needs t o  be d e f i n e d  f o r  t h e  hand l ing .  and d i sposa l  system (Jahn ig  1975a).  



The o ther  major stream leav ing  the g a s i f i e r  i s  the raw gas product.  I t  conta ins a l a r g e  amount 

o f  char  t h a t  i s  blown ou t  of the  g a s i f i e r  and recovered i n  cyclones f o r  recyc l ing  t o  the lower 

zone o f  the g a s i f i e r .  No o ther  streams are normal ly  released t o  the environment from the gasi -  

f i c a t i o n  sect ion.  

1.2.4.4 Synthane g a s i f i e r  

There should be no major s o l i d  o r  l i q u i d  discharge from the g a s i f i c a t i o n  sec t ion  except the 

g a s i f i e r  char  stream. I t  has been assumed t h a t  a d r y  char let-down system can be developed 

such t h a t  char  may be ducted t o  the power p l a n t  us ing stream or  i n e r t  gas as the t ranspor t  

medium. Char i s  generated a t  an est imated r a t e  o f  790 m e t r i c  tons (870 tons) per day ( d r y )  

( K a l f a d e l i s  and Magee 1974). The ash c a r r i e d  i n  the  char i s  r e j e c t e d  a t  the power p l a n t  a t  

an est imated r a t e  o f  191 m e t r i c  tons (211 tons) per day ( d r y ) .  

F a c i l i t i e s  used t o  s t o r e  and compress lock  hopper vent  gas may generate small s o l i d  and l i q u i d  

e f f l u e n t  streams t h a t  would r e q u i r e  treatment or d ispos i  t i o n .  Hence coal f i r ~ e s  I"i1 l e r e d  f vo r  

such vent  gas are recyc led t o  feed. S i m i l a r l y ,  water present i n  such gas may be condensed i n  

a compression process and would be d i r e c t e d  t o  treatment f a c i l i t i e s .  Water, which may be used 

' a s  sea l ing  f l u i d  i n  gas holders, may l i kew ise  r e q u i r e  p e r i o d i c  treatment and replacement 

(Ka l fade l  i s  and Magee 1974). 

1.2.4:5 Discussion o f  t race  elements 

The concentrat ion o f  t race  elements i n  coal i s  g iven i n  Table 1.11, which shows the mean ana ly t -  

i c a l  values f o r  101 coa ls  and the e x t e n t  t o  which t race elements a re  removed through v o l a t i l i z a -  

t i o n  from coal  dur ing g a s i f i c a t i o n  i n  a Hygas g a s i f i e r .  On t h i s  basis, the q u a n t i t y  o f  t race  

elements found i n  the  g a s i f i e r  ash can be estimated. [ab le  1.12 l i s t s  the est imated composit ion 

o f  ash from a g a s i f i e r  w i t h  a c a p a b i l i t y  o f  9000 m e t r i c  tons (10,000 tons) per day. Uther types 

o f  q a s i f i e r s  may have significant e f f e c t s  on the c o ~ ~ ~ p o s i t i o n s  o f  the s o l i d  res idue and gaseous 

streams. (When est imat ing ac tua l  p l a n t  emission, the concentrat ions o f  t race  elements i n  the 

s p e c i f i c  coa l  feed must be known. I n  many cases a s p e c i f i c  coal may have unusual ly h igh  o r  low 

concentrat ions o f  a p a r t i c u l a r  element.) 

The forms o f  t race  e'lements leav ing the  conversion f a c i l  1 t y  III bo.t.1~111 d s l ~  ur  s lag a1.e undoubtedly 

impor tant .  Of equal o r  more importance i s  i d e n t i f i c a t i o n  o f  those elements and the forms t h a t  

a re  associated w i t h  the  u l t r a f i n e  gas-entrained ash, which may be n o t  o n l y  leachable b u t  a l s o  

t ranspnr tab le  i n  drainage from a l a n d f i l l .  Those elemental forms t h a t  v o l a t i l i z e  dur ing gas i -  

f i c a t i n n  a re  most l i k e l y  t o  condense on and be c o l l e c t e d  w i t h  gas-borne ash (Braunstein 1977). 

The p o s s i b i l i t y  o f  depos i t i on  on o t h e r  surfaces should n o t  be overlooked. Sect ion 1.2.7 describes 

severa l  o t h e r  pathways f o r  t r a c e  elements. 

Typica l  modes o f  the occurrence o f  elements i n  coa l  are g iven i n  Table 1.1 3. Most t race  and 

minor elements appear as s u l f i d e s  ( o r  su l fa tes  i n  weathered coa ls ) ,  oxides, and carbonates. 

Using the in fo rmat ion  i n  Table 1.13, A t t a r i  and Meninger (1976) performed f r e e  energy ca lcu la -  

t i o n s  t o  determine the  most s t a b l e  form o f  the  feed species i n  the p re t rea te r ,  the hydrogas i f i e r ,  

and the CO-shi f t  reac to r  i n  a Hygas p l a n t .  



Table 1.1 1. Trace elements in coal 

Mean Mean analytical values for 101 coalsa Lost during 
Constituent concentration 

Std. deviation Minimum Maximum gasificationb 
( P P ~ )  (%) 

14.02 pprn 
102.21 pprn 

1.61 pprn 
2.52 pprn 

13.75 pprn 
60.94 pprn 

0.20 pprn 
7.54 pprn 

21.07 pprn 
34.78 pprn 

2.08 pprn 
32.71 pprn 

272.29 pprn 
0.14% 
0.07% 
1.26 pprn 
9.57 pprn 

65 

(10lC 
18 
62 
Neg. 

( l0 lC 
96 

( l0 lC 
24 
63 
74 
30 

( lo)C 
>90 

33 
Neg. 

- -- -- 

aR. R. Ruch. H. J. Gluskoter, and N. F. Shimp. 1974. Symposiumproceedings: environmentalaspects 
o f  fuel conversion technology, May 1974. EPA 65012-74-1 18, p. 52:St. Louis, Mo.: U.S. Environmental 
Protection Agency. 

'A. J. Anari. 1973. Fate o f  trace constituents o f  coal duringgasification. P8 223-001, p. 21. Chicago. 
Ill.: Institute of Gas Technology. 

CVolatalization has not yet been determined. I n  the absence of data, 10% is used. Some are expected t o  
be considerably more volatile. 

Table 1.12. Disposition of trace elements 

Leaving oasifier. 
COnStituentS Mean concenrrarlon Peed rare' 

( P P ~ )  [kg (Ib) per day] In gas 
In  ash 

[kg (lh) per davl [ka (Ib) ocr davl 

44(98) 

816(1,800) 

12(26) 

9(19) 

127(280) 

498( 1,098) 

Neg. 

61(135) 

144(319) 

Pb 35 31 7(700) 200(441) 117(259) 

Se 2.1 19(42) 14(31) 5(11) 

V 33 299(660) 90(198) 209(462) 

Zn 270 2160(6,400) 245(540) 2205(4,860) 

CI 0.14% 12700(28,0001 >I 1430(>25,200) , 1270(2,800) 

Ti 0.07% .6350(14,000) 635(1,400) 571 5i12.600) 

Sb 1.3 12(26) 4(9) 8(17) 

co 9.6 87(192) Neg. 87(192) 

aFeed rate based on 9000 metric tons (10,000 tons) per day of cleaned coal (after removal of rock, 
debris, and yar~gue). 



Table 1.13. Typical modes of  occurrence of trace and minor elements in  coals 
--- 

Element Mode Element Mode 

Sulfide 
Oxide, sulfide 
Carbonate, sulfate with Ca 

ocs 
Sulfide 
OC, borate 
Sulfide 
Oxide, carbonate, sulfate 
 sodium chloride 
POC, oxide 
POC, sulfide 
CuFeS2 sulfide 
CaF2 
POC. carhonatc 
Carbonate, sulfide, oxide 
Sulfide 
sac 
POC, carbonate. SQ 
Carbonate in  CaC03. SQ 
PUC, element, sultlde 

Mo Sulfide 
Ni Sulfide 
N OC 
K KCl, carbonate 
Sm SQ 
Sc Oxide 
Se POC, sulfide, iron selenides 
Si Oxide, SQ 
Ag Element, sulfide, SQ 
Na' POC, carbonate 
Sr POC, with Ca 
S POC, sulfides, sulfates 
Te Iron tellurides 
Th SQ 
Sn Carbonate, sulfide 
I I me. 3~ 
v OC 
Yb S U  
Zn Sulfide 
ZI, Oxido, SO 
- = .  

aOC - organic contribution. 
b~~~ - partial organic contribution. 
'SO - silicates. clay. quartz. 
Source: A. J. Attari and J. P. Meninger. 1976. Initial environmental testplan 

for soilrce assessment o f  coal justification. EPA-60012-76-259, Table 5, p. 22. 
Research Triangle Park, N.C.: U.S. Environmental Protection Agency. 

A t t a r i  and Meninger (1976) made some genera l i za t ions  based on t h e i r  r e s u l t s ,  which are presented 

i n  Tables 1.14 and 1.15. I n  the hydrogas i f i e r ,  the a1 k a l i  metals (sodium, potassium, and l i t h i u m )  

and the  heavier  a1 kal i n e  e a r t h  metals (barium and st ront ium) favor  carbonate formation, whereas 

b e r y l l i u m  i s  most s t a b l e  as the oxide and magnesium as the s u l f i d e .  Many lleavy metals, such as 

mercury, bismuth, s i l v e r ,  and t i n ,  tend t o  remain i n  the elemental form. The auLl1or.5 cdu t ion  

t h a t  the stirrly does n o t  take i n t o  account the k i n e t i c s  and r e a c t i o n  r a t c s  o f  the components; 

thus i t  may be t h a t  t h e  ac tua l  form o f  an element may be q u i t e  d i f f e r e n t  from the ca lcu la ted  

form (Braunste in 1977). 

I n  a study o f  the  l o s s  o f  minor and t r a c e  elements from coal  under various simulated coal  gas i -  

f i c a t i o n  environments, i t  was found t h a t  o f  18 elements sur-veyed, 10 were s tab le  and r e l a t i v e l y  

n o n v o l a t i l e :  aluminum, s i l i c o n ,  potassium, calcium, t i tan ium, i ron ,  copper, rubidium, stront ium, 

and y t t r i u m .  These elements would be expected t o  remain i n  the bottom ash o r  slag. Two elements 

s tud ied,  a rsen ic  and 'z inc,  were h i g h l y  v o l a t i l e ,  and the remaining s i x  - phosphorus, s u l f u r ,  

chrnmi~~m. manganese, n i c k e l ,  and 'z i rconium - a r e  apprec iab ly  v o l a t i l i z e d  i n  oxygen o r  hydrogen 

atmospheres b u t  appear t o  remain as s o l i d  res idue under low-pressure g a s i f i c a t i o n  using Steam 

n r  carbon d iox ide .  The obvious ly  v o l a t i l e  elements, such as cadmium, mercury, and lead, were 

apparent ly  n o t  s tud ied (Braunste in 1977). Many o f  these t race  elements do n o t  e x i s t  i n  elemental - 
form; ra ther ,  they e x i s t  i n  compound forms t h a t  may-exhib i t  q u i t e  d i f f e r e n t  v o l a t i l i t y  curves 

than do the elemental forms. 



Table 1.14. Thermodynamically stable forms 
of elements in  the process units 

Element Pretreate? Hyga? CO-ShiffJ 

S 
E. H 
C 
0 
E. S 
F 
S 

. s 
HCI 
S 
s 
s 
HF 
H 
S 
S 
c 
S 
S 
E. S 
S 
S 
H 
C 
0 
H 
0 
S. E 
r. ,. 
H 
H 
E,CI 
0 
0 
0 
s 
0 

S 
E. H 
C 
0 
E. S 
F 
S 
C 
HCI 
S 
S 
S 
H F 
H 
S 
S 
C 
C 
S 
E 
S 
S 
H 
C 
0 
H 
0 
E 
C 
C 
H 

H. E 
CI 
0 
0 
0 
S 
0 

aC = carbonate; E = element; H = hydride; 0 = ox- 
ide; S = sulfide: an11 SA = sulfate. 

Source: A. J. Attari and J. P. Meninger. lY7ti. 
Initial environmental test plan for source assessment 
of gasification. EPA.60012-76-259, Table E-3, p. 
E-35. Research Triangle Park, N.C.: U.S. Environ- 
mental Protection Agency. 



Table 1.15. Calculated flow rates of trace and minor elements in a Hygas-based commercial coal 

gasification plant using Illinois No. 6 seam bituminous coal 

Coal feed to pretreater Flow rates (kg/s X 1 03) 

Element Composition Flow rate Pretreater Oxygasifier Hot oil Water Acid-gas Sulfur Methanation Product 
(ppm) (kg/s X l o 3 )  lossesa char quench scrubb effluentC guard condensated gas 

Stream C Stream D Stream G Stream K Streams 12, 13 Streams 11, 14 Stream P Stream 6 Stream 9 

aPretreater losses arise from the volatilization of elements at lower temperature (70O0~),  and are in the form of tars, oils, fines, and off-gases. 
Al l  of this material is burAed in the steam plant. Volatile compounds may be lost to the stack unless cleaned by scrubbing or some other 
merhod. 

*TWO streams are split here: The oil stream is recycled to the slurry preparation and may accumulate trace elements. The water stream 
contains phenols, NH<(F, CI) to be separated, and the treated water to be recycled. I t  i s  important to note that the by.products may show 
enrichment of some trace elements. 

'The sour gas from the acid.gas treatment u n ~ t  is sent to the Claus plant. It contains milch of rhe acldlc compounds of CO,, H2S, As203 
B203, etc., and fine particulates. Oil is separated during regeneration and is recycled. C02 is released to the atmosphere with trace sulfur 
compounds. Some gaseous, acidic elements, i.e., H2Se and H2Te, will most likely end up in the Claus plant sulfur product. 

*water is condensed during methanation and may carry away other trace elements. Almost total sulfur removal is accomplished during 
methanation by adsorption onto the catalyst particles. The product gas will be analyzed for the more volatile, toxic elements, bur nor for rhe 
innocuous ones. 

Source: A. J. Anari, and J. P. Meninger, 1976. Initial environmental test plan for source assessment o f  coal gasification. .EPA-60012-76-259, 
Table 4, pp. 17 and 18. Research Triangle Park, N.C.: U.S. Environmental Protection Agency. 



1.2.5 Acid-gas treatment,and s u l f u r  r ecove ry  - d e s c r i p t i o n  and e f f l u e n t s  

A f t e r  t h e  raw gas has been water-scrubbed t o  remove wa te r  s o l u b l e  compounds such as ammonia, 

cyanide, and phenols and perhaps o i  1-scrubbed t o  remove o i l y  vapors f rom t h e  gas, i t  undergoes 

ac id-gas scrubb ing t o  remove s u l f u r o u s  compounds and carbon d i o x i d e  f rom t h e  gas stream. I n  t he  

case o f  g a s i f y i n g  coa l  t o  produce a h igh-Btu  gas, t h e  s u l f u r  c o n t e n t  must be reduced t o  l o w  

l e v e l s  t o  m in im ize  po i son ing  o f  s e n s i t i v e  downstream methanat ion  c a t a l y s t s .  Carbon d i o x i d e  must 

a l s o  be removed because i t  would d i l u t e  t h e  p roduc t  gas and compete w i t h  t h e  carbon monoxide i n  

t h e  methanat ion  r e a c t i o n ,  r e s u l t i n g  i n  h i g h e r  hydrogen consumption (Glazer ,  He rsha f t ,  and Shaw 

1974).  Tab le  1.16 desc r i bes  the  c a p a b i l i t y  o f  each process t o  remove reduced s u l f u r  compounds 

o t h e r  than H2S. 

1.2.5.1 Acid-gas t rea tmen t  

The f o u r  genera l  types o f  acid-gas t rea tmen t  processes a re :  

1. p h y s i c a l  s o l v e n t  processes t h a t  d i s s o l v e  an a c i d  gas i n  a s o l v e n t  w i t h o u t  undergo ing 

chemical  t r ans fo rma t i on ,  

2. a1 k a l i n e  s a l t  s o l u t i o n ,  i n  which C02 and H2S combine w i t h  K2CO3 (potass ium carbonate)  

a t  temperatures o f  80 t o  120°C (180 t o  250°F), 

3 .  amine process ing,  which employs amines f o r  t h e  complexing o f  H2S o r  C02 f rom t h e  gas 

stream, and 

4: i n d i r e c t  o x i d a t i o n  process, i n  which t h e  hydrogen s u l f i d e  i n  t h e  gas r e a c t s  s e l e c t i v e l y  

w i t h  some c o n s t i t u e n t s  i n  t he  scrubb ing l i q u o r  and i s  removed f rom the  gas stream. 

E f f l u e n t s  f rom ac id-gas t rea tmen t  ... 

I n  t h e  t rea tmen t  o f  a c i d  gases arid the  subsequent recove ry  o f  s u l f u r ,  t h e  p r imary  p o i n t  o f  atmo- 

sphe r i c  emiss ion i s  t h e  v e n t  s tack  on t h e  t a i l  gas t r ea tmen t  u n i t  f o r  t h e  s u l f u r  r ecove ry  p l a n t .  

Es t imates  o f  o f f - g a s  d i scha rge  r a t e s  f o r  1.4 x 106 m3/day (STP) (50 x l o 6  s c f d )  demonst ra t ion  

p l a n t s  range between 14 and 140 m e t r i c  tons  ( 1 5  and 150 tons )  pe r  hour.  The order -o f -magni tude 

d i f f e r e n c e  i n  o f f - g a s  r a t e s  i s  due i n  p a r t  t o  t h e  g a s i f i c a t i o n  process and i n  p a r t  t o  t h e  method 

o f  ac id-gas t reatment .  The LO2 Acceptor process, f o r  example, produces l e s s  carbon d i o x i d e  i n  

i t s  p roduc t  gas stream than do o t h e r  g a s i f i c a t i o n  schemes. Carbon d i o x i d e  i s  removed by t h e  

do1 omi t e  acceptor .  

Beca'use t h e  ac id-gas and t h e  f i n a l  o f f - g a s  streams a r e  composed p r i n c i p a l l y  o f  carbon d i o x i d e  

(and n i t r o g e n  t o  a 1,esser e x t e n t ) ,  t h e  o f f - g a s  d i scha rge  r a t e  f o r  t h e  s u l f u r  r ecove ry  u n i t  i n  a 

Con Acceptor  p l a n t  i s  smal l  r e l a t i v e  t o  o t h e r  processes. ,Some ac id-gas t rea tmen t  systems such 

as L u r g i ' s  R e c t i s o l  produce two streams - a  Con- r ich  s t ream and an HpS-r ich  stream. I n  some 

des igns (e.g., t h e  Hygas des ign;  Glazer,  He rsha f t ,  and Shaw 1Y74), o n l y  t he 'H2S- r i ch  s t ream i s  

sen t  t o  t h e  s u l f u r  r ecove ry  u n i t .  The C02- r i ch  s t ream i s  s u f f i c i e n t l y  low i n  s u l f u r  compounds 

t o  be vented t o  t h e  atmosphere d i r e c t l y .  'Unde r  such c i rcumstances t h e  o f f - g a s  r a t e  f rom t h c  

s u l f u r  r ecove ry  u n i t  i s  r e l a t i v e l y  sma l l .  The undes i rab le  contaminants  i n  the .  o f f - g a s  a r e  

s u l f u r  compounds (H2S, COS, and CS2). Manufac turers  o f  seve ra l  systems a r e  c u r r e n t l y  c l a i m i n g  

t h a t  t h e  e f f l u e n t  i s  e q u i v a l e n t  t o  l e s s  than 250 ppm o f  So2. 



Table 1.16. Summary of selected acid-gas treatment and sulfur recovery processes 

Type of pollutant or 
Control process Remarks 

product stream treatment 

Acid-gas treatment Hot potassium carbonate An alkaline salt process that removes 
H2S and C02 as well as CS2 and COS. 
Sulfur compounds can be reduced to 
about 10 pplr~ 

Sulfur recovery 

Rectisol 

Selexol 

Sulfinol 

A solvent-based process that removes 
C02, H2S (down to 0.1 ppm), and 
the COS present 

A solvent.based process that can remove 
H2S, COS. and C02 

A solvent-am~ne-based sysrem that 
~ut~ru$!oc Cflt rln~nm tn Ill ppm nnd H2S 
t u  1 pp111. CSL aid mmprcaptsns are ul~o 
l.eniovcd 

MEA (monoethanolamine) .An amine'scrubbing scheme that 
te~r~uves CO? and C( I I~  i i d ~ c e  )ulfur 
content to 1 pprtt. COS, CS2 and 
mercaptans are removed from the 
feed stream h ~ l t  de~rarle the MEA 

DlPA (diisopropanol amine) An amine system that removes 
Hz and C02 

MDEA A tertiary amine system that is partially 
(methyldiethanolamine) selective in removal of H2S 

Claus rall gas rreatmerlt IIIC~~IBI ili011 

tleavon 

Recovers elemental sulfur from 
acid-gas streams containing as little 
as 2% H2S. For economical use, 
the untreated stream should contain 
over 15% H2S. COS and CS2 can 
be removed by special treatment. 
Tail gases usually require further rrearment 

AII ~IIJ~ICLL u l i d d l i ~ i >  pi'oCC33 thnt i 3  

UP t~ 99% efficient in recovering 
e l e t ~ ~ r ~ ~ L a l  sulfur fiom low 1 I2G contcnt 
streams. It is not effective in reducing 
COS content in the feed stream. The 
treated stream can contain as llrrle as 
1 ppm H2S. C02 is not removed 

Convcrts H2S t o ,~~z . \ r /n i ch  may be 
further treated 

C ~ I I  LUIIVC~ L i i t ~ i j t  iulfur form3 to HsS, 
which is eliminated in a Stretford unit. 
n~ll~fi,..~ ~ t ~ l f ~ ,  ~ ~ ~ t u i i t  to below 260 eprn 

scot 

Wellman.Lord 

Slrr~ilar i u  Beavu~~ p~uccs$ but recovers 
H?S in DlPA for recycle to a Claus unit 

A sodium-based scrubbing process; 
L ~ I ~ L  cali remove GU2 down to 
less than 250 ppm. Can also be used 
for Claus tail gas treatment following 
i ~ ~ u i ~ ~ e ~ a l i u n  

Source: F. Glazer, A. Hershaft, and R. Shaw. 1974. Modified from Table 1-1 in Emissions from 
processprofluci~ry clean luefs. EPA~J50/3~76.020. BeLhndd. Md.: Durn-Allm and ttomilton, Ine. 



1.2.5.2 S u l f u r  r e c o v e r y  

The hydrogen s u l f i d e  stream f rom t h e  ac id-gas t rea tmen t  processes i s  t y p i c a l l y  d i sposed  o f  i n  

e i t h e r  a Claus o r  S t r e t f o r d  s u l f u r  r ecove ry  p l a n t .  General r u l e s  govern ing t h e  s e l e c t i o n  of  

s u l f u r  r ecove ry  p l a n t s  a r e  (USEPA 1976) : 

1. S t re t . f o rd  p1ant.s remove o n l y  H2S; 

2. Claus p l a n t s  remove H2S, SO2, and ( t o  a l e s s e r  degree) COS; 

3. Claus p l a n t s  a r e  n o t  g e n e r a l l y  used on ac id-gas streams c o n t a i n i n g  l e s s  t han  

15 V O ~  % o f  H2S; 

4: S t r e t f o r d  p l a n t s  a r e  used on a l l  ac id-gas streams c o n t a i n i n g  l e s s  than 15 v o l  % o f  

H2S un less  s i g n i f i c a n t  amounts o f  o t h e r  o x i d a n t s  (such as SO2 o r  HCN) a r e  a l s o  present ;  

and 

5. t a i l - g a s  t r e a t i n g  c u r r e n t l y  f a v o r s  ox ida t i on -based  systems because o f  t h e  h i g h  C02 

p a r t i a l  p ressures  i n  t a i l  gases. 

Cl  aus process 

Two of  t h e  b a s i c  forms o f  t h e  Claus process a r e  ( 1 )  t h e  p a r t i a l  combust ion process and ( 2 )  t h e  

s p l i t  s t ream process. The p a r t i a l  combust ion process i s  used f o r  gas streams o f  h i g h  ( ~ 5 0 % )  

H2S content ,  and t h e  s p l i t  stream process i s  used f o r  gas streams w i t h  l e s s  H2S (Dravo 1976).  

I n  t h e  p a r t i a l  combust ion process, t h e  e n t i r e  ac id-gas stream i s  mixed w i t h  a s t o i c h i o m e t r i c  

amount o f  a i r  t o  bu rn  one-. th i rd o f  t h e  H2S t o  SO2. I n  t h e  s p l i t  stream process, o n e - t h i r d  o f  

t h e  a c i d  gas i s  f e d  t o  t h e  r e a c t i o n  burner ,  and a l l  o f  t h e  con ta ined  H2S i s  burned t o  SO2 w i t h  

s t o i c h i o m e t r i c  a i r .  The s p l i t  stream process can e f f e c t i v e l y  hand le  gases w i t h  H2S c o n t e n t  as 

l o w  as about  20%. A combinat ion  o f  p a r t i a l  combust ion and s p l i t  stream processes i s  a l s o  be ing 

cons ide red  f o r  p rocess ing  acid-gas streams c o n t a i n i n g  H2S i n  c o n c e n t r a t i o n s  o f  35 t o  50% (Dravo 

1976).  

S t r e t f o r d  process 

The purpose o f  t h e  S t r e t f o r d  process i s  t o  remove H2S f rom gas streams and t o  recove r  t h e  s u l f u r  

i n  e lementa l  form. T h e o r e t i c a l l y ,  i f  H2S were t h e  o n l y  a c i d  gas p resen t  and no s i d e  r e a c t i o n s  

occurred, t h e  S t r e t f o r d  process c o u l d  ope ra te  w i t h o u t  produc ing any waste chemical  streams t h a t  

r e q u i r e  d i sposa l  o r  s p e c i a l  t rea tment .  However, gas streams f rom coa l  p rocess ing  g e n e r a l l y  con- 

t a i n  HCN and smal l  amounts o f  o t h e r  s u l f u r  and n i t r o g e n  compounds. These compounds and HCN 

r e a c t  i n  an i r r e v e r s i b l e  manner w i t h  t h e  S t r e t f o r d  chemica ls  (Dravo 1976).  

E f f l u e n t s  f rom s u l f u r  r ecove ry  

An i m p o r t a n t  c o n s i d e r a t i o n  i n  s u l f u r  r ecove ry  i s  t h e  a b i l i t y  o f  t h e  s u l f u r  market  t o  accommodate 

t h e  l a r g e  q u a n t i t i e s  o f  by-product  s u l f u r  t h a t  a r e  produced from t h e  combust ion and/or  conve rs ion  

o f  coa l  p r o j e c t e d  f o r  t h e  f u t u r e .  For  a s i n g l e  1.4 x l o 6  m3/day (STP) (50 x l o 6  sc fd)  c o a l -  

to-SNF ( s y n t h e t i c  n a t u r a l  gas) demonst ra t ion  p l a n t ,  27 t o  270 m e t r i c  tons  (30  t o  300 t o n s )  of  

39.5% pure s u l f u r  a r c  produced d a i l y .  I f  t h i s  by.  p roduc t  cannot  f i n d  a market,  i t  p resen ts  a 

s i g n i f i c a n t .  b u t  n o t  i n s o l v a b l e  waste d i sposa l  problem. 



Other  s o l i d  e f f l u e n t  streams produced i n  t h i s  area o f  t he  p l a n t  a r e  the  i n f r e q u e n t  replacement 

o f  i r o n  o x i d e  o r  b u a x i t e  c a t a l y s t  from the  Claus u n i t  ( eve ry  5 t o  10 years) ;  S t r e t f o r d  chemical  

purge ( c o n t a i n i n g  sodium th iocyana te ,  sodium t h i o s u l f a t e ,  sodium s u l f i t e ,  sodium c i t r a t e ,  and 

vanadium s a l t s ) ,  and chemical  purges from t a i l  gas t rea tmen t  u n i t s .  

1.2.5.3 T a i l  gas c leanup 

Claus technology u n i t s  themselves must have t a i l  gas t rea tmen t  u n i t s  t o  reduce s u l f u r  emission. 

Unrecovered s u l f u r  i n  Claus p l a n t  t a i  1 gas i n c l u d e s  p r i m a r i l y  hydrogen s u l f i d e ,  elemental  s u l -  

f u r ,  s u l f u r  d iox ide ,  and l e s s e r  amounts o f  o t h e r  s u l f u r  compounds (carbony l  s u l f i d e  and carbon 

d i s u l  f i d e )  . S t r e t f o r d  u n i t s  ( u s i n g  Claus techno1 ogy) a r e  n o t  capable o f  recove r ing  s u l f u r  f rom 

ca rbony l  s u l f i d e  o r  carbon d i s u l f i d e .  Wi thout  t a i l  gas t reatment ,  these compounds would be 

vented t o  t h e  atmosphere a long  w i t h  f u g i t i v e  hydrogen s u l f i d e .  

Opt ions f o r  Claus t a i l  gas d i sposa l  i n c l u d e  vent ing,  i n c i n e r a t i o n  (which conve r t s  s u l f u r  com- 

pounds t o  s u l f u r  d i o x i d e ) ,  o r  c leanup. I n c i n e r a t i o n  o f  t h e  t a i l  gas i s  t he  method most o f t e n  

used i n  U.S. Claus p l a n t s  t r e a t i n g  t h e  t a i l  gas. 

The two types o f  Claus p l a n t  t a i l  gas cleanup processes a r e  low-temperature Claus and convers ion-  

c o n c e n t r a t i o n .  The f i r s t  t ype  promotes s u l f u r  fo rmat ion by  o p e r a t i n g  a c a t a l y t i c  system a t  a 

temperature  f a v o r i n g  thermodynamic e q u i l i b r i u m ;  Topsoe-SNPA and S u l f r e e n  a r e  two such processes. 

The second t y p e  conve r t s  s u l f u r  compounds t o  hydrogen s u l f i d e  o r  s u l f u r  d iox ide ,  which i s  then 

conve r ted  t o  elemental  s u i f u r ,  s u l f u r i c  ac id ,  o r  gypsum. The SCOT, Aquaclaus, Chiyoda Thorough- 

bred, C leana i r ,  IFP,  Beavon, and Wellman-Lord processes a r e  o f  t h e  second types (Braunste in ,  

Coperlhaver, arld Pfuder,erx 1976).  

A summary o f  se lec ted  acid-gas t rea tmen t  and s u l f u r  recovery  processes i s  g i ven  i n  Tab le  1.16. 

Coal g a s i f i c a t i o n  p l a n t s  a r e  des igned t o  be energy s e l f - s u f f i c i e n t .  U t i l i t y  p l a n t s ,  f i r e d  by 

some combinat ion o f  raw coa l ,  carbonaceous res idue ,  and/or p roduc t  gas, p rov ide  steam f o r  hydro- 

gen p roduc t i on ,  process heat ing,  and e l e c t r i c i t y  generat ion.  Est imates f o r  e l e c t r i c i t y  r e q u i r e -  

ments f o r  commercial-s ize s y n t h e t i c  n a t u r a l  gas (SNG) p l a n t s  (7.1 x l o 6  m3/day; 250 x l o 6  s c f d )  

have g e n e r a l l y  ranged between 40 and 60 MWe; h igh-pressure steam requirements,  between 1.1 x l o 6  
and 1.9 x l o 6  kg (2.5 and 4:2 m i l l i o n  pounds) per  hour (Gldzer ,  Hershaf t ,  and Shaw 1974). A t  

seve ra l  l o c a t i o n s  th roughou t  t h e  process, h igh- temperature  c o o l i n g  i s  necessary, f o r  example, 

upstream o f  gas p u r i f i c a t i o n ,  d u r i n g  o r  a f t e r  exothermic CO s h i f t  and methanat ion, regenera to r  

~ f f - ~ a s  f o r  t h e  LO2 Acceptor process, and upstream o f  sour  gas scrubb ing.  Steal11 gerler.atiorl F r o ~ ~ l  

waste-heat recovery  i s  used whenever poss ib le .  Waste-heat recovery  can be ve ry  s u b s t a n t i a l ;  f o r  

t h e  case o f  t h e  CO, Acceptor  process, a l l  steam and e l e c t r i c  needs may be s a t i s f i e d  i n  t h i s  

manner. Onsi t e  u t i l  i t y  p l a n t s  take  advantage of h i g h e r  e f f i c i e n c y  power p roduc t i on  schemes, 

u s i n g  combined c y c l e  generators  and economizers. 

1.2.6.1 E f f l u e n t s  f r o m  steam and power p roduc t i on  

The p r imary  a i r  p o l l u t a n t s  f rom power p l a n t s  a re  s u l f u r  d i o x i d e  (SO2), s u l f u r  t r i o x i d e  (SO3), 

n i t r o g e n  o x i d e  (NOx), f l y  ash, and va r ious  t r a c e  meta ls  t h a t  may vapor ize  and become gaseous 



p o l l u t a n t s  - f o r  example, mercury, b e r y l l i u m ,  a r s e n i c  compounds, o r  f l u o r i d e s .  Other  t r a c e  

me ta l s  such as n i c k e l ,  z i nc ,  cadmium, and molybdenum e x i s t  i n  f l y  ash p a r t i c l e s .  I f  gas i s  t he  

f u e l  f o r  combustion, o n l y  n i t r o g e n  ox ides  a r e  expected as a  ma jo r  p o l l u t a n t .  Tab le  1.17 shows 

t y p i c a l  a i r  emiss ions i n  pounds pe r  m i l l i o n  B t u  hea t  i n p u t  f o r  c o a l -  and g a s - f i r e d  b o i l e r s ,  b u t  

a  c o n s e r v a t i v e  approach has been taken here  ( H i  t h a n  1974).  S u l f u r  d i o x i d e ,  n i t r o g e n  d i o x i d e ,  

and p a r t i c u l a t e  emiss ion r a t e s  have been es t ima ted  by assuming t h a t  t h e  p l a n t  e m i t s  t h e  l a r g e s t  

l e g a l  q u a n t i t y  o f  these e f f l u e n t s .  T h i s  i s  a  worst-case assumption based on compl iance w i t h  

t h e  EPA New Source Performance Standards (NSPS) f o r  l a r g e  s t a t i o n a r y ,  d i r ec t - combus t i on ,  coa l -  

f i r e d  power p l a n t s .  Federal  s tandards  f o r  coa l  conve rs ion  f a c i l i t i e s  have n o t  y e t  been promul- 

ga ted (Tab le  1.18).  

Table 1.17. Air emissions (with pollution control) for a 1000-MW power plant' 

Pounds per million Btu heat input 

SOX NOx Particulates 

Conventional coal-fired plant 

Appalachia 0.27 
Eastern Interior 0.62 
Powder River 0.12 
Fort Union 0.18 
Four Corners 0.14 

Combined cycle low-Btu gas-fired plant 

Appalachia 0.1 9 
Eastern Interior 0.3$ 
Powder River O.O& 
Fort Union 0 . 0 ~  
Four Corners 0 . 0 ~  

Ful cud! 
For gas 

EPA new source performance standards 

Nil 
Nil 
Nil 
Nil 
Nil 

a l O O O  MW output is approximately equivalent to 8750 X lo6 Btu per hour of heat input (39% 
conversion efficiency). 

b ~ r o m  Claus Plant desulfurizing fuel gas. 
Source: Hinman Associates, Inc. 1974. Baseline data environmental assessment of a large coal 

conversion complex. Vols. I and II. ERDA contract no. 14-32-0001-1 508. Interim report no. 1. Washington, . 
D.C. 

Table 1.18. Emission limitations for fossil-fuel-fired steam bollers 
Pounds per million Btu heat input 

EPA New Source Performance Standards 
- 
Gaseous fuel Liquid fuel Solid fuel Comments 

. . 
Parrlculate 0.1 0.1 0.1 7n9h npaciry 

so2 0.8 1.2 2-hr average 

NO2 0.2 0.3 0.7 

Sourcc: FedRegist. 36(247); 40 CFR Pan 60. Oec. 2.3. 1971. 



A l l  new coa l -  and g a s - f i r e d  power p l a n t s  are sub jec t  t o  the NSPS f o r  SO2, NO2, and p a r t i c u l a t e  

emissions. The NSPS are  minimum Federal standards and may be superseded by more s t r i n g e n t  s t a t e  

standards t o  achieve compliance w i t h  des i red l o c a l  ambient p o l l u t a n t  concentrat ions.  They may 

a l s o  be superseded by new Federal standards f o r  coal  conversion f a c i l i t i e s .  New Mexico l i m i t s  

emissions on g a s - f i r e d  b o i l e r s  t o  0.07 kg (0.16 l b )  of SO2, 0.01 kg (0.03 l b )  o f  p a r t i c u l a t e s ,  

and 0.09 kg (0.20 l b )  o f  NO2 per  m i l l i o n  Btus o f  heat i n p u t  (LHV bas is ) .  

Using a scale-down f a c t o r  of 0.3, the q u a n t i t i e s  o f  e f f l u e n t  stream l i s t e d  below are der ived 

by reducing the  est imates f o r  commercial-size p l a n t s  t o  those a n t i c i p a t e d  from demonstration 

p l a n t s .  Although many aspects o f  a commercial p l a n t  (7.1 x 106 m3/day; 250 x 106 scfd)  may be 

scaled down by a 0.2 f a c t o r  fo r  es t imat ing  demonstration p l a n t  (1.4 x l o 6  m3/day; 50 x l o 6  scfd)  

parameters, i t  may be inaccurate t o  scale down the power and steam consumption l i n e a r l y .  An 

added 50% (above a l i n e a r  scale-down) has been assumed t o  account f o r  lower pump and compressor 

e f f i c i e n c y  i n  small s izes.  more overdesign i n  demonst.ration p lants ,  and the fac t .  t h a t  energy 

consumption f o r  the motor d r i v e s  on many pieces o f  equipment does n o t  'irlcrease l i n e a r l y  as 

equipment capac i t y  increases. Q u a n t i t i e s  f o r  the Hygas process were o r i g i n a l l y  ca lcu la ted  by 

Jahnig (1975b); f o r  Synthane by K a l f a d e l i s  and Magee (1974); and f o r  Bi-Gas by Jahrliy (1975a). 

Emission r a t e s  o f  s o l i d  and gaseous res idua ls  have been est imated and are summarized i n  Table 

1.19. 

Table 1.19. Summary of  power plant parameters for synthetic natural gas demonstration plant (1.4 X l o 6  m31dav; 50 X l o 6  sdd) 

Solid residual? Air emission ( c o n t r ~ l l e d ) ~ , ~  
Process Fuel Heat input , 

Feed rate (Bt~l lhr  X 106) Ash rate FGDd sludge rate Flue gas rate So2 NO2 Pal'ticula'eB 

Synthane Gasifier 1 6 5 6 ~  1500 400 57-76 17,790 21.6 12.6 1.80 
char 

Bi-Gas Coal 82ob 843 55 203 10,050 21.1 7.08 1.01 

Hvoas F I I ~  gac 160e 1030 0 0 13,105 3.74" 2.30 IJII 

'FII.IQ gas dotnlfurization. 
' ~ o n s  per day. 
c C ~ n t r ~ l  to the extent necessary to meet the EPA New Source Performance Standards. 
' ~ r o m  Claus Plant desulfurizing fuel gas from Illinois No. 6 coal. 
eStandard cubic feet per day X lo6.  

The pr imary l i q u i d  e f f l u e n t  i s  b o i l e r  blowdown, which may be recyc led f o r  use as coo l ing  tower 

makeup water (Sect. 1.2.7). Water i s  a l s o  contained i n  s o l i d  res idua l  sludges frnm ash n r  ' s lag  

quenching and f l u e  gas d e s u l f u r i z a t i o n  (FGD). Therefore, no water leaves the power p l a n t  d i r e c t l y ,  

b u t  wet sludges r e q u i r e  disposal e x t e r n a l l y .  

The power p l a n t  i n  the  Hygas process i s  f i r e d  by f u e l  gas (5.6 x l o 6  J /h r ;  151 Btu/scf )  sup- 

p l i e d  by an a u x i l i a r y  IGT U-Gas system.. Because o f  the c lean nature o f  t h i s  f u e l ,  no ash, slag, 

nor  FGD sludge i s  produced. The est imated heat i n p u t  f o r  a demonstration g a s i f i c a t i o n  p l a n t  

(1.4 x 106 m3/day; 50 x l o 6  s c f d  SNG) i s  1.096 x l o 9  J /h r  (1.039 x l o 9  Btu/hr) ,  producing 

11,940 m e t r i c  tons (13,164'tons) per day o f  f l u e  gas. 

The power p l a n t  for  t h i s  Bi-Gas demonstration p l a n t  i s  f i r e d  by approximately 740 met r i c  tons 

(820 tons) per  day (889 x 106 J/hr ;  843 x l o 6  Btu heat i n p u t  per hour) o f  West Kentucky No. 11 



c o a l .  The p l a n t  would produce an es t ima ted  50 m e t r i c  tons  (55 tons )  pe r  day o f  s l ag ,  1 8 4 ' m e t r i c  

tons  (203 tons)  p e r  day o f  s u l f a t e d  l imes tone  f rom FGD, and 9115 m e t r i c  tons  (10,050 t o n s )  p e r  

day o f  f l u e  gas. Tables 1.20 and 1.21 g i v e  t y p i c a l  ana lyses o f  FGD sludges. 

The power p l a n t  i n  a  demonst ra t ion  Synthane g a s i f i c a t i o n  complex i s  f i r e d  by g a s i f i c a t i o n  char .  

Process deve lopers  have found i t  op t ima l  t o  ba lance o v e r a l l  process energy requ i rements  by 

incomple te  coa l  g a s i f i c a t i o n ,  p roduc ing a  r e l a t i v e l y  h igh-carbon-content  g a s i f i e r  cha r  thought  

t o  be s u i t a b l e  f o r  f i r i n g  i n  a  conven t i ona l  c o a l - f i r e d  f u rnace  t o  f u l l  f i l l  process u t i l i t y  

requ i rements .  Such a  ,power p l a n t  would be charged w i t h  about  63 m e t r i c  tons  (69 tons )  p e r  hour  

o f  cha r  (1583 x  l o 6  J; 1500 x  106 B t u  o f  hea t  i n p u t  per  hou r ) .  Es t imated ash p r o d u c t i o n  i s  

360 m e t r i c  tons  (400 t o n s )  pe r  day. F lue  gas d e s u l f u r i z a t i o n  genera tes  between 52 and 69 m e t r i c  

tons  (57 and 76 tons)  o f  s u l f a t e d  l i m e  pe r  day (see Tab les  1.20 and 1.21 f o r  ana l yses ) .  Both 

s o l i d  r e s i d u a l s  r e q u i r e  e x t e r n a l  d i s p o s a l .  F l u e  gas i s  d ischarged f rom t h e  s t a c k  a t  a  r a t e  o f  

15,140 m e t r i c  tons  (17,790 tons )  p e r  day. 

Cu r ren t  techno logy e x i s t s  f o r  80 t o  95% s u l f u r  d i o x i d e  r e d u c t i o n  t h rough  scrubb ing.sys tems u s i n g  

l ime / l imes tone ,  magnesium oxide, o r  t h e  Bureau o f  Mines c i t r a t e  system. The q u a n t i t y  o f  s u l f u r  

d i o x i d e  l e a v i n g  t h e  s tack  i s  a  f u n c t i o n  o f  t h e  s u l f u r  c o n c e n t r a t i o n  i n  t h e  coa l  and t h e  means 

o f  abatement used, i f  any. 

I f  a  wet l ime / l imes tone  scrubber  i s  used t o  remove SO2 f rom t h e  f l u e  gas, t he  d r y  we igh t  o f  t h e  

s o l i d  s ludge c o u l d  be f o u r  t imes t h e  we igh t  o f  t h e  s u l f u r  be ing  scrubbed. Because t h e  a c t u a l  

s ludge i s  wet (wa te r  t o  c a l c i u m  s u l f a t e / s u l f i t e  r a t i o  o f  u n i t y ) ,  t h e  t o t a l  s o l i d  waste problem 

can be e i g h t  t imes  t h e  o r i g i n a l  we igh t  o f  s u l f u r  scrubbed ( M i l l e r  1974).  

I f  an MgO scrubber  i s  used, a  d a i l y  s ludge p r o d u c t i o n  s i m i l a r  t o  t h e  l ime / l imes tone  system would 

be obta ined.  I n  t h i s  case t h e  s ludge  would be regenera ted,  y i e l d i n g  a  commerc ia l ly  s a l a b l e  s u l -  

f u r i c  a c i d  by-product  and regenera ted MgO f o r  reuse. The o n l y  s o l i d  waste d i sposa l  problem f o r  

MgO scrubb ing would be t h e  purge o f  spent  MgO t o  m a i n t a i n  a c t i v i t y  i n  t h e  scrubber .  

A c i t r a t e  scrubber  y i e l d s  elemental  s u l f u r  as a  f i n a l  p roduct .  T h i s  s u l f u r  can be s t o r e d  f o r  

f u t u r e  s a l e  b u t  may rep resen t  a  s o l i d  waste problem i f  t h e  market  f o r  by-product  s u l f u r  does 

n o t  e x i s t ,  a l b e i t  a  much more m ino r  problem than  FGD Sludge d l spbsa l .  

When a  l ime / l imes tone  o r  MgO scrubber  i s  used, t h e  f i n a l  s ludge p roduc t  c o n t a i n s  c a l c i u m  o r  

magnesium s u l f i t e  and s u l f a t e  as w e l l  as e n t r a i n e d  f l y  ash. The s ludge i s  dewatered i n  succes- 

s i v e  stages, w i t h  water  f rom t h e  f i r s t  s tage be ing  recyc led .  Water b l e e d o f f  f rom t h e  l a s t  s tage  

may c o n t a i n  as much as 15% d i s s o l v e d  s o l i d s  (ca lc ium,  magnesium, sodium, potassium, s u l f a t e ,  

s u l f i t e ,  c h l o r i d e ,  and b i ca rbona te  i o n s ) .  The q u a n t i t y  o f  such wastewater i s  dependent on t h e  

s u l f u r  and ash c o n t e n t  o f  t h e  c o a l ,  t h e  power p l a n t  capac i t y ,  and t h e  e f f i c i e n c y  o f  t h e  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  upstream o f  t h e  s u l f u r  scrubber .  'Ihe t r ea tmen t  t o r  t h i s  wastewater stream 

has n o t  been s p e c i f i e d  b u t  shou ld  n o t  c o n s t i t u t e  a  problem. 

The p a r t i c u l a t e  emiss ion r a t e  i s  a  f u n c t i o n  o f  t h e  percentage o f  ash i n  t h e  c o a l ,  t h e  method 

o f  combustion, t h e  n a t u r e  o f  t h e  c o a l ,  and t h e  means o f  abatement used. 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  and wet scrubbers  a r e  c u r r e n t l y  capab le  o f  r educ ing  p a r t i c u l a t e  l o a d i n g s  w i t h  as h i g h  as 

99.9% e f f i c i e n c y ;  usual  o p e r a t i n g  ranges a r e  98 t o  99%. 



Table 1.20. Chemical analysis of lime ptocers sludges 
on dry solid basis 

Samplea (%I  
Component 

A 8 C D E F 

CaO 

MgO 
Total sulfur 

SO2 
SO3 
co2 
Free carbon 
Si02 

A1203 
Fez03 
iua,0 
K2 0 
Free base as CaO 

'A - power station 'prior to  fly ash collections; B - power station after fly ash 
collection; C - Chemico using carbide lime; D - power plant using proprietary scrubbing; 
E - wet limestone pilot plant scrubber; F - molybdenum sulfide pilot plant scrubbing 
effluent. 

bNot determined. 

cNot detected. 
Sollrce: H. M. Braunstein, E. D. Copenhaver, and H. A. Pfllderer. 1976. Tahln 4.7 in 

Environmental, health. and control aspects o f  coal conversion: an information overview. 
(Draft),vol. 1. Oak Ridge, Tenn.: Oak Ridge National Laboratory. 

Table 1.21. Chemical analysis of flue gas 
desulturitation sludges 

Paramctcr Sludge Elutriatelleachate 

Total organic carbon (elutriate only) X 
Total solids X 
Dissolved solids X 
Suspe~~dud sull~ls (ledcl~a~e only) X 

P'-' X 
Hardness (elutriate only) X 
Conductivity X 
Arsenic X X 
Beryllium X X 
Cadium X X 
Chrnrni~~rn X X 
Copp~r  X )( 

Lead X 
Magnesium X X 
Manganese X X 
Mercury X X 
Nickel X X 
$~lqni~.trn X X 
Zinc X X 
Cblar~dc X 
Cyanide X X 
Fluoride 

(calcium fluoridc sludge only) 
Nitrate X X 
Nitrite X X 
Sulfate X x 
Sulfite X X 

Source: H. M. Braunstein, E. D. Copenhaver, and H. A. Pfuderer. 
1976. Table 4.8 in Environmental, health, and control aspects o f  coal 
conversion: an information overview. (Draft), vol. 1. Oak  id^^, 
Tenn.: Oak Ridge National Laboratory', 
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1.2.6.2 D i s p o s i t i o n  o f  t r a c e  elements i n  c o a l - f i r e d  b o i l e r s  

I n  power p l a n t s  t h e  elements e n t e r i n g  t h e  b o i l e r  i n  t h e  coa l  s t ream a r e  p a r t i t i o n e d  between a  

bot tom ash ( o r  s l a g )  s t ream and a  f l u e  gas s t ream c o n t a i n i n g  suspended f l y  ash and t h e  vapors 

o f  v o l a t i l e  elements o r  compounds. A f u r t h e r  . p a r t i t i o n i n g  o f  t h e  f l u e  gas s t ream takes  p lace  

i n  t h e  p a r t i c u l a t e  emiss ion c o n t r o l  dev ices  ( 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  o r  sc rubbe rs )  t h a t  

e f f i c i e n t l y  remove l a r g e r  f l y  ash p a r t i c l e s  . b u t  a r e  l e s s  e f f i c i e n t  f o r  vapors and f i n e r  par -  

t i c l e s .  Ash f rom t h e  b o i l e r  and ash removed by t h e  p r e c i p i t a t o r s  a r e  f l ushed  w i t h  wa te r  t o  ash 

ponds, i n  which elements may be leached f rom t h e  ash and e n t e r  t h e  a q u a t i c  environment i n  r u n o f f  

leakage through t h e  pond f l o o r .  Small p a r t i c l e s  and vapors a r e  d ischarged t o  t h e  atmosphere and 

e n t e r  t h e  t e r r e s t r i a l  and aqua t i c  environments by wet o r  d r y  d e p o s i t i o n  ( K l e i n  e t  a l  . 1975). 

Tab le  1.22 g i v e s  t h e  element f l ows  f o r  t h e  A l l e n  p l a n t .  Se r i ous  nega t i ve  imbalances occur  f o r  

bromine and c h l o r i n e ;  s e r i o u s  p o s i t i v e  imbalances a r e  p resen t  f o r  chromium and vanadium. Per- 

haps some excess o f  these elements i n  t h e  f l y  ash i s  due t o  c o r r o s i o n  o f  t h e  b o i l e r  tubes.  Very 
l i t t l e  o f  t h e  a r s e n i c  occurs  i n  t h e  vapor phase. Thus t h e  imbalance i s  p robab l y  caused by 

sampl ing o r  a n a l y t i c a l  d i f f i c u l t i e s .  Except f o r  these f i v e  elements,  no b i a s  i n  t h e  mass balances 

was observed, and t h e  s tandard  d e v i a t i o n  f r om ba lance was 15% ( K l e i n  e t  a l .  1975) .  Concen t ra t i on  

o f  t h e  t r a c e  elements i n  t h e  feed coa l ,  s lag ,  and i n l e t  and o u t l e t  f l y  ash, streams a r e  1  i s t e d  i n  

Tab le  1.23 a long  w i t h  c o n c e n t r a t i o n  r a t i o s  between s l a g  and c o a l ,  i n l e t  f l y  ash and s lag ,  and 

o u t l e t  vs i n l e t  f l y  ash. These c o n c e n t r a t i o n  r a t i o s  r e f l e c t  e lement p a r t i t i o n i n g .  K l e i n  e t  a1 . 
(1975) observed t h r e e  genera l  c l asses  o f  p a r t i t i o n i n g  behav io r .  

Class I c o n s i s t e d  o f  t h e  elements:  

A l ,  Ba, Ca, Ce, Co, Eu, Fe, Hf,  K, La, Mg, Mn, Rb, Sc, S i ,  Sr,  Sm, Ta, Th, and T i .  

Fo r  these elements t h e  c o n c e n t r a t i o n  r a t i o  o f  s l a g  t o  coa l  was g r e a t e r  than o r  equal  

t o  6.6, wh ich  i n d i c a t e d  t h a t  t h e  elerllel~ts were r e a d i l y  i nco rpo ra ted  i n t o  t h e  s l a g .  

These elements were p a r t i t i o n e d  about  e q u a l l y  between t h e  i n l e t  f l y  ash and s l a g  

( c o n c e n t r a t i o n  r a t i o  equal  t o  1.2, s tandard  d e v i a t i o n  0 .3)  b u t  showed no apparent  

tendency t o  concen t ra te  on o u t l e t  f l y  ash ( o u t l e t  t o  i n l e t  f l y  ash concen t ra t i ons  

equal  t o  1.3, s tandard  d e v i a t i o n  0.5). 

Class I 1  c o n s i s t e d  o f  t h e  elements 

As, C d ,  CII, Ga. Pb, Sb, Se. and Zn. These elements a r e  p o o r l y  i n c o r p o r a t e d  i n t o  t h e  

s lag ,  as evidenced by t h e  r a t i o  o f  concen t ra t i ons  between s l a g  and coa l  equal  t o  o r  

l e s s  than 3.6. These elements concen t ra ted  i r ~  the i n l e t  f l y  ash r e l a t i v e  t o  t h e  

s l a g  ( c o n c e n t r a t i o n  r a t i o  equal  t o  o r  g r e a t e r  than 6)  and i n  t h e  o u t l e t  f l y  ash 

r e l a t i v e  t o  t h e  i n l e t  f l y  ash ( c o n c e n t r a t i o n  r a t i o  equal  t o  o r  g r e a t e r  t han  3.5).  

Class 111 c:nnsisted of  t h e  elements:  

Hg, C1, and Br .  These elements e s s e n t i a l l y  remained ,on l y  i n  t h e  gaseous phase. 

' The remain ing elements (Cr,  Cs, Na, N i ,  U, and V) do n o t  c l e a r l y  f a l l  i n t o  one o f  these t h r e e  

observed ca tego r i es  based on data  by K l e i n  e t  a1 . (1975) b u t  f a l l  i n t e r m e d i a t e  between Classes I 

and 11. 



Table 1.22. Trace element flows through a coal-fired power plant 

Run Coal (glmin), Slag (glmin) lnlet fly ash (glmin) Outlet fly ash (g/min) Flue gas (scflmin) - 
8/73 1.47 X lo6  8.43 X lo4 7.39 x lo4 370 6.21 x lo5  

Coal Slag Inlet fly ash Inlet gas Imbalance Atmospheric discharge 
Element 

(glmin) (glmin) (g/min) (glmin) (%I  (glmin) (Iblton of coal fired) 

aGac only. 
Source: D. H. Klein et al. 1975. Modified from Tables I and Ill in Pathways of 37 trace elements through 

coal-fired power plants. Environ. Sci. Tech. 9( 10): 973-9. 



Table 1.23. Concentrations and concentration ratios 

tlernent concentt'atl0na (ppml Cnnc~ntratinn ratins 

lnlet fly Outlet fly ash/ 
Coal Slag Inlet fly ash Outlet fly ash Slag/coal 

ashlslag inlet f ly ash 

Al 10,440 102,300 90.900 76.000 9.3 0.9 0.8 
As 4.45 18 110 440 3.6 6.1 4.0 
8a 65 500 465 750 7.7 0.9 1.6 
8r 3.7 2 -4 0.5 2.0 
Ca 4,340 46,000 25,200 32,000 10.6 0.5 1.3 
Cd 0.47 1.1 8.0 51 2.3 , 7.3 6.4 
Ce 8.2 84 84 120 10.2 1 .O 1.4 
CI 914 4 1  00 4200 GO. 1 4 1  
Co 2.9 20.8 39 65 7.2 1.9 1.7 
Cr 18 152 300 900 8.4 2.0 3.0 
Cs 1.1 7.7 13 27 7.0 1.7 2.1 
Cu 8.3 20 140 2.4 7.0 
Eu 0.1 1.1 1.3 1.3 11.0 1.2 1 .O 
Fe 10.850 11 2,000 121.000 150,000 10.3 1.1 1.2 
Ga 4.5 5 81 1.1 16.2 
Hf 0.4 4.6 4.1 5.0 11.5 0.9 1.2 

Hg 0.122 0.028 0.050 0.2 1.8 
K 1,540 15,800 20,000 24,000 10.3 1.3 1.2 
La 3.8 42 40 42 11 .O 1 .O 1 .O 
Mg 1,210 12,400 10,600 10.2 0.9 
Mn 33.8 295 298 430 8.7 1.0 1.4 
Na 696 5,000 10,100 11,300 7.2 2.0 1.1 
N i 16 85 207 5.3 2.5 
Pb 4.9 6.2 80 650 1.3 . 12.9 8.1 
Rb 15.5 102 155 190 6.6 1.5 1.2 
Sb 0.5 0.64 12 55 1.3 18.8 4.6 
Sc 2.2 20.8 26 36 9.5 1.2 1.4 
Se 2.2 0.080 25 88 0.0 310 3.5 
Si 23.100 229,000 196,000 9.9 0.9 
Srn 1 .O 8.2 10.5 9 8.2 1.3 0.9 
Sr 23 170 260 7.4 1.6 
Ta 0.1 1 0.95 1.4 1.8 8.6 1.5 1.3 
Th 2.1 15 20 26 8.6 1.3 1.3 
Ti 506 4,100 5,980 10,000 8.1 1.5 1.7 
U 2.18 14.9 . 30.1 6.8 2.0 
V 28.5 260 440 1.180 9.1 1.7 2.7 
Zn 46 100 740 5,900 2.2 7.4 8.0 

'All analytical data by NAA except Cu, Ga, Ni, and Sr by XRF; Hg by AA; Se by GCMES and Cd. Pb, and Zn by 
IDSSMS; valll~s fnr As (73) and for Rb are averages of NAA and XRF. 

Source: D. H. Klein et al. 1975. Table IV in Pathways of 37 trace elements through coal-fired power plants. 
Environ. Sci. Tech. 9(10): 973-79. 



Natusch, Wallace, and Evans (1 974) s tud ied  the r e l a t i o n s h i p  between t race element concentrat ion 

and f l y  ash p a r t i c l e  s i z e .  They r e p o r t  that ,  o f  the elements s tud ied a t  the A l l e n  Steam Plant ,  

As, Cd, C r ,  N i ,  Pb, Sb, Se, and Zn show a c l e a r  inverse r e l a t i o n s h i p  between element concentra- 

t i o n  and p a r t i c l e  s ize.  Except f o r  chromium and n icke l  (which f a l l  between Classes I and 11), 

a l l  o f  these elements may be found i n  Class 11. Natusch, Wallace, and Evans (1974) a l s o  r e p o r t  

no t rend  o r  p o o r l y  de f ined  t rends f o r  Al, Ca, Co, Cu, Fe, K, Mg, Mn, Si, T i ,  and V - a l l  o f  which 

a r e  Class I members except Cu (Class 11) and V ( in termediate group). 

I n  the  August 1973 runs shown i n  Tables 1.22 and 1.23, on ly  about 0.5% o f  the incoming f l y  ash 

l e f t  the  p r e c i p i t a t o r  i n  the o u t l e t  f l u e  gas (99.5% c o l l e c t i o n  e f f i c i e n c y ) .  Mercury and selenium 

were discharged both as vapor and i n  f l y  ash p a r t i c l e s ,  but ,  because no o ther  metals were detected, 

K l e i n  concluded t h a t  o t h e r  metals were apparent ly disctldr.yed orl ly i n  the f l y  ash. The q u a n t i t i e s  

o f  elements discharged t o  the  atmosphere are  given i n  the l a s t  two columns o f  Table 1.22 as 

gram$ per  min11t.e and Dounds Per tun  u f  coal  f i r e d .  

These r e s u l t s  and those o f  Natusch, Wallace, and tvans (1974) show t h a t  the a b i l  i l y  uT the pre-  

c i p i t a t o r  t o  remove t r a c e  elements from the f l u e  gas stream depends on the s p e c i f i c  element as 

w e l l  as on p r e c i p i t a t o r  design and operat ing condi t ions,  w i t h  Class I elements removed more e f f i -  

c i e n t l y  than Class I 1  elements. Measurements made a t  A l l e n  f o r  the No. 2 U n i t  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  dur ing t h e  1973 sampling t r i p  by Southern Kesearch I n s t i t u t e  showed a m i r ~ i ~ l l u ~ l ~  i n  

p r e c i p i t a t o r  e f f i c i e n c y  o f  about 80 t o  85% f o r  p a r t i c l e s  0.15 t o  0.5 vm i n  diameter.  Mercury 

and selenium are  specia l  cases because they were observed t o  enter  the p r e c i p i t a t o r  p a r t l y  i n  

the  vapor phase. About 20% o f  the selenium passes through the p r e c i p i t a t o r ,  p r i m a r i l y  as the 

elemental vapor (K le in ,  Andren, and Bo l ton  1975). Selenium i n  both the vapor "state and the f l y  

ash phase appeared t o  be i n  t h e ' z e r o  o x i d a t i o n  s ta te .  ~ d t  less  than 60%, and probably about 

90%, o f  the mercury e n t e r i n g  i n  the coal  stream was discharged t o  the atmosphere as the vapor. 

I t  i s  u n l i k e l y  t h a t  a change i n  the p r e c i p i t a t a r  e f f i c i e n c y  could have an e f f e c t  on the r e l a t i v e  

q u a n t i t y  o f  these elements discharged as the vapor ( K l e i n  e t  a l .  1975). 

T ~ U S  i t  appears t h a t  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  can be ma'de e f f i c i e n t  f o r  the removal o f  most 

elements, a re  l e s s  e f f i c i e n t  f o r  the removal o f  those elements t h a t  concentrate on very f i n e  

p a r t i c u l a t e s ,  and are e s s e n t i a l l y  w i thou t  e f f e c t  on such v o l a t i l e s  as mercury. 6ecause.most o f  

the  Class I and Class I 1  elements are i n  the c o l l e c t e d  ashes from which they may be removed by 

weathering o r  b i o l o g i c a l  processes, the f a t e  o f  the p o t e n t i a l l y  t o x i c  metals i n  coal depends 

l a r g e l y  upon how the ashes a re  s to red  o r  disposed o f .  The s t a b i l i t y  o f  the ash under env i ron-  

mental cond i t i ons  requ i res  f u r t h e r  study ( K l e i n  e t  a l .  1975). 

1.2.7 Wastewater treatment - d e s c r i p t i o n  and e f f l u e n t s  

The design goal f o r  water use i n  coal  g a s i f i c a t i o n  p lan ts  has been t o  approach'zero discharge. 

The 1972 Water P o l l u t i o n  Control  Act  has mandated t h i s  goal t o  t$ke e f f e c t  i n  1985. The ph i los -  

ophy i n  designing a t r e a t i n g  f a c i l i t y  f o r ' l i q u i d  wastes has been t o  p u r i f y  l i q u i d  streams on ly  

t o  the  e x t e n t  necessary f o r  reuse i n  s p e c i f i c  areas o f  the  p lan t .  Examples of,contaminated 

water reuse a re  shown i n  F ig.  1.10. 

A f t e r  sedimentation, water from the  storm r e t e n t i o n  pond should be s u i t a b l e  f o r  use as coo l ing  

tower makeup. A l te rna te ly ,  t h i s  stream can be f u r t h e r  t rea ted  i n  a b i o l o g i c a l  o x i d a t i o n  u n i t ,  
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F ig .  1  . l o .  D i s p o s i t i o n  o f  a d d i t i o n a l  l i q u i d  wastes. 

i n  a  hydrated l i m e  n e u t r a l i z a t i o n  u n i t ,  o r  i n  t h e  b o i l e r  feedwater p r e p a r a t i o n  u n i t  f o r  uses 

r e q u i r i n g  a  l e s s  contaminated aqueous feed. B o i l e r  blowdown should  be acceptab le  f o r  use as 

c o o l i n g  tower makeup w i t h o u t  r e q u i r i n g  f u r t h e r  t reatment .  Blowdown f rom t h e  c o o l i n g  tower has 

d l ~ i y l ~  l e v e l  o f  contaminat ion b u t  i s  a v a i l a b l e  t o  quench and s l u r r y  ash dropp ing o u t  of  t he  

g a s i f i e r .  S o l a r  evapora t i on  i s  an a1 t e r n a t i v e  d i s p o s i t i o n  f o r  t h i s  stream i n  a r i d  Wcstern 

reg ions .  Water generated by chemical r e a c t i o n  d u r i n g  methane p roduc t i on  must be removed from 

t h e  product  gas t o  produce p ipe l ine-qua1 i t y  SNG. Th is  water  i s  very  pure ( v i r t u a l l y  a l l  con- 

taminants  have been removed i n  p rev ious  process s teps)  and shou ld  be s u i t a b l e  f o r  b o i l e r  feed- 

water  w i t h o u t  a d d i t i o n a l  t reatment .  

As a  spec ia l  case f o r  Bi-Gas p lan ts ,  a l l  sour  water  i s  con t i nuous l y  r e c y c l e d  f o r  quenching 

g a s i f i e r  cha r  and product  gas, reduc ing t h e  need f o r  s o p h i s t i c a t e d  wastewater . t reatment .  

Caust ic  o r  a c i d i c  water  used t o  backwash contaminated i o n  exchange r e s i n s  i n  t he  b o i l e r  feed- 

water  p r e p a r a t i o n  area can be n e u t r a l i z e d  and used t o  quench and s l u r r y  g a s i f i e r  ash. 

The l a r g e s t  s i n k  f o r  r e c y c l e d  water  i s  t h e  wet c o o l i n g  tower. Because o f  t h e  l a r g e  g a s - l i q u i d  

i n t e r f a c i a l  area present  i n  wet c o o l i n g  towers, mass t r a n s f e r  o f  m a t e r i a l s  f rom the  l i q u i d  t o  

t h e  gas stream has the  pnt.entia1 f o r  c r e a t i n g  se r ious  environmental  emissions, which wart-ants 

s p e c i a l  c a r e  i n  removing undes i rab le  components f rom t h e  water  b e f o r e  i t  e n t e r s  the  tower.  

Contaminated water i s  t h e r e f o r e  sub jec ted t o  ex tens i ve  t reatment  be fo re  be ing r e c y c l e d  t o  t h i s  

area. 

The large< t source o f  wartewator i n  t h c  p l a n t  13 sour water (gas  l i q l r u l  ) ,  w l ~ i c l ~  i s  w i  Llldrawr~ 

p r i o r  t o  methanat ion. Depending on process o p e r a t i n g  cond i t i ons ,  t h i s  stream con ta ins  g r e a t e r  



o r  l e s s e r  q u a n t i t i e s  of ta r ,  o i l ,  BTX, naphtha, phenols, ammonia, hydrogen s u l f i d e ,  carbonyl 

s u l f i d e ,  carbon dioxide, hydrogen, cyanide, t race metals, suspended and d issolved so l  i ds ,  and 

small  q u a n t i t i e s  o f  o t h e r  organic  and inorganic  compounds. 

F i g u r e  1.11 shows the f low of process l i q u i d  waste streams through an extens ive wastewater 

t reatment  f a c i l i t y  t h a t  niay become t y p i c a l  i n  coal g a s i f i c a t i o n  p lan ts .  A1 though f a c i l i t i e s  

a r e  shown f o r  t h e  removal o f  a l l  va luable by-products and undesi rab le contaminants, t h i s  type 

o f  design must be modif ied t o  s u i t  a p a r t i c u l a r  p l a n t  design. Var iab le parameters inc lude  by- 

product  formation, generat ion o f  s p e c i f i c  organic and inorganic  compounds, the  need f o r  process 

makeup water,  the  product ion r a t e  o f  sour water, a l t e r n a t i v e  uses f o r  waste l i q u i d  streams no t  

r e q u i r i n g  extens ive treatment (e.g., a l l  sour water i s  used f o r  quenching gas and s lag  i n  the 

Bi-Gas design), a1 t e r n a t i v e  t reatment  m e t h ~ d s ' ( e . ~ .  , s u b s t i t u t i n g  b i o l o g i c a l  ox ida t ion  treatment 

o r  carbnn absorbents w i t h  Synthane char  f o r  removal o f  t race  phenols, ammonia, and organics),  

and the p o t e n t i a l  o f  the  environment t o  prov ide s o l a r  evaporat lon and acceptable b u r i a l  s l t e s .  

Contaminated aqueous streams a re  qenerated I n  coal cur~ver.sion processes becausc product o r  

e f f l u e n t  gases e i t h e r  a r e  water-washed t o  remove contaminants o r  are quenched f o r  temperature 

c o n t r o l .  A t h i r d  p o t e n t i a l  source o f  an aqueous stream i s  from simple condensation o f  excess 

steam t h a t  might  have been used i n  a g a s i f i c a t i o n  process. The type and q u a n t i t y  of contami- 

nants found i n  the  wash water are func t ions  o f  (1 )  t h e  c h e l ~ ~ i c a l  c h a r a c t e r i s t i c s  o f  the i n i t i a l  

coal  feedstock t o  the process and ( 2 )  t h e  type o f  subs id ia ry  treatment upstream o f  the water- 

wash, quench, o r  cool i ng-condensation steps (Glazer, Hershaft ,  and Shaw 1974). 

Processing steps f o r  f o u l  water streams inc lude the fo l low ing  i n  most cases: 

1. pressure reduc t ion  by f l a s h i n g ,  which releases d issolved s u l f u r ,  d isso lved carbon 

dinx.ide, and des i rab le  gas cons t i tuen ts ,  

2. s o l i d s  removal o r  removal o f  ta rs ,  o i l s ,  and BTX, us ing t y p i c a l  s o l i d s - l i q u i d s  

separat ion equipment such as th ickeners,  c l a r i f i e r s ,  ur. fil Ler's, 

3 .  l iqu id -1  i q u i d  e x t r a c t i o n  t o  recover phenols, creosols, and xy lenols ,  

4. steam s t r i p p i n g  t o  remove ammonia, and 

5. binloqical ox ida t ion  t o  remove t r a c e  q u a n t t t  ies  u f  f' ixed and f r e e  armonis, phenols, 

~ I I J  BOD. 

The presence and removal o f  t r a c e  elements deserve specia l  a t t e n t i o n .  Trace elements t h a t  en te r  

the  process through the  coal feed can leave the process through a v a r i e t y  o f  pathways such as: 

tiapnsi t i o n  on equipment sur facer ;  

d e p o s i t i o n  on s h i f t  conversion c a t a l y s t ;  

i n c l u s i o n  i n  t a r  and o i l  ( i n c l u d i n g  naphtha and BTX); 

i n c l u s i o n  i n  o i l  quench b leed stream (Hygas); 

i n c l u s i o n  i n  by-product streams (pllenols and ammonia) i f  by-products a r e  withdrawn 

be fo re  t r a c e  element removal ; 

f u g i t i v e  emissions; 

sand f i l t e r i n g  b leed stream (Bi-Gas); 
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t r a c e  elements generated from equipment co r ros ion  and wear (Cr, Cu, Mg, and N i ) ;  and 

ash quench water below g a s i f i e r  ( i f  evolved stream i s  re turned t o  the g a s i f i e r ,  a 

c losed loop i s  formed r e q u i r i n g  a purge). 

The s i z e  and composit ion o f  these streams has no t  been e m p i r i c a l l y  determined, nor can i t  be 

a n a l y t i c a l l y  der ived w i t h  g r e a t  c e r t a i n t y .  Therefore, i t  i s  assumed t h a t  t race  elements u l t i -  

mate ly  have two pathways by which t o  leave the process: (1)  g a s i f i e r  char and (2)  treatment 

sludges from the  wastewater t reatment  p lant .  Data i n  Table 1.15 corroborate t h i s  assumption, 

showing t h a t  the concentrat ion o f  t r a c e  elements dec l ines d r a s t i c a l l y  dur ing the water scrub. 

Based on a coal  feed r a t e  o f  9070 m e t r i c  tons (10,000 tons) per -day  (cleaned) having t race  

element concentrat ions equal t o  the mean value f o r  101 coals, Table 1.12 shows the  est imated 

q u a n t i t y  o f  17 t race  elements l e a v i n q  the g a s i f i e r  i n  t h e  ash stream and the product gas stream. 

Downstream gas quenching and scrubbing should t r a n s f e r  these elements from the gas t o  the l i q u i d  

5 t1'~ldlll. 

Removal o f  t r a c e  elements from wastewater streams has been demonstrated, us inq l ime  p r e c i p i t a t i ~ n -  

ac t i va ted ,  f e r r i c  ch lo r ide -ac t i va ted ,  and alum-act ivated carbons and b i o l o g i c a l  ox ida t ion .  Com- 

p a r a t i v e  removal e f f i c i e n c i e s  f o r  14 o f  the t race  elements are shown i n  Table 1.24. Using the 

bas is  o f  9070 met r i c  tons (10,000 tons)  of cleaned coal charged per day, which has a t race  

element composit ion equal t o  the  average o f  101 U.S. coals, and us ing removal processes t h a t  

demonstrate the  h ighest  removal e f f i c i e n c y  f o r  each element, Table 1.25 shows the. est imated 

emission r a t e  o f  14 t r a c e  elements and t h e i r  r a t e  o f  accumulation i n  the treatment sludge. 

These a re  o n l y  est imates based on s i m p l i f i e d  pathways. Also, these removal processes a re  on ly  

contaminant concentrators, and u l t i m a t e  d i s p o s i t i o n  o f  the  treatment sludge i s  n o t  c l e a r .  Treat-  

ment o f  the e n t i r e  e f f l u e n t  stream f o r  removai o f  t race eiements may be p r o h i b i t i v e l y  expensive. 

I n  t h i s  event, some c a l c u l a t e d  p o r t i o n  o f  the stream i s  b led o f f  and purged o f  contaminants a t  

a r a t e  t h a t  prevents the  accumulation o f - t r a c e  elements i n  the water recyc le  loop. 

I n  a d d i t i o n  t o  t r e a t i n g  process-generated l i q u i d  wastes, incoming raw water i s  t rea ted  i n  two 

separate areas: (1  ) makeup water preparat ion and ( 2 )  b o i l e r  feedwater preparat ion (F ig .  1.12). 

Makeup water preparat ion t r e a t s  raw o r  recyc led water w i t h  various chemicals such as l ime  and 

alum t o  p r e c i p i t a t e  hardness and cause f l o c c u l a t i o n .  An innocuous mineral sludge i s  produced 

from t h i s  u n i t ,  which i s  expected t o  be s u i t a b l e  f o r  b u r i a l  o r  l a n d f i l l .  

Requirements f o r  b o i l e r  feedwater a re  more s t r i n g e n t .  Raw o r  recyc led water i s  demineral ized 

w i t h  i o n  exchange r e s i n s  t h a t  a r e  p e r i o d i c a l l y  backwashed w i t h  s u l f u r i c  a c i d  o r  caus t i c .  The 

wash i s  neu t ra l i zed  and may be used t o  quench and s l u r r y  g a s i f i e r  ash. 

Associated w i t h  raw coal  i s  such a v a s t  range o f  chemical compounds t h a t  even the a c t i o n  o f  

ra inwate r  may pose an environmental th rea t .  Coal storage p i l e s  should be he ld  i n  basins t h a t  

a re  l i n e d  w i t h  an impermeable b a r r i e r .  Rain drainage from these basins normally i s  re ta ined  

i n  a separate storm pond, then t r e a t e d  (F ig.  1.11). Coal dust f i n d s  i t s  way ou t  o f  the coal -  

handl ing and preparat ion areas and covers the ground. I t  i s  est imated t h a t  8.2 x l o 4  m3/day 

(1.5 x l o 4  gpm) o f  r a i n .  (maximum, 1 h r )  may f a l l  on paved areas o f  the p l a n t  and 32.7 x l o 4  
m3/day (6.0 x l o 4  gpm) .may f a l l  on unpaved areas ( K a l f a d e l i s  and Magee 1974). I n  con tac t  w i t h  



Table 1.24. Wastewater removal efficiencies of trace elements 

1 Lime precipitation- Alum-activated Biological 
activated carbon Ferric chloride- 

Constituent carbon oxidation 
(%) activated carbon (%I (96) 

wighest demonstrated removal. 
Source: Technology Transfer, USEPA, January 1977, pp. 2-7. Washington, D.C.: U.S. Environmental 

Protection Agency. 

  able 1.25. Estimate of trace element effluents from wastewater treatment facility (WWTI 

Based on 10,000 tons per day of cleaned coal feed having a trace element composition 
equal to the average of 101 U.S. coals and the use of  removal processes 

demonstrating the highest removal efficiency for each element. 

Emission ratea 
Quantity entering Best removal 

Rate of 

Conttitucnt WWT facility efficiency 
in final liquid accumulstion 

(Iblday) (%) 
effluent in WWT sludge 
(Iblday) (Iblday) 

182 
200 
6 
3.1 
Negative' 

122 
4 
15 
101 
44 1 
3 1 
198 
540 
25,200 
1400 
9 
Negative 

97.1 
Unknown 
99.5 
99.6 
99.3 
Unknown 
98.3 
80 
99.5 
99.4 
95. 
97.8 
94. 
Unknown 
98.5 
72. 
95. 

5 
Unknown 
Negative 
Negative 
Negative 
Unknown 
Negative 
3 
1 
3 
2 
4 
32 
Unknown 
2 1 
3 
Negative 

177 
Unknown 
6 
3 1 

Negative 
I.lnknown 
4 
12 
100 
438 
29 
194 
508 
Unknown 
1379 
6 
Negative 

aThis does not constitute an effluent stream from the plant. 
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f u g i t i v e  d u s t  on t h e  ground, r a i n  may l e a c h  many m a t e r i a l s  o u t  o f  t h e  c o a l .  Leakage through t h e  
s to rage  b a s i n  b a r r i e r  o r  b a s i n  o v e r f l o w  c o u l d  a l s o  re lease  contaminated r a i n w a t e r  t o  t h e  env i ron -  

ment. Tab le  1 .6  l i s t s  t h e  a n a l y s i s  o f  r a i n  d ra inage  f rom two i n d u s t r i a l  coa l  p i l e s .  

1.2.8 Coo l i nq  towers - d e s c r i p t i o n s  and e f f l u e n t s  

Coal g a s i f i c a t i o n  p l a n t s  r e c i r c u l a t e  l a r g e  q u a n t i t i e s  o f  wa te r  t h rough  hea t  exchangers t o  

moderate temperatures i n  p rocess ing  equipment such as gas quenchers, r e a c t o r s ,  steam condensers, 

and i n t e r -  and a f t e r - c o o l e r s  on gas compressors. Coo l i ng  towers a r e  an i n t e g r a l  p a r t  o f  t h e  

p l a n t ' s  coo l  in'g network.  Coo l i ng  tower des igns fa1  1  i n t o  two p r i n c i p a l  c a t e g o r i e s  - wet c o o l i n g  

towers and d r y  c o o l i n g  towers.  

The sources o f  e f f l u e n t s  i n  wet c o o l i n g  towers a r e  t h e  d i scha rge  plume and t h e  blowdown stream. 

I n  a d d i t i o n  t o  water  from evapo ra t i on  and ent ra inment ,  t h e  plume may c o n t a i n  v a r i o u s  contaminant  

substances e x t r a c t e d  from t h e  c o o l i n g  water .  The c o o l i n g  wa te r  r e c e i v e s  these substances from 

c o r r o s i o n  o f  hea t  exchange sur faces;  f r om chemical  a d d i t i v e s  i n  t h e  wa te r  t o  i n h i b i t  f o u l i n g ,  

b a c t e r i a l  growth, and co r ros ion ;  f rom r e s i d u a l  contaminants  i n  t h e  makeup water  [ t h e  makeup 

wa te r  requ i rement  i s  s u p p l i e d  by t r e a t e d  sour  water ,  b o i l e r  blowdown, and o t h e r  process sources 

(Sect .  1.2.711; and from l e a k s  i n  t h e  h e a t  exchange equipment wh ich  a l l o w  contaminated gases, 

u s u a l l y  under h i g h  pressure  (1.03 x  10-0 8.27 x l o 6  Pa; 150 t o  1200 p s i g ) ,  t o  e n t e r  t he  l i q u i d  

s i d e  o f  t he  hea t  exchangers. Once i n  t h e  tower,  t h e  water  i s  i n  i n t i m a t e  c o n t a c t  w i t h  t h e  a i r ,  

wh ich  a l l ows  mass t r a n s f e r  t o  occur  across  t h e  l i q u i d - g a s  i n t e r f a c e .  The a i r  s t ream may conse- 

q u e n t l y  e x t r a c t  contaminants,  e s p e c i a l l y  v o l a t i l e  contaminants,  f rom t h e  water .  T h i s  mechanism 

o f  contaminant  e x t r a c t i o n  i s  o f t e n  coun te rac ted  by t h e  e f f e c t s  o f  m i c r o b i a l  p o p u l a t i o n s  i n  t he  

water .  The c o n c e n t r a t i o n  o f  c e r t a i n  substances such as phenols and ammonia i s  o f t e n  reduced i n  

c o o l i n g  water  th rough t h e  a c t i o n  o f  b i o l o g i c a l  o x i d a t i o n .  

Another  t r a n s p o r t  mechanism f o r  contaminants  i s  t h e  e n t r a i n e d  wa te r  d r o p l e t s  ( m i s t )  l e a v i n g  t h e  

tower.  These d r o p l e t s  c o n t a i n  d i s s o l v e d  and suspended s o l i d s  (and v i r t u a l l y  any o t h e r  f o r e i g n  

substance t h a t  e x i s t s  i n  t h e  wa te r )  i n  c o n c e n t r a t i o n s  equal t o  o r  g r e a t e r  than i n  t h e  wa te r  i t -  

s e l f .  I n  c o n t r a s t  t o  t h e  e n t r a i n e d  m i s t ,  t h e  wa te r  vapor l e a v i n g  t h e  tower i s  e s s e n t i a l l y  pure  

water .  The v i s i b l e  f o g  plumes can produce some s i g n i f i c a n t  a tmospher ic  e f f e c t s  such as r e d u c t i o n  

o f  v i s i b i l i t y  t o  a i r ,  ground, and n a v i g a t i o n a l  wa te r  t r a n s p o r t a t i o n ;  i c e  f o r m a t i o n  on sur faces;  

c l o u d  i n i t i a t i o n ;  and augmentat ion o f  p r e c i p i t a t i o n .  I t  i s  i m p o r t a n t  t h a t ,  w h i l e  wa te r  vapor i s  

innocuous as a  chemical  substance, i t  can  p l a y  an i m p o r t a n t  r o l e  i n  a tmospher ic  chemis t r y  when 

combined w i t h  ox ides  o f  s u l f u r  and n i t r o g e n  found i n  t h e  combust ion s tack  gases genera ted from 

thermal d r y e r s  and u t i l i t y  p l a n t s .  D r i f t  (wh ich  i s  depos i t ed  i n  t h e  fo rm o f  d r o p l e t s  o f  s o l i d  

p a r t i c l e s ,  depending on atmospher ic c o n d i t i o n s )  may l eave  p r e c i p i t a n t s  o f  s a l  t s  and v a r i o u s  

chemica ls  on su r faces  downwind f rom t h e  c o o l i n g  system. These p r e c i p i t a n t s  may cause damage t o  

t h e  b i o t a ,  a c c e l e r a t e  c o r r o s i o n  o f  nearby s t r u c t u r e s ,  o r  even contaminate  wa te r  bod ies .  Water 

d r o p l e t s  w i t h  d iameters  l e s s  t han  20 um a r e  g e n e r a l l y  cons idered fog;  l a r g e r  d r o p l e t s  ( g r e a t e r  

t han  20-pm p a r t i c l e  d iame te r )  a r e  r e f e r r e d  t o  as d r i f t .  

As a  genera l  r u l e ,  d r i f t  l osses  i n  wet c o o l i n g  towers  a r e  about  0.2% o f  t h e  wa te r  c i r c u l a t i o n  

r a t e .  Ecodyne has developed a  m i s t  e l i m i n a t o r  system t h a t  i s  a b l e  t o  reduce t h i s  en t ra inmen t  

l o s s  t o  0.008% o f  t h e  c i r c u l a t i o n  r a t e .  W i th  a  des ign  es t ima te  o f  d r i f t  l o s s  and knowing t h e  

cullce111r.d.t i u r ~  u f  subs Ldllces i r ~  Llle water. w l  l h l r ~  Llle tuwer-, a  111as5 e l l ~ i ss  i o r ~  I-a te Tor eacll 



con tam inan t  may be c a l c u l a t e d  by  use of t h e  assumption t h a t  t h e  c o n c e n t r a t i o n  w i t h i n  t h e  l i q u i d  

d r o p l e t s  i s  equal  t o  t h a t  i n  t h e  tower.  Because o f  t h e  l a r g e  array o f  sources f o r  makeup wa te r  

and t h e  c o o l i n g  w a t e r  con tam ina t i on ,  r e l i a b l e  es t ima tes  o f  contaminant  concen t ra t i ons  and sub- 

sequent  em iss ion  r a t e s  a r e  imposs ib le .  I n  a d d i t i o n ,  e s t i m a t i n g  t h e  degree o f  s t r i p p i n g  by t h e  

a i r  s t ream and t h e  c o u n t e r a c t i n g  m i c r o b i a l  r e d u c t i o n  o f  contaminant  substances i s  e q u a l l y  specu- 

l a t i v e .  Tab le  1.26 g i v e s  e s t i m a t e s  f o r  w e t  c o o l i n g  tower parameters f o r  commerc ia l -s ize  p l a n t  

des igns  found i n  the  1 i t e r a t u r e .  An i m p o r t a n t  parameter i s  t h e  q u a n t i t y  o f  a i r  f l o w  r e l a t i v e  

t o  t h e  p l a n t  p roduc t  c a p a c i t y .  The q u a n t i t y  o f  a i r  d ischarged f rom t h e  c o o l i n g  towers  i s  55 t o  

340 t imes  t h e  q u a n t i t y  of SNG produced. The magnitude o f  t h i s  r a t i o  v a r i e s  w i t h  t h e  process 

h e a t  l oad ,  t h e  use o f  d r y  c o o l i n g  towers,  and t h e  q u a n t i t y  o f  waste hea t  used t o  genera te  steam. 

On a qua1 i t a t i v e  bas i s ,  p o s s i b l e  contaminant  substances a r e ' z i n c  and chromium compounds, c h l o r i n e ,  

s u l f u r i c  a c i d ,  phosphates, pheno ls ,  copper complexes, ammonia, carbon monoxide, cyan ide,  t h i o -  

cyanates ,  and t r a c e  elements.  

Tahle 1.26. Estimated wet cooling tower parameters for 7.1 X lo6  m31day (250 X lo6  scfd) SNG plants 

I n  some plant designs, a portion of the heat load is dissipated in dry cooling towers. 

Air flow Water flow Vapor loss Drift loss Blowdown 
Process 

(scfh X lo6 )  (Iblhr) (gpm) (Iblhr) (Iblhr) (%) (Iblhr) (%) (Iblhr) (%) 

C02  AcceptoP 620 47.6 X lo6  42.900 2.15 X lo7  457,000 2.13 43,000 0.20 233,000 1.08 
. Synthane ' 

svnthaneb 833 64.0 X 10' 260,000 1.3 X 10' 1.302.600 1.00 150.300 0.12 260.600 0.19 

So~lrces: (a )  C. E. Jahnig and E. M. Magee. 1974. Evaluation of pollution control in fossil fuel conversion processes. 
Gasification: Section I, C02 Acceptor process EPA-65012-74-009-d; (6) C. D. Kalfadelis and E. M. Magee. 1974. Evaluation 
of pollution control in fossil fuel conversion processes. Gasification: Section I, Synthane process. EPA-65012-74-001 -b; (c) C. 
E: Jahnig. 1975. Evaluation of pollution control in fossil fuel conversion processes. Gasification: Section 5, Bi-Gasprocess. 
EPA-65012-74.009-g; (d )  - 1975. Evaluation of pollution control in fossil fuel conversion processes. Ci~Slll~?arlOn! Secrlan 8, 
Hygas process EPA-65012-74-009-h, (e) H. S1.1aw arid E. M. Mayec. 1074. Evoluetion of pollution oontrol in fossil fuel 
conversion processes. Gasification: Section I: Lurgi process. EPA-65012-74-001-c. Work performed for U.S. Environmental 
Protection Agency. Linden. N.J.: Exxon Research and Engineering &. 

The o t h e r  m a j o r  e f f l u e n t  s t ream i n  wet  c o o l i n g  towers i s  t h e  blowdown. L i k e  t h e  e n t r a i n e d  m i s t  

l e a v i n g  t h e  tower, the  blowdown may conta in a l l  c o r ~ t a l l ~ i n a n t  substances found i n  t h e  tower b u t  i s  

a c o n c e n t r a t o r  o f  s o l  i d s  t h a t  p r e c i p i t a t e  f r o m  t h e  wa te r  th rough gr-avi  t a t i o n a l  s e t t l i n g  and the 

a c t i o n  o f  chemical  a d d i t i v e s  t o  t h e  system. T h i s  blowdown s t ream may be r e c y c l e d  t o r  uses e l s e -  

where i n  t h e  p l a n t  such as f o r  g a s i f i e r  o r  b o i l e r  ash quenching o r  i n  the ash d e s u l f u r i z a t i o n  

c i r c u i t  o f  the C02 Acceptor  process. A1 te rna t lve ly ,  bluwduwr~ IIICIY [Je s e n t  t o  a h o l d i n g  pond and 

evapora ted t o  dryness (where i t  may r e s i d e  f o r  t h e  l i f e  o f  t h e  p l a n t  o r  be hau led away f o r  d i s -  

p o s a l )  o r  t r e a t e d  i n  t h e  wastewater t r ea tmen t  f a c i l i t y .  I 1  shou ld  n o t  be a d i r e c t  e f f l u e n t  f rom 

t h e  p l a n t .  

I n  d r y  c o o l i n g  towers, t h e  p r i m a r y  source o f  con tam ina t i on  t o  t h e  a i r  s t ream i s  leakage across 

t h e  heat  exchanger s u r f a c e  i n  the tower.  Water re leased  f rom t h e  h i g h  pressure  s i d e  ( i n s i d e )  

o f  t h e  tubes i n t o  t h e  a i r  stream i n t r o d u c e s  substances t h a t  have en te red  the water th rough hea t  

exchanger l e a k s  i n  process areas, equipment co r ros ion ,  and r e s i d u a l s  i n  the  makeup water used t o  

r e p l a c e  the c o o l i n g  system purge o r  b leed  stream. 
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1.3 COAL MINING, BENEFICIATION, AND TRANSPORTATION 

This b r i e f  descr ipt ion i s  intended t o  po in t  ou t  t ha t  coal mining a c t i v i t i e s  associated w i th  

energy development and coal conversion projects can r e s u l t  i n  major short- and long-term impacts 

t o  the af fected areas rather than t o  provide a deta i led  analysis and evaluation o f  a c t i v i t i e s  

and potent ia l  impacts associated w i th  coal mining. 

I n  add i t ion  t o  coal mining i n  the Eastern United States, development o f  the la rge coal deposits 

i n  the Western United States can be expected. About 63.3% o f  the i d e n t i f i e d  and estimated U.S. 

coal resources occur i n  the Northern Great Plains and Rocky Mountain Provinces (Fig. 1.13). 

A1 though much o f  the Western coal i s  l i g n i t e  w i th  a low heating value, these resources represent 

the major i ty  o f  the nat ion 's low-sul fur  coal deposits. 

COAL RESOURCES 
(Billions of tons) 

PROVINCE 

EASTERN 

1 NTER l OR 

NORTHERN GREAl PLAINS 

( ROCKY MOUNTAINS I 187 1 3% 1 582 1 18.1 1 

Because available estimates are by state and USCS Provinces cross 
state boundaries. the figures for these provinces are only apprqximate 

OTHER 

TOTAL 

Fig. 1.13. Location o f  coal resources i n  the United States. 
Source: U.S. Fish and Wi ld l  i f e  Service. 1976. C m Z  pmjacb - 
bac&rwwd .2nfomtzon fpZanning and manrrgemmt) . FWS/OBS, p. 5. 
Washington, D.C.: .Department o f  the In te r i o r ,  U.S. Fish and 
Wi ld l  i f e  Service. 
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Projected coal production estimates (Fig. 1.14) predict that by 1985 about 50% w i l l  come from 

surface mining. However, the importance o f  surface mining may be reduced somewhat because o f  

the enactment o f  stringent legislat ion. I l l i n o i s ,  West Virginia, and Wyoming (the three states 

considered i n  t h i s  analysis o f  a demonstration pipeline gas f a c i l i t y )  appear to  have good recla- 

mation programs a1 ready. (For detailed information on the surface-mined area reclamation programs 

o f  these three states, see Imhoff, Frfz, and La Fevers 1976, Table 1 .) However, the enactment o f  

the Surface Mining Control and Reclamation Act o f  1977 and subsequent provisions have defined 

numerous minimum regulations and environmental performance standards f o r  mining and reclamation 

(U.S. Congress 1977; U.S. Department o f  the In te r io r  1977, 1978a, 1978b; U.S. Department o f  

Agriculture 1978). I n  general, i f  a state i s  to  manage i t s  own regulatory program, i t  must have 

the program approved by the Federal regulatory author i ty ( i  .e., Office o f  Surface Mining Reclama- 

t i o n  and Enforcement wi th in  the U.S. Department of the Inter ior) ,  which was created by the act t o  

implement, regulate, and enforce the various programs o f  the act. Any part  o f  d 5 tate law that 

i s  more str ingent than the hdera l  requirements can supersede Federedl requirmcnts i f  the state 

so desires, but a state law must aehievt! d l1  111inimum Federal r a q u i r ~ m ~ n t s  specified i n  the act 

and subsequent provisions. 

Ant ic ipat ing development o f  the nation's coal resources, the U.S. Department o f  Energy, U.S. 

Department o f  the Inter ior,  and many other Federal, state,- and private groups are currently 

involved i n  the analysis and evaluation o f  th i s  resource. The Western Energy and Land Use Team 

(WELUT) and the Eastern Energy and Land Use Group (EELUG) o f  the U.S. Fish and Wild1 i f e  Service 

(FWS) have established a cooperative program fo r  studying the impacts o f  coal development (Fig. 

1.15 and Table 1.27). Within the framework o f  an overall coal development cycle (Fig. 1.16), 

they have iden t i f i ed  some potential ef fects o f  mining ac t i v i t y  which may occur during the explo- 

ration, development and production, and postmining phases of development (Tables 1.28, 1.29, and 

1.30). 

That coal mining impacts related t o  the developnent QP coal cusvet sion f ae i l  i t i e e  must be an 

important consideration i n  drly Environmental Impact Statement 1s an accepted fact. 
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Fig. 1.14. Coal production i n  the United States. Source: U.S. Fish and W i l d l i f e  
Service. 1976. Coal project - background i n f o m t i m  (planning and management). FWSIOBS, 
p. 3. Developed from data reporter1 i n  the Keystone Coal 1ndusLr.y Manual, McGraw-Hi 11, Inc. 
1915. Washington, D.C.: Department o f  the I n t e r i o r ,  U.S. Fish and W i l d l i f e  Service. 



FEDERAL GOVERNMENT INTERFACES 

Land Use and Management 

DOI - Office of Surface Mining Reclamation and 
Enforcement, Bureau of Land Management, 
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Service, Geological Survey, Bureau of Indian 
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TVA 

r Research and D e d o ~ m e n t  . -- 

a DO1 - Office of Surface Mining HeclamatIan and 
Enforcement. Bureau of Land Management, 

FUNCTIONAL INTERFACFR 

DEPARTMENTAL COAL DECISIONS 

6ureau of  amat at ion, Bureau of Mines, O f f i i  EMARS 
of Coal Reseamh, Office o f  Water Resources Site Specific Information Excht~nge 

USDA - Agricultural Research Sarvice, Forest 
Service, Economic Research Senrice a EIS Inputs and Review 

W E ,  FEA (inventory), EPA 
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and Safety Administration 
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Northern Great Plaim Resource 
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Fadaration of Rocky Mountmin States 

Fig.  1.15. U.S. Fish and Wildl i fe  Service cooperative program for studying the 
impacts of coal development. Source: Modifl'ed from U.S. Fish and Wildl i f e  Service. 
1976. Coat project - backgzmmd i n f o r n t h  f p e i n g  and y e m e n t l :  WSIOB5, 
p. 31. Washington, D.C. :  Department of the Interior, U.S. Fish and Wildlife Service. 



Tabla 1.27. Planned goals and a c t i v i i  of the U. S. Fifh and Wildlife Wba coal project 

Goals Basic nctivities 

Appropriately involve the Fish and Wildlife Nationel end regional problem analyses 
Service in coal development actions and lnvohrement in departmental coal activities 
make participating groups aware of the (i. e., EMARS, regional El%, etc.) 
Senrice's activities, concerns, and products Coordination with other Federal, state, and 

private 0rganiMions 
Implementation of user-oriented information 

syst%ms 

Ecologically characterize the status of fish Identification and analysis of information 
and wildlife and their habitats in regions requirements and standgrdr 
and ecosystems currently/potentially Idontifiwtion, analysis, and synthesis of 
under stress from coal development existing physical, biotic, eooiogical, and 

socioeconomic bareline information 
Collection, analysis, and synthesis of new 

phyiwl, biotic, ecological, and 
socimconomic baseline information 

Development of new or improved methods 
for assessing fish and wildlife population 
parameters 

Development of new or improved methods 
for classifying, inventcrrying, 9nd evaluating 
habitet 

Development of new or improved methods in 
determining socioeconomic values of fish and 
wildlife 

Development of computerized data bases and 
software. 

Assess, predict, and minimize coal-related Coal extraction impacts 
impacts to fish and wildlife and their Coal conversion and processing impacts (i. e., 
habitats synfuel and power plants) 

Coal transportation impacts 
Mine raclamation/r~habilitrtinn ctrldim 
Mitigationlenhancement studies 
Socioeconomic, legal, and institutional studies 
System avaluation ad dvelopment of general 

purpose predictive models, concepts, and 
, approaches 

Source: U.S. Fish and Wildlife Service. 1076. Coal project - five year framework (FY 
1976thmugh FY 1980). FWS/OBS-76/17, p. 31. Washington, D.C.: Department of the 
Interior. U.S. Fish and Wildlife Service. 



Fig. 1.16. Overall coal development cycle. Source: U.S. Fish and Wi ld l i fe  Service. 
1976. Coat p m j e c t  - backgruund infomatian (ptanning and management). FWS/OBS, p. 9. 
Washingtgn, D.C.: Department o f  the In ter ior ,  U.S. Fish and Wi ld l i f e  Service. 



Table 1.28. Potential environmental effects resulting from the exploration phase of coal dwelopmmt 

Mining phasef 

Environmental Field Temporary 
reconnaissance roads Exploratory Exploratory 

factors 
(off-road) construction drilling excavation 

Soil Compact and disturb Erosion of soil Erosion from Compaction by heavy 
organisms site preparation equipment 

Vegetation Damage to Removal of Removal for site Removal or destruction 
sensitive vegetation vegetation preparation (including trees) 

Surface water Potential erosion Change drainage and Erosion, flooding, and Erosion and stream 
stream pollution stream pollution pollution 

Underground water Minimal Minimal Penetration of groundwater Penetration of ground- 
aquifers water aquifers 

Wildlife Disturb nesting, Disturb soil-dwelling Ulsturb wildlife Disturb wildlife, destroy 
wintering, etc. animals, organic foliage 

soils and foliage 

Fish Minimal Stream pollution, Stream pollution, Stream pollution, 
sediment production sediment production sediment pro- 

duction 

'Human activity in each phase affects the habitat. 
Source: U.S. Fish and Wildlife Service. 1976a. Caal project- background infonnation (planning and manapment). 

FWSIORS, p. 10. Washington. D.C.: Department nf the Interior. U.S. Fish and Wildlife Service. 

Table 1.28. Potential envimnmental effects msulting from the develo(unent and produetion 
phases of coal davelopment 

Mining phasese 

Environmental Underground mining Surface mining 
factors 

Development and Development and 
construction 

Production Production 
construction 

Soil Disturbance from Subidenca creates Large-scale Disrupts soil structure 
construction of or destroys lakes, stripping of extensively 
tuad, shafts, springs, ponds, wrfafaee soils and 
slopes, or drifts marshes compaction 

Vegetation Removal in site Acid drainage kills Largescale Eliminates existing 
preparation or inhibits growth stripping of vegetation vegetation 
(including trees) 

9.1rfin-a water Frorinn, qtrqlm Chllapse of stream Stream diversion. Acid mine drain* 
pollution, and beds; acid erosion. and sediment and stream pallution 
stream change drainage production 

Underground water Drainage or Change hydrology Extensive development Extensive changes 
contamination of (acid and trace drilling can result passible in all 
aqu ifee olemontr) in aquifer changes prwincar 

Wildlife Disturb wildlife, Disturb wildlife, Dast~ction or Loss of foliage 
destroy foliage destroy foliage dispersion of some an&food for fowl 

species 

Fish Stmam pollution Los or pollution Stream pollution Acid in lakes 
of streams and and sediment and streams 
Wands 

'Human activity in each phase affects the habitat. 
Source: U.S. Fish and Wildlife Service. 1976. Caal pro/ec-backgmund informetion (p!anning and mmsgammt). 

FWS1OBS, p. 10. Washington, D.C: Department Bf  the Interior. U.8 Fish and Wildlife Service. 



Table 1.30. Potential environmental effects resulting from the postmining 
pham of Dosl development 

Mining Phasesa 
Environmental 

factors Beneficiation Tran ' 

(rail, off-faas, sturry 

Conversion 
sportarlon (gasificatinn, liquefacliwn, 
' ' -- conveyor) 

mine mouth power) 

Soil Deposit of waste Compaction and potential Site preparation and disposal 
material on surface erosion of waste 

Vegetation Waste effects on Removal or effects of Removal and effects of waste 
vegetation drainage and pnll~~tinn 

Surface water Water from separation Rechannel streams or disposal Thermal and chemical pollution 
process can pollute of slurry water 
SLIed1115 

Un&rground water Leach process water Minimal 
intn apt iferg 

Sludge pond seepage 

Wildlife Water use may affect Noise of transpofation can Noise and pollution 
habitat in arid areas drive some wildlife from 

at ea 

Fish Stream pollution Strslm pollution stream pollution 

'~uman activity in each phase affects the habitat 
Source: U.S. Fish and Wildlife Service. 1976. Coel project - background information (planning and 

managsfmnd. FWSIOBS, p. 11. Washington, D.C: Department of the Interior, U.L Fish and Wildlife Service. 
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1.4 SITE SELECTION 

As indicated i n  Fig. 1.13, Sect. 1.3, the four provinces w i th  the la rgest  coal resources are 
the Eastern Province, the I n t e r i o r  Province, the Northern Great Plains Province, and the Rocky 

Mountains Province. Based on coal reserves and geographic d is t r ibu t ion ,  the f i r s t  three prov- 

inces were selected f o r  locat ing  surrogate s i tes .  The Rocky Mountains Province was not  selected 

because o f  i t s  proximi ty t o  the Northern Great Pla ins Province and because two environmental 

impact statements already e x i s t  for comnercial coal gas i f i ca t ion  plants i n  the province. 

Ex is t ing  s i t i n g  studies i n  each o f  the three provinces were used i n  select ing the surrogate 

s i tes .  In addition, the a v a i l a b i l i t y  o f  information i n  the surrogate s i t e  areas was considered. 

A Study by B a t t e l l  e e n t i t l e d  Technology Facility Sit ing Characteristics and Infrclstmccture Needs 

was the basis f o r  surrogate s i t e  select ion i n  the Eastern Province (Ba t te l l e  1976). The s i t e  

select ion matr ix  ranked Mason County, West Virg in ia,  h igh ly  as a potent ia l  s i t e  f o r  a coal gasi- 

f i c a t i o n  plant. S i t i n g  c r i t e r i a  used included coal quant i ty  and qual i ty ,  water a v a i l a b i l i t y ,  

1 and avai labi  1 i t y  , transportation, pol 1 u t i on  potent ia l ,  and labor. Lewis Township i n  Mason 

County was selected as the surrogate s i te .  

Selection o f  an I n t e r i o r  Province surrogate s i t e  was based on a study by the State o f  I l l i n o i s  

I n s t i t u t e  f o r  Environmental Qua1 i t y  e n t i t l e d  Potential SCtes for Coal Conversion Facili t ies Cn 

I l l ino i s  (Hoglund 1974). Six areas were i d e n t i f i e d  as potent ia l  s i t es  f o r  coal gas i f i ca t i on  

plants a f t e r  considering requirements f o r  coal, water, transportation, labor, waste disposal, 

and land use. One o f  these s i tes  was i n  the v i c i n i t y  o f  New Athens Township, the proposed s i t e  

f o r  the Coalcon Plant. This v i c i n i t y  was therefore selected as the surrogate s i t e  f o r  the 

I n t e r i o r  Province. 

The Northern Great Plains Resources Program (Northern Great Plains Resources Program 1975) con- 

ducted extensive studies i n  the Northern Great Plains Province. Several potent ia l  s i t es  f o r  coal 

gas i f i ca t i on  plants were ident i f ied .  The v i c i n i t y  o f  T50N, R71W was selected as a surrogate s i t e  

f o r  t h i s  study. 

The Oak Ridge National Laboratory (ORNL) i s  cur rent ly  working on the National Coal U t i l i z a t i o n  

Analysis. As pa r t  o f  the analysis, the most l i k e l y  areas o f  high-sulfur coal use i n  the Eastern 

and Central United States have been i d e n t i f i e d  (Fig. 1.1 7). I n  addit ion, the Resource Analysis 

Group has developed regional s i t i n g  c r i t e r i a  f o r  a coal conversion f a c i l i t y  as presented i n  

Table 1.31 (Dobson 1977). 



ACCESSI%ILIPI TO 
HlOH -SULFUR COAL 

Fig. 1.17. High-sulfur coal accessibility I n  the United States. 
Soume: 3. E. Dobson. 1977, l ? q b t  &pZhtim of naHmal aaew 
a d :  mww a&apcwi1.ties and ar&m BBOUTW mpizwmmh fw - 
& slbmrrm *1 Us -.tern M t s d  Stdoa. (Draft) .  Oak Ridge.%.: 
Rak R i d g  latisnal baboriltov. 



T a w  1.31. Re@ional dtinp a i ~  for a cod convadon facility 

l mportance Compatibility 
Variable Cadsgwy or value weight index 

Water availability 10 Adjacent to stream with 7-day, 
10-year low flow, 194Mgd 

Adjacent to stream which could have 4 
7day, lOyear low flow, 194 Mgd 
if additional regulation were imposed 

Adjacent to Great Lakes 8 

Adjacent to  Atlantic Ocean or Gulf of 5 
Mexico 

Orher counties a 

Air quality maintenance 10 Not an AQMA 
areas (AOMA) Partially an AQMA 

Entirely an AQMA a 

Accessibility of high- Values represent calculations from gravity 
sulfur coal (>1.9% S) 10 model using tonnage of Ki-sulfur coal 

highest value 

lowest value 

>I00 miles from sulfur coal reserve a 

Barge accessibility 

Seismic activity 

Rail accessibility 

7 Adjacent to channel of 3 2.7-m (Bft) b 

depth 

6 Activity Level I (lowest risk) 10 
Activity Level I I 5 
Activity Level I II (highest risk) 0 

6 Adjacent to  medium or heavyduty railroad 10 
Not adjaeent to medium or heavy-duty 0 

railraad 

Accessibility of ~ O W - S U ~ ~ U ~  5 Values represent calwlations from gravity 
coal ((1 3% S) model using tonnage of low-sulfur~wal 

h~ghest value 10 

lowest value 1 
>I00 miles from low-sulfur coal 

reserve a 

Population density 3 90-100% of county has X 0 0  inhabitants/mi2 0 
*am 2 
70-80% 3 
80-7096 4 
5 l L m  5 
4040% 6 
30-4096 7 
2040% 3 
1040% 9 
0-1096 10 

aExcludad from cwideration as potential candidate counties. 
bm equak number of kilometers (miles) of drannal (maximum is 151 km, or 94.5 mi). 
Swme: J. E. Dobn ,  1977. fk@ona/ implbtiinnr af n s t i d  e f~ i l k '  a~narim: ener~ w ' b : ~  a d  

weer -urn mquiments for -ted rubsraar in the asstwn United States (Draft). Oak RiW, 
Tenn.: Oak Ridge National Laboratory. 
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2. DESCRIPTION OF THE ENVIRONMENT 

2.1 DESCRIPTION OF NEW ATHENS TOWNSHIP I N  ST. C J A I R  COUNTY, ILLINOIS 

2.1.1 S i te  locat ion 

New Athens Township (Township 2S, Range 7W) i s  located i n  south-central st.  air County i n  

central  I l l i n o i s  (Fig. 2.1 ). The center o f  the township i s  located a t  about 38'21 'N lat i tude, 

89O52'30"W longitude, o r  4,248,500 m N, 250,800 m E i n  the UTM (Universal Transverse Mercator) 

g r i d  system. The closest major metropolitan area i s  St. Louis, Missouri, about 40 km (25 miles) 

t o  the northwest. New Athens, the largest  c i t y  w i th in  the township w i th  a population o f  about 

2000, i s  located i n  the south-central pa r t  o f  the township (Fig. 2.1 ). Major highways crossing 

the township include U.S. 460 and s ta te  highway 15 across the northeast corner; state highway 13, 

which runs across the southern par t  before turning due north; and state highway 156, which runs 

west from the po in t  where s ta te  highway 13 turns north (Fig. 2.1). The I l l i n o i s  Central Gulf 

Railroad enters the township i n  the south-central port ion and crosses t o  the northwest (Fig. 2.1). 

The Kaskaskia River flows through the township from east t o  southwest. I n  general, the topography 

o f  the area i s  f l a t  t o  gent ly ro l l ing ,  w i th  a few small h i l l s ;  much o f  the land i n  the township 

has been strip-mined. The highest elevation i n  the township i s  160 m (520 f t )  above sea leve l .  

2.1.2 Geology 

2.1.2.1 Coal reserves 

Coal i s  abundant i n  a six-county region adjacent t o  the New Athens Township o f  St. C l a i r  County. 

Coal reserves are moderate i n  nearby Randolph County and large i n  nearby Washington County as 

wel l  as i n  eastern St. C la i r  County. Although Madison, Clinton, and Perry counties are more 

remote from New Athens, they may be considered as potent ia l  suppliers of coal. 

From the standpoint of the economics of coal production, New Athens Township i s  a feasible 

locat ion f o r  a pipe1 ine gas demonstration plant. The Herr in (No. 6) coal outcrops along a 

northwest-southeast trend through the middle o f  St. C la i r  County (Smith and S t a l l  1975). To 

the west o f  i t s  outcrop, the coal i s  eroded outcrop; t o  the east, i t  becomes progressively more 

deeply buried. Coal i s  avai lable t o  the east i n  Clinton and Washington counties, but  e i t he r  

excessive amounts o f  overburden must be removed (creating large spo i l  banks) o r  underground 

mines must be develooed. 

As o f  1975, 794 km2 (306.4 sq miles) o f  coal remain t o  be mined i n  St. C la i r  County. On the 

other hand, 233 km2 (89.9 sq miles) have been mined out, including approximately 52 km2 

(20 sq miles) o f  strip-mined coal (Jacobs 197l,j. :*z".a;,' , 1 * -  --. - . 7 ,  - " , - . - [X .. - -  .. 

-. ' ..:, . ' - 
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Fig. 2.1. (a) New Athens Township, located in St. Clair County, Illinois; (b) State of Illincis with St. Clair County darkened. 
Source: Compiled from area map by U.S. Geolog-fcal S~wey. Washington, D.C. 



A g r e a t e r  percentage o f  coa l  can be recovered by s t r i p  m i n i n g  than by underground m in ing  

(Jacobs 1971), p r i m a r i l y  because i n  underground mines, coa l  p i l l a r s  must be l e f t  i n  p lace  t o  

suppor t  t h e  r o o f .  S t a t i s t i c s  f r om S t .  C l a i r  County show t h a t  22% o f  t h e  mined-out area was 

s t r i p -m ined ,  accoun t i ng  f o r  69% o f  t h e  c o u n t y ' s  t o t a l  coa l  p roduc t i on .  

I n  r e c e n t  yea rs  s t r i p  m i n i n g  has become more p r e v a l e n t  i n  S t .  C l a i r  County. Tab le  2.1 i l l u s -  

t r a t e s  t h i s  t r end .  Du r i ng  1969 s t r i p - m i n e d  coa l  accounted f o r  91% o f  t h e  c o u n t y ' s  t o t a l  p ro -  

d u c t i o n  (Jacobs 1971 ) .  

Table 2.1. Coal production. St. Clair County, Illinois, 1950-1969 

Mined 
Strip-mined Total mined Strip-mined 

Year underground 
[metric tons (tons)] [metric tons (ions)] 

[metric tons (tons)] 
(%I 

Total 27,212,417 (30,002,665) 60.1 73,760 (66,343,727) 87,386,177 (96,346,3921 69 
..- . . - - -.= --. - 

Source: A. M. Jacobs, compiler. 1971. Geology for planning in S t  Clair County, Illinois. Circular 465, Urbana: 
Illinois State Geological Survey. (Data are from the annual coal reports for the years 1950-1969 in Coal, Oil, and 
Gas Reports, State of Illinois Dept. of Mines and Minerals, 1951 -1970.) 

I n  1975 es t ima ted  reserves o f  coa l  i n  seams ove r  107 cm (42 i n . )  t h i c k  i n  S t .  C l a i r  County were 

2.1 b i l l i o n  m e t r i c  tons  (2.32 h i l l i o n  t o n s )  (Smi th  and S t a l l  1975). The U.S. Bureau O f  Mines 

cons ide rs  a cud1 seam t o  be a rese rve  i f  i t  i s  g r e a t e r  than 46 cm (18 i n . )  t h i c k  a t  depths of  

l e s s  than 46 m (150 f t )  o r  i f  i t  i s  g r e a t e r  than 71 cm (28 i n . )  t h i c k  a t  depths  g r e a t e r  than 

46 m (151 f t )  (Keystone Coal I n d u s t r y  Manual 1976).  Accord ing t o  t h e  l a t t e r  c r i t e r i a ,  S t .  C l a i r  

County has 2.6 b i l l i o n  m e t r i c  tons  (2.90 b i l l i o n  t ons )  o f  reserves,  o f  wh ich  0.95 b i l l i o n  m e t r i c  

tons  (1.05 b i l l i o n  t ons )  o r  36% i s  cons idered s t r i p p a b l e  (Smi th  and S t a l l  1975).  It i s  e v i d e n t  

f rom t h e  r e c e n t  t r e n d  i n  m i n i n g  p r a c t i c e  (Tab le  2.1) t h a t  s t r i p p a b l e  coa l  r ese rves  i n  S t .  C l a i r  

County w i l l  become dep le ted  much more r a p i d l y  t han  w i l l  underground c o a l .  

I n  t h e  area i l~ l rned ia te ly  ad jacen t  t o  New Athens, t h e r e  i s  an es t ima ted  1.1. b i l l i o n  m e t r i c  t ons  

(1..2 b i l l i o n  t ons )  o f  coa l .  Table 2.2 l i s t s  t h e  rese rves  o f  t h e  s i x - c c u n t y  r e g i o n  ad jacen t  t o  

New Athens (Smi th  and S t a l l  1975). These c o u n t i e s  conta' in 6.5% o f  t h e  s t r i p p a b l e  and 11% o f  

t h e  t o t a l  c o a l  reserves i n  t h e  U n i t e d  Sta tes .  These f i g u r e s  compare w i t h  33% s t r i p p a b l e  and 

10% t o t a l  coa l  reserves f o r  Campbell County, Wyominq (Sect.  2 .3 .2) .  



Table 2.2. Remaining (1975) coal reserves in the six-county region adjacent to  New Athens 

Reservcs" Strippnble 
Percenteye 

County [billions of metric [billions of metric rtrippable 
tons (billions o f  tons)] tons (billions of tons)] 

Clinton 3.44 (3.79) 
Madison 2.35 (2.59) 
Perry 2.28 (2.51) 
Randolph 0.54 (0.60) 
St. Clair 2.63 (2.90) 

Washington 3.73 (4.1 1) 
Total 14.97 (16.506 

aCoal reserves total 1.1 billion metric tons (1.2 billion tons) in  a six-township region 
adjacent t o  and including New Athens. 

'~ota ls  include scams more than 71 cm (28 in.) thick at depths greater than 50 m 
(150 ft) and ~trippahle coal more than 46 cm (18 in.) thick at depths less than 50 m. 

Source: W. H. Smith and, J. B. Stall. 1975. Coal and water resources for coal 
oonversion i n  Illinnis. l l l l ~o ls  State Water Survoy Cooperative R e ~ o u r c e ~  report no. 4. 
Urbana: Illinois State Geological Survey. 

I l l i n o i s  c o a l  has a  c o m p e t i t i v e  advantage over  Western coa l  because o f  i t s  p r o x i m i t y  t o  indus-  

t r i a l  markets  and an advantage ove r  o t h e r  Eastern  coa l  because o f  i t s  t h i ckness .  The average 

t h i c k n e s s  o f  c o a l  seams mined d u r i n g  1965 i n  I l l i n o i s  was 1.8 m (6  f t ) ,  and 95% o f  mined seams 

were t h i c k e r  t han  1.2 m ( 4  f t ) .  West V i r g i n i a  ( I l l i n o i s '  nea res t  Eastern  compe t i t o r )  coa l  seams 

are, on t h e  average, about  0.3 m (1  f t )  t h i n n e r  than I l l i n o i s  coa l  seams (R isse r  1968). 

The H e r r i n  (No. 6 )  c o a l  i s  t h e  major  economica l ly  e x p l o i t a b l e  d e p o s i t  o f  St .  C l a i r  and ad jacen t  

c o u n t i e s  (Smi th  and S t a l l  1975; Jacobs 1971). Tab le  2.3 l i s t s  t he  c u r r e n t l y  ope ra t i ng  coa l  mines 

near  New Athens. The coa l  ranges i n  t h i ckness  between 1.2 and 2 . 7  m ( 4  and 9  f t )  w i t h  an average 

o f  2  m (6.5 f t ) .  I t i s  c l a s s i f i e d  as a  h i g h - v u l a t i l e  C b i tuminous rank w i t h  a  c a l o r i f i c  va lue 

r a n g i n g  between 10,700 and 11,100 B t u / l b  (compared w i t h  8950 B t u / l b  f o r  t h e  subbituminous Wyodak- 

Anrlerqnn r n a l  sf t h e  Powder R i v e r  Basin,  Wyoming). I ts  p r 4 n c l p a l  drawback i s  i t s  h i g h  s i l l f u r  

c o n t e n t  ( 3  t o  5% over  most o f  St .  C l a i r  Cuu i~ ty  comparcd w i t h  I).\% fur Wyul l~i i~g c o a l ) ,  Clorth- 

e a s t e r n  St .  C l a i r  County has es t ima ted  reserves o f  0.36 b i l l i o n  m e t r i c  tons (0.4 b i l l i o n  tons )  

o f  coa l ,  w i t h  moderate c o n c e n t r a t i o n s  (1  t o  2.5%) o f  s u l f u r  (Jacobs 1971). Most o f  t h i s  coa l ,  

however, i s  a l l o c a t e d  f o r  use as m e t a l l u r g i c a l  coke (Jacobs 1971) 

Table 2,3. Active mines near New Arhens 
.. . . . . . . -, . . . , . . 

Approximoto 1374 
Mine distance production 

(niilea) !metric t ~ v $  (tons)! 

Peabody Coal Co. River King Tipple 

Strip mine 
Underground lnir~e, 

Peabody Coal Co. Baldwin underground 

Zeigler Coal Company Spartan underground 

Consolidation Coal Co. Burnilly Star No. 3 strip 

Southwestern Ill. Coal Corp. streamline strip 

Cuil~olidotion Coal Co. R~lrning Star No. 4  strip 

southwest err^ Ill. Coal Corp. Captain strip 

Amax Coal Co. Leahy strip 

Consolidation Coal Company Burning Star No. 2  strip 

Freeman United Coal Co. Fidelity strip 

10, S 

13, SE 

15, SSE 

21, SE 
23, SE 

24, SE 

26, SE 

29, SE 

30, SE 

Total 20,445,213 (22,541,580) 

Source: Illinois Department of Business and Economic Development. 1976. A n  Illinois site for coalcon 
clean boiler fuels project. Urbana. 



The H a r r i s b u r g - S p r i n g f i e l d  (No. 5 )  c o a l  i s  ob ta ined  f rom s t r i p  mines i n  Randolph and Pe r r y  

coun t i es .  It i s  s l i g h t l y  lower  i n  t h e  s e c t i o n  t han  H e r r i n  coa l ,  so t h a t  H a r r i s b u r g - S p r i n g f i e l d  

s t r i p  mines a r e  l o c a t e d  f a r t h e r  t o  t h e  west. I t  i s  somewhat t h i n n e r  and l e s s  abundant t han  

H e r r i n  coa l ,  b u t  o t h e r  c h a r a c t e r i s t i c s  a r e  s i m i l a r  ,(Jacobs 1971 ) .  

2.1.2.2 Regional  geo logy o f  t h e  I l l i n o i s  Bas in  

S t .  C l a i r  County i s  l o c a t e d  on t h e  southwest boundary o f  t h e  Eastern  I n t e r i o r  Coal F i e l d  

(F ig .  2.2).  S t r i p  mines o f  H e r r i n  (No. 6 )  coa l  a r e  l o c a t e d  immedia te ly  i n s i d e  t h i s  boundary 

(Smi th  and S t a l l  1975). 
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F i g .  2.2. The e a s t e r n  i n t e r i o r  coa l  f i e l d  o f  t h e  I l l i n o i s  Basin.  Source: W. H. Smith 
and J .  B. S t a l l .  1975. Coal and water resources for coal conversion in Illinois. I l l i n o i s  
S t a t e  Water Survey Cooperat ive  Resources I-epovt no. 4. Ursbana: I l l l n o l s  S t a t e  Geologica' l  
Survey. 
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The I l l i n o i s  Basin roughly  co inc ides w i t h  the Eastern I n t e r i o r  Coal F i e l d .  The ~al 'eozoic  sect ion 

o f  the  I l l i n o i s  Basin i s  t h i c k e s t  i n  southeastern I l l i n o i s  where the base o f  the  M iss iss ipp ian  

shales l i e s  about 1500 m (4800 f t )  below sea l e v e l .  Beneath the  M iss iss ipp ian  l i e  1100 m 

(3700 f t )  o f  Ordovician t o  Devonian age carbonate rocks w i t h  some shale and about 600 m (2000 f t )  

o f  Cambrian sandstone, shale, and carbonate rocks. Depth t o  the pre-Cambrian basement i s  about 

4300 m (14,000 f t )  i n  White and Wayne counties i n  the center  o f  the I l l i n o i s  Basin (Eardley 1951; 

He igo ld  1968). 

I n  St.  C l a i r  County, the  basement 1 i e s  between 900 and 1800 m (3000 and 6000 f t )  deep; i t  i s  

more n e a r l y  1500 m (5000 f t )  deep i n  the  New Athens region.  The Her r in  coal  i s  about 300 rn 
(1000 f t )  h igher  s t r u c t u r a l l y  i n  St.  C l a i r  County, and the combined thickness o f  the Ordovician 

t o  Devonian sec t ion  i s  600 m (2000 f t )  l e s s  than i t  i s  i n  the center  o f  the Basin. Paleozoic 

strata become th inner  toward the west, p inching out  o r  eroding out  against  the Ozark Dome i n  

southeastern Missour i  where pre-cambi'ian Basement rocks a re  exposed (Swi 111 S t a l l  '1975; 

Jacobs 1971 ) .  

The general s t r u c t u r e  o f  the I l l i n o i s  Basin i s  i l l u s t r a t e d  by depth contours on the H e r r i n  coal 

(F ig .  2.3), which i s  e a s i l y  i d e n t i f i e d  i n  the subsurface. Although the center  o f  the bas in may 

be f a r t h e r  south i n  Wayne, Hamilton, and White count ies (Eardley 1951), more recent  data suggest 

t h a t  the  Pennsylvanian sec t ion  i s  t h i c k e s t  i n  Jasper County (Smith and S t a l l  1975; Eardley 1951). 

The H e r r i n  coal  seam i s  minable v i r t u a l l y  throughout the I l l i n o i s  Basin (Smith and S t a l l  1975). 

I t i s  considered t o  be economical ly e x p l o i t a b l e  t o  a depth o f  about 300 m (1000 f t ) .  The H e r r i n  

coa l  i s  shal lower than 300 m (1000 f t )  except i n  the deepest p a r t  o f  the I l l i n o i s  Basin. I l l i n o i s  

coal  seams d i p  about 2  m per k i l omete r  (10 f t  per  m i l e ) ;  they the re fo re  remain c lose t o  the sur- 

face f o r  many m i l e s  beyond t h e i r  area o f  outcrop. I n  contrast ,  the Wyodak-Anderson coal bed o f  

the  eastern Powder River  Basin (Sect. 2.3.2) d ips  a t  a  r a t e  o f  2  t o  20 III per. k i lomete r  (10 t o  

100 f t  per m i l e )  and i s  deeply bur ied  w i t h i n  16 km ('10 mi les )  o f  i t s  area O f  outcrop. 

The most prominent geologic  s t r u c t u r e  i s  the La S a l l e  a n t i c l i n e  along the  eastern margin of 

t h e  I l l i n o i s  Basin. S t r u c t u r a l  r e l i e f  on the La S a l l e  a n t i c l i n e  ranges between.270 t o  430 m 

(900 and 1400 f t )  above the  adjacent  basins. Most o f  the deformation (which was m i l d )  took 

p lace  from l a t e  M iss iss ipp ian  through Pennsylvanian time. Pennsylvanian s t r a t a  are s l i g h t l y  

f o l d e d  over t h e  ax is  o f  the a n t i  c i i  lie, suggesting t h a t  some defurr~a. t~Ion 111ig11l: have bee1'1 ~ O S  t- 

Pennsylvanian i n  age (Smith and S t a l l  1975; Eardley 1951). 

Other s t r u c t u r e s  worthy o f  note a re  the L inco ln  and Dupo-Waterloo a n t i c l i n e s ,  the Cap au ~ r e s  

f a u l t e d  f lexure ,  the Ste. Genevieve f a u l t  zone, and the Du Quoin monocline. A l l  o f  these 

s t r u c t u r e s  l i e  w i t h i n  31 km (50 m i l e s )  o f  St. C l a i r  County. They were deformed a t  var ious 

t imes between Devonian and Pennsylvanian time (Smith and S t a l l  1975; Eardley 1951). 

A number o f  o i l  and gas f i e l d s  and p o t e n t i a l  gas storage areas are loca ted  along the Dupo- 

Waterloo a n t i c l i n e  i n  St .  C l a i r  County. Coal can n e i t h e r  be mined w i t h i n  46 m (150 f t) of an 

o i l  w e l l  nor above a gas storage a'rea. Gas storage areas might even tua l l y  prov ide convenient 

depos i to r ies  f o r  the products of coal-gas conversion, being s tored i n  the  summer f o r  peak use 

i n  the w i n t e r  (Smith and S t a l l  1975; Jacobs 1971). 



Fig. 2.3. Geologic column of Illinois. The position of the major aquifers and oil and 
gas production are indicated. Sources: (1) W. H. Smith and J. B. Stall. 1975. Coal and 
water resources for coal conversion i n  I l l ino i s .  Illinois State Water Survey Cooperative 
Resources report no. 4. Urbana: Illinois State Geological Survey; (2) A. M. Jacobs, compiler; 
1971. Geology for planning .in st. Clair County, Z'2lino.l~. Circ111ar no. 465.  Urbana: I1 linois 
State Geological Survey. 
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SOIL. ALLUVIUM. 
TILL. LOESS. SAND. 
GRAVEL 

SEMICONSOLIDATED 
SAND. SILT. CLAY. 
SOME GRAVEL 

SANDSTONE AND 
SHALE. MINOR 
AMOUNTS OF COAL 

SANDSTONE, SHALE 
AND COAL. MINOR 
AMOUNTS OF 
LIMESTDNE 

SANDSTONE AND 
SHALE. MODERATE 
AMOUNTS OF 
LIMESTONE 

LIMESTONE AND 
OOLOSTONE. 
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OF SANDSTONE 
AND SHALE 

--- -. . 
SHALE AND SANDSTONE 
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LIMESTONE AN0 
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,-. . -. . -... 
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THICKNESS 

0-30 m 
10-100 h l  
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ST. CLAIR 
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ST. CLAIR 
COUNTY 

0- 180 m 
10-580 11) 

0-9 m 10-30 111 

0-110m 
10-354 h l  

110-310 m 
1370-1200 f t l  

10-180 m 

130-603 111 

440-500 m 
11450-1650 h l  

335 m 
11100 111 

0-120 m 
10-400 111 



The Rough Creek f a u l t  zone and M i s s i s s i p p i  embayment a r e  n o t a b l e  s t r u c t u r e s  because o f  t h e i r  

h i s t o r i c a l  reco rds  o f  s e i s m i c i t y .  The M i s s i s s i p p i  embaymcnt i s  a  p a r t i c u l a r l y  dcCive se ismic  

zone. Earthquake r i s k  w i l l  be d i scussed  i n  more d e t a i l  i n  a  l a t e r  s e c t i o n  ( N u t t l i  1974). 

2.1.2.3 S t r a t i g r a p h y  

F i g u r e  2.3 l i s t s  the s t r a t i g r a p h i c  u n i t s  o f  I l l i n o i s .  Major  occurrences of o i l ,  gas, and 

groundwater a r e  a l s o  i n d i c a t e d  (Smi th  and S t a l l  1975; Jacobs 1971).  

I n  New Athens Township, St.  C l a i r  County, t he  s e c t i o n  between t h e  Des Moinesian and P le i s tocene  

s e r i e s  i s  absent.  These post -Pennsy lvan ian s t r a t a  a r e  eroded o u t  i n  S t .  C l a i r  County, and t h e  

younger  Pennsylvanian s t r a t a  a r e  p r o g r e s s i v e l y  exposed toward t h e  cen te r  o f  t h e  I l l i n o i s  Basin.  

CretaCeOuS and younger s t r a t a  o v e r l a p  t h e  eroded southern marg in  o f  t he  bas in  i n  t h e  M i s s i s s i p p i  

embayment r e g i o n  of extreme southern I 1  l j n o i s  (Smith and S t a l l  1975: J a c ~ b s  1971): 

Oi 1 and gas have been produced i n  St.  C l a i r  County f rom severa l  rock  u n i t s .  From t h e  bottom t o  

t h e  t o p  o f  t h e  s e c t i o n  these  u n i t s  are :  

System Formation o r  u n i t  

M i s s i s s i p p i a n  Cypress sandstone (gas) 
M i s s i s s i p p i a n  Aux Vases sandstone (gas) 
S i  1  u r l  na Niagaran r e e f s  ( o i l  and gas) 
Ordov i c ian  Galena 1  imestone ( o i l  ) 

None o f  these r e s e r v o i r s  a r e  p r o l i f i c  producers,  and most o f  t h e  w e l l s  a r e  e i t h e r  abandoned o r  

s h u t  i n  a t  t h e  present  t i m e  (Jacobs 1971). 

A  number o f  u n i t s  throughout  t h e  s e c t i o n  a r e  water  bea r ing  (F ig .  2.3).  ~oweve ' r ,  except  f o r  t h e  

a l l u v i u m  o f  ma jo r  stream v a l l e y s ,  p r o d u c t i o n  i s  smal l  and the  water  q u a l i t y  i s  g e n e r a l l y  poor.  

Groundwater i s  d iscussed i n  g r e a t e r  d e t a i l  i n  Sect. 2.1.3. 

A  d e t a i l e d  s t r a t i g r a p h y  o f  t h e  Des Moinesian s e r i e s  (Pennsylvanian system) f o l l o w s .  Most o f  

t h e  coa l  of t h e  I l l i n o i s  Bas in  i s  d e r i v e d  f rom t h e  Carbondale fo rma t ion  o f  t h e  Des Moinesian 

s e r i e s .  Each coa l  bed I s  p a r t  o f  what g e o l o g i s t s  fram the  coa l  f i e l d s  nf  P ~ n n s y l v a n i a  have 

p o p u l a r i z e d  as a  "cyclothem." Each cyc lo them hegins w i t h  a  marine environment ( cha rac te r i zed  

by t h e  d e p o s i t i o n  of l imes tone ) ,  wh ich g i ves  way t o  t i d a l  f lat-swamp and d e l t a i c  environments.  

The l a t t e r  environments s h i f t  back and f o r t h  as the  d e l t a  s h i f t s  i t s  p o s i t i o n .  S t r a t a  t h a t  a r e  

c h a r a c t e r i s t i c  of  these environments a r e  l a c u s t r i n e  c l a y s  and shales, coa l  h ~ d s ,  channel sands, 

and ( d u r i n g  a  p e r i o d  of  s u b a e r i a l  e r o s i o n )  pa leso ls ,  a n c i e n t  s o i l s  t h a t  a r e  o f t e n  r e f e r r e d  t o  ' 

as f i r e c l a y s  o r  underc lays (Smi th  and S t a l l  1975). 

A new cyc lo them begins w i t h  t h e  r e t u r n  o f  a  marine environment.  Marine c o n d i t i o n s  may r e s u l t  

f r o m  r i s i n g  sea l e v e l  o r  a  subs id ing  landmass. 

The s t r a t i g r a p h y  o f  t h e  Des Moines ian s e c t i o n  has p r a c t i c a l  importance because of i t s  e f f e c t  

on coa l  m i n i n g  ope ra t i ons .  Most of t he  s t r a t a  (except  l imes tone )  a r e  n o t  comple te ly  l i t h i f i e d  

A l though  they  a r e  n o t  as  p o o r l y  c o n s o l i d a t e d  as s i m i l a r  b u t  younger s t r a t a  (such as i n  t h e  

Powder R i v e r  Bas in  o f  Wyoming; Sect. 2.3.2), t hey  a r e  s u b j e c t  t o  r a p i d  e r o s i o n  i n  s t r i p  mines 



and t o  roof collapse in underground mines. I f  a coal seam i s  overlain by 1 imestone, the roof 
i s  less  l ike ly  to  collapse. Furthermore, a limestone uni t  tha t  l i e s  beneath the base of a coal 

seam in a s t r i p  mine i s  more erosion res is tant  than other rock types. In some places, part  or  
a l l  of a coal seam was eroded out before deposition of a channel sand. 

Two serious consequences are  produced by channel sands. Their presence resul ts  in a reduction 
in coal production and the  threat  of roof collapse. Marly mine ln jur ies  and deaths are caused 

by roof collapse, which is not a s  spectacular as methane-dust explosions but dangerous never- 

theless. For unknown reasons, low-sulfur coal is usually found near channel sands. Except in 
the northeast corner of St .  Clair County, channel sands do not crosscut the coal seams, and 

1 imestone often forms the roof of underground mines. Roof conditions are  general satisfactory 

in St. Clair  County, a t  l eas t  by comparison w i t h  other coal mining d i s t r i c t s  (Smith and Sta l l  

1975; Jacobs 1971 ). 

2.1.2.4 Tectonic history and seismicity 

During lower Paleozoic pre-Devonian time (greater than 345 mil 1 ion years ago), the I1 1 inois 

Basin was part  of a much larger basin tha t  included the Michigan Basin. Gentle subsidence took 

place during lower Paleozoic time, and up t o  1500 m (5000 f t )  of shallow marine (mainly carbonate) 
sediments were deposited in the center of the basin. The Kankakee Arch of northern I l l i no i s  and 

Indiana began to  r i s e  during Devonian time, and the I l l i no i s  and Michigan basins continued to  

subside separately. An additional 1800 m (6000 f t )  of Devonian, Mississippian, and Pennsylvanian 
s t r a t a  accumulated as the region was transformed from a shallow submergent environment t o  a 

s l ight ly  emergent landmass (Eardley 1951 ) . 

Earthquakes have occurred in  historical  time, especially in southern I l l i no i s .  No historical  
earthquakes are known t o  be correlated w i t h  any structures except perhaps the Rough Creek f a u l t  

zone and the Missigsippi embaymcnt (Nuttli 1974). 

According t o  Algermissen ( 1968), St .  Clair  County i s  part  of a zone of moderate earthquake 
ac t iv i ty  tha t  surrounds a major earthquake zone near the northern edge of the Mississippi embay- 

ment (Fig. 2.4). The major earthquake zone, referred to  as the New Madrid f a u l t  zone by some 

geologists, i s  more appropriately cal led the central Mississippi Val ley seismic reg-ion by Nuttl i 
i n  order t o  include tire Rouyh Creek t a u l t  zone (Nuttli 1974; Algermissen 1968). 

The only major h is tor ic  earthquakes were the New Madrid earthquakes of 1811-1812, located about 

160 km (100 miles) south of New Athens. According t o  Nuttli (1974), the  intensity of the New 
Madrid earthquake of December 16, 1811, was between X and XI on the modified Mercal l i  in tens i ty  

I 

scale (Table 2.4). This earthquake had an in tens i ty  of between VIII and IX in the  Cape Girardeau, 
Missauri , region and betwccn VII and VIII In the St .  Louis region. New Athens 1 i e s  about midway 

between St. Louis and Cape Girardeau. The earthquake in tens i ty  experienced a t  New Athens was 

probably very close Lo VIII (Table 2.4), strong enough to cause moderate damage (Nuttli 1974). 

The most recent damaging earthquake occurred in southern I l l i n o i s  on November 9, 1968. I t s  epi- 

center was in  White County ( the  deepest part  of the I l l i no i s  Basin) about 24 km (15 miles) north- 

west of the intersection of the Rough Creek, Wabash Valley, and Cottage Grove f a u l t  systems. 

Minor damage occurred in St. Clair County, ahnlrt 160 km (100 milcc,) t o  the nor.Lhwost. In the  
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A- ST. CLAlR COUNTY, ILL INOIS 
B - MASON COUNTY, W. VIRGINIA 
C- CAMPBELL COUNTY, WYOMING 

Fig. 2.4. Seismic r i s k  map of the United States. Source: S. T. Algermissen. 1968. 
United Stqtes earthquakes. Washington, D. C. : U.S. Government Pr int ing Office. 

epicentral region some chimneys fe l l ,  tacltlgs on a number of  bulldings were damaged, plaster 

and foundations cracked, and p la te  glass windows were shattered. A maximum Intensi ty o f  V I I  

was assigned t o  the earthquake. Roof f a l l s  occurred i n  a number o f  underground coal mines i n  

a three-county region o f  southern I 1  l i no i s  (Heigold 1968). 

Nwtt 1 i cs 1 r ~ r l a  ted the recurrence ra te t o r  earthquakes 111 ll~e central f l i ~ r i s a i  ppi Val 1 ey seismic 

region as a whole. His calculations show that within t h i s  250,000 k 9  (96,OUU 9tj miles) ( i r~ i lud -  

ing NEW Athen$), the recurrence Interval  fur an earthquake of between 6.2 and 6.6 magnitude 

( V I I I  < I < I X )  i s  100 and 130 years by the maximum likelihood and weighted least-squares methods 
respectively (Nuttl i 1974). 

Algermissen and Perkins (1976) provide recurrence-rate data f o r  the most active part  o f  the 

central Mississippi Valley seismic region, ttie New Madrid f a u l t  zone. According t o  t he i r  calcu- 

lations, there i s  a 90% probabi l i ty that  horizontal acceleration w i l l  not exceed 0.19 g (an 
earthquake o f  in tens i ty  V I I I  i s  roughly equivalent t o  0.20 g) over a time interval  o f  50 years 

(Algermi ssen and Perkins 1976). 

New Athens, I l l i no i s ,  i s  not located i n  the most act ive part  o f  the central Mississippi Valley 

seismic region (Nut t l i  1974; Algermissen 1968). Therefore*, Algermissen's estimate may be re- 

I 
garded as conservative. Even N u t t l i ' s  predictions are probably conservative f o r  New Athens. 



Table 2.4. Modified Mercalli Intensity Scale of 1931 (abridged) 

Intensity rating Description of severity 

I Not felt except by a very few under especially favorable circumstances. 

II. Felt only by a few persons at rest, especially on upper floors of buildings. Delicately suspended 

objects may swing. 

111. Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not 
recognize i t  as an earthquake. Standing motorcars may rock slightly. Vibration like passing of 
truck. Duration estimated. 

IV.  During the day, felt indoors by many, outdoors by few. A t  night, some awakened. Dishes, win- 
dows, doors disturbed; walls make creaking sound. Sensation like heavy truck striking building. 
Standing motorcars rocked noticeably. 

V Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken; a few instances 
of cracked plaster; unstable objects overturned. Disturbances of trees, poles, and other tall ob- 
jects sometimes noticed. Pendulum clocks may stop. 

VI. Felt by all, many frightened and run outdoors. Some heavy furniture moved; a few instances 
of fallen plaster or damaged chimneys. Damage slight. 

VII Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight 
to moderate in well-built ordinary structures; considerable in poorly built or badly designed 
structures; some chimneys broken. Noticed by persons driving motorcars. 

V l l l  Damage slight in especially designed structures; considerable in ordinary, substantial buildings, 
with partial collapse; great in poorly built structures. Panel walls thrown out of frame structures. 
Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand 
and mud ejected in small amounts. Changes in well water. Persons driving motorcars disturbed. 

IX Damage considerable in especially designed structures; well-designed frame structures thrown out 
of plumb; great in substantial buildings, with partial collapse. Buildings shifted off foundations. 
Ground cracked conspicuously. Underground pipes broken. 

X Some well-built wooden structures destroyed; most masonry and frame structures destroyed with 
their foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and 
steep slopes. Shifted sand and mud. Water splashed (slopped) over banks. 

XI. Few, i f  any, (masonry) structures remain standing. Bridges destroyed. Broad fissures in ground 
Underground pipelines completely out of service. Earth slumps and land slips in soft ground. 
Rails bent greatly. 

XI1 namage total. Waves 9ccn on g r o u ~ ~ d  5u1 ldces. LlneS or sight and level distorted. Objects thrown 
upward into air. 

Srlurce: S. T. 41germisscn ,1968. United Stales Earthquakes. Washington, D.C.: U.S. Government Printing Office. 

Se i smo log i s t s  a r e  c u r r e n t l y  unab le  t o  p r e d i c t  r ecu r rence  r a t e s  f o r  d e s t r u c t i v e  earthquakes such 

as those o f  181 1-181 2 because o f  t h e i r  i n f r e q u e n t  occurrence. Never the less ,  exper ience i n d i c a t e s  

t h a t  ma jo r  earthquakes o r i g i n a t i n g  a long  t h e  New Madr id  f a u l t  zone a r e  capab le  o f  caus ing moderate 

t o  e x t e n s i v e  damage i n  t h e  New Athens r e g i o n  ( N u t t l i  1974).  

2.1.3 Hydro logy 

2.1.3.1 Su r face  water  

Dr,a,ir~aye area 

The su r face  wa te rs  o f  t h e  New Athens s i t e  area a r e  d ra ined  by  t h e  Kaskaskia R i v e r  and i t s  t r i b u -  

t a r i e s .  The Kaskaskia R i v e r  dra inage bas in ,  wh ich  has an area o f  app rox ima te l y  13,000 km2 

(5000 sq m i l e s ) ,  has a v e r y  low d e n s i t y  o f  permanent t r i b u t a r i e s .  The p r i n c i p a l  d ra inage i s  

p rov ided  by a v a s t  network o f  wct lands and i n te rm i t l . en t  streams. Sur face r u n o f f  supp l i es  t h e  

wet lands and nulllerous ponds, many o f  which a r e  t h e  r e s u l t  o f  e x t e n s i v e  s t r i p  min ing.  



The major  t r i b u t a r i e s  t h a t  feed the  Kaskaskia River  upstream o f  New Athens are Mud Creek 

and Shoal Creek. Downstream o f  the  s i t e  area, the  Kaskaskia i s  fed by S i l v e r  and R'ichland 

creeks. Along the  Kaskaskia the  USGS has placed numerous gaging s t a t i o n s  p rov id ing  extensive 

h i s t o r i c a l  data on the behavior o f  the  r i v e r .  Two l a r g e  r e s e r v o i r s  (Car l y le  Reservoir and 

Lake S h e l b y v i l l e )  are loca ted  on the  r i v e r  upstream o f  the s i t e  area. C a r l y l e  Reservoir has 

a  capac i t y  o f  3.5 x  l o 8  m3 (280,000 a c r e - f t )  and i s  f e d  by Lake She lbyv i l l e ,  which has a  

capac i t y  o f  2.6 x  l o 8  m3 (210,752 a c r e - f t ) .  C a r l y l e  Reservoir i s  operated t o  l e g a l l y  mainta in  

a  minimum f l o w  on the Kaskaskia o f  1.4 m3/sec (49.5 c f s ) .  Since the cons t ruc t ion  o f  the reser-  

v o i r ,  t h e  average f low has been 74 m3/sec (2612 c f s ) .  Both reservo i rs  are used f o r  water supply 

( i n d u s t r i a l  and municipal ) , rec rea t ion ,  and low-f low augmentation. 

The Kaskaskia R ive r  has been a l t e r e d  t o  permi t  nav iga t ion  t o  F a y e t t e v i l l e ,  which i s  upstream 

o f  New Athens. The channel has a  depth o f  2.7 m (9 f t )  a t  normal f lows, a  bed width o f  69 m 

(225 f t ) ,  and a  surface w id th  o f  91 m (297 f t ) .  The cons t ruc t ion  o f  the channel has r e s u l t e d  

i n  t h e  normal water sur tace being malnealned a t  112 HI (388 T1) M3L, levees h l s o  have bean con 

s t r u c t e d  along the  r i v e r  t o  prevent  f l ood ing .  

Surface water avai  l a b i  1  i t y  - -.. - 

The Kaskaskia R ive r  i s  monitored by the  USGS upstream and downstream o f  the proposed p, ipe l ine 

gas demonstrat ion p l a n t  s i t e .  S t a t i o n  records e x i s t  downstream a t  New Athens and upstream a t  

Venedy S t a t i o n  t o  prov ide a  r i v e r  f l o w  h i s t o r y .  River  events on the M iss iss ipp i  cause backwater 

e f fec ts  on the  Kaskaskia which cause s h i f t s  i n  the stage-discharge r e l a t i o n .  Also prevalent  are 

s h i f t s  caused by a  r a p i d l y  changing stage from f l o o d  waves. The recent  m o d i f i c a t i o n  t o  the  r i v e r  

by t h e  Kaskaskia Navigat ion Channel has r e s u l t e d  i r ~  changes t h a t  must be considered i n  making 

fo recas ts .  

The h i s t o r i c a l  records f o r  the  Kaskaskia i n d i c a t e  a  seven-day, once-in-ten-years (7Ul0) low f l o w  

of 2.6 m3/sec (93 c f s )  a t  New Athens s ince  the cons l ruc t ion  o f  the C a r l y l e  Reservoir i n  1967. 

P r i o r  t o  the reservo i r ,  the 7QI0 was 1.8 m3/sec (62.5 c f s )  a t  New Athens. P r i o r  t o  the low-f low 

augmentation o f  the C a r l y l e  Reservoir,  the  one-day low f l o w  was 0.99 m3/sec (35 c f s )  a t  New 

Athens. Based on f i g u r e s  obta ined s ince 1967 a t  New Athens, the  maximum mean average discharge 

i s  695 m3/sec (24,554 c f s ) ,  the minimum mean average discharge i s  4.4 m3/sec (157 c f s ) ,  and the 

mean average discharge i s  91 m3/sec (3209 c f s ) .  The f l o o d  o f  record f o r  New Athens (121.6 m; 

398.8 f t  MSL) was establ ished p r i o r  t o  the  r e s e r v o i r ' s  const ruct ion.  Since the r e s e r v o i r ' s  

complet ion, the  f l o o d  o f  record was 119 m (390.4 f t )  MSL. The Corps o f  Engineers and the  State 

o f  I l l i n o i s  have agreed t o  ma in ta in  the  normal water sur face e leva t ion  a t  112 m (368 f t )  MSL 

and the  minimum f low r a t e  o f  the  r i v e r ,  c o n t r o l l e d  by C a r l y l e  Reservoir,  a t  1.4 m5/sec (49.5 c t s ) .  

As a  r e s u l t  o f  the  nav iga t ion  p r o j e c t ,  the  r i v e r  channel i s  s tab le  arid 111di11tdirled by the Corps 

o f  Engineers f o r  nav iga t iona l  use. 

A  low- f low augmentation agreement e x i s t s  t o  mainta in  aquat ic  l i f e  and t o  prov ide f o r  the down- 

stream demand. Forecasts f o r  J u w ~ ~ s  t r w m  i n d u s t r i a l  and municipal demand a re  s e t  a t  5.86 rn3/sec 

(207 c f s )  f o r  1980. Upstream o f  the  s i t e ,  an excess o f  1.8 m3/sec (62 c fs)  i s  ind ica ted  f o r  

use accord ing t o  the S ta te  o f  I l l i n o i s .  Add i t i ona l  surface water a v a i l a b i l i t y  could be gener- 

a ted  by the  cons t ruc t ion  o f  more reservo i rs .  S i tes  e x i s t  on which these a d d i t i o n a l  reservo i rs  

cou ld  be located.  Recent s tud ies,  based on 40-year drought ca lcu la t ions ,  i n d i c a t e  t h a t  w i t h i n  



t h e  Kaskaskia R i v e r  b a s i n  a d d i t i o n a l  r e s e r v o i r  c a p a c i t y  c o u l d  supp ly  f l o w s  o f  about  14 m3/sec 

(500 c f s ) .  Such a f l o w  would r e q u i r e  a l a r g e  number o f  r e s e r v o i r s  t o  be b u i l t  (Kaskaskia R i v e r  

Watershed A c t  1972). 

The S t a t e  o f  I l l i n o i s  has e s t a b l i s h e d  r i p a r i a n  wa te r  r i g h t s ' b u t  has n o t  e s t a b l i s h e d  r e s t r i c t i o n s  

on consumptive use. The Ohio R i v e r  Bas in  Commission has e s t a b l i s h e d  consumptive wa te r  use f o r  

power p r o d u c t i o n  a t  10% o f  t h e  ,QI0 low f l o w .  T h i s  i s  g e n e r a l l y  adhered t o  a long  t h e  Ohio R i v e r  

I f  t h i s  l e g i s l a t i v e  concept  i s  adopted by I l l i n o i s ,  a supp ly  o f  0.3 m3/sec (9.3 c f s )  w i l l  be 

a v a i l a b l e  f o r  consumptive use f o r  p i p e l i n e  gas a t  t h e  New Athens s i t e .  W i th  an e f f i c i e n t  use 

o f  water ,  an adequate supp ly  o f  s u r f a c e  wa te r  w i l l  be a v a i l a b l e  f o r  t h e  New Athens s i t e .  

2.1.3.2 Groundwater hydro logy 

Groundwater i n  t h e  New A thens -Faye t tev i l l e  area i s  a subdued r e p l i c a  o f  r e g i o n a l  topography. 

Groundwater l e v e i s  a r e  a t  a h i g h e r  e l e v a t i o n  i n  up land areas than  i n  l ow land  areas a d j a c e n t  t o  

t h e  Kaskaskia R i v e r  and o t h e r  p e r e n n i a l  streams. Sha l low w e l l s  dug i n  t h e  area i n d i c a t e  t h a t  

groundwater on t h e  nearby up land i s  commonly encountered 4.6 t o  7.6 m (15 t o  25 f t )  below t h e  

su r face  b u t  u s u a l l y  s t a b i l i z e s  a t  sha l l ower  l e v e l s .  Groundwater l e v e l s  i n  t h e  r e g i o n  a r e  i n -  

f l uenced  by t h e  combined pumping o f  1 .5  t o  3 Mgd.from t h e  a c t i v e  s t r i p  p i t  and t h e  l o n g  pond, 

wh ich  i s  necessary t o  p reven t  f l o o d i n g  o f  t h e  m i n i n g  p i t s .  Dewater ing t h e  a c t i v e  s t r i p  p i t  

r e s u l t s  i n  groundwater f l o w  i n t o  t h e  p i t ,  t he reby  a l t e r i n g  t h e  n a t u r a l  d i r e c t i o n  o f  t h e  ground- 

wa te r  f l o w  toward t h e  Kaskaskia R i v e r .  

Groundwater i n  t h e  New Athens townsh ip  i s  a v a i l a b l e  f r om b o t h  unconso l i da ted  and c o n s o l i d a t e d  

format ions .  Depos i t s  of sand and g r a v e l  [up t o  12 m (40  f t )  t h i c k ]  be long ing  t o  t h e  Henry and 

Pea r l  f o rma t i ons  a r e  p resen t  i n  t h e  Kaskaskia R i v e r  f l o o d p l a i n  and ad jacen t  t e r r a c e s  and sand 

h i l l s .  Large q u a n t i t i e s  o f  water  a r e  a v a i l a b l e  f rom r e l a t i v e l y  sha l l ow  w e l l s ,  d r i l l e d  t o  depths 

o f  l e s s  t han  91 m (300 f t )  (Smi th  and S t a l l  1975). Accord ing t o  t h e  I l l i n o i s  S t a t e  Geo log i ca l  

Survey, these d e p o s i t s  of sand and g rave l  a r e  capab le  o f  w e l l  y i e l d s  o f  up t o  0.006 m3/sec 

(100 gpm), a l t hough  s m a l l e r  y i e l d s  such as 0.0003 m3/sec ( 5  gpm) a r e  more l i k e l y .  Never the less ,  

many sha l low,  l a rge -d iame te r  domest ic w e l l s  t h a t  r e l y  on s to rage  w i t h i n  t h e  w e l l  a r e  p resen t  i n  

these l o w - y i e l d  areas.  Wel ls  i n  So l ve r  Creek V a l l e y  near  Lebanon and Mascoutah have produced 

0.006 m3/sec (100 gpm), a l t hough  y i e l d s  o f  more than 0.001 m3/sec (20 gpm) a r e  r e l a t i v e l y  r a r e  

(Jacobs 1971 ) . 

Sandstone and l imes tone  beds y i e l d  smal l  q u a n t i t i e s  o f  groundwater.  A l though i n d i v i d u a l  w e l l s  

i n  these rocks  y i e l d  l e s s  than 0.002 m3/sec (25 gpm), t hey  a r e  t h e  source o f  wa te r  f o r  r u r a l ,  

domest ic,  and i n d u s t r i a l  and smal l  m u n i c i p a l i t i e s .  The average depth  o f  w e l l s  i n  Pennsylvanian 

rocks  i s  about  52 m (170 f t ) ,  and t h a t  i n  M i s s i s s i p p i a n  rock  i s  about  76 m (250 f t ) .  Many w e l l s  

i n  these fo rma t i ons  a r e  about  15 t o  30 cm ( 6  t o  12 i n . )  i n  d iame te r  and produce l e s s  t han  

0.001 m3/sec (20 gpm). The up land s u r f  i c i a l  d e p o s i t s  a r e  g e n e r a l l y  unp roduc t i ve  and produce 

l e s s  t han  0.0003 m3/sec ( 5  gpm) (Jacobs 1971). 

Groundwater i s  a r e l a t i v e l y  scarce commodity th roughout  most o f  S t .  C l a i r  County. On ly  i n  t h e  

M i s s i s s i p p i  R i v e r  f l o o d p l a i n  a r e  l a r g e  q u a n t i t i e s  o f  b o t h  s u r f a c e  and groundwater r e a d i l y  a v a i l -  

ab le ;  t h e r e f o r e ,  maximum use o f  b o t h  s u r f a c e  and groundwater must be made. Groundwater develop- 

ment i n  t h e  area i s  o f t e n  r e s t r i c t e d  by t h e  presence o f  h i g h l y  m i n e r a l i z e d  wa te r  a t  r e l a t i v e l y  

sha l l ow  depths.  

- .  



2.1.4 Water q u a l i t y  

2.1.4.1 Su r face  wa te r  

The Kaskask ia  R i v e r  has been m o n i t o r e d  r e g u l a r l y  f o r  wa te r  q u a l i t y  between F a y e t t e v i l l e  and 

New Athens by t h e  USGS, I l l i n o i s  EPA, and o the rs .  The r e s u l t s  o f  two ma jo r  water  q u a l i t y  . 

s t u d i e s  a r e  i n c l u d e d  i n  Tab le  2.5. The r i v e r  reach  does n o t  c o n t a i n  any ma jo r  po in t - sou rce  

d i scha rges .  A t  t he  7Q10 l ow  f l o w  o f  t h e  r i v e r ,  about  8% o f  t h e  wa te r  i s  wastewater.  The 

m a j o r i t y  o f  t h e  s u r f a c e  d ra inage  i s  due t o  a g r i c u l t u r a l  use upstream o f  New Athens. 

Table 2.5. Kaskaskia River water quality data 

Number of lllinaia 
1-1nit5 ~verngt? .q~nur: standard 

=e515 (i#,-,l,-,v,l<. ~m.ic,t<.v) 

Temperature 

pH 

Dissolved solids 

Dissolved oxygen 

Ammonia-nitrogen 

Phosphorous 

Phenol 

Cyanide 

Iron 

Manganese 

Boron 

Fecal coliform 

Chloride 

Sulfate 

F louride 

Nitrate n~troqen 

Cadmlum 

Chromium 

Copper 

Lead 

Mercury 

Selenium 

Z~IIC 

OC ( O F )  14.4 (57.9) 
7.8 

mglliter 255 
mg/l~ter 8.7 
mglliter 0.09 
mglliter 0.30 
pglliter 5.5 
pglliter 0  
mglliter 2.7 
mg/liter 0.42 
mdliter 0.1 
Number per 100 ml 300 
mglliter 2 1.4 

mdliter 75 
mg/liter 0.17 
mglliter 0.98 
mglliter 0  
mdliter 0  
mglllter 0.01 
mglliter 0.02 
mdliter 0 

Sources: (1) Illinois State Department of Business and Economic Development Divisiut~ of Erlrryy. 
1976. An Illinois site for Coalcon clean boiler fuels project. New Athens, 111.; (2) Coalcon: environmental 
"~IG/)'J~J iuport far rha ulesrc Boi1.w fuel d m o n n r a t i ~ n  plant p,rog.q.m A l o ~ a t  Athen? lllinnic 1!277 
Prepared for the Energy Research and Development Administration, ~ivisio; of Fossil Demonstration 
Planrs. West Clleste~, Pa.. Ruq F. W~SLUII, IIII.. 

The w a t e r  q u a l i t y  s tandards  e s t a b l i s h e d  by t h e  s t a t e  a r e  s a t i s f i e d  w i t h  some excep t i ons :  phos- 

phorous, i r o n ,  manganese, and f e c a l  c o l i f o r m  average va lues  a r e  above t h e  e s t a b l  i s h e d  s tandards  

o f  t h e  S t a t e  o f  I l l i n o i s ,  and t h e  s tandards  a r e  o c c a s i o n a l l y  exceeded f o r  d i s s o l v e d  oxygen. 

A l t hough  t h e  water  q u a l i t y  s tandards  a r e  exceeded on seve ra l  counts,  no  ma jo r  wa te r  qua1 i t y  

problems a r e  i n d i c a t e d  by  s t a t e  a u t h o r i t i e s .  



2.1.4.2 Groundwater q u a l i t y  

The sha l l ow  subsur face g l a c i a l  a q u i f e r  i n  t h e  New Athens area s u p p l i e s  many r e s i d e n t s  w i t h  

p o t a b l e  water .  The wa te r  qua1 i ty o f  groundwater v a r i e s  c o n s i d e r a b l y  (Jacobs 1971 ) . General l y ,  

wa te r  i s  s a l i n e  (>250 ppm c h l o r i d e )  below a  dep th  o f  150 m (500 f t ) . ,  T o t a l  d i s s o l v e d  s o l i d s  

a l s n  i nc rease  w i t h  depth  and a t t a i n  a  va lue  o f  50,000 t o  80,000 ppm i n  rock  u n i t s  found about  

300 t o  600 m (1000 t o  2000 f t )  below t h e  su r face .  

Groundwater f rom sha l l ow  unconf ined fo rma t i ons  ' i s  g e n e r a l l y  l e s s  m i n e r a l i z e d  than groundwater 

from bedrock fo rma t i ons  and p rov ides  r u r a l  r e s i d e n t s  w i t h  d r i n k i n g  water .  A  summary o f  ground- 

wa te r  q u a l i t y  i n  unconf ined a q u i f e r s  w i t h i n  24 km (15 m i l e s )  o f  New Athens i s  g i v e n  i n  Tab le  2.6. 

These va lues  were based on 12 samples (Jacobs 1971). Gene ra l l y ,  t h e  groundwater i n  t h e  East  St .  

Lou i s  area i s  o f  f a i r l y  good q u a l i t y ,  as shown i n  Tab le  2.6. 

Table 2.6. Groundwater quality in St. Clair County. Illinois: within 24  k m  (15 miles) 
of New Athens and along the Mississippi River in the East St. Louis area. 

Parameter Ranae Median 

New Athens area 

Total dissolved solids, ppm 364-2608 
Hardness, ppm 58-1 280 
Chloride, ppm 5 4 7 5  
Iron, ppm 0-37 

East St. Louis areaa 

Total dissolved solids, pprn 

Hardness, pprn 

Alkalinity, pprn 

Iron, mglliter 

Manaqnese, mnlliter 

Chloride, mglliter 

Fl~~r~ritte,  i1.1~1liter 

Nitrate. mglliter 

Sulfate, mglliter 

Temperature, OF 

a ~ .  H. Smith and J. 0. Stall. 1975. Coal and water resources for coal conversion 
in Illinois. lllino~s State Water burvey Cooperarlve Resourues teput L IIU. 4. UI ba~i.3: 
Illinois State Geological Survey. 

The va lues o f  s e l e c t e d  parameters o f  groundwater q u a l i t y  f r om e i g h t  w e l l s  a t  t h e  Coalcon s i t e  

i n  t h e  New Athens area i n d i c a t e  t h a t  t h e  t o t a l  d i s s o l v e d  s o l i d s  v a r y  ( i n  ppm) f rom 364 t o  2376, 

hardness f r o m  3  t o  1040, c h l o r i d e  f r om 5  t o  970, i r o n  c o n t e n t  f rom 0  t o  2.2, and f l u o r i n e  f rom 

1.8 t o  3.8 (Coalcon 1977). The USPHS d r i n k i n g  s tandards  f o r  t o t a l  d i s s o l v e d  s o l i d s  ( i n  ppm) i s  

500; f o r  c h l o r i d e ,  250; f o r  i r o n ,  0.3; and f o r  f l u o r i n e ,  3.4. I he  depths o f  these e i y l l L . w e l l ~ .  

range f rom 9 t o  335 m (30  t o  1100 f t ) .  

2.1.5 Land use 

T h i s  su r roga te  s i t e  area has a  g e n e r a l l y  r o l l i n g  t e r r a i n  c h a r a c t e r i z e d  by  f o u r  n a t u r a l  topo-  

g raph i c  reg ions :  (1 )  f l o o d p l a i n ,  ( 2 )  t e r r a c e s ,  (3 )  sand areas, and ( 4 )  upland till p l a i n .  



Because o f  t h e  ex tens i ve  coa l  e x t r a c t i o n  a c t i v i t i e s  i n  t he  area, rec la imed s t r i p -m ined  l a n d  

l o n s t i t u t e s  a f i f t h  topograph ic  category .  

Land i n  t h e  area i s  used p r i m a r i l y  f o r  general  a g r i c u l t u r e  and s t r i p  min ing,  and may i n c l u d e  an 

a c t i v e  s t r i p  mine, rec la imed  s t r i p - m i n e  land,  a g r i c u l t u r a l  f i e l d s ,  severa l  smal l  woodlots o f  

v a r y i n g  compos i t ion ,  and f l o o d p l a i n .  

The most widespread a g r i c u l t u r a l  uses of  t h e  l and  i n  t h i s  p a r t  o f  I l l i n o i s  a r e  general  farming, 

d a i r y ,  l i v e s t o c k ,  and p o u l t r y .  The genera l  v i c i n i t y  i s  c u r r e n t l y  zoned by t h e  S t .  C l a i r  County 

zon ing  ord inance as !'A" - a g r i c u l t u r a l .  Coal m in ing  and r e l a t e d  a c t i v i t i e s  a re  t h e  major  indus-  

t r i a l  uses. 

The l a n d  use i n  S t .  C l a i r  County (Tab le  2.7) i s  predominant ly  a g r i c u l t u r a l .  Cropland comprises 

61.2% o f  t h e  t o t a l  area,  w i t h  woodland and s i m i l a r  l a n d  t o t a l i n g  11.7%. When farmsteads, feed- 

l o t s ,  and roads a r e  added, t h e  t o t a l  l a n d  i n  farms comprises 74.2% (129,664 ha; 320,271 ac res )  

o f  t h e  t o t a l  acreage. 

Table 2.7. Land use in St. Clair County, Illinois 

Hectares (acres) Pe~cerlt 

Harvested cropland 
Cropland for pasturelgrazing 
Nonharvested cropland 

Land in farms 

Woodland, pastured or not 9,494 (23,451) 5.4 
Other land. pastured or not 10.963 (27,079) 6.3 

Total woodland and other land 20.457 150,6311! (11.7) 
Farmsteads, feedlots, roads 2,227'(5,500) 1.3 

Total land in tarms 129,664 (320.271 ) (74.2) 
Land not i n  farms 

rdt.~.al ly uwrled land 891 (2.200) 0.5 
Urban areas 24,382 (60,225) 13.9 
Small lakes (<40 acres) and rivers 826 (2.040) 0.6 
Large lakes (>4O acres) 570 (1,408) 0.3 
Remaining land (by difference) 18,565 (45.856) 10.6 

(Includes commercial and non- 
commercial forests. Iluuses, swamps, 
railroads, unused wastelands, and others 

Tulal land not In farms 45,234 (1 11,729) (25.8) 
Grand total surface area 170,999 (133,000) 100.0 

- 
Source: ORNL geoecology data base. 1977. Oak Ridge, Tenn.: 

Oak Ridqe National Lahnramrv 

The remain ing l a n d  i s '  devoted p a r t i a l l y  t o  urban areas [24,395 ha (60,255 acres o r  13.9%)] and 

t o  misce l laneous purposes (10.6%). P r i n c i p a l  crops i n c l u d e  181,979 m3 (5,199,398 h11) o f  co rn  

f r o m  27,223 ha (67,240 acres) ,  89,736 m3 (2,563,887 bu) o f  soybeans f rom 35,530 ha (87,760 acres) ,  

and 50,075 in3 (1,682,152 bu) of wheat from 18,616 ha (45,981 acres) .  C a t t l e ,  hogs, and chickens 

a r e  a l s o  r a i s e d .  A few pota toes b u t  no co t ton ,  peanuts, no r  tobacco a r e  grown (ORNL Geoecology 

Data Base 1977);  



2.1.6 Meteorology and a i r  q u a l i t y  

S t .  C l a i r  County has an annual average p r e c i p i t a t i o n  o f  102 cm (40 i n . ) .  The month ly  r a t e  i s  

h i g h e r  d u r i n g  t h e  w i n t e r  and e a r l y  s p r i n g  than d u r i n g  t h e  remainder o f  t h e  yea r .  The average 

annual snowfa l l  i s  about 30 cm (12 i n .  ) .  The mean temperatures  f o r  January a r e  a minimum o f  

-4°C (25°F) and a maximum o f  5°C (41°F).  The mean temperatures  f o r  J u l y  a r e  a minimum o f  19°C 

(67°F) and a maximum o f  3Z°C (90°F). 

The wind p a t t e r n s  f o r  St .  C l a i r  County would be expected t o  be s i m i l a r  t o  those f o r  S t .  Lou i s ,  

M i s s o u r i ,  shown i n  F i g .  2.5. The predominant w ind d i r e c t i o n s  a r e  south,  west, and west -nor thwest .  

The wind v e l o c i t y  i s  g e n e r a l l y  moderate, i n  t h e  range o f  2 t o  8 m/sec ( 5  t o  18 mph). 

F i g .  2.5. Annual wind r o s e  f o r  S t .  Lou is ,  M i s s o u r i .  



Heavy f o g  occurs on an average o f  17 days annual ly.  I l l i n o i s  experiences an average o f  

22 tornadoes arlrludl l y  . 

I n  an average year, t h e  number o f  fo recas t  days o f  h igh  meteorological p o t e n t i a l  f o r  a i r  p o l l u -  

t i o n  ( i n v e r s i o n s )  would n o t  exceed two (Holtzworth 1972). I n  1974 the average annual concentra- 

t i o n  (USEPA 1976) of t o t a l  suspended p a r t i c u l a t e s  a t  B e l l e v i l l e  i n  S t .  C l a i r  County was 72 pg/m3, 

and the  24-hr maximum was 169 pg/m3. A t  nearby East S t .  Louis, the annual average SO2 concen- 

t r a t i o n  i n  1974 was 38 pg/m3, and the  24-hr maximum was 157 pg/m3. 

Because noise i s  a  l o c a l  phenomenon ( w i t h  some exceptions such a$ a i r c r a f t  no ise and thunder) 

and the  surrogate s i t e  has been loca ted  on ly  approximately, no ise w i l l  be d e a l t  w i t h  on a 

l a r g e l y  hypo the t i ca l  basis. Except f o r  l o c a l  and s t a t e  laws and f a c t o r s  o f  t e r r a i n  and na tu ra l  

b a r r i e r s ,  no ise statements cou ld  be v a l i d  f o r  a l l  three surrogate s i t e s .  

Noise generat ion w i t h i n  p l a n t  boundaries i s  an occupational mat ter  genera l l y  handled by indus- 

t r i a l  hyg ien is ts ,  i s  sub jec t  t o  c r i t e r i a  o f  the  Nat ional  I n s t i t u t e  f o r  Occupational Safety and 

Health, and i s  enforced by the Occupational Safety and Heal th  Admin is t ra t ion.  Noise emanating 

beyond p l a n t  boundaries i s  genera l l y  considered a form o f  a i r  p o l l u t i o n  and becomes the  concern 

o f  l o c a l ,  s ta te ,  and Federal environmental a u t h o r i t i e s .  

The Noise Cont ro l  Act o f  1972 prov ides f o r  a  d i v i s i o n  o f  powers between the Federal, s ta te,  and 

l o c a l  governments. Although the  pr imary Federal r e s p o n s i b i l i t y  i s  f o r  noise source emission 

c o n t r o l ,  the  s ta tes  and o ther  p o l i t i c a l  subdiv is ions r e t a i n  r i g h t s  and a u t h o r i t y  t o  c o n t r o l  the 

use O f  no ise sources and the  leve ls  o f  noise t o  be permi t ted i n  t h e i r  environments (USEPA 1974). 

Sect ion 5 (a ) (2 )  o f  t h i s  law provides i n  p a r t  t h a t  the Admin is t ra tor  o f  the Environmental Protec- 

t i o n  Agency " s h a l l  p u b l i s h  in fo rmat ion  on the leve!s o f  environmental noise, the at ta inment  and 

rnalntenance O f  which i n  de f ined  areas under var ious condi t ions are r e q u i s i t e  t o  p r o t e c t  the 

p u b l i c  h e a l t h  and we l fa re  w i t h  an adequate margin o f  sa fe ty "  ( ~ o ' i s e  Control  Act of 1972) .  

Table 2.8 g ives the equ iva len t  sound l e v e l s  t h a t  EPA bel ieves are requ i red  t o  "p ro tec t  the 

pub1 i c  heal L;II arid we1 Fdr't!." 

Res iden t ia l  areas are def ined as areas i n  which human beings l i v e  i n  year-round o r  seasonal 

residences, i n c l u d i n g  apartments and mobi le homes. Although there  i s  a  separate category f o r  

commercial areas, commercial l i v i n g  accommodations such as ho te ls ,  motels, cottages, and inns 

should be inc luded i n  the  r e s i d e n t i a l  category because these are places where people sleep and 

sometimes spend extended per iods o f  time. Hospi ta ls  and educational i n s t i t u t i o n s  requ i re  the 

same sound l e v e l s  as residences. A q u i e t  environment i n  urban and r u r a l  r e s i d e n t i a l  areas 

prevents a c t i v i t y  in te r fe rence  and annoyance and permi ts  the hearing mechanisms t o  recuperate 

i f  i t  i s  exposed t o  h igher  l e v e l s  o f  no ise dur ing  o ther  per iods o f  the day. 

' An indoor  Ldn (day-night average) o f  45 dB w i l l  permi t  speech communication i n  the home, and 

an outdoor Ldn n o t  exceeding 55 dB w i l l  permi t  normal speech communication a t  about 3 m. 

Maintenance o f  t h i s  i d e n t i f i e d  outdoor l e v e l  w i l l  prov ide an indoor Ldn o f  approximately 40 dB 

w i t h  windows p a r t l y  open f o r  v e n t i l a t i o n .  The n igh t t ime p o r t i o n  o f  t h i s  Ldn should be about 



Table 28. Yearly average equivalent sound levels identified as requisite to protect 
the public health and welfare with an adequate margin of safeh/ 

Indoor Outdoor 

Activity Hearing loss To protect Activity Hearing loss TO protect 
against 

both ef- inter- considera- 
against 

Measurea inter- considera- 
both ef. 

ference tion fectsb ferenc.5 tion 
fecti' 

Residential with out- LdnC 45 45 55 55 
side space and farm 
residences ~ e q 1 2 4 ) ~  70 70 

Residential with no LdnC 45 45 
outside space 

Leqi241d 70 

Commercial Leqi241d e 70 70' e 70 709 

Inside transportation Leor24ld e 70 e 

Industrial ' -eo(241~'~ ' 70 70' e 70 705' 

Hospitals LdnC 45 45 55 56 

Leo(241d 70 70 

Educational ~ ~ ( 2 4 ) ~  45 45 55 55 

~ e o 1 2 4 , ~ ' ~  70 70 

Recreational areas ~ e a ( 2 4 ) ~  e 70 70' e 70 709 

Farm land and Leqi241d 
general unpopulated 
land 

aEquivalent Sound Level Leq is the equivalent steady noise level that in a stated period of time (here, one year) would 
contain the same noise energy as the time.varying noise during the same time period. The mathematical definition of Leq for 
an interval defined as occupying the period between two points in time t l  and t;, is 

where pit) is the time-varying sound pressure and po is a reference pressure taken as 20 M P ~ .  
 asad ad on lowest level. 
'The day-night average sound level; the 24-hour A-weighted equivalent sound level with a 1U-dB penalty applied ro 

nighttime (10 p.m. to 7 a.m.) levels. (NOTE: A-weighted equivalent sound pressure level is the simulated human-ear response 
to sounds at three levels [Hirschorn,' 19701 calculated from sound-meter response.) 

d ~ h e  equivalent A-weighted sound level over 24 hours. 
'Since different types of activities are associated with different sound levels, identification of maximum sound levels to 

prevent activity interference is difficult except when speech communication is critical. 
'Based only on hearing loss. 
9An La,,(al of 75 dB may be identified in these situations as long as the exposure (over the rernainlng 16 hrlday) is luw 

en0u~h to make a negligible contribution to the 24-hr average, that is, no greater than Leq = 60 dB. 
Source: USEPA (US. Environmental Protection Agency), Office of Noise Abatement and Control. 1974. Inforrnatiu~~ urr 

levels o f  environmental noise requisite to protect public health and welfare with an adequate margin o f  safety. Document 
55019-74-004, Washingtori, D.C.: U.S. Government Printing Office. 

32 dB, wh ich  should,  i n  most cases, p r o t e c t  a g a i c s t  s l eep  i n t e r f e r e n c e .  An L (24) (24-hr ,  
eq 

A-weighted sound l e v e l  average) o f  70 dB i s  i d e n t i f i e d  as p r o t e c t i n g  a g a i n s t  damage t o  hea r i ng  

(USEPA 1974).  Sound l e v e l s  produced by c e r t a i n  dev i ces  and a c t i v i t i e s  wh ich  e x i s t  i n  c e r t a i n  

s i t u a t i o n s  are  g i v e n  i n  F ig.  2.6 (USEPA 1974) and Tab le  2.9 (U.S. Department o f  Hea l th ,  Educa- 

t i o n ,  and Wel fare  1972). 



',d n 
DAY-N IGHT 

QUALITATIVE SOUND LEVEL 
DESCRIPTIONS DECIBELS OUTDOOR LOCATIONS 

LOS ANGELES - 3rd FLOOR APARTMENT NEXT TO 
FREEWAY 

LOS ANGELES - 314 MILE FROM TOUCH DOWN AT 
MAJOR AIRPORT 

CITY NOISE L O S  ANGELES - DOWNTOWN WITH SOME CON- 
(DOWNTOWN MAJOR STRIJCTION ACTIVITY 
METROPOLIS) HARLEM - 2nd FLOOR APARTMENT 

BOSTON - ROW HOUSING ON MAJOR A V E N U ~  

WATTS - 8 MILES FROM TOUCH DOWN AT 
MAJOR AIRPORT 

NEWPORT - 3.5 MILES FROM TAKEOFF AT 
SMALL AIRPORT 

OLD RESIDENTIAL AnEA 

FILLMORE - SMALL TOWN CUL-de-SAC 

SAN DIEGO -WOODED RESIDENTIAL 

CALIFORNIA TOMATO rlcm ON F A R M  

4 0 -  

F i g .  2.6. Outdoor day -n igh t  sound l e v e l  i n  dB ( r e  20 pPa) a t  va r i ous  l o c e t i o n s .  source: 
U.S. Env i ronmenta l  P r o t e c t i o n  Agency, O f f i c e  o f  No ise  Abatement and Con t ro l .  1974. Information 
on levels  of e n v i r m e n t a l  noise requisi te t o  protect public health mul 1~1s7~fars ~ ~ i t h  cm adequate 
margin of safety.  Document 550/9-74-004. Washington, D.C.: U.S. Government P r i n t i n g  O f f i c e .  



Table. 2.9. Measured noise levels for selected industrial operations 

Source Sound levele [dB(A)] 

Textile mill 
Loom 
Cotton spinning 

Lumber and wood products 
Planer 
Molder 
Router 
Shaper 
Boring machine 

Furniture products 
Cut-off saw 
Sander 
Radiol-arm saw 

Paper products 
Paper cutter 
Bag and handle former 

Printing and publishing 
Newspaper press 
Monacasting 
Postcard press 
Keyboard monotype 
Offset press 
Small offset press 
Folding machines 
Binder 

Petroleum refining 
Can seaming 
Furnace heating distilling columns 
Steam letdown 
Furnace high speed rotating equipment 
Furnace pumps 

Trans~ortation 
One-ton truck 
Five-ton truck 
Twenty-LUII Ll'uck 

Glass products 
Inflation of containers 
Corrugated band saw 

Steel products 
Coke oven 
Blast furnace 
Basic oxygen furnace 
Electric furnace, 150 tons 
One hundred sixty-in. mill 

Various metal products 
Milling machine 
Turret lathe 
Four-in, hand grinder 
Riveting machine 
Forge drop hammer 
Automatic punch prerr 
Pneumatic chisel 

Canning food products 
Canning punch press 
Can-makirly body operation 
Can-filling machine 



Table 2.9 (continued) 

Sourcc Suur~d level [dB(A)I 

Mining, underground 
Axial vane fan 
Stoper drill 
Jackhammer drill 
Roof bolter 
Loader, gathering arm 
Conveyor belt 
Continuous miner 

~ i n / n ~ ,  open pit 
Jumbo drill 
Rotary drill 
Crusher 
Locomotive 
Oxygen torches 

Heavy equipment, earth moving 
Double scraper 
Soropor 
Bull dozer 
Road grader 

tarM equ~pmcnt 
Tractor 98 
Gram roller mill 85 
Pneumatic conveyor 100 
One-:ow beet puller 94 
Two-row corn picker 106 

aNoice mcosurcmcnts for the specified opeidliulls were 

taken from assorted Public Health surveys and references 
in acoustical and industrial hygienists literature. 

Source: U.S. Department of Health, Education, and Wel- 
fare: National Institute for Occupational Safety and 
Health. 1972. Occupational exposute to noise. Washington, 
D.C.: U.S. Government Printing Office. 

D is tance produces a s i g n i f i c a n t  a t tenua t ing  e f f e c t  nn s n ~ ~ n r l :  I n  a f r e e  f i e l d  such as the  

outdoors, sound l e v e l s  decrease approximately 6 dB f o r  each doubl ing o f  d is tance (Peterson 

and Gross 1972). Thus i f  a hammermill emits 96 dB(A) o f  no ise measured a t  3 in (10 f t ) ,  the 

sound would be reduced t o  the recommended l e v e l  o f  55 dB(A) a t  390 m (1280 f t )  o r  about 

1 /4  m i le .  The value o f  a b u f f e r  zone i n  reducing ambient no ise becomes obvious. 

I n  s i t i n g  a p l a n t ,  i t  i s  impor tant  t o  consider distances t o  residences, schools, hosp i ta l s ,  

churches, and o t h e r  no ise sources. Noise Assessment GuideZines, sponsored hy t.h~! 1I.S. nepsr t -  

ment o f  Housing and Urban Development (Schul t z  and McMahon, 1971 ). g ives " c l e a r l y  acceptable," 

"normal ly  acceptable," "normal ly  unacceptable." and " c l e a r l y  ~rnacc~pt .ah le"  zones adjacent t o  

highways, based on hour l y  ca r  and t r u c k  t r a f f i c  ra tes.  

The I l l i n o i s  Environmental P ro tec t ion  Act, as amended through January 1, 1976, designates i n  

Sect. 4(m), t h e  State Environmental P ro tec t ion  Agency as noise c o n t r o l  agency f o r  the s t a t e  

f o r  a l l  purposes o f  the Noise ControZ Act of 1972, PL 92-574. This  agency i s  charged w i t h  

I n v e s t j g a t i n g  complaints and en fo rc ing  environmental no ise regu la t ions .  The a c t  a l so  created 

a P o l l u t i o n  Contro l  Board t o  "determine, def ine, and implement environmental c o n t r o l  standards" 

and the  I l l i n o i s  I n s t i t u t e  f o r  Environmental Q u a l i t y  " t o  i n v e s t i g a t e  p r a c t i c a l  problems and 

implement s tud ies  and programs r e l a t i n g  t o  the technology and admin is t ra t ion  o f  environmental 

p r o t e c t i o n  . . . . I, . 



Chapter 8, "Noise Regu la t i ons  o f  t h e  Rules and Regu la t i ons  o f  t h e  I l l i n o i s  P o l l u t i o n  Con t ro l  

Board," became e f f e c t i v e  August 9, 1973. T h i s  chap te r  l i s t s  sound p ressu re  l e v e l s  o f  seve ra l  

c a t e g o r i e s  o f  p r o p e r t i e s  as f o l l o w s :  Sound Emi t t ed  t o  Class A Land Dur ing  Daytime Hours 

(Ru le  202), Sound Emi t t ed  t o  Class A Land Dur ing  N i g h t t i m e  Hours (Ru le  203), Sound E m i t t e d  t o  

C lass  B Land (Rule 204), and Sound Emi t t ed  t o  Class C Land (Ru le  205).  

The c lasses  o f  l a n d  a r e  d e f i n e d  by numer ica l  d e s i g n a t i o n s  l i s t e d  i n  t h e  Standard Land Use Coding 

Manual (Federa l  Highway A d m i n i s t r a t i  on 1969),  wh ich  cor respond t o  Standard I n d u s t r i a l  C l a s s i f i  - 
c a t i o n s  (U.S. O f f i c e  o f  Management and Budget 1972).  

C lass  A l a n d  i s  d e f i n e d  as l a n d  used f o r  res idences,  h o t e l s ,  mote ls ,  h o s p i t a l s ,  san i t a r i ums ,  

r e s t  homes, churches, synagogues, 1  i b r a r i e s ,  museums, schoo ls ,  and c o l l e g e s .  

C lass  B l a n d  i n c l u d e s  c e r t a i n  types o f  commercial p r o p e r t y  such as te lephone exchanges; r a d i o  

b roadcas t i ng  s t u d i o s ,  who lesa le  and r e t a i l  t r a d i n g  c e n t e r s  o f  many k i n d s  such as foods, banking 

and r e a l  es ta te ,  persona l  and business se rv i ces ;  and r e c r e a t i o n a l  f a c i l i t i e s .  

C lass  C l a n d  i n c l u d e s  areas used f o r  a g r i c u l t u r e ,  f i s h i n g ,  f o r e s t ,  min ing,  manufac tur ing ,  and 

t r a n s p o r t a t i o n  a c t i v i t i e s .  

Class U o r  u n c l a s s i f i e d  l a n d  i n c l u d e s  a i r p o r t s ,  f reeways, and unused and water  areas. 

I n  t h e  I l l i n o i s  r e g u l a t i o n s ,  sound l e v e l  l i m i t s  a r e  n o t  s e t  a t  t h e  boundar ies  o f . t h e  e m i t t e r  

b u t  a t  t h e  r e c e i v i n g  p r o p e r t y ,  whether Class A, B, o r  C. A lso ,  I l l i n o i s  l i m i t s  d i f f e r  w i t h  

f requency and w i t h  t h e  l a n d  use o f  t h e  e m i t t e r .  An example o f  Ru le  202 i s  shown i n  Tab le  2.10 

( I l l i n o i s  P o l l u t i o n  Con t ro l  Board 1973).  

Table 2.10. Sound emitted to class A, B, and C land 
during daytime hours 

Octave band Allowable octave band sound presslre levels of 

center frequency sound emitted to receiving land (dB1 

(Hz1 Class C land Class B land Class A land 
- 

31.5 7 5 72 77 

63 74 7 1 7 1 

125 69 65 65 

250 64 57 57 

500 58 51 51 

1000 52 45 45 

2000 47 39 39 

4000 43 34 34 

0000 40 32 32 

Source: Illinois Pollution Control Board. 1973. Noise Pollution Control 
Regulations. Rule 202. Springfield. Ill.: Illinois Environmental Protection 
Agency. 



2.1.8 Socioeconomic s t r u c t u r e  (S t .  C l a i r  County, 11  l i n o i s )  

2.1.8.1 Loca l  and r e g i o n a l  p o p u l a t i o n  

P o p u l a t i o n  s i z e  and d e n s i t y  

I n  1970 t h e  p o p u l a t i o n  o f  St .  C l a i r  County, I l l i n o i s ,  was 285,199. Based on a  l a n d  area of 

1743 km2 (673 sq m i l e s ) ,  t h e  p o p u l a t i o n  d e n s i t y  f o r  t h e  county  i s  1098 persons p e r  km2 

(424 persons p e r  sq m i l e )  (U.S. Bureau o f  t he  Census 1973b). The p r o p o r t i o n  o f  t h e  p o p u l a t i o n  

l i v i n g  i n  urban areas was 83% (U.S. Bureau o f  t h e  Census 1973b). For t h e  Un i ted  Sta tes  as a  

whole, i n  1971 t h e  p o p u l a t i o n  p e r  km2 was 149 (57.5 pe r  sq m i l e ) ,  and t h e  p r o p o r t i o n  l i v i n g  

i n  urban areas was 73.5% (U.S. Bureau of t h e  Census 1971b). Thus S t .  C l a i r  Countv had a h i g h e r  

p o p u l a t i o n  d e n s i t y  and a  h i g h e r  percentage o f  i t s  p o p u l a t i o n  l i v i n g  i n  urban areas than t h e  

n a t i o n  as a  whole. It was a l s o  much more densely s e t t l e d  than Western s ta tes ,  which had 

p o p u l a t i o n  d e n s i t i e s  r a n g i n g  f rom 12.4 persons p e r  km2 (4.8 persons per  sq m i l e )  i n  Montana 

t o  33.4 persons p e r  kin2 (12.9 persons p e r  sq m i l e )  i n  Utah (U.S. Bureau o f  t h e  Census 1971b). 

St .  C l a i r  County i s  one o f  t h e  e i g h t  c o n s t i t u e n t  coun t i es  o f  t h e  St.  Lou i s  Standard M e t r o p o l i t a n  

S t a t i s t i c a l  Area (SMSA). I n  1970 t h e  t o t a l  p o p u l a t i o n  o f  t h e  SMSA was 2,410,186, making i t  

t h e  1'1th most populous area i n  t h e  c o u n t r y  (Coalcon 1977). 

New Athens i s  about 50 km (30 m i l e s )  southeast  o f  St.  Lou is .  Residents o f  New Athens depend on 

St .  Lou i s  f o r  much o f  t h e i r  employment and r e t a i l  s e r v i c e s  (Coalcon 1977). Many p l a n t  workers 

would  l i k e l y  commute t o  and f rom St .  L o u i s  and o t h e r  nearby towns and c i t i e s  as we l l .  

Many v i l l a g e s ,  towns, and c i t i e s  sur round t h e  New Athens area. The 1970 popu la t i ons  o f  town- 

s h i p s  i n  St .  C l a i r  County. i n c l u d i n g  New Athens, a r e  g i ven  i n  Table 2.11. 

Pnpll I A f i o n  t r e n d s  

Between 1960 and 1970 t h e  p o p u l a t i o n  o f  St .  C l a i r  County increased a t  a  r a t e  o f  8.6% (U.S. 

Bureau of t h e  Census 1973b).  Du r ing  t h e  same pe r iod ,  t h e  n a t i o n a l  i nc rease  was 13.3% (U.S. 

Bureau of t h e  Census 1971b). St .  C l a i r  County grew l e s s  r a p i d l y  because about 6000 people 

moved o u t  of t h e  county  d u r i n g  t h i s  pe r iod .  As Tab le  2.12 shows, t h i s  o u t m i g r a t i n n  tnnk 

p l a c e  p r i m a r i l y  among young men o f  ages 15-24. 

,fis i s  shown i n  Table 2.13, St .  C l a i r  County 's  p o p u l a t i o n  i s  expected t o  i nc rease  by about 

81,000 people  o r  29% by t h e  y e a r  2000. New Athens can be expected t o  share i n  t h i s  f u t u r e  

yrxJwLtl. 

Between 1960 and 1970 t h e  p o p u l a t i o n  of  New Athens i nc reased  l e s s  r a p i d l y  t han  t h a t  o f  St .  

C l a i r  County. I n  1960 New Athens township  had a  p o p u l a t i o n  o f  2479 and i n  1970 one o f  2570. 

The 1960-1970 growth r a t e  f o r  t h e  township  was 3,7%. Most o f  t h e  o t h e r  townships i n  S t .  C l a i r  

County grew Illore r a p i d l y  than New Athens. I n  t h e  f u t u r e  New Athens w i l l  p robably  have a  
s l i g h t l y  h i g h e r  growth r a t e  than i t  d i d  between 1960 and 1970 (Koehler  1976). 



Table 2.11. Population distribution by townships 
in St. Clair County, Illinois, 1970 

Township Po~ulation 

Belleville 41,699 
Canteen 20,414 
Caseyville 25,931 
Centreville 40,500 
Fast St. ILol~is 69,996 
Englemann 499 
Fayetteville 1,607 
Freeburg 3,678 
Lebanon 4.244 
Lenzburg 654 
Marissa 2.81 8 
Mascaulgh 5,967 
Millstadt 4.01 6 
New Athens 2,570 
O'Fallon 8,662 
Prairie du Long 838 
St. Clair 18,436 
Shiloh VaUey 10,767 
Smithton 1,925 
Stites 1,926 
Stookey 9.955 
Sugar Loaf 7.174 

Total 2851 99 

Source: Coalcon: Environrnerrtal arralysis reporf 
for the clean boiler fuel demonstration plant program 
at New Athens, Illinois. 1977. Pp. 3-222 to 3-223. 
Prepared for the Energy Research and Development 
Administration, Division of Fossil Demonstration 
Plants. West Chester, Pa.: Roy F. Weston, Inc. 

Table 2.12. Aqe-sex distribution in St. Clair Countv. Illinois. 1970 

Age 

Year 5-14 15-24 25-34 
-- 

Male 

Female 

1970 31,000 24,200 16,000 

Source: Coalcon: Environmental analysis report for the clean 
boiler fuel demonstration plant program at New Athens, Illinois. 
1977. Prepared for the Energy Research and Drvelopmr11t 
Administration, Division of Fossil Demonstration Plants. West 
Chester, Pa.: Roy F. Weston, Inc. 

Popu la t i on  c h r a c t e r i s t i c s  

Examinat ion of t he  compos i t ion  of t h e  p o p u l a t i o n  of St.  C l a i r  County by age, race,  educat ion,  

and income revea ls  t h a t  i t s  popu la t i on  s t r u c t u r e  i s  s i m i l a r  t o  t h a t  o f  t h e  n a t i o n  as a  whole. 

The median age i n  St .  C l a i r  County i s  26.8 (vs 28.3 n a t i o n a l l y ) ,  9% (vs  9.9% n a t i o n a l l y )  o f  

t h e  popu la t i on  i s  over  65 years  o f  age, and 31.2% i s  under 15 (Coalcon 1977; U.S. Bureau o f  

t he  Cer~sus 1971b). Tl lub Llle prrrpnt.t ion o f  the  popu la t i on  o t  St .  C l s i r  County i n  t h c  work ing 

ages o f  15-65 i s  about t h e  same as t h e  U n i t e d  Sta tes  as a  whole. St .  C l a i r  County has a  , 



Table 2.13. Projected population increases for St. Clair County. Illinois. 1975 and 2000 

Year Population 
Percent 

of change 

Source: Coalcon: Enviranmental analysis report for'the clean boiler fuel demon- 
stration plant program at New Athens, Illinois. 1977. Prepared for the Energy Research 
and Development Administration, Division of Fossil Demonstration Plants. West Chester, 
~ e , :  Boy F. Weston. Inc. 

higher  proportion of blacks (22% vs 11.2% f o r  t h e  United S t a t e s )  but a lower proportion of 

fami l ies  below the poverty l eve l  (12.4% vs 14.9% f o r  t h e  United S t a t e s )  (Coalcon 1977; U.S. 
Bureau of t h e  Census 1971b). In 1969 the  median family income was $9540 (vs $9506 n a t i o n a l l y ) ,  

arid tilt! median educational level f o r  persons over 25 in S t .  C l a i r  County was 11.0 years ,  which 

was s l i g h t l y  lower ttlarl t h e  nat'ional median of 12.2 years  (Coalcon 1977; U.S. Bureau of the  
Census 1971b). In 1976 t h e  unemployment r a t e  was 8.2%, 1% lower than the  U.S. r a t e  (Koehler 
I Y I b ;  U.S. Bureau of the  Census 1976). 

As shown i n  Table 2.14, over 18,000 people were unemployed in S t .  C l a i r  County and t h e  two 

ad jacen t  counties  of Madison and Monroe in 1976. In 1970 5.2% of the  employed labor  fo rce  

i n  S t .  C l a i r  County was employed i n  construct ion (Coalcon 1977). These f igures  suggest t h a t  

i n  t h e  e i g h t  cons t i tuen t  count ies  of t h e  S t .  Louis SMSA. there  a r e  probably several thousand 

unemployed construct ion workers a t  present .  In addit.inn, there  a r e  probably uncmploycd 

wurakers I n  the SMSn who cou Id a l s n  supply demands f o r  an operations work force.  

Table 2.14. Unemployment in Madison, Monroe, and St. Clair counties, May 15, 1976 

County Percent unemployed Number unemployed 

Madison 7.7 8850 
Monroe 3.8 300 
St. Clair 8.2 9775 

Source: George Koehler. 1976. Socioeconomic impact o f  the Coalcon clean boiler 
fuelsprogram. New York: Coalcon. 

Stenehjem and Metzger (1976) have developed est imates  of county labor  pools (new labor  fo rce  

e n t r a n t s  plus  the cur ren t ly  unemployed) f o r  a l l  U . S .  counties  f o r  each of ten years  a f t e r  t h e  

p lan t  employment begins. Their es t imates  nf the  number of local  workcrs who can be expected t o  

t o  f i l l  new jobs in  each of ten years  a r e  compiled by 

1 .  computing the labor  fo rce  par t i c ipa t ion  r a t e s  f o r  men and women i n  a given county, 

and, i f  these r a t e s  a r e  lower than the corresponding nat ional  r a t i o ,  adding t h e  

incremental workers t o  t h e  local  labor  fo rce  i n  year  one; 



2. add ing t h e  percentage of s u r v i v i n g  school-age persons t o  each f u t u r e  y e a r ' s  

es t ima tes  o f  workers l i k e l y  t o  seek employment; and 

3. s u b t r a c t i n g  from each y e a r ' s  work- force es t ima te  t h e  number o f  persons reach ing  

age 65. 

Based on t h i s  procedure,  Stenehjem and Me tzge r ' s  (1976, p. 75) es t ima tes  o f  St. C l a i r  County 's  

l a b o r  poo l  a r e  as f o l l o w s :  

Number o f  
Year a v a i l a b l e  l o c a l  workers - 

As Stenehjem and Metzger (1976) s t a t e ,  these es t ima tes  do n o t  i n c l u d e  workers  who would commute 

f rom sur round ing coun t i es .  The l a b o r  poo l  drawn f rom a l l  c o u n t i e s  i n  t h e  St .  Lou i s  SMSA would 

undoubted ly  be seve ra l  t imes  l a r g e r  than t h e  St .  C l a i r  County l a b o r  poo l  es t imates .  

2.1.8.2 I n d u s t r y  s t r u c t u r e  

The impacts of  s i t i n g  a  p i p e l i n e  gas f a c i l i t y  i n  a  g i ven  area depend, t o  a  l a r g e  ex ten t ,  on 

t h e  ecoi~ol l l ic  o r  i n d u s t r i a l  s t r u c t u r e  o f  t h a t  area. For  a  g i v e n  f a c i l i t y ,  t h e  g r e a t e r  t h e  s i z e  

and d i v e r s i t y  of  t h e  e x i s t i n g  i n d u s t r i a l  base, t h e  sma l l e r  t h e  genera ted impacts w i l l  be. 

Larger,  more developed economies a r e  more l i k e l y  t o  be a b l e  t o  expand p r o d u c t i o n  o f  goods and 

s e r v i c e s  ( b o t h  p u b l i c  and p r i v a t e )  t o  meet t h e  a d d i t i o n a l  demands imposed by t h e  f a c i l i t y  

w i t h o u t  expe r i enc ing  ma jo r  ad jus tment  problems. Smal l  u n d i v e r s i f i e d  economies, however, w i  11 

n o t  be equipped t o  meet these demands, and a  s i t u a t i o n  o f  d i s e q u i l i b r i u m  w i l l  a r i s e  i n  t h e  

v a r i o u s  i n p u t  markets.  Some o f  t h e  excess demand f o r  i n p u t s  can be s a t i s f i e d  by i l l l po r t i ng  

needed m a t e r i a l s  f rom o u t s i d e  t h e  l o c a l  economy. Buy many o f  t h e  goods and s e r v i c e s  r e q u i r e d  

by t h e  f a c i l i t y  and i t s  employees ( p a r t i c u l a r l y  those t h a t  a r e  d e r i v e d  f rom t h e  l o c a l  i n f r a -  
s t r u c t u r e ,  e.g., housing, educat ion ,  and t r a n s p o r t a t i o n )  cannot  be r e a d i l y  impor ted.  Conse- 

quen t l y ,  t h e  l o c a l  economy w i l l  exper ience p o t e n t i a l l y  l a r g e  ad jus tment  c o s t s  as t h e  o u t p u t  

o f  these goods and s e r v i c e s  expands t o  a  new e q u i l i b r i u m  l e v e l .  

The i n d u s t r i a l  s t r u c t u r e  o f  S t .  C l a i r  County i s  p redominan t l y  o r i e n t e d  t o w a r d t h e  manu fac tu r i ng  

sec to r ,  w i t h  d u r a b l e  goods ( e s p e c i a l l y  p r i m a r y  me ta l s )  accoun t i ng  f o r  t h e  b u l k  of t h e  employment 

w i t h i n  t h i s  sec to r .  As shown i n  F ig .  2.7, t h e  a g r i c u l t u r a l  s e c t o r  accounts f o r  a  smal l  and 

d e c l i n i n g  share  o f  t h e  t o t a l  p roduc t  o f  t h e  county  ( c u r r e n t l y  about  5%). A s i m i l a r  s ta tement  

can be made concern ing employment i n  t h i s  sec to r .  
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F i g .  2.7. Percentage d i s t r i b u t i o n  o f  t o t a l  p r n d ~ r c t  i n  S t .  C l a i r  County, I l l i n o i s ,  
1879-1969. Source: Coalcon: environmental analysis mpnrf :  for the clean boilcr fuel demon- 
s trat ion plant program a t  New Athens, I l l ino i s .  1977. Prepared f o r  t h e  Energy Research and 
Development A d m i n i s t r a t i o n ,  D i v i s i o n  o f  F o s s i l  Demonstrat ion- P l a n t s .  West Chester ,  Pa.: 
Roy F. Weston, I n c .  

Employment and p a y r o l l  f i g u r e s  by ma jo r  i n d u s t r y  i n  1971 a r e  r e p o r t e d  i n  Tab le  2.15 (U.S. 

Bureau o f  t h e  Census 1971a).  As i s  e v i d e n t  f r o m  t h i s  t a b l e ,  St .  C l a i r  County i s  b a s i c a l l y  

urban, w i t h  a  l a r g e  d i v e r s i f i e d  i n d u s t r i a l  s t r u c t u r e .  R e l a t i v e  t o  t h e  o t h e r  two p o t e n t i a l  

s i t e s  s e l e c t e d  f o r  a n a l y s i s  ( t o  be described i n  Sects.  2.2 and 2.3), t h e  St.  C l a i r  County 

s i t e  rep resen ts ,  by f a r .  t h e  most developed and d i v e r s i f i e d  economic s t r u c t u r e .  I n  a d d i t i o n .  

t o t a l  employment i s  p r o j e c t e d  t o  i n c r e a s e  a lmost  40% i n  t h e  county  by  t h e  y e a r  2000 (Coalcon 

1977). Consequently, one would expec t  t h a t  t h e  ad jus tment  problems assoc ia ted  w i t h  t h e  

i n c r e a s e d  demands f o r  goods and s e r v i c e s  genera ted by  t h e  g a s i f i c a t i o n  f a c i l i t y  and i t s  

employees would  be t h e  l owes t  f o r  t h i s  s i t e .  

Because St. C l a i  r County i s  c l o s e l y  i n t e g r a t e d  w i t h  t h e  su r round ing  c o u n t i e s  ( p a r t i c u l a r l y  

t hose  t h a t ,  w i t h  St.  C l a i r  County, compose the  S t .  Lou i s  SMSA), one must cons ide r  t h e  

economic s t r u c t u r e  of t hese  areas i n  assessing t h e  pnt.ent ia1 impacts o f  a  coa l  g a s i f i c a t i o n  

f a c i l i t y .  Expandinq o u r  scope t o  i n c l u d e  t h e  t h r e e - c n ~ r n t y  area of S t .  C l a i r ,  Madison, and 

Monroe, t h e  b a s i c  d e s c r i p t i o n  remains q u i t e  s i m i l a r  t o  t h a t  p r o v i d e d  above. As shown i n  

F i g .  2.8, t h e  manufac tur ing  s e c t o r  a l s o  dominates t h e  l a r g e r  t h ree -coun ty  area.  A l though t h e  

r e l a t i v e  impor tance of. t h e  m i n i n g  s e c t o r  appears t o  be l e s s  i n  Madison and Monroe coun t i es ,  

t h e  o v e r a l l  s t r u c t u r e  of t h e  l a r g e r  a rea  remains q u i t e  s i m i l a r  t o  t h a t  o f  St .  C l a i r  County. 

T h i s  cons i s tency  o f  economic s t r u c t u r e  remains i n t a c t  when we f u r t h e r  expand o u r  scope t o  i n c l u d e  

t h e  e n t i r e  S t .  Lou i s  SMSA. Tab le  2.16 r e p o r t s  1972, OBERS p r o j e c t i o n s  o f  p o p u l a t i o n ;  employment, 

pe rsona l  income, and ea rn ings  by i n d u s t r y  f o r  s e l e c t e d  yea rs  from 1950 t o  2020 f o r  t h e  St .  Lou i s  

SMSA (USDC and USDA 1974).  Agaih,  we observe t h e  dominat ion  of t h e  manu fac tu r i ng  s e c t o r  and t h e  



Tab'e 2.15. First quarter 197'4 employment and payroll, St. ClairCounty. Illinois 

Number of Taxable 
Total Number of reporting units (by employment size class) 

empl~yees, payrolls, 
Indugry 

mid-March January-March 
reporting 

units 1 to 3 4 to 7 8 to 19 20 to 49 50 to 99 100 to 249 250 to 499 5.00 or more 
pay perioda ($1000) 

Total 

Agricultural services. forestrv, and fisheries 

Mining 

Contract construction 

Manufacturing 

Transportation and other p ~ b l i c  utilities 

Wholesale trade 

Retail trade 

Finance, insurance, and real estate 

Services 

Unclassified establishments 

aExcludes, for example. government employees, rairoad employees, ar,d self-?mployed persons. 
Source: U.S. Bureau of the Census. 1971. Count/ Eusiness Patterns. VJashingron D.C.: U.S. Government Printing Office. 



Table 2.16. 1972 3BERS projections . 
101 1961. 1969 1970 IWI 1980 IM IWO ma, rm 

. - ... 
Population, midyear ............................................. 1.739.719 2.175.505 !.319.832 2.370.219 2.392.569 2!%1.600 2.63F.100 2.716.8m 2.825.200 ?.OX..W 
Per capita income (1967 I! .............................................. 2.477 2.875 3.765 3.776 1.828 5.100 Z.800 6 . W  8 . NW) 11. W I  
Per capita income relative (US.= 1.00) ........................... 1.11 1.10 1 . 09 1.08 1.07 1.07 1.07 I . M I O! 
Total cmploymcot ................... ... ................... 715.566 785. 913 913.859 1.098.700 1.135.600 1.173.700 1.264.MO I.?! l .~m 
Employmenllpapulatioo ratio ..................... ... . 39 . 43 . 43 . 43 . 45 . ld 

Apricullurc . forcslry and firhcries I ................... ................................. 
27.387 

Agricullurc ..._ - 
ForesUy and fisheries ...... 

....... Mining ................ ... ._...._ ..................................... B.579 24.333 28.806 31 .W 33.143 
........ Me lal .............. .. ... ............................ 

Coal ................ .... ............................................... 
Crude pelmleum and na lua l  gas 
Nonmetallic. cxcepl fuels 

.................. Manufaclurinp .................... ._ l.30b.766 1.899.853 2370.913 f 508.650 2.452.851 3.432.R00 1.880 .. :00 1.386.700 
Food and kindred producl? ............ ... n6.400 

........ 
297.300 

Tcr l i l c  miU nroducls 
Apparel and.olher fahric p d u c l s  .......................... 
Lumhcr pmducls and lu rn ru rc  ................................ 
Paper and allied pmducls .................................. ...... I 
Rin l ing  and puhliahing ..... .. . 
Chcmicals and allicd p m d l ~ l s  
Pclrolcum rcfining 

. Primary metals 
Fahricatcd melala and ordmncc ............................. : 

............................. Machinew . cxcludinn elecLical I 
......................... Eleclrical machinery and s~pp l ies  

Molor vehicles and equipmtnl .......................... ...... 
.. . . ..................... Transp lmt ion  equip cxcl m l r  vehs 

Other manulacluring .............................................. J 
.............................. Tranr .. comm . and public utililics 

Railroad Innapomt ion  .... 
Trucking and warehousing .- ........ .................. 
Other Innspoml ion  and services 
Communications 
Utilit ies (clcc .. gas. rani-aryl 

~ h o l e s a l c  and retail I n d c  .......................................... i 782056 943.615 1 2.7.?71 1.176. 546 1.309.747 1.745.400 195Y.4fO 2.IW.500 2.847.200 4.414.400 

Finance . insurance and real esalc ............................... IJ'2.156 265.745 31 7.776 349.138 370.814 584.300 697.70 833.200 1.177.500 2.075.W 

Services ................................. ................................ 183.193 
1.odging placer and pcnonal ixrviccs ...................... ' 
Business and re air scrv~ccs 
Amuremcnl anbrccrcation sznices ........................ 
Private households ................................................ 
Professional x rv iccs  ............................................... I 

Government 35i.IIO 533.420 3% . 379 954.667 
Federal govcrnmcnl ................................................ 144.- 192.865 kE.033 343.023 
Slalc and local govcrnmal  ... ..... ......... I25.(J5 290.423 IPS.OI4 534.862 
Anncd forcer 82.83 50.132 65. 302 ?6.778 

Employment is for 1 W  . 
a-reprc~cnls 80.0 l o  99.9 percent 31 Ihe true value c-repmxnls 4Ct.C l o  59.9perc:nlof Lhc INC valuc c-rcprcscnls u m l o  19.~3perccnloflhc lruc valuc 
b-rcprcxnts 60.0 l o  79.9 percent of  the buc  valuc C - r e p ~ x n l s  20.C l o  3 9 . 9 ' p c ~ n l  o f  lhe l ruc valuc 

Source: U.S. Department of Commero and the U.S. Department of Agr ic~kure . 197L . Vol . 5, S M S k  i 9 4  . W a s h i n g t o n ,  0.C.: U.S. W a t ? r  R e s o u r c e s  Council 
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F i g .  2.8. I n d u s t r y  employment i n  St.  C l a i r ,  Madison, and Monroe coun t i es ,  1970. Source: 
Coalcon: environmental analysis report for the  clean boi ler  fuel demonstration plant program 
a t  New Athens, I l l i n o i s .  1977. Prepared f o r  t h e  Energy Research and Development Admin i s t ra -  
t i o n ,  D i v i s i o n  o f  F o s s i l  Demonstrat ion P lan ts .  Nest Chester,  Pa.: Roy F.  Weston, I n c .  

d i v e r s i f i e d  development o f  t h e  o t h e r  i n d u s t r i a l  sec to rs .  As a  r e s u l t  o f  t h i s  developed economic 

s t r u c t u r e ,  t h e  s o c i a l  and economic impacts  o f  s i t i n g  a  p i p e l i n e  gas f a c i l i t y  i n  t h e  area a r e  

l i l t c l y  t o  be min imal .  

I n  a d d i t i o n  t o  p r o v i d i n g  an o v e r a l l  p i c t u r e  o f  t h e  l o c a l  community, a  d e s c r i p t i o n  o f  t h e  i ndus -  

t r i a l  s t r u c t u r e  o f  t h e  economy of t h e  r e g i o n  p rov ides  i n f o r m a t i o n  t h a t  may be used t o  d e r i v e  

es t ima tes  o f  t h e  e x t e n t  t o  which F a c i l i t y  c o n s t r u c t i o n  and o p e r a t i o n  w i l l  l e a d  t o  a d d i t i o n a l  

secondary employment o p p o r t u n i t i e s  w i t h i n  t h e  area. Such secondary e f f e c t s  a r i s e  f r o m  t h e  

expansion o f  o u t p u t  f rom l o c a l  f i rms supp l y i ng  i n p u t s  t o  t h e  f a c i l i t y  ( i n d i r e c t  e f f e c t s )  and 

t h e  i nc rease  i n  genera l  economic a c t i v i t y  genera ted by h i g h e r  r e g i o n a l  income ( i nduced  e f f e c l s ) .  

These secondary e f f e c t s  must be added t o  t h e  d i r e c t  employment e f f e c t  o f  t h e  f a c i l i t y  i t s e l f  t o  

assess t h e  t o t a l  impact on l o c a l  employment o p p o r t u n i t i e s .  These, i n  t u r n ,  a r e  employed i n  t o r e -  

c a s t i n g  t h e  p o p u l a t i o n  i n f l o w s  from which many of  t h e  i m p o r t a n t  s o c i a l  and economic impacts a r e  

de r i ved .  

The techn ique used. here  t o  f o r e c a s t  these secondary employment e f f e c t s  uses t h e  employment 'mul t i -  

p l i s r  t h a t  i s  d e r i v e d  f rom econorr~ic bdse t heo ry .  When a p p l i e d  t o  t h e  d i rec t .  f a c i l i t y  emp10,yment 

f i g u r e s ,  t h i s  111ul E i p l i e r  y i e l d s  an es t ima te  of t h e  t o t a l  ( d i r e c t  p l u s  secondary) employment 



e f f e c t s  o f  t h e  g i v e n  f a c i l i t y  i n  a  g i v e n  reg ion.  However, t h e  economic base employment m u l t i -  

p l i e r  i s  an e q u i l i b r i u m  concept t h a t  a p p l i e s  o n l y  a f t e r  long- run adjustments have occurred. 

Consequent ly,  i t s  a p p l i c a t i o n  shou ld  g e n e r a l l y  be l i m i t e d  t o  t h e  ope ra t i on  phase o f  t h e  g i ven  

p r o j e c t  because t h e . c o n s t r u c t i o n  phase i s  r e l a t i v e l y  s h o r t - l i v e d .  Secondary employment generated 

d u r i n g  t h i s  temporary c o n s t r u c t i o n  phase must be es t ima ted  on a  l e s s  formal  bas is .  

The employment m u l t i p l i e r  s e l e c t e d  f o r  use here i s  t h a t  c a l c u l a t e d  by Stenehjem and Metzger 

(1976).  The economic s t r u c t u r e  o f  t h e  St.  C l a i r  County s i t e  appears t o  meet t h e  assumptions 

r e q u i r e d  f o r  use of t h e  s imp le  r a t i o  m u l t i p l i e r  i n  l i e u  of e i t h e r  t h e  complex r a t i o  m u l t i p l i e r  

o r  t h e  reg ress ion  m u l t i p l i e r  (Stenehjem and Metzger 1976, pp. 46-53). Th i s  m u l t i p l i e r  i s  g i ven  

as 2.5 f o r  St .  C l a i r  County. T h i s  i m p l i e s  t h a t  f o r  every  new j o b  c rea ted  i n  t h e  bas i c  (expo r t  

o r i e n t e d )  s e c t o r  of  t h e  l o c a l  economy, 1.5 jobs wi 11 be c rea ted  i n  t h e  s e r v i c e  s e c t o r  i n  

equ i  li brium. 

2.1.8.3 Loca l  i n f r a s t r u c t u r e  

Governmental j u r i s d i c t i o n s  

St .  C l a i r  County, c o n s i s t i n g  o f  22 townships, i s  governed by a  county  board. Each township has 

an e l e c t e d  township  s u p e r v i s o r  who i s  t h e  c h i e f  a d m i n i s t r a t i v e  o f f i c e r .  I n  a d d i t i o n  t o  t h e  

assessment o f  p r o p e r t y  f o r  t a x i n g  purposes, t h e  townships have twn main f u n c t i o n s :  maintcnoncc 

of l o c a l  roads and suppor t  of i n d i g e n t s .  St. C l a i r  County has 29 school d i s t r i c t s  and 42 s p e c i a l  

d i s t r i c t s .  The s p e c i a l  d i s t r i c t s  p r o v i d e  se rv i ces  such as p o l i c e ,  f i r e ,  parks and r e c r e a t i o n ,  

l i b r a r i e s ,  water ,  and s o l i d  waste d i sposa l  (U.S. Bureau o f  t h e  Census 1973a). 

Hous i n y  

Accord ing t o  t h e  Coalcon Environmental  Report  (Coalcon 19771, a  wide v a r i e t y  o f  housing 11nit.q 

i n  a  b road  p r i c e  range e x i s t s  w i t h i n  t h e  e igh t - coun ty  area o f  t h e  St.  Lou is  SMSA. 

F o r  apartment dwe l l e rs  garden apartments and h i g h - r i s e  s u i t e s  a r e  l o c a t e d  i n  t h e  suburbs, i n  

pa rk  atmospheres, and i n  downtown St.  Louis.  I n  1976 r e n t a l s  v a r i e d  f o r  garden apartments f rom 

$150 t o  $325 p e r  month, depending on t h e  l o c a t i o n ,  and f o r  h i g h - r i s e  apartments from $175 t n  

8450 p e r  month, dependinq on t h e  s i x .  

F. lnancing o f  homes i n  the  ~ l l e t r o p o l l t a n  area i s  a v a i l a b l e  through more than 90 f i n a n c i a l  i n s t i -  

t u t i o n s .  T o t a l  depos i ts  i n  these i n s t i t u t i o n s  exceed $5.5 b i l l i o n .  

W i t h l n  S t .  C l a i l -  County 8r.r d r~ull lber O f  housing developments, p a r t i c u l a r l y  i n  t h e  B e l l e v i l l e  

area where hous ing u n i t s  a re  a v a i l a b l e  f o r  s a l e  o r  r e n t .  As o f  t h e  week o f  March 8, 1976, 

app rox ima te l y  180 homes were be ing  market.ed by t h e  " m u l t i p l c  l i s t i n g  r e a l t o r s "  ,in t h e  B e l l e v i l l e  

area. 

About h a l f  o f  these houses were p r i c e d  a t  $35,000 o r  more. I n  a d d i t i o n  t o  those l i s t e d  by 

r e a l t o r s ,  i t  was b e l i e v e d  t h a t  t h e r e  were about 90 houses f o r  s a l e  b u t  n o t  l i s t e d  w i t h  r e a l t o r s .  

A l o c a l  paper had 79 houses a d v e r t i s e d  f o r  s a l e  on March 4, 1976. The same paper a l s o  l i s t e d  

48 f u r n i s h e d  and/or un fu rn i shed  apartments and 17 houses f o r  r e n t  (Coal con 1977). 



Al though a t  New Athens i t s e l f  t h e r e  were no l i s t i n g s  i n  t h e  same pe r i od ,  t h e  l o c a l  i n d u s t r i a l  

development o r g a n i z a t i o n  d i d  n o t  b e l i e v e  t h a t  t h i s  l a c k  would d e t e r  i n d u s t r y  f r om moving i n t o  

t h e  area because o f  t h e  amount o f  a v a i l a b l e  l and  and t h e  expressed i n t e r e s t  i n  b u i l d i n g  hous ing 

developments o f  a number o f  r e p u t a b l e  c o n t r a c t o r s .  

A number o f  f a c t o r s  have delayed development o f  new hous ing i n  t h e  New Athens area.  One f a c t o r  

has been t h e  l a c k  o f  employment (Koeh ler  1976, p. 12).  Another  reason f o r  l i m i t e d  hous ing 

development i s  t h e  sewer ban t h a t  p r o h i b i t s  any ma jo r  new sewer hookups t o  t h e  New Athens waste- 

wa te r  t r ea tmen t  f a c i l i t y ,  wh ich  was imposed because of t h e  i n s u f f i c i e n t  c a p a c i t y  o f  t h e  e x i s t i n g  

t r ea tmen t  f a c i l i t y .  However, new. t reatment  f a c i l i t i e s  a r e  planned. When t h i s  c o n s t r u c t i o n  i s  

completed, more new hous ing wi  11 p robab l y  'be developed (Coalcon 1977, p. 3-307).  

Educat ion  

The educa t i ona l  system i n  t h e  St.  C l a i r  County area i s  reasonab ly  w e l l  developed, w i t h  some 

excess capac i t y .  One p u b l i c  school  i n  t h e  New Athens Township serves grades K through 12. I n  

a d d i t i o n ,  one p a r o c h i a l  grade school  e x i s t s  i n  t h i s  township.  The nearby B e l l e v i l l e  schoo l  d i s -  

t r i c t  has two s e n i o r  h i g h  sc'hools w i t h  a t o t a l  en ro l lmen t  of 6000 s tuden ts ,  two i n t e r m e d i a t e  

schoo ls ,  and n i n e  e lementary  schools.  A l so  t h i s  townsh ip  has one p a r o c h i a l  h i g h  schoo l  w i t h  an 

e n r o l l m e n t  of 1200 s tuden ts  and n i n e  p a r o c h i a l  e lementary  schoo ls .  A l l  o f  t hese  schoo ls  a r e  

a c c r e d i t e d  by the, S t a t e  of I l l i n o i s  (Coalcon 1977).  I n  t h e  l a r g e r  area i n c l u d i n g  St.  C l a i r  and 

Madison coun t i es ,  18 schoo l  d i s t r i c t s  have an e x i s t i n g  c a p a c i t y  o f  30,440 s tuden ts  (see Tab le  

2.17).  Cu r ren t  en ro l lmen t  i s  about 25,436 s tudents ,  l e a v i n g  an excess c a p a c i t y  o f  5004 s tudents .  

Table 2.17. Capacity of school districts in Madison and St. Clair counties 

District 1970 Current Net Total "Owth 

t t u~ t~ l re~  cs~tljlln>tnt cnrollmont change capacity capacity 
(all +) 

Lebanon (K-12) 

O'Fallon (K-8) 

O'Fallon (high school) 

Central (O'Fallon K-8) 

Shilnh (K-A) 

Mascoutah (I(- 12) 

Freeburg (K-8) 

Freeburg (K-12) 

Belleville (K-8) 

Whiteside (Belleville K-8) 

Wolf Branch (Belleville K-8) 

R e l l ~  Va l l~v  (ReIIeville IK-81 

High Mount (Swansea K-8) 

Ponriac (Fairview K-8) 

Granr (Fairview K-8) 

Harmony (Edgemont K-8) 

Signal Hill (Edgemont (K-8) 

Belleville (high school) 

Total 26,020 25.436 -584 30,440 5,004 

Source: Coelcon: environmcnral ~nolysrs report f6r the clean boller frlr?l rbr1rwrrlrdli~11 plont prggmrn 
at NewArhens, Illinois. 1977. Prepared for the Energy Research and Development Administration, Division 
of Fossil Demonstration Plants. West Chester, Pa.: Roy F. Weston, Inc. 



T r a n s p o r t a t i o n  

F o r  t h e  S t .  Lou i s  SMSA, m a j o r  i n t e r s t a t e  highways (1-55, 1-70, 1-64, 1-44) p r o v i d e  connect ing  

l i n k s  t o  m a j o r  c i t i e s  i n  a l l  d i r e c t i o n s .  St. C l a i r  County has good east -west  access b u t  inade- 

q u a t e  nar row two- lane f a c i l i t i e s  f o r  no r th -sou th  t r a f f i c .  Another  d e f i c i e n c y  o f  t h e  road network 

i s  t h e  l a r g e  number o f  a t -g rade  r a i l  c ross ings ,  which causes c o n f l i c t  o f  t r a i n  and automobi le  

t r a f f i c  and t h e  consequent d e l a y  i n  t r a f f i c  f l o w  seve ra l  t imes  d u r i n g  a  t y p i c a l  day. 

The e x i s t i n g  p r i n c i p a l  and c o l l e c t o r  systems w i t h i n  t h e  more dense ly  developed urban areas of  

S t .  C l a i r  County a r e  inadequate .  Many o f  t hese  r o u t e s  have l i m i t e d  improvements, w i t h  narrow, 

two - l ane  pavement c a r r y i n g  t h e  b u l k  o f  t h e  t r a f f i c .  Much o f  t h e  conges t i on  i s  a  r e s u l t  o f  t h e  

l o c a t i o n  o f  these p r i n c i p a l  ro~r t .cs  anrl cnll~rtnrs. M o t o r i s t s  u s i n g  these  r o u t e s  must d r i v e  

t h r o u g h  t h e  c e n t r a l  bus iness d i s t r i c t s  of v i r t u a l l y  a l l  o f  t he  c i t i e s  i n  t.hc ? t . ~ ~ r l y  area.  With 

uncoo rd ina ted  t r a f f i c  c o n t r o l  dev ices ,  numerous s t o p  s igns ,  p a r a l l e l  pa rk ing ,  and no access 

c o n t r o l ,  t h e  t h r o u g h - c i t y  r o u t e s  a r e  becoming h i g h l y  congested. Furthermore, many o f  these 

r o u t e s  a r e  an i m p o r t a n t  p a r t  o f  t h e  t o t a l  r e g i a n a l  highway system. Ex tens i ve  commercial deve lop-  

ment a long  these  p r i n c i p a l  r o u t e s  and c o l l e c t o r  s t r e e t s  adds t o  t h e  conges t i on  and decreases t h e  

c a p a c i t i e s  o f  t h e  roadways (Coalcon 1977, p. 3-320). 

T r a f f i c  on t h e  p r i n c i p a l  and c o l l e c t o r  urban rou tes  i s  g e n e r a l l y  i n c r e a s i n g  by about 5% p e r  yea r .  

The l a c k  o f  funds f r o m  s t a t e  and coun ty  highway departments p reven ts  improvements t o  meet t h e  

needs o f  i n c r e a s i n g  t r a f f i c .  The r u r a l  p r i n c i p a l  and c o l l e c t o r  r o u t e s  i n  St .  C l a i r  County w i l l  

t y p i c a l l y  be capab le  o f  h a n d l i n g  i nc reases  i n  t r a f f i c  i f  c e r t a i n  nar row pavements, b r i dges ,  and 

o t h e r  p o i n t s  o f  conges t i on  a r e  c o r r e c t e d .  I n t e r s t a t e  r o u t e s  a r e  adequate t o  hand le  up t o  t h r e e  

t imes  t h e  p r e s e n t  t r a f f i c  volume (Coalcon 1977. p. 3-322). 

The ma jo r  highway l i n k  between New Athens, I l l i n o i s ,  and t h e  c i t y  o f  St. Lou is  i n  1 I .S .  4611. 

About o n e - h a l f  o f  t h e  48 km (30 m i l e s )  between St, Lou i s  and New Athpns i s  d i v i d e d  f o u r - l a n e  

highway i n  e x c e l l e n t  c o n d i t i o n .  The improved s t r e t c h  o f  U.S. 460 runs  between East S t .  Lou i s  

and a  p o i n t  j u s t  no r thwes t  of Freeburg.  However, i n  East St .  Lou i s  i t  i s  c u r r e n t l y  necessary 

t o  t r a v e l  on c i t y  s t r e e t s  because no improvements have been made on t h i s  rou te .  A l though 

s e v e r a l  s t a t e  and Federa l  p roposa l s  have been made, none have been implemented. A t  t h e  p resen t  

tl111e Lilt! s i tUa t10 t I  I S  b e i n g  examined and rev iewed by t h e  I l l i n o i s  S t a t e  Department o f  Highways 

(Coalcon 1977, p. 3-322). 

W i th  r e g a r d  t o  r a i l  t r a n s p o r t a t i o n ,  S t .  C l a i r  County i s  served by 16 t r u n k - l i n e  r a i l r o a d s .  

Only  Chicago i s  served by a  l a r g e r  r a i l w a y  network (Coalcon 1977. p. 3-334).  T h i s  area i s  a  

ma jo r  n a t i o n a l  r a i l  cen te r .  

W i th  r e g a r d  t o  wa te r  t r a n s p o r t a t i o n ,  t h e  M i s s i s s i p p i  R i v e r  connects t h e  St .  Lou i s  area t o  t h e  

A t l a n t i c  Ocean ( t h rough  t h e  I l l i n o i s  R i ve r ,  t h e  Great  Lakes, and t h e  St .  Lawrence Seaway) and 

d i r e c t l y  t o  t h e  G u l f  of  Mexico (Coalcon 1977, p. 3-317). The Kaskaskia R i v e r  N a v i g a t i o n  

P r o j e c t ,  W P I ~ I I  cu111p1eFed w i l l  a1 1  Ow ba rge  n a v i g a t i o n  t o  t h e  New Athens area. L i m i t e d  n a v i g a t i o n  

on t h e  Kaskaskia i s  p o s s i b l e  a t  p resen t ,  a l t hough  a  p a r t  of t h e  c h a n n e l i z a t i o n  work nea r  New 

Athens remains t o  be completed (Coalcon 1977, p. 3-332). A  barge f a c i l i t y  t o  be l o c a t e d  j u s t  

downstream f r o m  New Athens w i l l  hand le  3.6 t o  7  m i l l i o n  m e t r i c  t ons  ( 4  t o  8  m i l l i o n  t o n s )  p e r  

y e a r  o f  b u l k  commodit ies (Coalcon 1977, p. 3-336). 



Hea l th  c a r e  

Accord ing t o  Coalcon (1977),  h e a l t h  c a r e  f a c i l i t i e s  a v a i l a b l e  t o  t h e  New Athens a r e  a r e  among 

t h e  b e s t  i n  t h e  n a t i o n .  I n  t h e  m e t r o p o l i t a n  S t .  Lou i s  area, t h e r e  a r e  13,753 h o s p i t a l  beds 

and 2181 doc to rs ,  r ep resen t i ng  a broad range o f  medica l  s p e c i a l t i e s .  Among t h e  bet ter -known 

h o s p i t a l s  a r e  such prnminent  names as Barnes, St.  Lou i s  C h i l d r e n ' s ,  S t .  Lou is  U n i v e r s i t y ,  and 

Card ina l  Gannon. I n  B e l l e v i l l e ,  about 27 km (17 m i l e s )  f rom New Athens, two h o s p i t a l s  - S t .  

E l i z a b e t h  and Memorial - o f f e r  more than 900 h o s p i t a l  beds and emergency-room f a c i l i t i e s .  S t .  

E l i z a b e t h  and Memorial f u n c t i o n  as a medica l  c e n t e r  f o r  t h e  e n t i r e  area. Two a d d i t i o n a l  

l o c a l  h o s p i t a l s  a r e  about 16 kin (10 m i l e s )  f r om New Athens; one h o s p i t a l  i s  a l s o  l o c a t e d  i n  

Sparta,  about  29 kin (18 m i l e s )  d i s t a n t .  Most New Athens r e s i d e n t s  use t h e  h o s p i t a l  f a c i l i t i e s  

a t  B e l l e v i l l e  (Coalcon 1977, p. 3-292). 

Ambulance s e r v i c e  i s  p rov ided  by t h e  New Athens Vo lun tee r  ~i r e ' ~ e ~ a r t m e n t  and by an ambulance 

s e r v i c e  i n  Freeburg.  The Freeburg-based ambulance se rv i ce ,  which i s  a c t u a l l y  owned by t h e  

v i l l a g e  o f  New Athens, charges f o r  i t s  s e r v i c e .  

New Athens townsh ip  c u r r e n t l y  has t h r e e  medical  doc to rs ,  one d e n t i s t ,  and one c h i r o p r a c t o r  t o  

serve t h e  medical  needs of t h e  immediate New Athens area (Coalcon 1977, p 3-292). 

The e x i s t i n g  medica l  f a c i l i t i e s  a r e  cons idered by l o c a l  employers t o  adequate ly  meet t h e  c u r r e n t  

needs o f  t h e  community. Wi th  major  f a c i l i t i e s  20 t o  30 min away a t  B e l l e v i l l e ,  t h e  consensus 

i s  t h a t  those nearby h o s p i t a l s  s u f f i c i e n t l y  f u l f i l l  t h e  needs of t h e  r e s i d e n t  p o p u l a t i o n  

(Coalcon 1977, p. 3-292). 

P o l i c e  and f i r e  p r o t e c t i o n  

The New Athens Township P o l i c e  Department has t h r e e  f u l l - t i m e  p o l i c e  o f f i e r s  w i t h  two 

rad io-equ ipped p a t r o l  cars .  I n  dcld i l;ion, t h e  St.  C l a i  r County S h e r i f f ' s  DeparFlner>t. has 

102 employees, i n c l u d i n g  34 f u l l - t i m e  deput ies .  A lso ,  t h e  I l l i n o i s  S t a t e  P o l i c e  f o r c e  

serves t h e  New Athens/St.  C l a i r  County a rea  (Coalcon 1977).  

The New ALllei~:, Vu lu i i teer  Ti \ -@ Dcpartmcnt serves t h e  township w i  t.h f i v e  p ieces of f i r e - f i g h t i n g  

equipment (Coalcon 1977). Rura l  areas w i t h i n  S t .  C l a i r  County a l s o  have v o l u n t e e r  f i r e  depd r t -  

ments, and t h e  ma jo r  p o p u l a t i o n  cen te rs  i n  t h e  su r round ing  area have f u l l - t i m e  f i r emen  work ing 

from we l l - equ ipped  departments. 

Recreat ion  

Rec rea t i ona l  o p p o r t u n i t i e s  i n  t h e  New Athens Township i n c l u d e  hun t i ng ,  f i s h i n g ,  wa te r  spo r t s ,  

g o l f ,  Tennis, arid t l l k i ~ ~ y .  11.1 a d d i t i o n  t o  c x i s t i n g  h i g h  school  s p o r t s ,  3 p ~ ~ h l i r :  park  i s  

planned. I n  B e l l e v i l l e ,  t h r e e  p u b l i c  g o l f  courses, a p u b l i c  swimming poo l ,  f o u r  c i t y  parks ,  

and seve ra l  p r i v a t e  swimming and t e n n i s  c l u b s  e x i s t  (Coalcon 1977).  

The l a r g e r  St.  Lou i s  SMSA o f f e r s  p r o f e s s i o n a l  sport . ing events ,  horse rac ing ,  and a v a r i e t y  o f  

c u l t u r a l  a c t i v i t . i s s .  Tab le  2.18 desc r i bes  t h e  e x i s t i n g  acreage devoted t o  r e c r e a t i o n a l  

purposes i n  t h i s  area. 



Table 2.78. Summary 3f the existing recreational lard in the St. Louis SiVE.l 

In acresa 

Regi.onal Metro District NeiglborhooJ Vestpocket 'TotLot Special Conservatic-n Forest 
wrk  park park park park park facility area preserve Total 

Franklin Cwnty  7.1 55.0 450.0 16.4 1704.0 9,325.4 

Jefferson C o ~ n t y  26.0 613.2 0.7 86.9 

Madison Cormty 7,301'.0 612.0 408.6 105.4 7.3 78.1 9.21 2.4 

Monroe County 105.0 1.0 590.0 2,046.0 2,745.0 

St. Charles Caunqr E6.0 228.0 53.0 0.5 7040.0 7.417.5 

St. Clair Couiity 1 .V550 571.0 206.5 175.5 4.9 2.3 5,475.0 8.210.3 

St. Louis Cily 1,293.0 974.0 260.7 285.9 6.4 4.9 178.4 3,103.3 

St. Louis Cocnty- 5.448.0 3644.0 1578.0 €58.4 8.9 15.1 875.5 3,100.0 15.522.7 

Total 23.672.0 5347.0 3262.8 1758.8 28.2 22.9 ,2836.0 7630.0 10,621.0 55.623.5 
- - - -- - - - . . . . -- - . - - - .. - - . . . 

alncluda all publicl-/ owned recretion land (schoo facilities ?xcdudedJ. Selected privately owned recreato.ial facilities having a major impact on 
regional recmt io~ i  use paterns are inc uded in the "Special Racility" acreage. 

Source: Coalc~n: envmnrnenta. analysis report for ?he -Iran boikr  fuel demonstraticn plant 0rogra.n at dew Athens, ;;lines. 1977. Prepared for 
the Energy R?seaach and Developnrwt Administration, Clivis o i  of Fosi l  Cernonstretion Plants, West Chester, R.: R o y  F. Weaon, Inc. 



Water supp ly  and wastewater t r ea tmen t  

The wa te r  supp ly  system t h a t  c u r r e n t l y  serves t h e  New Athens Township has a  p l a n t  c a p a c i t y  o f  

1855 m3/day (0.49 Mgd). Water f o r  t h i s  system i s  wi thdrawn f rom t h e  Kaskaskia R i v e r .  The 

s e r v i c e  area c o n s i s t s  o f  770 connect ions  i n  New Athens and 220 connect ions  i n  Lenzburg. S torage 

c a p a c i t y  i n  New Athens i s  890 m3 (0.235 m i l l i o n  g a l ) ,  w i t h  consumption es t ima ted  a t  1135 m3/day 

(0.30 Mgd), o r  app rox ima te l y  60% o f  t h e  p l a n t  des ign  capac i t y .  New Athens, Lenzburg, Marissa, 

and T i l d e n  have r e c e n t l y  j o i n e d  t o  fo rm t h e  Kaskaskia Water D i s t r i c t .  A  new p l a n t  t o  se rve  

these areas has been completed and was scheduled t o  go i n t o  o p e r a t i o n  May 1, 1976, a t  which 

t i m e  t h e  New Athens water  p l a n t  was t o  be c l o s e d  (Coalcon 1977).  

A l though a  sewer ban has been i n  e x i s t e n c e  i n  t h e  New Athens Township, p l ans  have r e c e n t l y  been 

completed f o r  a  new wastewater t r ea tmen t  f a c i l i t y  t h a t  i s  des igned t o  se rve  a  p o p u l a t i o n  of 

about 3000 peop le  (Coalcon 1977). I t  i s  expected t h a t  t h i s  1135 m3/day (0.30 Mgd) p l a n t  w i l l  

c o n t a i n  excess c a p a c i t y  t o  t h a t  c u r r e n t l y  demanded. 

H i s t o r i c  and a rchaeo log i ca l  s i t e s  

H i s t o r i c  and a rchaeo log i ca l  s i t e s  i n  S t .  C l a i r  County, as l i s t e d  i n  t h e  National Register of 

Historic PZaces, a r e  as f o l l o w s :  

1. Eads B r i dge  - M i s s i s s i p p i  R i v e r  a t  Washington S t r e e t ,  

2. Lunsford-Pu lcher  a rchaeo log i ca l  s i t e  - Columbia v i c i n i t y ,  

3. Church o f  t h e  Ho ly  Fami ly  - Cahokia, 

4. J a r r o t - N i c h o l a s  house - Cahokia, 

5. O l d  Cahokia Courthouse (F ranco i s  Sauc ie r  House) - Cahokia, 

6. Cahokia mounds - C o l l i n s v i l l e  v i c i n i t y ,  

7. Mermaid House Ho te l  - Lebanon, and 

8. Emerald mound and v i l l a g e  s f t e  - Lebanon v i c i n i t y  

None o f  t h e  h i s t o r i c a l  o r  a r chaeo log i ca l  s i t e s  l i s t e d  i n  t h e  National Register of Historic 

Places (as o f  May 1976) a r e  on o r  i n  c l o s e  p r o x i m i t y  t o  t h e  p r o j e c t  s i t e .  The nea res t  s i t e s  

l i s t e d  a r e  approx imate ly  32 km (20 m i l e s )  f r om t h e  p r o j e c t  s i t e .  

Accord ing t o  Coalcon (1977),  t h r e e  b u i l d i n g s  i n  t h e  New Athens area a r e  cons idered h i s t o r i c  

s i t e s  by t h e  Southwest I l l i n o i s  M e t r o p o l i t a n  P lann ing Commission, which a r e  

1. a  res idence a t  409 Market  S t r e e t ,  New Athens, 

2. a  res idence  on Van Buren, New Athens, and 

3. t h e  Geiger  S to re  Company, New Athens. 

Recent s t r i p - m i n i n g  a c t i v i t y  on t h e  s i t e  and i n  t h e  sur round ing v i c i n i t y  has l e f t  no  p r o p e r t y  

e l i g i b l e  f o r  i n c l u s i o n  i n  t h e  NationaZ Register of Historic Places. Accord ing t o  Coalcon (1977), 

t h e  Land and H i s t o r i c  S i t e s  D i v i s i o n  o f  t h e  I l l i n o i s  Department o f  Conservat ion  i s  c u r r e n t l y  

i n v e s t i g a t i n g  a rchaeo log i ca l  resources i n  t h e  p r o j e c t  s i t e  area. The s j t e  and fmmedlate 



v i c i n i t y  have been p r e v i o u s l y  s t r i p - m i n e d  t o  depths rang ing  f rom about 18 t o  30 m (60 t o  

100 f t ) .  T h i s  p rev ious  a c t i v i t y  p rec ludes  t h e  ex i s tence  o f  a rchaeo log i ca l  s i t e s  i n  t h e  s t r i p -  

mined areas on and around t h e  s i t e .  I n  a d d i t i o n ,  t h e  access area f rom t h e  p r o j e c t  s i t e  t o  t h e  

Kaskask ia  R i v e r  has been d i s t u r b e d  by a  U.S. Army Corps o f  Engineers c h a n n e l i z a t i o n  p r o j e c t  

and i s  c u r r e n t l y  covered by dredged m a t e r i a l .  Thus t h e  p r o j e c t  s i t e  and immediate sur rounding 

area c o n t a i n s  no known a rchaeo log i ca l  s i t e s  (Coalcon 1977, pp. 3-167 and 3-168). 

2.1.9 Ecology 

2.1.9.1 T e r r e s t r i a l  eco logy 

The area around New Athens, I l l i n o i s ,  i n  St.  C l a i r  County c o n s i s t s  p r i m a r i l y  o f  a g r i c u l t u r a l  

l ands  and surface-mined areas. A g r i c u l t u r a l  lands a r e  devoted p r i m a r i l y  t o  corn  ( ~ e a  mays), 

wheat ( ~ r i t i c w n  aest ivum) , soybeans ( ~ Z y c i n e  m a ) ,  and hay crops. Most surface-mined areas 

have been p a r t i a l l y  graded and p l a n t e d  i n  lequmes (mos t l y  a l f a l f a .  Mp.fi.mgn spp, ) and/or 

grasses ( m o s t l y  Festuca spp. and Bromus spp.). Numerous herbaceous species and young c o t t o n -  

wood t r e e s  ( ~ o p u l u s  d e l t o i & s )  have invaded these mined areas (1.1 5 .  Army Corps o f  Eng in rc rs  

1974; Haynes and K l i m s t r a  1975). The s c a t t e r e d  f a l l o w  f i e l d s  on unmined l a n d  w i t h i n  t h e  area 

a r e  dominated by annual v e g e t a t i v e  cove r  w i t h  some sap l i ngs .  

The r e g i o n  l i e s  w i t h i n  t h e  C e n t r a l  Hardwood f o r e s t  zone ( S o c i e t y  o f  American Fo res te rs  1976), 

and t h e  T a l l  Grass P r a i r i e  (Coalcon 1977).  Patches of  both  up land and bottomland f o r e s t s  

s t i l l  remain. Upland f o r e s t s  a r e  composed p r i m a r i l y  o f  v a r i o u s  oak-h ickory  assoc ia t i ons .  

Bot tomland f o r e s t s  a long t h e  water  sources and l o w - l y i n g  areas a re  composed p r i m a r i l y  o f  

s i l v e r  maple (Acer  saccharinwn) , American elm (~Zmus  americana) , cottonwood, and w i l l o w s  

( s a l i x  spp. ) (Coalcon 1977; U.S. Army Corps of  Engineers 1974; Soc ie t y  of American F n r ~ z t ~ r z  

1967). The p r a i r i e  g rass land  t y p e  has been mos t l y  e l i m i n a t e d  f rom St.  C l a i r  County. W i th in  

t h e  county  and i n  t he  v i c i n i t y  o f  New Athens Township, l a n d  use f o r  crops, pasture land,  and 

s u r f a c e  m i n i n g  has a lmost  e l i m i n a t e d  p r a i r i e  p l a n t s  such as b i g  bluestem (Andropogon g e r a r d i ) ,  

1  i t t l e  blur st el^^ (A. scopar ius ) ,  i n d i a n  grass (Sorghastrwn n m t m s ) ,  and p r a i r i e  c ~ r d  grass 

( s p a r t i n u  p e c t i n a t a ) .  Sca t te red  remnants o f  t h e  p r a i r i e  g rass land  group a re  now r e s t r i c t e d  

t o  roads ides,  r a i l r o a d s ,  and s i m i l a r  unmanaged s i t e s  (Coalcon 1977). 

The area w i t h i n  t h e  New Athens Township suppor ts  a  d i v e r s e  and abundant fauna because i t  

pr*ov.ides an i n r e r s p e r s i o n  o t  wood lands, croplands, f i e l d s ,  and rec la imed surface-mined lands. 

Hard in  e t  a l .  (1976) conducted a  survey of mammals and h i r d z  nn t h e  p r ~ p o r ~ d  Coalcon dcmonstra 

t i o n  s i t e  nea r  New Athens. They no ted  30 species o f  mammals and 121 species o f  b i r d s ,  rep re -  

s e n t i n g  15 and 33 f a m i l i e s  r e s p e c t i v e l y .  Game spec ies  o f  I l l i n o i s  such as t h e  bobwhite q u a i l  

( ~ o l i n u s  v i r q i n i a n u s  ) , mourning dove (zenni.dn mncro~ua) ,  c o t t o n t a i  1  r a b b i t  (37~Z~~i7.,:rgtcs 

f l o r i d a n u s ) ,  g ray  and fox s q u i r r e l s  ( s c i u r u s  c a r o l i n e n s i s  and S. n i g e r .  r e s p e c t i v e l y ) ,  water fowl  

( f a m i l y  Ana t i  dae), and whi t e - t a i  l e d  deer ( ~ d o c o i l e u s  v i r g i n i m u s )  were commnn. Furbearers 

such as raccoon ( ~ r o c y c m  ~ o t o r ) ,  mink ( ~ u s t e Z a  v i s o n ) ,  fox (vuZpes f u l v a  and U r o c y m  

c inereoargenteus ) , and skunk ( ~ e p h i t i s  m e p h i t i s )  were a1 so numerous. 

Hard in  e t  a l .  (1976) no ted  t h a t  up land and lowland woods were ex t remely  impor tan t  t o  t h e  

d i v e r s i t y  o f  animals i n  t h e  area. As a  r e s u l t  o f  human man ipu la t i ons  (e.g., channe l i za t i on ,  

f a rm ing  p r a c t i c e s ,  and s u r f a c e  m i n i n g ) ,  woodlands i n  t h e  r e g i o n  a re  becoming i n c r e a s i n g l y  



scarce (Fig. 2.9). Therefore, those tha t  remain are important f o r  w i l d l i f e ;  they provide 

cover, food, nesting, and roost ing areas f o r  many species. If the remaining woodlands were 

removed, animals such as bats ( fami ly  Vespert i l  ionidae), whi t e - t a i  l e d  deer, opossums (DideZphia 

marsupiaZis) , raccoons, shor t - ta i  l e d  shrews ( ~ l a r i n a  brezricaw2a), moles (6eaZopus aquaticus), 

squirrels, and many species o f  nest ing b i rds  might be el iminated from the area. I n  addi t ion 

t o  the woodland areas, t he  var ie ty  o f  f i e l d s  i n  various stages o f  succession on both mined and 

unmined land provides important hab i ta t  (food and/or cover) f o r  many small and large mammals 

(e.g., co t ton ta i l  rabb i ts )  and granivorous and insectivorous b i rds  such as mourning doves, 

bobwhite quail ,  etc. (U.S. Army Corps o f  Engineers 1974; Hardin e t  a1 . 1976). 

WOODLANDS 

Fig. 2.9. Remaining woodlands w i th in  St. C l a i r  and adjacent counties. Source: U.S. 
Army Corps o f  Engineers. 1974. Draft env i rmen taZ  statement: Kaskaskia navigat ion p ro jec t  
(operation and maintenance). S t .  Louis, Mo. : U,S.  Amy Corps of Engineers, S t .  Louis 
D i s t r i c t .  



The Kaskaskia River, which runs through the township (see Sect. 2.1), i s  s t ra teg i ca l l y  located 

i n  the Mississippi  Valley migratory waterfowl flyway (Bellrose 1976). Because o f  th is ,  the 

marshes, oxbows, backwater sloughs, r i v e r  bottom timber, and lakes on surface-mined land provide 

hab i ta t  f o r  migrat ing waterfowl. Waterfowl, pa r t i cu la r l y  mallard ( ~ n a s  pZaty~hynchos), feed on 

mast i n  the timbered bottomlands, especial ly  when f looding coincides wi th  spring and f a l l  mlgra- 

t i ons  (U.S. Army Corps o f  Engineers 1974). Also, these areas provide food, cover, and nesting 

s i t e s  f o r  a small permanent population of wood ducks (A& sponsa), mallard, and bluewinged tea l  

(AWS discors); wading b i rds  such as herons and egrets ( fami ly Ardeidae); and various species 

o f  shorebirds . 

Section 2.1.9.3 describes the endangered species known or suspected i n  the township. 

2.1.9.2 Aquatic ecology 

The source o f  prnr~qz and caolinq water f o r  the pla l l t  i s  the Kdskaskla River. This r i v e r  

ar ises i n  Champaign County, I l l i n o i s ,  and flows southwest f o r  about 560 km (350 miles), 
reaching the Mississippi  near Chester, I l l i n o i s  (Randolph County). It once provided a wide 

va r ie t y  o f  habi tats and supported an exceptionally r i c h  aquatic fauna. O f  the 177 f i s h  species 

known t o  occur i n  I l l i n o i s ,  Smith (1971) l i s t e d  104 as having been found i n  the Kaskaskia 

drainage basin. Although recent human disturbances (e-g., dredging, impoundment, po l l u t i on  

from coal mine wastes, and agr icu l tu ra l  runof f )  have had severe adverse impacts on the 

Kaskaskia ecosystem, the r i v e r  s t i l l  supports many species o f  sport f i s h  (Table 2.19). 

Table 2.19. Spottfizh of the Kadtaakia River 

Common name 
-- P 

Channel catfish 
Flathead catfish 
Black bullhead 
White bass 
Yellow bas 
Green sunfish 
Warmouth 
Orangespot 
Btuegill 
Longear 
Redear 
Largemouth bass 
White crappie 
Bladc crappie 
&u*, 

Wallaye 
Freshwater drum 

Scientific name 
- 

Ictalurus punctatus 
PyIrrtlIctLr alivaris 
lctelurus melas 
klnmne chrymp~ 
Momne ~niss&i/sr,iensis 
LepMis cyanellis 
Lepomis guI(wus 
Lepomis humilis 
Lepomis mcrochirus 
Lepomis megalotis 
LepurrriL tni~mlophut 
Micmpterus salmoides 
Pomoxis annularis 
Pomoxls nignrm~~~lalvs 
S r i ~ n d i n n  c a m l m a ~  
Stizattedhn v i w m  
ApoldimtuE grunnmns 

Saurce;  palc con: environmental analysis report 
for the clean boiler tuel &@nwmdon p I u ~ ~ t p w m #  
at New Athens, Illinorb. 1977. Table 3-29. Prepared 
for the Energy Resarch and Development Admin- 
istration, Division of Foeil Demonstratian Plants. 
West Chester, Pa: Roy F. Waston, Inc. 

The lower Kaskaskia, including the port ion tha t  traverses St. C l a i r  County, has a very gentle 

gradient  (Fig. 2.10) and once meandered over a broad, marshy floodplain. However, the 80-km 
(50-mi l e )  section between the mouth o f  the r i v e r  and Fayet tev i l le  (St. C la i r  County) has been 
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F i g .  2.10. Grad ien t  p r o f i l e  o f  t h e  Kaskaskia R i ve r .  Source: 0. L. Thomas. 1970. 
A n  ecoZog ica l  s tudy  of four  d a r t e r s  of t h e  genus Perc ina ( ~ e r c i d a e )  i n  t h e  Xaskask ia  R iver ,  
I l l i n o i s .  B i o l o g i c a l  n o t e  no. 70, F i g .  3, p. 4. Urbana: I l l i n o i s  N a t u r a l  H i s t o r y  Survey. 

dammed and channe l ized by t h e  Corps o f  Engineers t o  f a c i l i t a t e  barge t r a f f i c .  Th i s  s e c t i o n  

now c o n s i s t s  o f  a long, s t r a i g h t  channel of u n i f o r m  dcpth,  dcvo id  o f  v c g c t a t i o n .  Thc fo rmc r  

meanders, which were c losed  by t h e  Corps a t  t h e i r  upstream ends (U.S. Army Corps o f  Engineers 

1974) b u t  a r e  s t i l l  connected t o  t h e  channel  a t  t h e i r  downstream ends, f o rm  a s e r i e s  o f  back- 

waters.  The f o l l o w i n g  sec t i ons  c o n t a i n  b r i e f  b i o l o g i c a l  d e s c r i p t i o n s  o f  these two h a b i t a t  

types. 

Kaskaskia R i v c r  channel  

The U.S. Army Corps o f  Engineers (1974) c o l l e c t e d  b i o l o g i c a l  da ta  a t  s i x  sampl ing s t a t i o n s  on 

t h e  l ower  Kaskaskia, i n c l u d i n g  two s t a t i o n s  i n  t h e  channe l ized s e c t i o n  nea r  New Athens (S t .  C l a i r  

County).  Carp ( cyp r i nus  c a r p i o )  and g i z z a r d  shad ( ~ o r o s o m a  cepedianwn) accounted f o r  60% o f  

t h e  t o t a l  f i s h  biomass c o l l e c t e d  a t  these two s t a t i o n s  (Tab le  2 .20) .  The abundance o f  these two 

species,  which a r e  c h a r a c t e r i s t i c  dominants i n  channel ized, h e a v i l y  s i l t e d  r i v e r s  ( S t a r r e t t  1972), 

i n d i c a t e s  t h a t  t h i s  s e c t i o n  of t h e  Kaskaskia has been c o n s i d e r a b l y  d i s t u r b e d  by human a c t i v i t i e s .  

However, 27 o t h e r  f i s h  spec ies  were c o l l e c t e d  by t h e  Corps a t  t h e  two St .  C l a i r  County s t a t i o n s ,  

i n c l u d i n g  13 s p o r t  f i s h  (U.S. Army Corps o f  Engineers 1974, Tables 2.19. and 2.20). I n  a s i m i l a r  

survey conducted i n  1975 (Coalcon 1977), 31 f i s h  spec ies ,  i n c l u d i n g  14 s p o r t  f i s h ,  were c o l l e c t e d  

i n  t h e  channel  between ' ~ e w  Athens and F a y e t t e v i  1 l e  (Coalcon 1977) (Tab le  2.21 ). 



Table 2.20. Fish collected by the Corps of Engineers from the Kaskaskia River 
near New Athens, Illinois (St. Clair County) 

Total number Total weight (g) 

Alosa chrysochloris (skipjack herring) 2 
Dorosoma cepedianum (gizzard shad) 1425 
Hiodon alosides (goldeye) 14 
Cyprinus carpio (carp) 39 
Notropis lutrinsis (red shiner) 1 
No tropis etherinoides (emerald shiner) 12 
Notropis blennius (river shiner) 2 
Pimephales vigilax (bullhead minnow) 1 
Carpiodes carpio (carpsucker) 1 
lctiobus bubalus (smallmouth buffalo) 8 
lctiobus cyprinellus (largemouth buffalo) 12. 
Moxostoma macrolepidotum (northern redhorse) 1 
lctaluruspunctatus (channel catfish) 4 
I ~ t ~ I u r u s  furo~tuo (blue cotfirhl 1 
Pylodictis olivaris ( f  lathead catfish) 3 
Morone cAry$ops (white bass) 7 
Morone mississippicnsis (ye1 low bass) 3 
Stizosiedion canadense (sauger) 7 
Amia calva (bowfin) 1 
Labidesthes sicculus (brook silverside) 11 
Lepomis cyanellus (green sunfish) 9 
Lepomis macrochirrts (bluegill) 55 
Lepnmis megalotis (longear sunfish) 3 
Lepomis humilis (orangespotted sunfish) 7 
Micrupterus salmoides (largemouth bass) 7 
Potnoxis artnularis (whlre crappie) 21 
Pomoxis nigromaculatus (black crappie) 2 
Aplodinotus grunniens (freshwater drum) 5 
Lepisosteusplatostomus (shortnose gar) 1 

Total 

Source: U.S. Army Corps of Engineers. 1974. Drafr envirorrmental statement; 
Kaskaskia navigation project (opera tion and main tenancel. Modified from Table 
ll.g, St, Louig, Me.: U.G. Army Coips u l  Er~gl~~uers, Sr. Louls Disttict. 

Benth ic  data c o l l e c t e d  by the  Corps o f  Engineers (1974) and by Coalcon (1977) i n d i c a t e  a moderate 

degree o f  p o l l u t i o n  i n  the channel. T u b i f i c i d s  and sphaer i i d  clams were the  most abundant i n v e r -  

teb ra tes  i n  the  Corps' ben th ic  samples, which were c o l l e c t e d  approximately 1 t o  2 km (0.6 t o  

1.2 m i l e s )  downstream from New Athens. Burrowing mayf 1 i e s  (Epherneroptera: Epherneridae) were the 

dominant inver tebra tes  i n  samples c o l l e c t e d  by Coalcon between New Athens and  F a y e t . t . ~ v i l l ~  

Tubi fi cids  a re  i n d i c a t o r s  of p o l l u t i o n ,  bu t  sphaeri i d s  and mayfly nymphs are set1s.i l;.ive t o  oxygcn 

d e p l e t i o n  and are genera l l y  absent from severely p o l l u t e d  r i v e r s  ( S t a r r e t t  1972). 

Kaskaskia R ive r  backwaters 

'I'lse bcl~kwdier~b created durlng the  channel izat ion o f  the lower Kaskaskia d i f f e r  i n  many respects 

from the  main channel and are extremely important components of the  r i v e r  ecosystem. Coalcon 

(1977) c o l l e c t e d  zooplankton. phytoplankton, benthos, and f i s h  from backwaters oF the Kaskaskia 

(between New Athens and F a y e t t e v i l l e )  i n  ~eptember and December 1975. I n  the  September c o l l e c -  

t i o n s ,  both phytoplankton dens i t y  and zooplankton dens i t y  were 4 times h igher  i n  the backwaters 

than  I n  the  channel; i n  December phytoplankton was 3.5 times more abundant and zooplankton 

12 t imes more.abundant i n  the backwaters than i n  the  channel. T u b i f i c i d s  and chironomids cons t i -  

t u t e d  more than 95% o f  t h e  ben th ic  biomass i n  Coalcon's backwater samples (Coalcon presented b i o -  

mass f igu res  f o r  only December). Coalcon c o l l e c t e d  very few mayf ly  nymphs and no sphaer i ids i n  

t h e  backwaters. 



Table 2.21. Fish collected in the Kaskaskia River channel 
and backwaters during 1975 and 1976 

Area of capture 

River channel Backwaters 

American eel (Anguilla rostrata) 
Paddlefish (Polydon spathula) 
Longnose gar (Lepisosteus osseus) 
Shortnose gar (Lepisosteus platostomus) 
Bowfin (Amia calva) 
Gizzard shad (Dorosoma cepedianum) 
Threadfin shad (Dorosoma petenensel 
Goldeye (Hiodon alosoides) 
Carp (Cyprinus carpio) 
Ghost shiner (Notropis buchanani) 
Emerald shiner (Notropisatherinoides) 
Red shiner (Notropis lutrensis) 
Bullhead minnow (Pimephales vigilax) 
River carpsucker (Carpiodes carpio) 
Quill back (Carpiodes cyprinus) 
White s~lcker (Carostomus commersoni) 
Smallmouth buffalo (Ictiobus bubalus) 
Bigmouth buffalo (Ictiobus cyprinellus) 
Flathead catfish (Pylodictus olivaris) 
Blue catfish (Ictalurus furcatus) 
Black bullhead (Ictalurus melas) 
Yellow bullhead (Ictalurus natalis) 
Brown bullhead (Ictalurus nebulosus) 
Channel catfish (Ictal~~r~~spunctatus) 
Blackstripe topminnow (Fundulus notarus) 
Mosquitofish (Gambusia affinis) 
Brook silverside (Labidisthes sicculus) 
White bass (Morone chrysops) 
Yellow bass (Morone mississippiensis) 
Longear sunfish (Lepomis megalotis) 
Redear sunfish (Lepomis microlophus) 
Orangespotted sunfish (Lepomis humilis) 
Bluegill sunfish (Lepomis macrochirus) 
Largemouth bass (Micropterus salmoides) 

, White crappie (Pomoxis annularis) 
Black crappie (Pomoxis nigromaculatus) 
Mud darter (Etheostoma asprigene) 
Saugcr (Stizostedion ca11ade11se) 
Walleye (Stizostedion vitreum) 
Freshwater drum (Aplodinotus grunniens) 

Source: Coalcon: environmental analysis report for the clean boiler fuel 
demonstration plantprogram at New Athens, Illinois. 1977. Modified from 
Tables R5R-R65 Pr~pared for the Enorgy Ro~corch and De~elrsp~ne~~t Ad- 
ministration, Division of Fossil Dcmonstrstion Plants. Wrbt Cllester, Pa.: Roy 
F. Weston, Inc.. 

Coalcon (1977) r e p o r t e d  t h a t  many s p o r t  and commercial f i s h ,  i n c l u d i n g  largemouth bass, f r eshwa te r  

drum, b u f f a l o ,  c a t f i s h ,  bu l lhead,  sun f i sh ,  b l u e g i l l ,  and w h i t e  bass, a r e  more abundant i n  t h e  

backwaters than i n  t h e  channel .  I n  a d d i t i o n  t o  p r o v i d i n g  h a b i t a t  f o r  a d u l t  f i s h ,  t h e  backwaters 

a r e  ex t remely  impor tan t  as spawning areas because o f  t h e  a q u a t i c  v e g e t a t i o n  p resen t .  For  example, 

t h e  nes t -bu i  l d i n g  sun f i shes  ( ~ e p o m i s  spp. ) , c rapp ies   o om ox is spp. ) , largemouth bass ( ~ i c r o p t e m r s  

sailmoides), and bu l l heads  ( ~ e t a l u r u s  spp.)  most f r e q u e n t l y  n e s t  among t h e  r o o t s  o f  a q u a t i c  p l a n t s  

( L a g l e r  e t  a l .  1962). Most o t h e r  f i s h  spec ies  i n h a b i  t ' iny s t i  11 o r  s l u g g i s h  waters  spawn on r o o t e d  

p l a n t s  (Hynes 1972); few wi  11 spawn on s i  l t - c o v e r e d  s u b s t r a t e s .  The backwaters a r e  a l s o  impor tan t  

as n u r s e r y  areas f o r  young f i s h .  They p r o v i d e  abundant zoop lankton ( the  p r imary  food source f o r  

most l a r v a l  f i s h e s ) .  and Lhe'i r v e g e t a t i o n  p rov ides  concealment f rom p reda to rs .  



According t o  Hynes (1972), many f i s h  t h a t  i n h a b i t  the  lower reaches of r i v e r s  spawn e i t h e r  i n  

marshes o r  on t h e  inundated f l o o d p l a i n  dur ing sp r ing  f loods.  P r i o r  t o  channel izat ion of the 

r i v e r ,  t h i s  was probably t r u e  o f  many of the f i s h  o f  the lower Kaskaskia. Because the marshes 

have been mos t l y  dra ined and f l o o d i n g  i s  now extremely ra re ,  the baccwaters are among the  few 

remain ing spawning and nursery areas f o r  these f i s h .  The backwaters may a lso  be important f o r  

some f i s h  o f  t h e  M iss iss ipp i ,  because many o f  these move up i n t o  t r i b u t a r y  streams t o  spawn 

(Hynes 1972). 

2.1.9.3 Endangered species 

T e r r e s t r i  a1 

Places where proposed threatened and endangered p l a n t  species might  be four~d  i r l  Lhe New Athens 

Township are l i m i t e d  t o  t h e  undis turbed banks o t  the  KaskaSkia K S V e Y  and t o  t h e  woodlands 

(Coalcon 1977). Table 2.22 l i s t s  proposed threatened o r  endangered p l a n t  species repor ted t o  

e x i s t  i n  I l l i n o i s .  O f  these, o n l y  the Tubercled o r c h i d  ( ~ a b e n a r i a  f lava)  has been repor ted from 

St .  C l a i r  County. T h i s  o r c h i d  has n o t  been repor ted  trorn New Athens Township (Coalcon 1977). 

Table 2.22. Illinois plants reported as thrcntcncd or endangered by the Smithsonian Institution 
as pt~hlishnd in the July 1, 1975, Federal Regisrer and the occurrence of these plants in Illinois 

Family Species Common name Status Occurrence in Illinois 

Asmraesaea 
Fabaceaea 
Fabaceae 
Malvaceae 
Orchidaceaea 
Anacardiaceae 

Aster chase1 
Lespedeza leptostachya 
Petalostemem foliosum 
lliamna remota 
lsotria medeolcides 
Rhus trilobata 

Chase aster 
~ush-c love f  
prairie-clovef 
M a l l o d  
Little five-leaves 
Sumaco 

Endangered 
Endangered 
Endangered 
f ndangered 
Endangered 
'I lireatkned 

Wooded ravines in Marshall, Peoria, and Tazewell counties 
Prairie soil in Cook. McKenry, and Winnebago counties 
River banks and gravelly soil 
On an island In the Kankakee River 
Acid soil in dry woods 
Sandy banks arid duries 111 tile W ~ S L ~ I I I  a~ ld  IIUI L l~vve~tr~.~ i  

counties 
Dry ground; Fulton, Ciallatin, Hancock, Henderson, and 

Peoria coi~ntior 
Alluvial bonoms along rhe Illinois River in Fulton, 

La Salle, Mason, Peoria, Tazewell, and Woodford counties 
Sand prairies, Mason and Whiteside counties 
Wolf Lake, Union County 
On dry slopes or prairie soil; Grundy, Lake, LaSalle, 

Lee, and Ogle counties 
Wooded ravines, Jackson County 
Swamps and pond margins 
Wet ground; Cook, Hancock, Kankakee. Lake, Oyle, Peoria, 

St. Clair, 'l'azewell, and WabaZh COUnIIeS 
Meadows and swamps; Cook, Lake, and Winnebego counties 
Moist wood, Joilfhern llllnols 

var. arenaria 
Ascleplas meadii Asclepiadaceae Threatened 

Boltonia astwoides 
var. decurrens 

Cyperus grayioides 
Aplos priceana 
Astragalus tennesseensis 

Acreraeeae 'I hreatened 

Cvperaceaea 
Fabaceae 
Fabaceaea 

Threatened 
Threaletled 
Threatened 

Limiaceaea 
Lauraccac 
Orohidaceae 

MintL' 
spice-bushb 
Tubercled nrehid 

Svnandra hispidula 
Lindera melissifolia 
Platanthera flava 

Threatened 
Threatened 
Threatened 

Platanthera leucophaea 
Platanthera peramoena 

Orchidaceae 
Orchidaceae 

Fringed orchid 
Fringeless purple 

orchid 
~ r a s 8  
Blue grassa 
I(tiit i~cky 

spleen wort 
Shooting-sta? 
saxlfrageb 

Threatened 
Threaiened 

Poarfiai? 
Poaceae 
Polypodlacuvva 

Muhlenbereia cwCi$~tz,sa 
Poa Paludigena 
,z.lv~~l~~~~!!~t, k ~ t , l t t , -A  IFI t,v- 

Threatened 
Threatened 
Thr~atonod 

Champaign County; type collected in 1891 
Wet ground; northeastern Illinois 
Sandstone cliffs; snt.~thern lllinnir 

Primulaceae 
Saxifragacead 

Dodecatheon frenchii 
.S~lllivan tia ohionis 

Threatened 
Threatened 

Rich woods and rocky ledges; southern Illinois 
Cliffs; Carrol, De Kalb, Jo Daviess. Stephenson, and 

Winnebago counties 

aNot likely to be found on the New Athens site because of lack of suitable habitat. 
b ~ e n e r i c  name. 
'Familial name. 
Source: Coalcon: environmental analysis report for the clean boiler fuel demonstration plant program at New Athens, Illinois. 1977. 

Modified from Table 1. Prepared for the Energy Research and Development Administration, Division of Fossil Demonstration Plants. West 
Chester, Pa.: Roy F. Weston, Inc. 



The M issou r i  Bo tan i ca l  Garden ( c i t e d  i n  Coalcon 1977) l i s t e d  f i v e  species o f  p l a n t s  found i n  

St.  C l a i r  County which a re  considered t o  be r a r e  and endangered. These p l a n t s  a r e  as f o l l o w s :  

Pe Ztandra v i r g i n i c a  Arrow arum 

UZmus spp. Elm 

L i thospsmen.  7.ati.f o2.i.m Puccoon 

Stachys h y s s o p i f o l l a  Hedge n e t t l e  
var .  ambigua 

Che Zone ob l i q u a  
var .  spec i  osa 

Rose t u r t l e h e a d  

Four o f  t h e  species a re  p o s s i b l e  i n h a b i t a n t s  o f  t h e  bot tomland wooded areas a t  t h e  s i t e  b u t  

were n o t  found. I n c l u s i o n  o f  elm on t h e  l i s t  may be a  r e s u l t  of t h e  widespread r e d u c t i o n  of 

elm i n  t h e  U n i t e d  S ta tes  because o f  Dutch elm d isease and va r ious  o t h e r  pathogens. Elm t r e e s  

were f n ~ ~ n d  i n  t h e  s i t e  area (Coalcon 1977). 

F i v e  species o f  t e r r e s t r i a l  ve r teb ra tes  t h a t  have been r e p o r t e d  f rom I l l i n o i s  a re  l i s t e d  as 

endangered by t h e  U.S. Department o f  t h e  I n t e r i o r  (1977) and a re  p ro tec ted  by Federal  law as 

w e l l  as by t h e  I l l i n o i s  Env i ronmenta l  P r o t e c t i o n  A c t  .(1976). Of these species, o n l y  t h e  Ind iana  

b a t  ( ~ ~ o t i u  sodul.is) has beer1 repo r ted  I n  St.  C l a i r  County, and none have been r e p o r t e d  i n ,  

New Athens Township. However, based on t h e i r  known d i s t r i b u t i o n s  and h a b i t a t  requirements,  

a l l  o f  these species except  Bachman's warb le r  ( ~ e r m i v o r a  bachmani) cou ld  conce ivab ly  occur  

i n  t h e  township (Tab le  2.23).  

I n  a d d i t i o n  t o  t h e  endangered species l i s t e d  i n  Tab le  2.23, vu lne rab le  and r a r e  spec ies ,  which 

a r e  n o t  p r o t e c t e d  by law, have been repo r ted  f rom New Athens Township and St .  C l a i r  County 

(Tab le  2.24).  

Aquat ic  

No n a t i o n a l l y  l i s t e d  endangered o r  t h rea tened  aqua t i c  species are  known t o  occur  i n  I l l i n o i s  

(U. S. Department o f  t h e  I n t e r i o r  1976). The I 1  l i n o i s  Nature  Preserves Commission (1976) has 

compi led a  l i s t  o f  f i s h  species t h a t  a r e  cons idered t o  be .vu lne rab le ,  ra re ,  o r  o f  u n c e r t a i n  

s t a t u s  i n  I 1  l i n o i s .  Of these, t he  b igeye s h i n e r  ( ~ o t r o p i s  boops) and t h e  Western sand d a r t e r  

(~nnnoazypta CZUU) occur  i n  t h e  Kaskas k i a  R i v e r  dra inage bas in .  However, n e i t h e r  spec ies  has 

been r e p o r t e d  i n  St .  C l a i r  County (Acherman 1975). 



Table 2.23. Endangered species of terrestrial vertebrates that occur in 
Illinois and could occur in New Athens Township 

Common name Scientific namea 
Illinois 

distributionb 
~ a b i t a p  

Indiana bat 

Gray bat 

Bald eagle 

Myo tis sodalis 

Myotis grisescens 

Statewide Hibernates in caves; 
bridges, buildings, 
and hollow trees prob- 
ably used in summer; 
abandoned underground 
minor, could pruvidu 
roosting and wintcring 
OIC0.7 

Pike and Winter colonies prefer 
Hardin counties, deep caves with long 
but probably vertical shafts; known 
ranges throughout to congregate in lime- 
southcrn half of stone caverns in summer; 
state abandoned undergound 

mines could ptovlde 
roos1lng and wintering 
areas 

Halialltus leucocephalus Floodplains of 
Mississippi. 
Illinois, and 
other large 
rivers 

Most often observed near 
high concentrations of 
waterfowl or places where 
dead fish are common; 
usually plesent as migrant 

Perearine falcon Falco peregrinusc Scattered Prefers cliffs along 
Mississippi River; 
migrant 

aThese species are prntected by Federal and Illinois law. An endangered species is one In danger ot extimcrlon 
throughout all or a significant portion of Its range. [U.S. DepatLlrlenL of the Interior. 1976,1977. "Endongcrcd and 
thre~tened wildlifc and ~Iant:," Fed. Regist. 41(208): 47181-47198 and 42(135): 36421-36431. lllinois Nature Preserves 
Commission. 1976. Endangered, vulnerable, and rare vertebrates o f  Illinois. Interim list of species. (Memeo rept., 7 pp.)] 
Carbondale. 

b ~ d a p t e d  from the following: D.  F. Hoffmeister and C. 0. Mohr, 1972. Fieldbook o f  Illinois mammals. New York: 
Dover Publications, Inc. C. S. Robbins. B. Brum, and H. S. Zim, 1966. Birds o f  North America: a guide to field 
Idenrlficarion. New Yolk: Golden Press. V. A. Tcrpcning, ct ol. 1073. A survey o f  the fauna and flora nccr~rring in  the 
Mississippi River floodplain between St. Louis, Missourl, and Cairo, lllirrois.' Carbulldale, Ill.: Cooperative Wildlife Rcscarch 
Laboratory, Southern Illinois Unlverrlry. K. Acherrr~ill~, 1975. Rare and endangered wrtcbrotcs o f  Illinoic. Urhnia: lllinois 
Department of Transportatior~. 

' E ( c ? ~  tho Pmnriran p r ~ o r i n ~  falcnn IFalcn nerearinus sne!um) ~ n d  the Arctic pereqrine falcon (F,p. tundruisl could 
conceivably occur i n  the New Athens area as migrants. The Americari perey~ille falcon should not be expected within tRC 
township, because i t  usually does not migrate beyond the eastern front of the Rocky Mountains. However, the Arctic 
peregrine falcon is known to migrate south through eastern anrl middle North America to the Gulf Coast of the United 
States. (U.S. Department of the Interior, 1973. Threatened wildlife o f  the United States. Washington, D.C.: U.S. 
Department of rhe Interior. Fish a~ ld  Wildlife Service.) 



Table 2.24. Vulnerable and rare vertebrates reported in St. Clair County 

Common name Scientific name Habitat Statuf 

Mammals 

Family: Vespertillionidae (plainnose bats) 
Keen's baP Myotic keenii Caves in winter, unknown in summer R 

Family: Geomyidae (gophers) 
Plains pookct gophelC Geomys bursarius Open grassy areas, fields, levees - R 

Family: Mustelidae (weasels) 
Long-tailed w e a s e ~ ~ , ~  Mustela frenata Brushy or shrubby areas, woods R 

River otter Lutra canadensis Permanent water areas bordered by woods V 

Birds 

Family: Ardeidae (herons, hitterns) 
Little blue heron 

Family: Accipitridae (kites, hawks, eagles) 
Sharp-shinned hawkd 

Marsh hawkd 
Family: Laniidae (shrikes) 

Loggerhead shriked 
Family: Parulidae (warblers) 

Nashville warblerd 
Mourning warblep 

Florida caerulea caerulea Flooded fields, roadside ditches; summer 
resident, post-breeding wanderer 

Accipiter striatus Open woodlands, wood margins; permanent V 
resident 

Circus cyaneus Fields near water; winter resident V 

Lanius ludovicianus migrans Fields; permanent resident V 

Vermivora ruficapilla ruficapilla 
Oporornis philadelphis 

Deciduous woodlands; migrants 
Underbrush; migrants 

Amphibians 

Family: Plethodontidae (salamanders) 
Dark-sided salamanderC Eurycea longicauda melanopleura Rocky, swift streams in dissected. 

forested regions; caves 
Family: Ranidae (true frogs) 

Eastern wood frog Rana sylvatica sylvatica Mesic forests with permanent or 
semipermanent pools 

Reptiles 

Family: Chelydridae (snapping turtles) 
Alligator snapping turtle Macroclemys temmincki 

Family: Colubridae (colubrids) 
Groat ploinl rat 511ahe Elaphe gu tfa ta emoryi 
Northern flat-headed snake Tantilla gracilis hallowelli 

Family; Crntalidae (crotalids) 
Eastern massasauga Sistrurus catenatus catenatus 

Timber rattlesnake Crotalus horridus horridus 

Bottoms of muddy streams R 

Terrestrial 
Fossorial 

Old fields with heavy bluegrass cover, R 
bogs, wooded areas 

~orested bluffs, rock outcrops, upland V 
forests, cultivated fields, abandoned 
buildings, old sawmills, brush piles 

aT lu  lullowlng detlnitions are used to describe the statlls nf Illinois vertcbrotes (Ill i i~ois Nature Preserves Commission 1976): . 
H V  = Highly Vulnerable -Species that are in immediate dangcr of ext irpativ~~ as breeding species within Illinois, but not necessarily throughout 

their entire range. 
V  = Vulnerable - Illinois species that are likely to become highly vulnerable in the future as a result of habitat changes, restricted distributions. 

sport hunting, commercial or scientific collecting, or other reasons. 
R = Rare, Resrricicd, or Un~.rr.lsin Srarus -Species that are rare or restricted as breeding species in their lllinois distribution. Also includes species 

that are present in very low numbers or restricted to very limited portions of lllinois or for whom there is not enough information to categorize them at 
this time. 

'~ is ted as rare in Illinois by Coalcon (1977). 
'Listed os rare i l l  l l l i ~~o ls  by Ackerman (1975). 
d~hese species have been recently observed in New Athens Township (Coalcon 1977; Hardin et al. 1976). The remaining species listed in the table have 

been reported from St. Clair County at some time in the past. and their present ocourrcncc in the CUUIIL~ Is not established. 
Sources: K. Acherman, 1975. Rare and endangered vertebrates of Illinois. Urbania: Illinois Department of Transportation. Coalcon: Environmental 

analysis report for the clean boiler fuel demonstration plant program at New Athens, lllinois. 1977. Prepared for the Energy Research and Development 
Administration, Division of Fossil Demonstration Plants. West Chester, Pa.; Roy F. Weston, Inc. M. E. Hardin et al. 1976. A fieldstudy of selected fauna 
for the Coalcon clean liquid boiler fuels demonstration plant site: New Athens. Carbondale. Ill.: Illinois Cooperative Wildlife Research Laboratory, 
Southern Illinois Univcrsity. lllinois Nature Preserves Commission. 1976. Endangered, vulnerable, and rare vertebrates of Illinois. Interim list of species. 
[Mimeo Rept., 7 pp.] Carbondale, Ill. V. A. Terpening et al. 1973. Asurvey of the fauna and flora~occurring in the Missisrippi River floodplain between St. , 

Louis, Missouri, and Cairo, Illinois. Carbondale, Ill. :Cooperative Wildlife Research ~abdratory, Southern Illinois University. 
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2.2 DESCRIPTION OF LEWIS TOWNSHIP I N  MASON COUNTY, WEST VIRGINIA 

2.2.1 S i te  locat ion 

Lewis Township i s  located i n  Mason County i n  western West Virg in ia.  I t s  western and southern 

borders are formed by the Ohio and Kanawha r i v e r s  respectively (Fig. 2.11) (West V i rg in ia  

Department o f  Highways 1976). The center o f  the township i s  located a t  about 38O58'N la t i t ude  

and 8Z005'W longitude or 4,301,500 m N, 404,500 m E i n  the UTM (Universal Transverse Mercator) 

g r i d  system. The closest major metropolitan area, Charleston, i s  about 72 km (45 miles) t o  

the southeast. The largest  c i t y  w i th in  the township, Point Pleasant (population about 6000), 

l i e s  along the Ohio River a t  i t s  intersect ion wi th the Kanawha. The major highways i n  the 

township are s ta te  highways 2 and 62. A Bal t inore and Ohio r a i l  l i n e  runs through the township 

pa ra l l e l  t o  the Kanawha River and crosses the Ohio River i n  Point Pleasant. The topagraphy i s  

r o l l i n g  w i th  a maximum elevat ion o f  255 m (830 f t )  and a minimum o f  165 m (540 f t ) .  

2.2.2.1 Coal reserves 

Mason County, West Virg in ia,  i s  located on the southwest edge o f  the central  pa r t  o f  the 

Appalachian Basin (Fig. 2.12), defined by the outcrop of the Permian age Dunkard group. As 

such, Mason County i s  cent ra l ly  located w i th in  the Eastern Coal F ie ld  (Barlow 1974). 

The most important local  coal beds are the Pi t tsburg (No. 8) and the Pomeroy (No. 8A) o r  

Redstone o f  West Virginia. They outcrop i n  Gal l ia  County, Ohio, as wel l  as i n  Mason County. 

The Pi t tsburg i s  defined as the base o f  the Monongahela group (Fig. 2.12), and the Pomeroy 

l i e s  about 9 m (30 f t )  above the base. I n  Gal l ia  County, the Pittsburg coal bed i s  about 

I t o  1.5 m (3 t o  5 f t )  thick, d11d Llle uver ly ing Fomeroy i s  somewhat th inncr (Blakc 1962). 

Other coals mined i n  counties adjacent t o  Lewis Township are the upper Freeport (No. 7), 

middle Kittanning (No. 6), lower Kittanning (No. 5), and Clarion (No. 4A). These coals a l l  

belong t o  the A1 legheny formation, which outcrops i n  western Gall i a  and adjacent eastern Ohio 

counties and throughout central  West Virg in ia.  The Allegheny formation i s  about 120 m (400 f t )  

o r  more deep throughout Mason and adjacent Jackson and northern PL(tnam Counties i n  western 

West Virg in ia.  The lower Kittanning i s  the only Allegheny coal tha t  i s  minable i n  the three- 

county region o f  West V i rg in ia  adjacent t o  Lewis Township (Blake 1952; Department o f  Indust r ia l  

Relations 1975; Overbey 1961 ). 

Table 2.25 l i s t s  the coal reserves and 1974 production o f  counties i n  Ohio and West V i rg in ia  

which are close t o  Lewis Township and o f  other h igh ly  productive counties from which coal could 

feasibly be shipped by barge down the Ohio River. A strip-mine moratorium current ly exists i n  

most o f  the West V i rg in ia  counties bordering the Ohio River. As shown I n  iable 2.25, nearby 

counties are not p r o l i f i c  coal producers, but they do have moderate reserves. A seven-county 

region near Wheeling, West V i  rg in ia,  about 160 km (100 miles) upstream on the Ohio River has 

a t  least  three times as much reserves. Furthermore, during 1974 they produced 31 m i l l i o n  metric 

tons (34.1 m i l l i o n  tons) o f  coal compared wi th 1 m i l l i o n  metr ic tons (1.13 m i l l i o n  tons) from 

s i x  counties near Lewis Townzhip. Figure 2.13 shows the pos i t ion  o f  Mason County re la t i ve  t o  

minable coal i n  West V i rg in ia  (~eys tone  coal industry mcmuai! 1976). 
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Fig. 2.12. Generalized geologic map of the coal f i e l d s  o f  West Virg in ia.  Source: West 
V i rg in ia  Geological and Economic Survey. Wheeling, W. Va. 

A Lewis Township coal conversion f a c i l i t y  does not  have comparable loca l  reserves o r  current  

coal production capab i l i t y  w i t h  t h a t  of St. C l a i r  County, I l l i n o i s .  The seven-county loca l  
region has reserves of 2.3 b i l l i o n  met r ic  tons (2.56 b i l l i o n  tons) compared wi th  15 b i l l i o n  

metric tons (16.50 b i l l i o n  tens) f o r  a six-county region including St. C l a i r  County. Local 

production (1974) i n  the seven counties surrounding Lewis Township was 1 m i l l i o n  met r ic  tons 

(1.13 m i l l i o n  tons) compared w i th  20;4 m i l l i o n  met r ic  tons (22.5 m i l l i o n  tons) f o r  ac t ive  mines 

w i th in  48 km (30 miles) of the I l l i n o i s  s i te.  A demonstration s ize (0.5-million-metric-ton o r  

0.6-mi 11 ion-ton-per-year) coal conversion faci li t y  i n  Lewis Township would consume more than 

h a l f  the current  production capacity o f  loca l  mines (Keystone coal i ndust ry  manual 1976). 



Tahle 2.25. Recoverable coel ra*mer and 1974 production for seleasd counties in Ohio and West V i i n i a  
which are potential wppl i i  for a coal ~nverdon facility in Mason County, West Virginia 

1971 recoverable 1974 production 
reserve8 [metric tons X lo3 (tons x I@)] 

County [metric tons x 103 Principal coal seam 

Total 
Auger and 

(tons x 1611 N i p  Deep 

Within bvcking distance 

Gallia 730,534 (805,440) 100 (110) 100 (110) 0 Upper Freeport, Redstone, f'inrburgh, 
Middle Kittanning 

Lawrence 827.71 5 (91 2,685) 83 (92) 83 (92) 0 Brwkville and Clarion 
Meigs 381,250 (420,342) 711 (784) 0 71 1 (784) Brookville and Clarion 

Subtotal 1,939,499(2.138,367) 894 (986) 183 (202) 711 (784) 

Long distance by haw 

Belmont 2,099890 (2.31 5,204) 14,426 (1 5,905) 8,908 (9,822) 5,517 66,083) Pittsburgh 
Harrison 1,086,458 (1,197,859) 5,150 (5.678) 2.457 (2,709) 2,693 (2,989) Lower and Upper Fraaport, Meis Creek, 

Pittshlrf#l 

Jefferson 1,280,844 11,339,9053 4,655 (5,132) 3,955 (4,360) 700 (772) Pittsburgh, Waynesburg, Uppar Freemont 
Monroe 1,347,339 (1,485,488) 802 (884) 0 0 802 (884) Pittsburgh 

Subtotal 5,748,980 (6,338,456) 25,032 (27,598) 15,320 (16,891 ) 9.71 2 (10,708) 
Total 7,733,828 (8,526,823) 25,927 (28,585) 15,503 (17,083) 10,423 (1 1,492) 

West Virginia 

Within tnrcking distanceb 

Cabell 24,035 (28.500) 0 0 0 
Jack& 0 0 0 0 
Masonc 139.028 1153283) 132 (146) 0 132 (146) Pittsburgh, 56 cm (22 in.), two mines 
Pumam 216,085 (238,242) Unlisted 

Subtotal 379,149 (418,025) 132 (1461 0 132 (146) 

Long distance by b a d  

Brooke 83,771 (a.360) 838 (701) 89 (98) 547 (603) Pittsburgh. 142 an (56 in.). six mines 
Marshalf 1,924,052 (2,121,336) 4,476 (4.935) 0 4,476 (4,935) Pittsburgh, 152 to 168 an (60 to 66 in.), 

five mines 
OhioC 318,869 (351,565) 1,434 (1,581) 0 1,434 (1,581) Pittsburgh, 152 cm (60 in.), two mines 
TYI& 51 5.973 (E68.879) 0 0 0 
WetzeF 1,508,4Q7 (1,660,889) 0 0 0 

Subtotal 4,349,979 (4,796,008) 8,546 (7,217) 89 (98) 6,457 (7,119) 
Tstal 4,729,128 (5,214,033) 6,678 (7,363) So 6,509 (7.265) 

Grand total 32,W (35W1 15,592 (17,101) 17,013 (18.m) 

'Recoverable resew ere defined differently in Ohio and West Virginia. Recoverable reserves are defined as M)% of inplace tots1 reserves in 
both states. Only seams water than 46 cm (18 in.) thick and shallower than 46 m (1 50 ft) or greater than 71 cm (28 in.) thick deeper than 46 
m (160 ft) and shallower than 305 m (1,000 ftl are considered reserved in Ohio, whereas seams greater than 30 cm (12 in.) thick and shallower 
fhm 910 m (3.W ftj  are cons~dered reserves in West Virginia. 

b~ substantial part of West Virginia's reserves and production is found in the southern and central parts of the state where truck or rail 
transponetion ex& &3 hn~ (50 trliln). 

'Stripmine moratorium. 
dSuktanzial reJerver that could be barged are also located In southwestern Pennsylvania. 
Sources: Keystone coal idusby manual. 1976. New York: McGraw-Hill; J. A. Barlow. 1974. Caal and coal mining in Wesf Virginia, 

Coal-Geology bulletin no. 2 Morgentown, W. Va.: West Virginia Geological and Economic Survey. 

On the other hand, the coal reserves o f  eastern Ohio, northern West Virg in ia,  and southwestern 

Pennsylvania have recoverable reserves t h a t  compare favorably w i th  the I 1  1 i n o i  s s i te .  It might 

be feas ib le  t o  ship t h i s  coal from Wheeling, West Virg in ia,  v ia  barge. 

Another p r o l i f i c  coal mining region i s  t ha t  of eastern Kentucky, southern West Virg in ia,  and 

western Virg in ia.  However, t h i s  region i s  not considered a v iab le  source o f  supply because 
o f  the  long r a i l  o r  t ruck haulage required. 
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Fig. 2.13. Map showing the posi t ion o f  Mason County w i th  respect t o  minable low and high 
v o l a t i l i t y  coal i n  West Virginia. Source: Babu e t  a l .  1973. ~Suitabiti ty of West Virginia 
coaZs t o  coat-cmveraim p~ocasaee. Coal -Geology b u l l e t i n  no. 1. Morgantown, W. Va. : West 
V l  r g i n i a  Geologi a1 and Economic Survey. 

Coal o f  central  and northern West Virg in ia,  eastern Ohio, and western Pennsylvania i s  c lass i f i ed  

as high-volat i le C bituminous coal w i th  a c a l o r i f i c  value ranging between 11,000 and 13,500 B t u l l  

Figure 2.13 shows the posi t ion o f  Mason County wi th respect t o  coals of various v o l a t i l i t y  i n  

West V i rg in ia  (Babu e t  a l .  1973). 

The su l fu r  content o f  the coal varies. I n  Mason and adjacent counties i t  ranges between 1.5 and 
3%. I n  northern West V i rg in ia  along the Ohio River, su l fu r  content i s  greater than 3%. Low 
su l fu r  (~1.5%) coal i s  found i n  southern West V i rg in ia  (Babu e t  al. 1973). 

2.2.2.2 Regional geolog,y 

Mason County, West Virginia, i s  located on the southwest s ide o f  the Appalachian Basin. Figure 

2.14 defines the central par t  o f  the Appalachian Basin as the outcrop o f  the Dunkard group o f  

Permian age. I n  the deepest pa r t  o f  the basin, between 2700 and 3400 m (9000 and 11,000 f t )  o f  

Paleozoic s t ra ta  occurs, and i n  Maspn County the s t r a t a  a t t a i n  a thickness o f  2600 m (8500 ft] 
(Overbey 1961 ) . 
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Fig. 2.14. Relationship between the eastern coal f i e l d  and major s t ruc tura l  features. 
Sources: (1 ) A. J. Eardlev. 1951. StructuraZ geoZogg of Nmhh Amem:en. NPW Ynrk: Harper 
and Brothers; (2) Keystone coaZ industry manuat. 1976. New York: McGraw-Hill. 

The Appalachian Basin as a whole i s  coextensive wi th  the Eastern Coal F ie ld  (Fig. 2.14) and i s  

defined by the  outcrop of Pennsylvania s t ra ta  from northeastern Alabama t o  northern Pennsylvania 

(Kegstone coal industry manuat 1976; Eardley 1951). 

The Appalachian BasSn i s  bordered by several areas o f  regional u p l i f t .  The Findlay and 

Cincinnat i  arches l i e  t o  the northwest and west respectively. The Cincinnati Arch i s  separated 

from the  Nashvil le Dome by the Kentucky River f au l t  zone. Older Paleozoic s t ra ta  are exposed 
i n  the central  zones o f  these arches, the exposed s t ra ta  becoming progressively younger as rock 

un i t s  d ip  gent ly toward the Appalachian Basin. I n  Mason County the average d ip  i s  about 11 m/km 



(36 f t l m i l e )  toward the east. The Appalachian Mountains l i e  imnediately t o  the southeast of 

the Eastern Coal F ie ld  and, p r i o r  t o  Pennsylvania time, were pa r t  o f  an ancestral Appalachian 

Basin. Near the close o f  Paleozoic time, the eastern margin o f  the Appalachian Basin was 

deformed i n t o  a series of h igh ly  folded and th rus t - fau l ted  strata.  Deformation was culminated 

by u p l i f t  and erosion, removing whatever Pennsylvanian s t ra ta  were once present. At  the same 

time, the northeastern side of the present Appalachian Basin was deformed i n t o  a series o f  

gentle folds. 

The broad outcrop patterns o f  the Dunkard and Monongahela groups along the Ohio River are 

ind ica t ive  o f  very gent le d ip  and s t ruc tura l  features too f i n e  t o  be revealed on a generalized 

geologic map. Large fo lds  are indicated by wavy outcrop bands o f  the Monongahela and Conemaugh 

groups and the  A1 legheny formation o f  northeastern West V i rg in ia  (Blake 1952; Eardley 1951 ). 

Most o f  the o i l  and gas production o f  the Appalachian Basin i s  found i n  the gentle fo ld  bel t .  

Ga l l i a  County, Ohio, and Mason County, West Virg in ia,  have minor o i l  and gas production tha t  

apparently i s  s t ra t i g raph i ca l l y  control led. Jackson County, immediately east o f  Mason County 

and bordering the f o l d  be l t ,  has substant ia l l y  more o i l  and gas production because s t ruc tura l  

. control  ex is ts  there (Overbey 1961). 

Local geologic st ructure 

Figure 2.15 i s  a structure contour map o f  the top o f  the Berea sandstone i n  Lewis Township, 

Mason County. O i l  and gas are found i n  the Berea sandstone, but  there i s  l i t t l e  loca l  production 

because o f  the lack o f  s t ruc tura l  control.  Several dry holes and two abandoned o i l  wel ls  are 

located i n  Lewis Township (Fig. 2.15). The o i  1 was apparently s t ra t i g raph i ca l l y  contro l  led. 

The Berea dips gent ly  t o  the southeast a t  an average ra te  o f  6.8 m/km (36 f t /mi le ) .  This 

gentle d ip  i s  expressed a t  the surface by the broad outcrop patterns af the Dunkard and Monon- 

gahela groups shown i n  Fig. 2.12 (Overbey 1961 ). 

2.2.2.3 Stratigraphy 

Exposed s t ra ta  of the Ohio River Valley and adjacent uplands are the Conemaugh and Monongahela 

groups of Pennsylvanian age. Figure 2.16 i s  a geologic cross section i l l u s t r a t i n g  the near- 
surface hydrogeoloyic un i ts  o f  eastern Gal l i a  County, Ohio, and western Mason County, West 

V i rg in ia  (Blake 1952). 

The Dunkard group (Permian age) occurs as iso la ted remnants a t  the crests o f  h i l l s  on the Ohio 

side of the r i ve r .  It i s  more extensively exposed, however, i n  eastern Mason and Jackson 

counties, West Virg in ia,  because o f  a regional d ip  t o  the east toward the center o f  the Appala- 

chian (Pittsburg-Huntington) Basin. A complete section of the Dunkard group i s  between 300 and 

400 m (1000 and 1200 f t )  t h i ck  In northernmost West Virg in ia,  but much o f  the upper pa r t  i s  

eroded out i n  Mason County, and a maximum o f  190 m (620 f t )  remains i n  northern Jackson County. 

The Dunkard consists o f  shale, sandstone, and minor coal seams. Dunkard coal i s  considered t o  

be minable i n  northern West V i rg in ia  but  no t  i n  Mason and Jackson counties (Blake 1952; Overbey 

1961). 

The Mor~onyahela group extends trom about 15 m (50 f t )  above the va l ley  f l o o r  t o  the highest 

sumnits i n  eastern Ga l l i a  County, Ohio, and Mason County. The P i t tsburg  No. 8 coal member, 



Fig. 2.15. Structure contours on top of the Berea Sandstone, Lewis Township and adjacent 
regions, Mason County, West Virg in ia.  Source: W. K. Overbey. 1961, O i Z  and gas report on 
Jackson, Mason, and Putnam camtiee,  West virginia. Bul l e t f  n no. 23. Morgantown, W. Va. : 
West V i rg in ia  Geological and Economic Survey. 

0.9 t o  1.5 m (3 t o  5 f t )  th ick,  l i e s  a t  i t s  base, and another prominent coal member, the 

Pomeroy No. 8A (Redstone o f  West V i rg in ia) ,  l i e s  about 9 m (30 f t )  above the base. Where a 
complete section o f  Monongahela exists, i t  i s  about 76 t o  90 m (250 t o  300 f t )  t h i ck  (Blake 
1957) 

The underlying Conemaugh group i s  exposed along the lower slopes and the va l ley  f l oo rs  except 

where i t  i s  covered by recent col luvium and al luvium and b.y Pleistocene g lac ia l  outwash deposits 

o f  the Ohio River Valley. The Conemaugh i s  approximately 120 m (400 f t )  t h i ck  along the va l ley  

f l o o r  o r  137 m (450 f t )  t h i ck  from i t s  contact w i th  the Pittsburgh coal t o  i t s  base. It reaches 
a maximum thickness of 180 m (580 f t )  i n  the Mason, Jackson, and Putnam counties region. No 
s ign i f i cant  t h i c k  coal members are found i n  i t  (Blake 1952). 

The r e s t  o f  the' Pennsylvanian system along wi th  the lower pa r t  o f  the Conemaugh i s  found only 

i n  the subsurface of G a l l i a  and Mason counties. These s t ra ta  are o f  the Allegheny formation 

and the P o t t s v i l l e  group. The Allegheny i s  approximately 60 t o  67 m (200 t o  220 f t )  thick. 

The top and bottom o f  the Allegheny are i den t i f i ed  by the Upper Freeport No. 7 and the Clarion 
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Fig. 2.16. Schematic geologic st ructure section and regional hydrogeologic systems o f  
eastern Ga l l i a  County, Ohio, and western Mason County, West Virg in ia.  Source: 0. D. Blake. 
1952. Geology of &ll io  County. Unpublished dissertat ion.  Columbus: Ohio State University. 

No. 4A coal members respect ively (where present). I n  the three-county area o f  West Virg in ia,  

the upper Freeport i s  missing and the Clar ion i s  less than 0.3 m (1 ft) thick, nlahiny Ll~e 

Allegheny Group d i f f i c u l t  t o  d ist inguish from s t ra ta  above and below it. Only the lower 

Kittanning No. 5 coal i s  minable near enough t o  supply a coal conversion p lan t  (Blake 1952; 

Overbey 1961 ) . 
The P o t t s v i l l e  group ranges from 76 t o  340 m (250 t o  1100 f t )  t h i ck  l o c a l l y  but  rap id ly  thickens 

t o  1170 m (3850 f t )  east o f  the hinge l i n e  across centra l  West Virg in ia.  Although there i s  some 

P o t t s v i l l e  coal production i n  nearby counties t o  the south, no well-developed coal seams are 

found i n  t h i s  series i n  Mason, Putnam, and Jackson counties. P o t t s v i l l e  coal i s  mined extensively 

f a r the r  t o  the east (Overbey 1961 1. 

Table 2.26 gives the general s t ra t ig raph ic  section from the base o f  the Mississippian t o  the 

surface i n  eastern Ga l l i a  County, Ohio (Stout, Ver Steez, and Lamb 1944; Ohio D iv is ion  o f  

Geological Survey 1966). Un i t  thicknesses were obtained from an o i l  wel l  on the f loodp la in  of 

the Ohio River opposite Lewis Township. fab le  2.27 gives the general s t ra t ig raph ic  sect ion 

from the base t o  the surface o f  the Paleozoic i n  Mason County, West Virg in ia.  



Table 226. General m a p h i i  d o n  from the base to the surface of 
the Mississippian in slutern Gallia County. Ohio 

System 
Formation 
or group 

Depth to top/thickness 
at Ohio Valley 

Description Electric Corporation 
oil and gas well 

rm (ftll 

Quaternary Recent 

Permian Dunkard 

Conemaugh 

~ l l e ~ h e n y ~  

Pottsville 

k ~ r h  Chrmk grnup 

Mississippian Maxvillee 

Greenbrier group 

L w n  

P w n o  Group 
Cuyahoga 
Bi i  lnjun 

Bedford 

Dwmian Ohio 

Soil 
Alluvium 

Glaciofluviala 
sedirnens 

Sandstone 
(tops of highest 
hillp mly) 

Numerous qcclothems 
on hill tops 
and slopes only 

Numerous cyclothems 
partially exposed 
on valley walls 

Numerous qelothems 

Numerous cyclothems 

.Shale and sandstane 

Limestone 

Sandstone and 
shale 

Conglomerate, 
sandstone and 
&ale 

Blmk hale 
Twa aandstwles 

separated by a 
shale unit 

Gray shale 

Black shale 

Not present in 
valley bottoms 

Not present in 
valley bottoms 

235 (770) total 
thickness 

717 

?/? 

Absent 

256128 (&40/93) 

48211W (1582/60+) 

Not penetrated 
- -- 

' P r i ~ ~ j ~ q l  spurca ~f proundwater, gravel, and sand for concrete Wregate, unimproved roads. 
 he Pennsylvanian formations am undifferentiated in the driller's log of the Ohio Velley Electric 

Corporation oil and gas well. 
'Primary souroe of stripmined coat in eastern Gallia County. Principal members are the Pittsburgh No. 

8 coal at the base of the Monongahda formdon and the Porneroy, 9 m (3U ttj above the MS. 
d~rimary source of nripmined coal in western Gallia county. Principal members are the Upper 

Freeport, Middle Kittanning, Lower Kittanning, and Clarion. These members are potentially minable at 
depth in eastern Gallia County. 

ePamntiollv minwblo st depth throughout Gallis County (n n R l a h ,  lW7. (;anIagy of Gallie 
County. Unpublished dissertation. Columbus, Ohio: Ohio State University. 

f~rincipal source of oil and gas in Gallia County. The oil and gas well fmm which this stratigraphic 
wes compiled has an initial daily production rate of 22,653 m3 (80,000 fp) of gas, 6.38 m3 (40 

barrels) of oil, and an undetermined amount of salt water (0. D. Blake, 1952. Geology of Gallla County. 
Unpubl i id  dissertation. Columbus, Ohio: Ohio Sate University. 

Sources: (1) W. Stout, K. Ver Steez, and G. F. Lamb, 1944. G80Iogyof mutwin Ohio. Bulletin no. 44, 
Columbus: Ohio Division of Gedqical Sunray; (21 Uhio U~vis~on ot Geolbgiisl Sunrrry. 1966. Off nwtl 
drilller's /log. SW /A, 4.. 12, AckBson Township W i o  County. Open file repon. Columbus,Ohio. 



Table 2.27. General stratigraphic section from the base to  the surface of the Paleozoic 
in Mason County, West Virginia 

Depth to top Thickness 
Formation Description 

l m  ( f t ) l  [m ( f t ) l  
System Group 

Pennsylvaniana Monongahela to 
Pottsville 

Mississippian 
Greenbrie? 

Numerous 
cyclothems 

Mainly limestone 
and dolomite 

Pocono 
Big lnjuna Siltstone 

Sandstone 
Shale 
Sandstone 
lnterbedded sand 
Shale 
Sandstone 

Sunburg 
8ereaa 

Devonian 
Upper Devonian 
shal$ 

Marcellus 
Huntersville 
Oriskanf 
Helderberg 

Stlale 
Cherty limestone 
Sandstone 
Limestone 

Silurian 
Salina 

Niagers 

Limestone and 
dolomite 

McKenzie 
~ e i f e ?  
Rose Hill 
~uscaro ra~  

Dolomite 
Sandstone 
Shale 
Sandstone with 

basal shale 

Ordovician 
Upper Ordovician 

Juniata 
Martinsburg 
Upper Trenton 

Shale 
Shale 
Basal shale 

and limestone 
M~ddle OrdovicianL 

Middle and lower 
Trenton, t11aok 
River, and Chazy 

St. Peter 
Lower OrdovicianC 

Beckmantown 

Limestone 
Sandstone 

Upper dolomitic 
member 

I nwpr candstone 
member 

Cambrian 
Uppcr Cambrian 

TrempealeanC 
Franconia - 

DresbachC 
Eau Claire 

Dolomite 
Dolomite 

Shale member 
Dolomite member 
Sandstone 

Granite wash and 
schist or gneiss 

Mt SimonC 

Pre-Cambrian 

Total depth 

'Oil and gas producing horizons in Mason. .lackson, and Pu tn~m counties. 
b ~ a s  producing horizons. Field stimulation of Devonian shales by explosive fracturing is currentlv in the test 

stage. I f  field stimulatio~r is successful, gas reserves may be considerable. 
'Oil and gas shows or Dotential. 
Source: W. K. Overbey. 1961. Oi l  and gas report on Jackson, Mason, and Putnam counties, West Virginia, 

Bulletin no. 23. Morgantown. W. Va.: West Virginia Geological anrl Economic Survey. 



Blake  desc r ibes  t h e  e n t i r e  Pennsy lvan ian system o f  t h e  Appalachian Bas in  as a r e p e t i t i v e  

sequence o f  "cyclothems." Each cyc lo them i s  about 3 t o  9 m (10 t o  30 f t )  t h i c k .  The basal  

u n i t  o f  a cyc lo them c o n s i s t s  o f  a t h i n  marine l imestone ( n o t  always p resen t )  t h a t  i s  o v e r l a i n  

s u c c e s s i v e l y  by  (1 )  a massive cross-bedded sandstone up t o  7.6 m (25 f t )  t h i c k ,  ( 2 )  a t h i n  

f r e s h w a t e r  l imestone,  ( 3 )  a t h i n  s i l t s t o n e ,  and (4)  a t h i n ,  p e r s i s t e n t  zone o f  l i g h t  g ray  under- 

c l a y  t h a t  i s  sometimes o v e r l a i n  by ( 5 )  a coa l  seam. Numerous cyclothems have been recognized 

th roughou t  t h e  240-111 ( 8 0 0 - f t )  s e c t i o n  o f  t he  Pennsylvanian s e c t i o n  o f  eas te rn  Gal 1 i a  County 

(B lake  1952). 

2 .2 .2 .4  T e c t o n i c  h i s t o r y  and s e i s m i c i t y  

The Appalachian Basin was a g e n t l y  subs id ing  sha l l ow  marine environment throughout  much o f  

e a r l y  Pa leozo ic  t ime. Near the  c l o s e  o f  M i s s i s s i p p i a n  t ime,  t h e  bas in  was emergent, and t h e  

uppermost s t r a t i g r a p h i c  u n i t s  were b e i n g  a c t i v e l y  eroded. Near l y  a l l  o f  t h e  Mauch cl .~ur~k and 

much o f  t h e  u n d e r l y i n g  Greenbr le r  group were r e l ~ ~ o v e d  (Overbey 1961). Renewed subsidence took 

p l a c e  i n  Pennsylvanian t ime.  The environment s h i f t e d  back and f o r t h  f rom marine .to c o ~ ~ L i r \ e ~ . ~ t a l  

as l a r g e  q u a n t i t i e s  o f  sediment were s u p p l i e d  from a r i s i n g  landmass t o  t h e  southeast.  Char- 

a c t e r i s t i c  cyclothems deve'loped as t h e  se raha l i ne  s h i f t e d  p u s l t l u ~ ~ .  Much u.F .the iedilncnt 
accumulated i n  t i d a l  f l a t s ,  swamps, d e l t a s ,  and f l o o d p l a i n s .  

As t h e  P o t t s v i l l e  group o f  l ower  Pennsylvanian t i m e  was accumulat ing, t he  Appalachian Basin was 

separated (a long  t h e  h inge  l i n e  of F i g .  2.12) i n t o  n o r t h e r n  and southern p a r t s .  Rapid subs i -  

dence o f  t h e  southern p a r t  produced a wedge o f  P o t t s v i l l e  s t r a t a  t h i c k e n i n g  f rom a few hundred 

few t o  o v e r  1200 m (3800 f t )  i n  southern West V i r g i n i a .  Orogenic a c t i v i t y  i n  t h e  ad jacen t  

r i s i n g  Appalachians brought  an e a r l y  end t o  subsidence i n  t h e  southern p a r t  o f  t h e  bas in .  The 

n o r t h e r n  p a r t  o f  t he  b a s i n  subs ided more s l o w l y  d u r i n g  e a r l y  Per lr~sylvanian t ime,  b u t  subsidence 

con t i nued  through t h e  Permian. Depos i t i on  was te rm ina ted  by u p l i f t  o f  t h e  e n t i r e  area as t h e  

n o r t h e a s t e r n  p a r t  of t h e  b a s i n  was sub jec ted  t o  widespread de fo rma t i ve  fo rces  o r i g i n a t i n g  f rom 

t h e  so l l theast .  Deformat ion was p r o g r e s s i v e l y  m i l d e r  toward the  west, being v e r y  g e n t l e  i n  

Jackson County and d y i n g  o u t  comp le te l y  I n  easter r l  Hdsurl CUUIILY; Llrr~'erot.e, o n l y  t h e  I-egional 

d i p  assoc ia ted  w i t h  e a r l i e r  subsidence remains. 

With t h e  excep t i on  of  g e n t l e  u p l i f t ,  no s i g n i f i c a n t  t e c t o n i c  a c t i v i t y  has occu r red  s i n c e  t h e  

c l o s e  o f  Pa leozo ic  t i m e .  

Accord ing t o  Algermissen i n  1968, Mason County i s  i n  a r e g i o n  (zone 1 ) o f  m ino r  earthquake r i s k .  

A lgermissen and Perk ins  (1976) e s l i ~ l l a t e  t h a t  t h e r e  i s  a 90% p r o b a b i l i t y  t h a t  t h e  h o r i z o n t a l  

a c c e l e r a t i o n  due t o  an earthquake w i l l  n o t  exceed 0.05 g i n  a 50-year pe r iod .  F i g u r e  2.17 shows 

t h e  l o c a t i o n s  b t  eartnquakes rany lny  up Lu IIIUIII Tied Fler  all i j i ~ t c i i ~ i t y  V I I  fat-  Wcgt V i r g i n i a  

and ad jacen t  Sta t05 from 1758 t o  1970. (P.urur Icr Tbl ' l lp  7 . 4  fnr t.hr m n d i f i e d  M c r c a l l i  intensity 

sca le . )  Mason County i s  about midway between t h e  main earthquake cen te r  connect ing Anna and 

Cleveland, Ohio, and a d i f f u s e  l i n e a r  t r e n d  a long t h e  c e n t r a l  and eas te rn  s ides  o f  t h e  Appalachian 

Mountain range (Algermissen 1968; A1 germissen and Perk ins  1976; Less ing 1974). 
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F i g .  2.17. Earthquakes i n  West V i r g i n i a  and ad jacen t  s t a t e s  f rom 1758 t o  1970, Source: 
P. Lessing. 1974. Earthqmke history of West Virginia. Env i ronmenta l  Geology b u l l e t i n  
no. 12. Morgantown, W .  Va.: West V i r g i n i a  G e n l n g i r a l  and Economic Survcy, 

2.2.3 Hydro logy 

2.2.3.1 Sur face wa te r  

Drainage area 

The r e g i o n a l  s u r f a c e  waters  sur round ing t h e  coa l  convers ion s i t e  area a r e  t h e  Ohio and Kanawha 

r i v e r s  and Crooked Creek. The dra inage area f o r  these r i v e r s  i s  app rox ima te l y  136,650 km2 

(52,760 sq m i l e s )  a t  t h e  P o i n t  P leasant  gaging s t a t i o n .  Upstream o f  t h e  s i t e  area, Crooked 

Creek d r a i n s  i n t o  t h e  Ohio R i ve r ,  and t h e  Kanawha R i v e r  empt ies i n t o  t h e  Ohio R i v e r  downstream 

o f  t h e  s i t e .  



Because o f  Crooked Creek 's  sma l l  s i z e ,  no data .have been recorded. A t  P o i n t  Pleasant,  t h e  

Kanawha R i v e r  has an average f l o w  o f  approx imate ly  334 m3/sec (11,800 c f s )  w i t h  a  maximum f l o w  

o f  8490 m3/sec (300,000 c f s )  and a  minimum f l o w  o f  28.3 m3/sec (1000 .c f s ) .  

The Ohio R i v e r  i s  r e g u l a t e d  by an e x t e n s i v e  network o f  r e s e r v o i r s ,  dams, and l ocks  t o  m a i n t a i n  

a  n a v i g a t i o n  poo l  l e v e l  o f  164 m (538 f t )  MSL f o r  f l o w s  o f  up t o  849 m3/ser (30,000 c f s ) .  The 

minimum depth  i n  the n a v i g a t i o n  channel i s  2.7 m ( 9  f t ) .  The maximum stage o f  reco rd  a t  P o i n t  

P leasant ,  West V i r g i n i a ,  i s  176 m (577 f t) MSL w i t h  a  d ischarge f l o w  o f  14,770 m3/sec 

(522,000 c f s ) .  The minimum observed poo l  s tage a t  P o i n t  P leasant  was 164 m (536.6 f t )  MSL. 

F low i n f o r m a t i o n  f o r  t h i s  even t  was n o t  made b u t  i s  es t ima ted  t o  be 90 m3/sec (3200 c f s )  (ERDA 

1977). 

Average f l o w s  a r e  n o t  a v a i l a b l e  a t  P o i n t  Pleasant,  b u t  64 km (40 m i l e s )  downstream a t  Hunt ington, 

West V i r g i n i a ,  t he  average f l o w  i s  2150 m3/sec (75,970 c f s ) .  Flow f i g u r e s  a t  P o i n t  P leasant  

i n c l u d e  t h e  c o n t r i b u t i o n s  o f  t h e  Kanawha K ive r .  l h e  l ow- f l ow  per iod f o r  t h e  s l t e  area yer~erwl l j /  

i s  d u r i n g  t h e  summer and e a r l y  f a l l  ( J u l y  through October).  

Water a v a i l a b i l i t y  

A l though no s p e c i f i c  s t a t u t e s  a r e  a p p l i c a b l e  t o  r e g u l a t i n g  consumptive water  use i n  t h e  s i t e  area, 

c u r r e n t  g u i d e l i n e s  suggest  t h a t  consumptive use o f  water  For energy p r o d u c t i o n  shou ld  n o t  exceed 

10% o f  t h e  seven-day, once- in- ten-years  (7QI0) low f l ow .  Recent s t u d i e s  of t h e  water  a v a i l a b i l i t y  

on t h e  Ohio R i v e r  and i t s  t r i b u t a r i e s  have e s t a b l i s h e d  t h e  ,QI0 a t  20 m3/sec (705 c f s )  f o r  t h e  

Kanawha R ive r .  For t h e  Ohio R i v e r  upstream o f  t h e  Kanawha R ive r ,  t h e  ,Q10 i s  determined t o  be 

41 m3/sec (1450 c f s ) .  Downstream o f  t h e  Kanawha R ive r ,  t h e  7Q10 i s  239 m3/sec (8450 c f s )  

(Shepherd, i n  p r e p a r a t i o n ) .  Based on t h e  consumptive water  requ i rements  f o r  a  demonst ra t ion 

p l a n t ,  a  s u f f i c i e n t  amount o f  wa te r  i s  a v a i l a b l e  f o r  coa l  convers ion.  

About 90% o f  t h e  p o p u l a t i o n  i n  Mason County depends on groundwater f o r  i t s  domest ic needs. 

Pumpage i n c l u d e s  o t h e r  uses such as i n d u s t r i a l  and commercial, domest ic and farm, and p u b l i c  . 

supp ly .  The t o t a l  groundwater use i n  Mason County i n  1960 averaged about 0.19 m3/sec (4.3 Mgd) 

(Wi lmo th  1966). The approximate percentage of t h e  pumpage f rom each water -bear ing u n i t  was: 

a l l u v i u m  o f  ' 0 h i o  V a l l e y ,  76%; a l  luv ium o f  Kanawha Va l l ey ,  1%: and consolidated rocks, 23%. 

Ma jo r  i n d u s t r i a l  and commercial uses i n c l u d e  c o o l i n g ,  condensing, f i r e  p r o t e c t i o n  and s a n i t a t i o n ,  

and b o i l e r  wa te r  (ERDA 1977). These demands f o r  i n d u s t r i a l  and r u r a l  use and f o r  p u b l i c  supp l i es  

i n  1960 were 0.04, 0.08, and 0.07 m3/sec (0.84, 1.89, and 1.55 Mgd). Groundwater occurs  under 

wa te r  t a b l e  and a r t e s i a n  c o n d i t i o n s .  Normal groundwater l e v e l s  i n  sha l l ow  a q u i f e r s  f l u c t u a t e  

w i t h  a  seasonal c y c l e  and have a  c l o s e r  c o r r e l a t i o n  w i t h  p r e c i p i t a t i o n  and e v a p o t r a n s p i r a t i o n  

then t h e  wa te r  l e v e l s .  The groundwater d ischarge i s  about 10% o f  t h e  p r e c i p i t a t i o n  o r  26% o f  

t h e  t o t a l  r u n o f f .  The recharge i s  es t ima ted  t o  be about 13,100;m3/day-km2 ( 9 . 0 ' ~ ~ d / s ~  m i l e ) ;  

t hus  t h e  p resen t  d a i l y  groundwater w i thd rawa ls  c o n s t i t u t e  o n l y  a  smal l  p o r t i o n  o f  t h e  t o t a l  

average d a i l y  recharge t o  t h e  aqu i fe rs .  

The a l l u v i u m  i n  the  Ohio V a l l e y  i s  t h e  p r i n c i p a l  source o f  i n d u s t r i a l ,  mun ic ipa l ,  and r u r a l  

wa te r  s u p p l i e s  ( C a r l s t o n  and G r a e f f  1955). The th i ckness  o f  t h e  a l l u v i u m  v a r i e s  f rom about 



1.5 t o  12 m  ( 5  t o  40' f t ) .  The p e r m e a b i l i t y  of t h e  a l l u v i u m  i n  t h e  Ohio R i v e r  V a l l e y  averaoes 

0.009 m3day-cm2 (2300 gpd/sq f t ) ,  whereas t h a t  i n  t h e  Kanawha R i v e r  Val l e y  i s  about 0.0018 m3/ 

day-cm2 (450 gpd/sq f t ) .  Aqu i fe rs  a r e  capable o f  y i e l d i n g  0.01 t o  0.03 m3/sec (200 t o  600 gpm) 

t o  i n d i v i d u a l  w e l l s .  The water  t a b l e s  range from about 9  t o  18 m  (30 t o  60 f t )  below the  l and  

su r face  and average about 13 m  (43 f t ) .  

The a l l u v i u m  i n  the  Kanawha R ive r  V a l l e y  has an average th i ckness  o f  about 18 m  (58 f t ) .  The 

water  t a b l e  ranges f rom 3  t o  9  m  (11 t o  30 f t )  and averages about 5.5 m  (18 f t )  below t h e  l and  

sur face,  and t h e  average sa tu ra ted  th i ckness  i s  about 12 m  (40 f t ) .  The y i e l d  o f  w e l l s  ranges 

f rom 0.0006 t o  0.0095 m3/sec (10 t o  150 gpm) and averages 0.004 m3/sec (68 gpm). The c o e f f i c i e n t  

o f  t r a n s m i s s i v i t y  i s  about 223.6 t o  248.45 m2/day (18,000 t o  20,000 g p d l f t ) .  

The Dunkard group o f  t h e  Permian system i s  about 174 m  (570 f t )  t h i c k ,  and i t s  y i e l d  ranges 

f rom 0.004 t o  0.08 m3/day ( c1  t o  21 gpm) and averages 0.023 m3/day (6  gpm). Most o f  t h e  water  

f rom t h e  Dunkard i s  used f o r  domestic and f a n  supp l i es .  Many smal l  sp r i ngs  d ischarge f rom t h e  

Dunkard and a re  mos t l y  improved f o r  s tock use. The Pennsylvanian system con ta ins  numerous 

sandstone beds, some o f . w h i c h  a r e  impor tan t  a q u i f e r s .  A q u i f e r  t e s t s  i n  t h e  Pennsylvanian rocks 

near  t h e  Kanawha R ive r  show some i n d i c a t i o n  o f  h y d r a u l i c  connect ion between t h e  bedrock and 

t h e  a l l u v i u m  and/or t h e  r i v e r .  The water -bear ing fo rma t ions  o f  t h e  Pennsylvanian system con- 

s i s t  p r i n c i p a l l y  o f  Monongahela o r  Cnnemaugh. The Monongahela group i s  70 t o  98 m  (230 t o  

320 f t )  t h i c k  and i s  a  poor  water -bear ing fo rma t ion .  The Conemaugh group o v e r l y i n g  t h e  Al leghany 

group i s  about 146 t o  184 m  (480 t o  605 f t )  t h i c k  and i s  t h e  p r i n c i p a l  a q u i f e r  i n  t h e  Kanawha 

R i v e r  Va l l ey .  Most o f  t h e  water  i s  used f o r  domest ic and farm supp l i es ,  b u t  some i s  used f o r  

i n d u s t r i a l ,  commercial, o r  p u b l i c  supp l i es .  Reported average y i e l d s  o f  w e l l s  i n  these a q u i f e r s  

i s  about 0.034 m3/min ( 9  gpm). No l a r g e  sp r ings  i n  outcrops o f  t h i s  group a r e  known. The 

t r a n s m i s s i v i t y  of t h e  rock  ranges from 6.2 t o  37.2 m2/day (500 t o  3000 g p d / f t ) .  No f r e s h  water  

i s  known t o  be withdrawn from t h e  M i s s i s s i p p i a n  system. 

2.2.4 Water q u a l i t y  

2.2.4.1 Sur face water  

The Ohio R ive r  and i t s  t r i b u t a r i e s  have been moni tored r e g u l a r l y  f o r  w a t e r - q u a l i t y  by t h e  Ohio 

R i v e r  V a l l e y  Water S a n i t a t i o n  Commission (ORSANCO) .  Rcsu l t s  o f  Llle 1976 water  q u a i i t y  st.11dy 

f o r  t h e  Ohio R i v e r  and t h e  Kanawl~d R i v e r  a re  shown i n  Tables 2.28 and 2.29 r e s p e c t i v e l y  (ORSANCO 

1977). Measurements were made a t  Addison, Ohio, f o r  t h e  Ohio R i v e r  and a t  P o i n t  P leasant ,  West 

V i r g i n i a ,  f o r  t h e  Kanawha. 

Water q u a l i t y  d r u i n g  1976 v i o l a t e d  West V i r g i n a  standards i n  t h e  concen t ra t i ons  o f  copper, 

cyanide, lead, phenol, d i s s o l v e d  oxygen, and f e c a l  c o l  i f o rm.  The Na t iona l  Sari i t a t i o n  Foundat ion 

Wdter Q u a l i t y  Index (NsF-WQI) f o r  t h e  Ohio and Kanawha r i v e r s  i s  stiown i n  Table 2.30. ' O v e r a l l ,  

t h e  water  q u a l i t y  o f  t h e  Kanawha i s  c ~ n s i d e r e d  good, whcreas t h e  Ohio main stem i s  cons idered 

medium. The long- term t r e n d  i n  water  q u a l i t y  i s ,  however, improv ing on t h e  Ohio R i v e r  main 

stem. 



Table 2.28. Ohio River water quality data as measured in 1976 at Addison, Ohio 

Parameter Ave~ age Number of 
West Virginia 

Range 
tests rlandard 

Temperature, OC 14.8 29-NDa Continuous 

pH ND 8.0-6.0 Continuous 
Dissolved solids, mglliter 298 222-172 7 
Dissolved oxygen, mglliter 9.9 ND-5.2 Continuous 
Ammonia-nitrogen, mglliter 0.27 0.70-0.10 29 
Phosphorous, mglliter 0.09 0.17-0.02 29 
Phenol, pglliter ND 68-0 29 
Cyanide. pglliter NU 40-0 28 
Iron, pglliter 1110 4300-150 50 
Manganese, pglliter 51 0 1850-90 50 
Fecal coliform, mglliter ND 3900-13 26 
Dissolved chloride, mglliter 32 55-16 21 5 
Fluoride, mglliter 0.1 0.2-0 4 
Nitrate-II~~IIJU~.I.I, ~i igl l i tcr 0.78 1,25-0.04 24 
Cadmium, pglliter N D 10-0 12 
Chromium, pglliter N D 20-2 12 
Copper, pylli ter N D 20.4 12 
Lead. /tglliter id CJ 23. .5 12 
Mercury, pglliter ND <lo-0 3 
Zinc, pglliter ND 90-20 12 
Specific conductance, pmho/cm2 379 588-ND Continuous 
Turbidity. J T U ~  44 450-5 297 
Dissolved caloium, mglliter 33 45-20 7 
Dissolved magnesium, mglliter 9.7 14.0-5.5 7 
Dissolved sodium, mglliter 27.3 78-9.1 14 
Dissolved potasslum, lnylliter 2.4 3.1-1.8 4 
Dissolved sulfate, mglliter 95 215-65 28 
Kjeldahl nitrogen, mglliter 1,O 2.9-3.0 29 
Arsenic, pglliter N D <ID 2 
Nickel, pylliter N D 20-4 12 
Hardness, mglliter 139 184-73 21 8 
Noncarhnnate hardness, mglliter 92 132-56 , 21 1 
Alkalinity (carbonates). 111g1liter 4 7 74-28 215 
Fiveday ROD, mglliter 2.2 3.7-0.4 11 
Suspended solids, mglliter 46 240-6 .29 
Silvor, pglliter ND 1-0 8 
Barium, pglliter N D 100-0 11 

- . . . .> 

*ND, I I O ~  dttermincd. 
b ~ ~ ~ ,  Jackson turbidity units. 
Source: Ohio River Valley Water Sanitation Commission. 1977. Ohio River main stem. 

1976 and future water quality conditions. Cinncinnati, Ohio. 

10-32 
8.5-6.0 
None 
5.0 
None 
None 
1 
25 
None 
None 
2400 
100 
1 
45 
1 U 
50 
10 
50 
10 
None 

None 
None 
Nur~r  
None 
None 
None 
Nnne 
10 
None 
None 
None 
None 
None 
Nono 
50 
GO 

Assessment of  

2.2.4.2 Groundwater q u a l i t y  

M a j o r  i n d u s t r i  a1 and co r r~~~re rc ia l  uses o f  groundwater i n  Mason County i n c l u d e  cool  ing ,  condensing , 
f i r e  p r o t e c t i o n ,  s a n i t a t i o n ,  dnd process Water f u r  Ll~e b o i l e r .  Al though water  i n  t h e  a l l u v i a l  

d e p o s i t s  i s  r a t h e r  h a r d  and i s  somewhat h i g h  i n  i r o n ,  i t  i s  g e n e r a l l y  s a t i s f a c t o r y  f o r  most 

uses. Contaminat ion o f  u n d e r l y i n g  a q u i f e r s  by i n f l l t r a t i u r ~  uT l i q u i d  wilstcs f rom d i sposa l  pnnds 

o r  lagoons, s p i l l a g e  o f  wasle ulr t h e  ground, and acld III~IIP 11rninngl: or d i ~ p o c a l  o f  l i q l r i d  waste 

i n  w e l l s  has occur red i n  i n d u s t r i a l  areas i n  Mason County. Resu l t s  of r e p r e s e n t a t i v e  chemical 

analyses (Wilmoth 1966) o f  groundwater samples f rom v a r i o u s  aqu i fe rs  a re  l i s t e d  i n  Table 2.31. 

Water from Pennsylvanian s t r a t a  i n c l u d i n g  t h e  Conemaugh and Monongahela fo rma t ions  i n  up land 

areas i s  ge r le rd l l y  a c i d i c ,  su l f u rous ,  and h r a r k i s h  w i t h  excess ive amounts o f  i r o n  and manganese. 

Water i n  deeper a q u i f e r s  [depth  of 60 m (200 f l )  o r  more] i s  b r a c k i s h  o r  s a l i n e  and con ta ins  

hydrocarbons. 



Table 2.29. Kanawha River water quality data as measured in 1976 
at Point Pleasant, West Virginia 

Parameter 
Number of West Virginia 

Average Range tests standard 

Te.mperature, O C  15.2 2 8 - ~ ~ ~  Continuous 10-32 

pH ND 8.1-6.2 Continuous 8.5-6.0 
Dissolved solids, mglliter 114 199-77 11 None 
Dissolved oxygen, mglliter 8.9 ND-3.0 Continuous 5.0 
Arnrnnnia-nitrogen, mglliter 0.35 1.2-0.01 32 None 
Phosphorous, mglliter 0.18 1.2-0.3 33 None 
Phenol. pglliter ND 20-0 33 1 
Cyanide, pglliter ND 10-0 32 25 
Iron, pglliter ND 1450-250 5 None 
Manganese, pgfliter ND 160-60 5 None 
Fecal coliform, rnghiter ND 1830-0 31 2400 
Dissolved chloride, rngfliter 17 32-8.2 lo - 100 
Dissolved fluoride, rnglliter 0.1 0.1-0.1 9 1 
Nitrate-nitrogen, mglliter 0.67 3.8-0.4 30 45 
Cadniiu~v~, pyl l i l rr  ND 3-1 4 10 
Chromium, &liter ND 10-4 5 50 
Copper, pglliter ND 20-8 5 10 
Lead, pglliter NU 330-7 5 60 
Mercury, pglliter ND <0.5 5 None 

2 10 Selenium, pglliter N D <10.0 
Zinc. pgfliter ND 130-10 5 None 
Specific conductance,, pmho/cm2 214 428-ND Continuous None 
Turbidity, mglliter 18 240-4 251 None 
Dissolved calcium, mglliter 15 23-6.3 37 None 
Dissolved magneslum, mglliter 5.2 11.2-2.5 37 None 
Dissolved sodium, mglliter 14 30-5.3 13 None 
Dissolved potassium, mglliter 1.8 4.5-1.2 10 None 
Dissolved sulfate, mglliter 31 83-15 38 None 
Kjeldahl nitrogen, rnglliter 0.95 2.4-0.2 32 None 
Arsenic, pglliter ND 2-0 2 10 
Nickel, pglliter ND - 10-1 4 None 
Hardness, mglliter 50 84-17 28 1 None 
Noncarbonate hardness, mglliter 5 24-0 2 50 None 
Alkalinity, mglliter 29 45-19 9 None 
Five.day BOD, rnglliter 1.3 2.2-0.5 9 None 
Suspended solids, mglliter 27 115-1 33 None 
s~lvet, ~g l l l re r  td D <I..  0 3 60 
Barium, pgfliter N D 100-0 . 4 50 

- .. . ~ 

'ND, not determined. . 
Source: Ohio River Valley Water Sanitation Cornminee. 1977. Ohio River mainstem: assessment o f  

1976and future water quality conditions. Cincinnati, Ohio. 

Table 2.30. The National Sanitation Foundation 
water quality index 

Ohio main stem Kanawha . -- 

Maximum 
Average 
Minimum 

The i r o n  con ten t  o f  t h e  groundwater i n  t h e  a l l u v i u m  o f  t h e  Ohio R i v e r  ranges f rom v e r y  l ow  t o  

v c r y  h igh.  The h a t e r  i s  g e n e r a l l y  hard,  b u t  i n  places i t  i s  s o f t  t o  moderate ly  hard.  A1 though 

t h e  d i s s o l v e d  s o l i d s  concen t ra t i ons  ranges f rom low  t o  h igh,  i t  i s  g e n e r a l l y  moderate. The 

temperature  o f  a l l u v i a l  groundwater g e n e r a l l y  v a r i e s  f rom 12 t o  17OC ( 5 3  t o  63°F) and v a r i e s  

w i t h  t h e  temperature  o f  t h e  r i v e r  water .  

Groundwater i n  t h e  a l l u v i u m  o f  Kanawha V a l l e y  has a  much more v a r i a b l e  chemical  c h a r a c t e r  than 

t h a t  o f  t h e  a l l u v i u m  o f  t h e  Oh io  Va l l ey .  The wa te r  g e n e r a l l y  9s o f  t h e  s o d i u ~ ~ ~  b,icai.Gonate type,  



Table 2.31. Summary of chemical analyses of groundwater, Mason County, West Virginia 

Chloride Iron Hardness P H 

Conemaugh group 
No. of samples analyzed M 6  205 205 203 
Median concentration, ppm 20 0.2 102 7.6 
Range. P P ~  0-1 2.100 0.0-33 10-1.Y20 6.0-8.6 

Monongahela group 
No. of samples analyzed 106 106 106 106 
Median concentration, ppm 25 0.3 1  53 7.2 
Range, ppm 5-6.580 0.08-17 2-1.180 6.2-8.0 

Dunkard group 
No. of samples analyzed 13 13 13 13 
Median concentration, ppm 20 0.1 1 53 7.9 
Range, ppm 10-75 0.14.5 85-278 6.5-8.2 

Ohio River Valley alluvium 
Fdo. of $amgrlcr b ~ ~ a l y ~ n ~ l  48 42 46 43 
Median concentration, ppm 9 0.6 198 7.2 
Range, ppm 0-56 0-246 16410 6.0-7.8 

Kanawha River Valley alluvium 
No. ot samples analyzed 33 34 34 34 
Median concentration, ppm M 0.7 100 6.7 
Range. P P ~  0-130 0.1 -54 26-408 4.7-8.0 

Source: ~ o d i f i c d  from B. M. Wilmoth. 1966. Grvondwarer in Mason and Putnam 
cuurrties in West Virginia. Bulletin no 32. Morganrown. W. Va.: West Virginia Gcologicsl 
and Economic Survey. 

b u t  i n  p laces  ca lc ium o r  magnesium and s u l f a t e  may be predominant. The t o t a l  d i s s o l v e d  s o l i d s  

v a r y  f r o m  low t o  moderate ly  h igh .  

Water f rom t h e  Dunkard group i s  of t h e  ca l c ium b i ca rbona te  t y p e  and t.he tnt.al d i s s o l v e d  s o l i d s  

i s  h igh.  Groundwater i n  t h e  Conemaugh group i s  commonly moderate t o  h i g h  i n  t o t a l  d i s s o l v e d  

s o l i d s  and ranges from s o f t  t o  v e r y  hard. I n  p laces f l u o r i d e  con ten t  i s  as much as 6  ppm, 

2.2.5 Land use 

The su r roga te  s i t e  i s  nea r  t h e  town o f  P o i n t  P leasant  ( p o p u l a t i o n  6122) i n  Lewis Township, 

Mason County, West V i r g i n i a .  The county  i s  about 50% c i r cumsc r ibed  by the  Ohin R i v e r  and i s  
app rox ima te l y  b i s e c t e d  by t h e  Kanawha R ive r ,  wh ich j o i n s  t h e  Ohio R i v e r  a t  P o i n t  Pleasant.  

A l u l ~ y  L h e  Ohio R lve r  i s  a  t l o o d p l a i n  one-e ighth  t o  one m i l e  i n  w id th ,  a long  which l i e s  a  t r a c k  

o f  t h e  B a l t i m o r e  & Ohio Ra i l road .  The Karrawha R i v e r  has a f l n a d p l a i n  v a r y i n g  f rom one.-fourth 
t o  s l i g h t l y  o v e r  one m i l e  i n  w id th ;  a long  i t s  n o r t h e r n  shore l i e s  a  Penn Cen t ra l  R a i l r o a d  

t r a c k .  

The l a n d  use o f  Mason County i s  shown i n  Table 2.32. Only  23.3% o f  t h e  su r face  area i s  i n  

c rop land,  b u t  woodlands and o t h e r  lands b r i n g  t h e  t o t a l  l a n d  i n  farms t o  55.2%. Commercial 

f o r e s t s  occupy a  major  share of t h e  remain ing 51,575 ha (127,391 acres; 44.8%) n o t  i n  farmland. 

Urban areas occupy o n l y  2.7% of t h e  county  area. 



Table 2.32. Land use in Mason County, West Virginia 

Hectares (acres) Percent 

Land in farms 

Harvested cropland 
Cropland for pasturelgrazing 
Nonha~ested cropland 

Total croplands 

Woodland, pastured or not 
Other land, pastured or not 

Total woodland and other land 

Farmsteads, feedlots, roads 

Total land in farms 

Federally owned land 
Urban areas 
Small lakes (<40 acres) and rivers 
Large lakes (>40 acres) 
Remaining land (by difference) 

(includes commercial and noncommercial 
forests, houses, swamps, railroads, unused 
wastelands and others) 

Land not in farms 

Total land not in farms 

Grand total surface area 

Sources: Oak Ridge National Laboratory. 1977. ORNL geoecology data base land use printout 
for Mason County, West Virginia, March 7, 1977. Oak Ridge, Tenn.; U. S. Department of Agriculture. 
1967. Na t i~na l  inventory o f  soil.and water conservation needs. Statistical bulletin no. 461. Washington, 
D.C.: U.S. Government Printing Office; U.S. Department of Agriculture. 1975. Agricultural statistics 
1975. Washington, D.C.: U.S. Government Printing Office. 

The p r i n c i p a l  c rops i n c l u d c  335,300 kg (739,227 I b )  of  tobacco, 23,893 m e t r i c  t ons  (26,343 t o n s )  

o f .  hay o r  grass f o r  s i l a g e  r a i s e d  on 5704 ha (14,091 ac res ) ,  and about 20,580 m3 (58,000 bu)  nf 
c o r n  Tur g r a i n ,  s i l a g e ,  and g raz ing  r a i s e d  on 3306 ha (8165 ac res ) .  Wheat and soybeans a r e  

r a i s e d  i n  smal l  amounts. Mules, c a t t l e ,  hogs, sheep, and ch ickens a r e  produced t o  some e x t e n t .  

A  map o f  t h e  su r roga te  s i t e  area i s  shown i n  F i g .  2.11 (West V i r g i n i a  Department o f  Highways, 

1976). 

Ma jo r  r e c r w i t i o n a l  areas i n c l u d e  t h e  l a r g e  C l i f t o n  F. M c C l i n t r i c  S t a t e  W i l d l i f e  S t a t i o n  n o r t h  o f  

t h e  s i t e  area i n  Robinson Township w i t h  an es t ima ted  area o f  about  1538 ha (3800 ac res )  and Ch ie f  

C o r n s t a l l s  P u b l i c  Hunt ing  Area, south  of t h e  Kanawha R ive r ,  c o n t a i n i n g  an es t ima ted  4291 ha 

(10,600 ac res )  ( B a t t e l l e  Columbus L a b o r a t o r i e s  1976; West V i r g i n i a  Department of Highways 1976). 

2.2.6 Meteoro logy and a i r  q u a l i t y  

Mason County has an annual average p r e c i p i t a t i o n  of  107 cm (42 i n .  ). The average annual  s n o w f a l l  

i s  ab&t  38 cm (15  i n . ) .  The mean temperatures  f o r  January a r e  a  minimum o f  -2.8"C (27°F) and a 

maximum o f  8.3"C (47°F).  The mean temperatures  f o r  J u l y  a r e  a  minimum o f  18.4"C (65°F) and a  

maximum o f  31.7"C (89°F). 



The w ind  p a t t e r n s  f o r  Mason County a r e  expected t o  be s i m i l a r  t o  those f o r  Hunt ing ton,  West 

V i r g i n i a ,  wh ich  are shown i n  F i g .  2.18. The predominant w ind d i r e c t i o n  i s  south.  The wind 

v e l o c i t i e s  do n o t  o f t e n  exceed 5 m/sec (11 mph). A t  nearby  Parkersburg,  heavy f o g  occurs  on 

an average o f  11 days a n n u a l l y .  Tornados occur  o n l y  r a r e l y  i n  West V i r g i n i a  (13 i n  43 years) .  

F ig .  2.18. Hunt ing ton,  West V i r g l n l a ,  w i l d  r u e .  

I n  an average y e a r  t h e  number of  f o recas t  days o f  h i g h  me teo ro fog i ca l  p o t e n t i a l  f o r  a i r  

p o l l u t i o n  ( i n v e r s i o n s )  wou ld  n o t  exceed s i x  (Hol  t z w o r t h  1972). I n  1974 a t  Parkersburg,  t h e  

average annual  c o n i e n t r a t i o n  (USEPA 1976) of t o t a l  suspended p a r t i c u l a t e s  was 78 ug/m3 w i t h  a 

24-hr  maximum o f  208 ug/m3. The annual  average SO2 c o n c e n t r a t i o n  i n  1974 was 27 pg/m3 w i t h  a 

24-hr  maximum of 60 ug/m3. 



The genera l  no i se  d i scuss ion  i n  Sect. 2.1.7 a p p l i e s  e q u a l l y  here. 

There a r e  no no i se  p o l l u t i o n  laws n o r  enforcement agencies i n  West V i r g i n i a  (West V i r g i n i a  A i r  

P o l l u t i o n  Con t ro l  Commission 1977). 

2.2.8 Socioeconomic s t r u c t u r e  (Mason County, West V i r g i n i a )  

2.2.8.1 Loca l  and r e g i o n a l  demography 

Popu la t i on  s i z e  and d e n s i t y  

I n  1970 t h e  popu la t i on  o f  Mason County was 24,306 (U.S. Bureau o f  t h e  Census 1976a). Wi th  a  

l and  area o f  1121 km2 (433 sq m i l e s ) ,  t h i s  gave a  popu la t i on  d e n s i t y  o f  56 persons per  square 

m i l e  (U.S. Bureau o f  t h e  Census 1976a). Thus Mason County has about t h e  same popu la t i on  d e n s i t y  

as t h e  n a t i o n  as a  whole. Of t he  t o t a l  popu la t i on  of Mason County, however, 78.8% l i v e  i n  r u r a l  

areas. The p r o p o r t i o n  l i v . i n g  i n  urban areas (25.2%) i s  much lower  than i n  St.  C l a i r  County, 

Campbel.1 County, o r  t h e  Un i ted  S ta tes  as a' whole. 

The l a r g e s t  town i n  Mason County i s  P o i n t  Pleasant,  which had a  1970 popu la t i on  o f  6122. Other 

i nco rpo ra ted  towns and t h e i r  1970 popu la t i ons  a re  Henderson (popu la t i on  496), Leon (192),  Har t -  

f o r d  C i t y  (527),  New Haven (1149), and Mason (1319) (U.S. Bureau o f  t h e  Census 1970a). 

New Haven, Har t fo rd ,  and Mason a re  about 10 km ( 6  m i l e s )  a p a r t  and about 23 km (14 m i l e s )  n o r t h  

o f  P o i n t  Pleasant.  The Mason County area i s  .64 t o  80 km (40 t o  50 m i l e s )  f rom Hunt ington, West 

V i rg in ia , ,  and 80 t o  105 km (50 t o  65 m i l e s )  f rom Parkersburg. There a r e  about 75,000 people 

w i t h i n  an app rox i i~ ia le  40-~III (25-111.l1e) r a d l u s  of t h e  area (U.S. Bureau o f  t h e  Census 1976a). 

Popula t ion t rends  and c h a r a c t e r i s t i c s  

Between 1960 and 1970 t h e  popu la t i on  of Mason County decreased b y  0.6%. The n e t  m i g r a t i o n  r a t e  

was a  nega t i ve  9.3%. Mason County i s  i n  t he  Appalachian reg ion ,  des ignated by t h e  Appalachian 

ReglonaS Commission. L i k e  much of Appalachia,  Mason County i s  economica l ly  depressed, w i t h  low 

incomes and h i g h  unemployment r a t e s .  111 1976 i t s  unemployment r a t e  was 10.4% ( P o i n t  Pleasant,  

West V i r g i n i a ,  Chamber o f  Commerce 1976) as compared w i t h  8.3% n a t i o n a l l y  (U.S. Bureau o f  t h e  

Census 1976b). 

The median f a m i l y  income i n  1969 was $6768 (vs  $9586 n a t i o n a l l y )  (U.S. Bureau o f  t h e  Census 1976a), 

and 23% o f  a l l  f a m i l i e s  had incomes below t h e  pove r t y  l e v e l  ( vs  10.7% n a t i o n a l l y )  (U.S. Bureau o f  

t h e  Census 1 9 7 1 ~ ) .  The median age i n  Mason County was 29.4, s l i g h t l y  above the  n a t i o n a l  median 

o f  28.3. Ihe county had a  h i g h e r  p r o p o r t i o n  o f  i t s  popu la t i on  over  65 than t h e  U n i t e d  Sta tes  as 

a  whole (10.4% vs 9.9% f o r  t he  U n i t e d  S ta tes ) .  The median educat ion l e v e l  f o r  persons over  25 

was 9.7 years ,  2.5 yea rs  l e s s  than t h e  n a t i o n a l  median o f  12.2 (U.S. Bureau o f  t h e  Census 1976a, 

1971a). 

Most o f  t h e  coun t i es  ad jacent  t o  Mason County a re  predominant ly  r u r a l ,  w i t h  p o p u l a t i o n  d e n s i t i e s  

and se t t l emen t  p a t t e r n s  s i m i l a r  t o  Mason County 's (Tab le  2.33) (USDA 1967; 1975). Cabel l  County, 



Table 2.33. A comparison of population, education, and income of 
Mason County, West Virginia, with adjacent counties in 1970 

Median 
Percent . Percent Median 

County Population income rural residence below poverty level education 
(dollars) 

Mason 24,306 78.8 6768 23.0 9.7 
Ohio cdunties 

Gallia 25,239 70.3 691 5 19.0 10.0 
Meigs 19,799 69.7 6485 22.0 10.5 

West Virginia counties 
Putnam 27,625 82.5 81 56 13.7 10.5 
Jackson 20,903 65.1 7959 17.0 11.0 
Cabell 106,918 33.0 81 09 13.1 11.9 

Sources: U.S. B~~reau of the Census. 1 970. General social and economic characteristics: 1970. 
PC(l).C37, Ohio. Washington. D.C.: U.S. Government Printing Office; U.S. Bureau of the Census. 
1970. General social and economic characteristics2: 1970. PC( 1 ).C5U, West Virginia. Washington, 

.D.C.: U.S. Govcrnmcnt Printing Officc. 

however, which c o n t a i n s  t h e  c i t y  o f  Huntington (1970 popu la t ion  o f  74 ,322) ,  i s  cons ide rab ly  

more urban t h a n  Mason County. Most o f  t h e  a d j a c e n t  c o u n t i e s  a l s o  have h i g h e r  income and 

e d u c a t i o n a l  l e v e l s  than Mason County (Tab le  2.33) (ORNL 1977; U.S. Bureau of t h e  Census 1970b,, 

1 9 7 0 ~ ) .  

As shown i n  Tab le  2 .34,  1970 unemployment r a t e s  i n  Mason County and in  a l l  a d j a c e n t  c o u n t i e s  

e x c e p t  Putnam and Cabell  c o u n t i e s  were above t h e  U.S .  r a t e  of 5.4%. 

Table 2.34. Unemployment rates by county in 1970 

County unemployment rate (96) 

Mason 6.6 
Gollio 6.0 
Melqs 7.5 
Putnam 3.8 
Jackson 7.9 
Cabell 4.9 

Source: U.S. Bureau of the Census. 1976. County and 
city data book, 1972. Washington, D.C.: U.S. Govern- 
ment Printing Office. 

Because Mason County i s  w i t h i n  commuting d i s t a n c e  of many p a r t s  o f  t h e  c o u n t i e s  a d j a c e n t  t o  i t ,  

t h e  l o c a l  l a b o r  pool a s  de f ined  b . ~  Steneh,iem and Metzger (1976) ( i  . e .  , t h e  c u r r e n t l y  unemployed 
p l u s  new l a b o r  f o r c e  e n t r a n t s )  i n c l u d e s  some workers from t h e  a d j a c e n t  c o u n t i e s .  Es t ima te s  by 

Stenehjem and Metzger (1976) of t h e  number of a v a i l a b l e  l o c a l  workers by county a r e  g iven i n  

Tab le  2.35. From t h e s e  e s t i m a t e s  o f  t h e  number of a v a i l a b l e  l oca l  workers ,  I t  I s  concluded 
t h a t  a m a j o r i t y  of t h e  c o n s t r u c t i o n  and o p e r a t i o n a l  workers needed could  commute t o  Mason 

County from su r round ing  a r e a s .  

A s t u d y  o f  t h e  impacts o f  s i t i n g  a 1000-MWe g e n e r a t i n g  f a c i l i t y  i n  Mason o r  Putnam c o u n t i e s  

concluded t h a t  about  45% of  t h e  c o n s t r u c t i o n  jobs  and 65% of t h e  o p e r a t i o n s  j obs  could  be f i l l e d  

by l o c a l  workers  ( B a t t e l l e  Columbus Labora to r i e s  1976, p. 4-19).  Mason County, West V i r g i n i a ,  
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Table 2.35. Number of available local workers by county 

Mason Gallia Meigs Putnam Jackson Cabell 
Year 

County Cnl~nty County County County County 

Source: E. J. Stenehjem and James E. Metzger. 1976. A framework forprojecting employment and 
population changes accompanying energy development. Washington, D.C.: Energy Research and Develop- 
ment Administration. 

does n o t  have as l a r g e  a  l o c a l  l a b o r  poo l  t o  draw on as does St .  C l a i r  County, I l l i n o i s ,  b u t  

i t  does have more a v a i l a b l e  l o c a l  workers than Campbell County, Wyoming. 

2.2.8.2 I n d u s t r y  s t r u c t u r e  

The i n d u s t r i a l  s t r u c t u r e  o f  t h e  Mason County, West V i r g i n i a ,  economy i s  cons ide rab l y  sma l l e r  

and l e s s  d i v e r s i f i e d  than t h a t  o f  St .  C l a i r  County, I l l i n o i s ,  b u t  i t  i s  r e l a t i v e l y  more 

developed than t h a t  o f  Campbell County, Wyoming. It i s  n o t  d i r e c t l y  i n t e g r a t e d  w i t h  a  l a r g e  

m e t r o p o l i t a n  area, b u t  i t  i s  n o t  i s o l a t e d  f rom t h e  t r a d e  f l o w s  o f  major  Eastern c i t i e s .  As 

such, i t  rep resen ts  an i n t e r m e d i a t e  case f o r  impact a n a l y s i s  purposes. 

Before  Ltle 1u1.n crf t h e  century ,  t h e  Mason Coilrlty pcnnnmy was dominated by t h e  a g r i c u l t u r a l  

sec to r ;  i n d u s t r i a l i z a t i o n  began t o  occur  i n  t h e  e a r l y  1900s. A1 though a g r i c u l t u r e  and m in ing  

con t i nue  t o  be an impor tan t  p a r t  o f  t h e  economic a c t i v i t y  u f  Mason County, t h e  manufactur ing 

s e c t o r  has been t h e  l ead ing  c o n t r i b u t o r  t o  t h e  a r e a ' s  growth. T o t a l  employment i n  t he  county 

increased f rom 6821 i n  1960 t o  7074 i n  1970 and t o  7980 i n  1976, and about one - fou r th  o f  t h i s  

t o t a l  was employed i n  t h e  manufactur ing sec to r .  Table 2.36 g i ves  employment f i g u r e s  f o r  major 

i n d u s t r i a l  sec to rs  f o r  1960 and 1970. The most ou ts tand ing  f e a t u r e s  a r e  t h e  r a p i d  d e c l i n e  i n  

a g r i c u l t u r a l  employment (60.7%) and t h e  r a p i d  growth o f  employment i n  t h e  f i n a n c e  and manu- 

f a c t u r i n g  sec to rs  (24.8% and 10.1% r e s p e c t i v e l y ) .  I n  abso lu te  numbers, t h e  l a r g e s t  growth 

has been i n  t he  manufactur ing sec to r .  

The county p r i m a r i l y  con ta ins  r e l a t i v e l y  smal l  i n d u s t r i a l  es tab l ishments ,  w i t h  a  few manufactur ing 

f i r m s  I n  t h e  1aryer.-bize c lasses (cmploying 100 o r  more).  T a h l ~  7.37 g i ves  t h e  s i z e  d i s t r i b u t i o n  

o f  t h e  major  i n d u s t r i a l  ca tego r ies  (U.S. Bureau of t h e  Census 1972). Products t h a t  are  manufac- 

t u r e d  i n  t h e  area i n c l u d e  f e r r o  and chros~e a l l o y s ,  coa l -min ing cquipmcnt, ma l l eab le  i r o n  

products ,  boat  and barge c o n s t r u c t i o n ,  women's c l o t h i n g ,  lumber products ,  d a i r y  products ,  sheet 

meta l ,  f u r n i t u r e ,  chemicals,  s a l t ,  and sodium products .  Some o f  t h e  major  employers i n  t h e  I 
area a re  g i ven  i n  Table 2.38. 

The economic s t r u c t u r e  o f  t h e  Mason C n ~ n t y  s i t e  meets t h e  assumptions r e q u i r e d  f o r  use o f  t h e  

reg ress ion  m u l t i p l i e r  d iscussed by Stenehjem and Metzger (1976, pp. 50-53). Th i s  m u l t i p l i e r  has 
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Table 2.36. Employment characteristics for Mason County, West Virginia 

Category 
Percent 
change 

Labor force (civilian) 7691 
Unemployed 870 
Unemployment rate, % 11.3 
Employed 6821 

Agriculture 842 
Mining 172 
Construction 628 
Manufacturing 1807 
Transpurtatlon, communication, and utilities 919 
Wholesale and retail trade 976 
Finance, insurance, and real estate 105 
Government 256 
All other nonagricultural 1116 
P 

- - 
Source: U.S. Bureau of the Census. 1971. Census o f  population: detailed characteristics, 

1960 - 1970. Washington. D.C.: U.S. Government Printing Office. 

been es t ima ted  t o  be 1 .1  f o r  t he  manufactur ing and c o n s t r u c t i o n  i n d u s t r i e s  i n  West V i r g i n i a  

(Stenehjem and Metzger 1976, p. 58). The r e l a t i v e l y  s l l ia l l  s i t e  o f  t h i s  m u l t i p l i e r  may be 

a t t r i b u t e d  t o  two cons ide ra t i ons .  F i r s t ,  u n l i k e  St .  C l a i r  County, t h e  l a c k  o f  a wel l -developed, 

d i v e r s i f i e d  s e r v i c e  s e c t o r  i m p l i e s  t h a t  l o c a l  sources cannot meet t h e  m a j o r i t y  o f  t h e  increased 

demands f o r  goods and s e r v i c e s  which w i l l  be imposed b,y t h e  s i t i n g  o f  a ma jo r  cnergy r a c i l i t y  

i n  t h e  area. Second, u n l i k e  campbell County, t h e  p r o x i m i t y  of t h e  area t o  l a r g e r  supp ly  cen te rs  

i m p l i e s  t h a t  t h e  r e s u l t i n g  excess demand can be r e a d i l y  rilet by i m p o r t i n g  goods and se rv i ces  

f rom o u t s i d e  t h e  reg ion .  The n e t  r e s u l t  i s  t h a t  r e l a t i v e l y  l i t t l e  secondary employment impacts 

w i l l  be generated wi thSn t h e  Mason County area. 

2.2.8.3 Loca l  i n f r a s t r u c t u r e ,  

Governmental-,$u_r:j,sdi c t i  ons 

The gove rn ing  body o f  Mason County i s  t h e  county c o u r t .  The minimum p o p u l a t l o n  requirement f o r  

i n c o r p o r a t i o n  o f  towns i s  100. Mason County has s i x  i nco rpo ra ted  towns ( P o i n t  Pleasant,  

Henderson, Leon, H a r t f o r d  C i t y ,  New Haven, and Mason). P o i n t  P leasant  i z  t h e  county sea t .  A l l  

o f  t h e  municipalities have a b i p a r t i s a n  mayor-counci l  fo rm o f  governnierit (Area Utvelopment, 

A p p a l a c l ~ i a n  Power Company 1976, p. 3) .  School d i s t r i c t s  a r e  organ ized on a county  l e v e l  and 

have t.he a u t h o r i t y  t n  l e v y  taxes and i s s u e  honds. There a r e  no townshfp governments i n  West 

V i r g i n i a  (U.S. Bureau o f  t h e  Census 1973). 

Hnusi ng. 

I n  1970 t h e r e  were 8193 year - round hous ing u r ~ i t s  In Mason County. Of these, 67% were owner 

occupied, and 24% were r e n t e r  occup ied (U.S. Bureau of t h e  Census 1971b). About 25% o f  t h e  

hous ing i n  Mason County was substanr larr l '  ( i  . e . ,  l acked  solile or. a1 1 plumbing f a c i l i t i e s ) ;  t h e  

n a t i o n a l  percentage o f  substandard hous ing was 5.9% (U.S. Bureau o f  t h e  Census 1971a, 1971b). 

Housing vacancies i n  t h e  s a l e  and r e n t  ca tego r ies  were, r e s p e c t i v e l y ,  1 and 2%; these vacancy 

r a t e s  a r e  below s t a t e  averages. The vacancy r a t e  f o r  r e n t a l  p r o p e r t i e s  i s  e s p e c i a l l y  low as 

compared w i t t i  t h e  s t a t e  average o f  7.5%. A l though mob i l e  homes account f o r  6% o f  t h e  housing 

i n  Mason County, t h e  s t a t e  average i s  o n l y  4% (U.S. Bureau o f  t h e  Census 1971b). 



Tatle 2.37. First quanter 19R employment and payroll, Mason County, West Virginia 

  umber ofis Taxable 
-otal 

employses. payrolls, Number of reporting units by employment-size class 
Industry reporting 

mid-PAarch January-March ,X $1000, , onits 1 to 3 4 to 7 8 to 19 20 to 49 50 to 99 100 to 249 250 to 499 500 or more 
pay period1 

Total 
Agricultural services, forestry, and fisheries 

Mining 
Contract construclion 
Manufacturing 
Transportation and other public utilities 
Wholesale trade 
Retail trade 
Finance, insurance. and real estate 
Services 
Unclassified establishments 

'Excludes gove-nment employees, railroad employees, self-employed pmons. etc. 
* ~ o t  reported ic.r reasals of disclosure. 
Source: U.S. B?lreau of the Census. 1972. County business patterns. Washington, D.C.: U.S. Government Printing Office 



Table 2.38. Major employers in the Mason County, West Virginia, area 

Firm 
Number 

Principal product 
emoloved 

West Virginia Malleable Iron Co. 203 Malleable iron 
Stauffer Chemical Co. 187 Phosphates and lubricants 
Goodyear Tire & Rubber Co. 518 Polyester resins 
Foote Mineral Co. 381 Ferro.alloys 
Philip Sporn Power Plant 295 Electric utility ' 

Pantasote Co. 93 Polyvinyl chloride 
Point Pleasant Marlne Co. 62 Boat and barge construction 

Source: Area Development, Appalachian Power Company. 1976. Community 
information for Point Pleasant, Mason County, West Virginia. Charleston, W. Va. 

The median v a l u e  o f  hous ing  u n i t s  i n  Mason Countj i  ill 1970 was nea r  t h e  ~ l d L e  average o f  $11,300. 

Ren ta l  va lues  were a l s o  nea r  s t a t e  averages (U.S. Bureau o f  t h e  Census 1971b). 

Educa t i on  

Mason County has 21 p u b l i c  grade schoo ls ,  two j u n i o r  h i g h  schoo ls ,  and t h r e e  s e n i o r  h i g h  schoo ls ,  

w i t h  a  t o t a l  e n r o l l m e n t  o f  6436 s t u d e n t s  I n  1973-1974. Seven nonpub l i c  k i nde rga r tens  o r e  a l s o  

i n  t h e  a rea  ( B a t t e l l e  Columbus L a b o r a t o r i e s  1976). The county  employs about 350 teachers  w i t h  

degrees and has an average of  26 p u p i l s  p e r  classroom. E s s e n t i a l l y  no excess c a p a c i t y  e x i s t s  

a t  p resen t .  

Voca t i ona l  educa t i on  programs a r e  o f fe red i n  t h e  p u b l i c  schoo ls ,  and t h e  Mason County Voca t i ona l -  

Techn i ca l  Cen te r  was comple ted i n  1971. T h i s  c e n t e r  has a  c a p a c i t y  o f  250 s tuden ts  and o f f e r s  

i n s t r u c t i o n  i n  a g r i c u l t u r a l  p r o d u c t i o n  and management, f o o d  management p r o d u c t i o n  and se rv i ces ,  

account ing ,  nu rs ing ,  c l e r i c a l  t r a i n i n g ,  s tenog raph i c  and s e c r e t a r i a l  training, automot ive  

mechanics, we1 d i  ng and c u t t l  ng , and spec i a1 p r o j e c t s  i n  a g r i c u l t u r e  and home cconomi cs f o r  

d isadvantaged s tuden ts .  Of t h e  1758 s tuden ts  e n r o l l e d  i n  grades n i n e  through twe lve ,  1061 a r e  

e n r o l l e d  i n  v o c a t i o n a l  educa t i on .  

A l t hough  t h e r e  a r e  no c o l l e g e s  o r  u n i v e r s i t i e s  i n  Mason County, Marsha l l  U n i v e r s i t y  o f f e r s  

some e x t e n s i o n  courses a t  P o i n t  P leasant ,  and the re  a r e  seve ra l  c o l  leyeb w i  111 i i ~  c o i l ~ ~ ~ ~ u t i n g  d i s -  

t ance  (e.g., Oh io  U n i v e r s i t y  a t  Athens, Ohio, and West V i r g i n i a  S t a t e  Co l l ege  a t  I n s t i t u t e ,  

West V i r g i n i a ) .  I n  a d d i t i o n ,  Mason County o f f e r s  a v a r i e t y  o f  i n s t r u c t i o n a l  programs f o r  

a d u l t s  (Area Development, Appa lach ian Power Company 1976; B a t t e l  l e  Columbus Labo ra to r i es  1976).  

T r a n s p o r t a t i o n  

Access t o  t h e  i n t e r s t a t e  highway system f r o m  Mason County I s  s low and arduous. The ma jo r  highways 

s e r v i n g  Mason County a r e  U.S. Routes 33 and 35 and S t a t e  Routes 2, 17, and 62. S t a t e  Route 2  runs 

a l o n g  t h e  Ohio R i v e r  connec t i ng  Hun t i ng ton  w i t h  Parkersburg  and Wheeling t o  t h e  n o r t h .  Se rv ing  

t h e  New Haven/Hartford/Mason area a r e  U.S. Route 33, which connects w i t h  Ohio t o  t h e  n o r t h  and 

V i r g i n i a  t o  t h e  east,  and S t a t e  Route 62, wh ich  connects w i t h  P o i n t  P l e a s a n t ' t o  t h e  south.  A l l  

o f  t h e  above U.S. and s t a t e  r o u t e s  a r e  narrow, w ind ing  roads t h a t  u s u a l l y  p a r a l l e l  a  r i v e r .  

Many o f  t h e  b r i dges  have o n l y  one lane.  R a i l  s e r v i c e  i n  t h e  Mason County area i s  p rov ided  by  



t h e  Penn Cen t ra l ,  t h e  B&0, and t h e  C&O r a i l r a o d s .  Barge t r a n s p o r t a t i o n  i s  a v a i l a b l e  on t h e  

Kanawha and Ohio r i v e r s  ( B a t t e l  l e  Columbus Labo ra to r i es  1976, p.  4-13). 

H e a l t h  ca re  

There a r e  f o u r  h o s p i t a l s  w i t h  a  t o t a l  c a p a c i t y  o f  307 beds i n  t h e  v i c i n i t y  o f  Mason County. 

The h o s p i t a l s  a r e  P leasan t  V a l l e y  H o s p i t a l  (137 beds) a t  P o i n t  P leasant ;  Ho l ye r  H o s p i t a l  

(295 beds) a t  G a l l i p o l i s ,  Ohio; Meigs H o s p i t a l  (20  beds) ;  and t h e  Veterans Memorial H o s p i t a l  

(80  beds) a t  Pomeroy, Ohio. I n  Mason County, P leasan t  V a l l e y  H o s p i t a l  i s  t h e  o n l y  h o s p i t a l ;  

i n  1976 t h e r e  were 14 phys i c i ans  and 6 d e n t i s t s  (Area Development, Appalachian Power Company 

1976; D a t t e l  l e  Columbus Labo ra to r i es  1976).  

P o l i c e  and f i r e  p r o t e c t i o n  

Each m u n i c i p a l i t y  i n  Mason County ma in ta ins  i t s  own p o l i c e  f o r c e  w i t h  a  county-wide t o t a l  o f  

19 pol icemen o p e r a t i n g  14 veh i c l es .  The county  s h e r i f f  and depu t i es  p r o v i d e  law enforcement 

and p r o t e c t i o n  i n  t h e  r u r a l  and un inco rpo ra ted  areas, and t h e  West V i r g i n i a  Department o f  

P u b l i c  S a f e t y  p rov ides  highway p a t r o l  i n  t h e  area. 

F i r e  p r o t e c t i o n  i s  p rov ided  by 103 v o l u n t e e r  and 4  r e g u l a r  f i remen.  Equipment i n c l u d e s  

11 f i r e f i g h t i n g  v e h i c l e s  (some o f  wh ich  a r e  mob i l e  pumping u n i t s )  and 7  rescue v e h i c l e s .  

Rec rea t i on  

As i n  most r u r a l  areas, t h e  r e c r e a t i o n a l  a c t i v i t i e s  i n  Mason County a r e  somewhat l i m i t e d .  I n  

t h e  P o i n t  P leasan t  area, t h e r e  a re  two r e c r e a t i o n a l  parks,  one c o n t a i n i n g  1.2 ha ( 3  ac res )  and 

t h e  o t h e r  23 ha (57 a c r e s ) .  The l a t t e r  has an 8.9-ha (22-acre)  l a k e  and o f f e r s '  f i s h i n g ,  p i c n i c  

f a c i l i t i e s ,  and equipped playgrounds. There a r e  two p u b l i c  and two p r i v a t e  outdoor  swimming 

poo ls ,  t h r e e  p u b l i c  g o l f  courses, and a  new Masnn County Youth Center (Area Development, 

Appalachian Power Company 1976).  A  l i g h t e d  f o o t b a l l  s tad ium w i t h  a  s e a t i n g  c a p a c i t y  o f  2000, 

a  l i g h t e d  f o o t b a l l  and baseba l l  park  w i t h  a  s e a t i n g  c a p a c i t y  o f  2000, and t h r e e  l i g h t e d  baseba l l  

parks w i t h  a  t o t a l  s e a t i n g  c a p a c i t y  o f  850 a r e  a l s o  a v a i l a b l e .  

111 a d d i t i o n  t o  t h e  abovc, t h e r e  a r e  two s t a t e  p a r k s  i n  t h e  Mason County area, and seve ra l  

r e s e r v o i r  pro. jects o f f e r  r e c r e a t i o n  f a c i l i t i e s .  A  p u b l i c  h u n t i n g  area and a  w i l d l i f e  s t a t i o n  

a r e  a l s o  nearby.  

Water supp l y  and wastewater t r ea tmen t  

W i t h i n  Mason County t h e  c i t y  o f  P o i n t  P leasant  opera tes  t h e  P o i n t  P leasant  Water Works, f o r  

which t h e  wa te r  supp ly  i s  drawn f rom deep w e l l s  below t h e  Ohio R i v e r  Bas in .  T h i s  system c u r r e n t l y  

has no excess c a p a c i t y ,  b u t  p lans  p r o v i d e  f o r  a  s u f f i c i e n t  c a p a c i t y  i n  t h e  system t o  p e r m i t  100% 

p o p u l a t i o n  growth.  

Water i s  s u p p l i e d  by t h e  m u n i c i p a l i t i e s  i n  t h e  New Haven/Hartford/Mason area. The source o f  t h i s  

wa te r  i s  we1 1s t h a t  a r e  g e n e r a l l y  d r i  1  l e d  t o  a  depth  o f  about  58 m (190 f t ) .  These systems can 

c U r r e n t l y  produce abuut 76 m 3  (20,000 g a l )  of wa te r  p e r  day i n  excesq n f  needs ( B a t t e l l e  Columbus 

Labo ra to r i es  1976).  



Wastewater treatment i s  a lso  handled by the i n d i v i d u a l  m u n i c i p a l i t i e s .  H a r t f o r d  does n o t  have 

a sewage treatment p lan t ,  b u t  the o ther  m u n i c i p a l i t i e s  (Po in t  Pleasant, New Haven, and Mason) 

do have such f a c i l i t i e s .  

H i s t o r i c  and archaeologica l  s i t e s  

Only one h i s t o r i c  o r  archaeologica l  s i t e  l i s t e d  i n  the N a t i o n a l  Reg is te r  of H i s t o r i c  Places i s  

loca ted  i n  Mason County. This  s i t e  i s  Point  Pleasant Batt leground, which i s  loca ted  a t  the 

conf luence o f  the Ohio and Karlawha r i v e r s  a t  Po in t  Pleasant. Tu-Endie-Wei Park, a  state-owned 

h i s t o r i c a l  s i t e ,  conta ins t h e  1774 b a t t l e f i e l d  where Ind ians and s e t t l e r s  fought  what has been 

c a l l e d  the f i r s t  b a t t l e  o f  t h e  Revolut ion ( B a t t e l l e  Columbus Laborator ies 1976, p. 4-18). 

2. 2'. 9  Ecology 

2.2.3.1 T e r r e s t r i  a! e c o l ~  

' 

The n a t u r a l  vegetat ion o f  Mason County i s  mixed mes0phyt. i~ f o r e s t  (Braun 195n) I!! add l f lon ,  

a a l 5 t i n c t  t loodp la i r~  f o r e s t  t ype  occurs along the  Ohio and Kanawha r i v e r s .  Because o f  the  

r e l a t i v e l y  low topography and t h e  presence o f  good water and r a i l  t ranspor ta t ion ,  the f o r e s t s  

o f  t h i s  area have been h e a v i l y  e x p l o i t e d  f o r  t imber  and a g r i c u l t u r e .  

Because of the e a r l y  d e s t r u c t i o n  o f  the  forests  i n  t h i s  area, t h e i r  o r i g i n a l  composit-ior~ i s  

uncer ta in .  E x i s t i n g  evidence suggests t h a t  oaks and h i c k o r i e s  were more dominant i n  t h i s  area 

than i n  a t y p i c a l  mixed mesophytic f o r e s t  (Braun 1950). Dominant species inc lude  whi te  oak 

.(Quereus a lba) ,  chestnut oak (Q. p r i n u s ) ,  b lack oak (Q. v e l u t i n a ) ,  t u l i p  poplar  (~Cr iodendron  

t u l i p i f e r a ) ,  shagbark h i c k o r y .  ( ~ a r y a  ovata) ,  mockernut h ickory  ( ~ a r y a  tomentosa), whi te  ash 

( F r m i n u s  americana) , beech ( Fagus g r a n d i f o l i a )  , and sugar map1 e ( ~ c e r  s a c c w  ) . 

A stand o f  t h i s  f o r e s t  t.ype i n  Tennessee w i t h  a t o t a l  besdl area of' 2'1 m2/ha had a net  produc- 

L i v l t . ~  of woody ahoveground t i s s u c  of 4025 kg per. hectare per year. Leaf product ion, as 

i n d i c a k d  by l i t t e r  fa l - I ,  was 4100 kg per  hectare per  year (Har r i s  e t  a l .  1973). The e x i s t i n g  

forest: (which covers 59% of t h e  county) i s  immature as a r e s u l t  of c u t t i n g  o r  recent  abandonment 

by a g r i c u l t u r e .  The younger stands (e.g., a  15-year-old c l e a r c u t  i n  Graham Township) are 

dominated by the  shade- in to lerant  p ioneer  species b lack l o c u s t  ( ~ o b i n i a  pseudoacacia) and 

sassafras' (Sassafras a lb idwn) ( U . S .  Army Cnrps of Engineers 1375). S011le c lear -cu t  'land has 

been rep lan ted  i n  V i r g i n i a  p ine  (pinus v i r g i n i a n a )  f o r  pu lp product ion.  

L i t t l e  lowland f o r e s t  remains i n  Lewis Township, l a r g e l y  a r e s u l t  o f  the  development of the c i t y  

o.F Po in t  Pleasant on t h e  f loodp la ins  of the Ohio and Kanawha r i v e r s .  The remaining Kanawha 

f l o o d p l a i r ~  has undergone agr.. icul tural  dev,elopment except where the land i s  too  wet. The dominant 
lowland t r e e  species a r e  s i l v e r  maple ( ~ c e r  saccharinwn), w i t h  sycamore ( ~ Z a t a n u s  occ iden ta l i s ) ,  

hackberry ( ~ e l t i s  occ i .denta l is ) ,  cottonwood ( ~ o p u l e r s  d e l t o i d e s ) ,  and i n  the we t tes t  areas, 

b lack  w i l l o w  ( s a l i x  n i g r a ) .  

Anothcr common na tu ra l  vegetat ion type i s  the 01 d - f i e l d  vegetat ion. t h a t  develops on abandoned 

a g r i c u l t u r a l  land. I n  t h e  f i r s t  few years a f t e r  abandonment, f i e l d s  are dominated by weedy 

annuals and semiannual formes w i t h  perennia ls  l i t e r  ga in ing dominance. Common species inc lude  



goldenrod (So l idago squarrosa) ,  beggars t i c k s    ide ens t r i f i d a ) ,  a s t e r  ( A s t e r  s c h r e b e r i ) ,  b u l l  

t h i s t l e  ( c i r s i w n  vuZgare),  ragweed ( ~ m b r o s i a  t r i f i d a ) ,  p l a n t a i n  (P lantago m g e l i i ) ,  and Ind ian  

tobacco ( ~ o b e l i a  i n f k t a ) .  O l d - f i e l d  grasses i n c l u d e  broom sedge ( S o r g h a s t r m  nu tans ) ,  f o x t a i l  

( S e t a r i a  Zutescens ) , blues tem (Andropogon g i r a r d i )  , and pan ic  grass (Panicmi  d ichotomi f  lo rum).  

Th i s  meadow-like vege ta t i on  i s  rep laced  over  a  p e r i o d  o f  severa l  years  by woody pe renn ia l s  such 

as b l a c k b e r r y  (Rubus o c c i d e n t a l i s )  , honeysuckle ( ~ o n i c e r a  j apon ica ) ,  and p ioneer  t r e e s .  Net 

p r o d u c t i v i t y  o f  o l d  f i e l d s  i s  h i g h l y  v a r i a b l e  b u t  i s  t y p i c a l l y  much lower  than t h a t  of f o r e s t s .  

Because o f  t h e  presence o f  a  v a r i e t y  o f  h a b i t a t  types (woodland, cropland, pas tu re  and o l d  

f i e l d ,  and wet lands and r i v e r s ) ,  t h e  t e r r e s t r i a l  fauna i s  d i ve rse .  The most abundant b i r d s  

i n  t h e  county  d u r i n g  a  March survey were t h e  common g r a c k l e  (QuiscaZus q u i s c u l a )  and s t a r l i n g  

( s tu rnus  v u Z g r i s )  (U.S. Army Corps o f  Engineers 1975). F i f t e e n  spec ies  were l i s t e d  as abundant 

I n c l u d i n g  f o u r  species o f  ducks (Anat inae) ,  t h e  sparrow hawk ( ~ a l c o  s p a r v e r i u s ) ,  rock  and . 

mourning doves (Columba l i v i a  and Zenaidura macroura),  t h e  common crow (corvus brachyrynchus),  

and seven species o f  song b i r d s  ( ~ a s s e r i f o m e s ) .  An a d d i t i o n a l  26 species were cons idered 

common. Upland f o r e s t  was found t o  be t h e  v e g e t a t i o n  t ype  t h a t  suppor ts  t h e  g r e a t e s t  av ian  

species r ichness.  

Smal l -  t o  medium-size animals dominate the  mammalian fauna, which i n c l u d e  seve ra l  spec ies  o f  

mice ( c r i c e t i d a e  and ~ u r i d a e ) ,  s q u i r r e l s  ( ~ c u i r i d a e ) ,  shrews ( s o r i c i d a e ) ,  ba ts  ( c h i r o p t e r a ) ,  

r a b b i t s  (SyZv ikgus f l o r i d e n u s ) ,  and opposums fl id el phis m a r s u p i a l i s ) .  F l o o d p l a i n  f o r e s t  

vege ta t i on  suppor ts  t he  g r e a t e s t  mammalian species r ichness.  The area a l s o  suppor ts  a  

l a r g e  number o f  species o f  r e p t i l e s  and amphibians, most o f  which a r e  e i t h e r  aqua t i c  [e.g., 

t u r t l e s  (CheZonia) , water  snakes ( ~ a t r i x  sp. ) , salamanders ( ~ r y p t o b r a n c h i d a e  and Salamandridae) , 
and ' f r o g s  (Ranidae)] ,  o r  f o r e s t  species [e. g. , 1 i z a r d s  (Sc inc idae and Sceloporus undu la tus ) ,  

snakes ( p r i m a r i l y  ~ o l w n b r i d a e ) ,  t e r r e s t r i a l  salamanders ( ~ Z e t h o d o n t i d a e ) ,  and t r e e  f r o g s  

( ~ ~ l i d a e ) ] .  

2.2.9.2 Aqua t i c  ecology 

As one o f  t h e  most impor tan t  i n t e r i o r  waterways of t he  Un i ted  Sta tes ,  t h e  Ohio R i v e r  has been 

s u b j e c t  t o  bo th  d e l i  be ra te  and acc iden ta l  human d i s tu rbance  f o r  over  150 years.  M o d i f i c a t i o n  

n f  t h e  r i v e r  f o r  n a v i g a t i o n  purposes began i n  1824. By t h e  e a r l y  13005, l o c k s  end dams had 

been cons t ruc ted  a long i t s  e n t i r e  l eng th ,  t rans fo rm ing  i t  f rom a f r e e - f l o w i n g  stream t o  a  

s e r i e s  o f  t u r b i d ,  s l ow- f l ow ing  impoundments. The r a p i d  a g r i c u l t u r a l  and i n d u s t r i a l  development 

o f  t h e  Ohio R i v e r  Basin which occur red du r ing  t h e  l a t t e r  h a l f  o f  t h e  n ine teen th  c e n t u r y  l e d  t o  

an enormous i nc rease  i n  t h e  r i v e r ' s  sediment l o a d  (caused by r u n o f f  f rom l a n d  c l e a r e d  f o r  

a g r i c u l t u r e  and c o n s t r u c t i o n )  and t o  i t s  p o l l u t i o n  by mun ic ipa l ,  i n d u s t r i a l ,  and m in ing  wastes. 

The p rog ress i ve  d e t e r i o r a t i o n  o f  t h e  r i v e r " i s  p a r t l y  r e f l e c t e d  i n  commercial f i s h e r y  s t a t i s t i c s  

t h a t  a re  a v a i l a b l e  f o r  t h e  p e r i o d  from 1894 t o  1963 (Tab le  2.39).  Of 15 f i s h  species t h a t  made 

s i g n i f i c a n t .  f i s h e r y  c o n t r i b u t i o n s  i n  1894, o n l y  seven con t i nued  t o  be impor tan t  i n  1963. (One 

species, t h e  qu i  11 back, en te red  the f i s h e r y  s t a t i s t i c s .  a f t e r  1894. ) The percentage o f  commercial 

f i s h e r y  devoted t o  carp, b u f f a l o ,  and c a t f i s h  increased f rom about 50 t o  90% d u r i n g  t h i s  pe r iod .  

It i s  b e l i e v e d  t h a t  t h c  l a r g e s t  catches i n  t he  r i v e r  occurr.ed w e l l  be fo re  1894, t h e  f i r s t  yea r  

f o r  which f i s h e r y  s t a t i s t i c s  a r e  a v a i l a b l e .  By t h a t  t ime  'many f o r m e r l y  abundant species, among- 

them the  l a k e  sturgeon, mooneye, grass p i c k e r e l ,  and wal leye,  had a l ready  become scarce (U.S. 

Army Engineer D i  v , is inn 1964). 



Tab e 2.33. Species compo;iQim of the Chio River Basin co~mercial fish catch, 1894-1963 

Species compositioh by year (%I 

1894 I899 1503 1908 1922 1E31 1950 1954 1955 1956 1957 1958 1959 1960 1962 1963 

Bas:, black 
Bas:, other 
Buffalo 
Car J 

Catfish 
Cra >pie 
Drum 
Eel 
rvlooneye 
Pad'dlefish 
Pike, picksrel 
Quillback 
Sauger 
Stu-geon, lake 
Stu-geon, shovel-nose 
Sudter 
Surfish 
Walleye 
Perch, yellow 
Otter . 

8 L e ~ ~  than 0.1%. 
Sourc?: U.S. Arm!, Eng neer Di~ision. 1gC.4. Ohio River Basin .zunorehensive survey. vol. V I I I ,  Table 3, p. 68.  Cincinnati, Ohio. 



The upper t w o - t h i r d s  o f  t h e  Ohio, above L o u i s v i l l e ,  Kentucky, has s u f f e r e d  p a r t i c u l a r l y  severe  

deg reda t i on  and has n o t  suppor ted a  commercial f i s h e r y  s i n c e  t h e  1930s; above Hannibal  Lock 

and Dam (RM 125),  no commercial h a r v e s t  has occu r red  i n  t h i s  cen tu ry .  However, because of 

p o l l u t i o n  c o n t r o l  e f f o r t s  begun a f t e r  World War 11, wa te r  q u a l i t y  has been s t a b i l i z e d  throughout  

t h e  Ohio R i v e r  Basin, and i n  some areas i t  has a c t u a l l y  improved (Butz  e t  a l .  1974). Accord ing 

t o  t h e  Westinghouse E l e c t r i c  Co rpo ra t i on  r e p o r t  (1975),  wa te r  q u a l i t y  a t  t h e  s i t e  o f  t h e  Kyger 

Creek Power P l a n t  nea r  t h e  Mason County s i t e  now meets EPA s tandards  f o r  p r i m a r y  r e c r e a t i o n  and 

warm wa te r  f i s h e r y .  

The Mason County s i t e  i s  l o c a t e d  on t h e  G a l l i p o l i s  Pool reach o f  t h e  Ohio between Racine Lock 

and Dam (RM 237.5) and G a l l i p o l i s  Lock and Dam (RM 279.2).  F o r  seve ra l  yea rs  e c o l o g i c a l  s t u d i e s  

o f  t h e  G a l l i p o l i s  Pool  have been conducted nea r  t h e  s i t e  o f  t h e  Kyger Creek p l a n t  (RY 260).  

Du r i ng  t h e  course o f  these s t u d i e s ,  t h e  phy top lank ton  o f  t h e  poo l  has been dominated by  diatoms 

and green a lgae  throughout  a l l  f o u r  seasons (WAPORA 1974, 1975a, ti; Westinghouse E l e c t r i c  

Co rpo ra t i on  1975). Blue-green a lgae  have been c o n s i s t e n t l y  r a r e ,  u s u a l l y  c o n s t i t u t i n g  1% o r  

l e s s  o f  t h e  t o t a l  c e l l  count.  R o t i f e r s  have been n u m e r i c a l l y  t h e  most abundant zoop lankton 

form, b u t  copepods and c ladocerans,  i n c l u d i n g  p l a n k t e r s  such as Diaptomus sp., Daphnia sp., and 

S i d a  c r y s t a l l i n a  (wh ich  a r e  more t y p i c a l  of ponds and l akes  t h a n  o f  r i v e r s )  have been p resen t  

and occas iona l  l y  q u i t e  abundant. 

The Westinghouse E l e c t r i c  Co rpo ra t i on  (1975) s tudy  r e p o r t e d  t h a t  two d i s t i n c t  b e n t h i c  h a b i t a t  

t ypes  e x i s t  i n  t h e  G a l l i p o l i s  Pool .  Along t h e  banks and i n  sha l low,  p r o t e c t e d  areas, t h e  bot tom 

i s  covered w i t h  s i l t ,  b u t  i n  t h e  c e n t e r  o f  t h e  poo l  t h e r e  a r e  areas i n  which t h e  o r i g i n a l  r ock  

and pebb le  bed i s  exposed. I n  bo th  h a b i t a t s  t h e  abundance and d i v e r s i t y  o f  b e n t h i c  i n v e r t e -  

b r a t e s  i s  low. I n  t h e  Westinghouse s tudy,  t u b i f i c i d s  accounted f o r  93% o f  t h e  i n d i v i d u a l s  

c o l l e c t e d  i n  ponar dredge samples f r o m  s i l t - c o v e r e d  areas and f o r  77% o f  t h e  i n d i v i d u a l s  i n  

samples f r om rocky  areas.  Ben th i c  c o l l e c t i o n s  made by  WAPORA (1975a, b) '  i n  t h e  v i c i n i t y  o f  t h e  

KygW Creek p' lant  a l s o  were dominated by t u b i f  i c i  ds. These organisms a r e  h i g h i y  s t r e s s  t o l e r a n t .  

T h e i r  abundance i n d i c a t e s - t h a t  b e n t h i c  h a b i t a t s  i n  t h e  poo l  a r e  s u b j e c t  t o  f r e q u e n t  oxygen 

d e p l e t i o n .  The o n l y  o t h e r  b e n t h i c  i n v e r t e b r a t e  t h a t  occu r red  i n  s i g n i f i c a n t  numbers i n  t h e  

~ e s t i n g h o u s e  and WAPORA c o l l e c t i o n s  i s  t h e  A s i a t i c  c lam ( ~ o r b i c u l a  m a n i l e n s i s ) .  A  l a r g e  number 

of o t h e r  organisms, i n c l u d i n g  c r a y f i s h ,  amphipods, and i n s e c t s  o f  t h e  o r d e r s  o f  D i p t e r a ,  

T r i chop te ra ,  Ephemeroptera, Zygoptera,  and Coleoptera  c o l o n i z e d  a r t i f i c i a l  subs t ra tes  suspended 

i n  t h e  r i v e r ,  hu t  these a p p a r ~ n t l y  c o n s t i t u t e  o n l y  a  smal l  f r a c t i o n  o f  t h e  b e n t h i c  community. 

S ince t h e  1950s, seve ra l  q u a n t i t a t i v e  f i s h  surveys have been conducted i n  t h e  Ohio R i v e r  i n  and 

around t h e  G a l l i p o l i s  Pool .  Carp, g i z z a r d  shad, channel  c a t f i s h ,  and emerald s h i n e r  have con- 

s i s t e n t l y  been found t o  be t h e  most abundant spec ies  (Tab le  2.40). However, a  comparison o f  

t h e  1957-1959 survey by ORSANCO w i t h  t h e  1974-1975 survey by WAPORA i n d i c a t e s  t h a t  t h e  d i v e r s i t y  

o f  f i s h  spec ies  i n  t h e  poo l  m igh t  have i nc reased  s i g n f i c a n t l y  d u r i n g  t h e  l a s t  20 years .  I n  t h e  

ORSANCO survey o n l y  15 spec ies ,  r e p r e s e n t i n g  6  f a m i l i e s ,  were c o l l e c t e d .  The f a m i l y  Cent rarch idae,  

which con ta ins  many i m p o r t a n t  game and panf ish ,  was rep resen ted  by o n l y  one spec ies  ( b l u e g i l l )  and 

accounted f o r  o n l y  2.7% of t h e  f i s h  biomass c o l l e c t e d .  I n  t h e  WAPORA su rvey  36 spec ies ,  r ep re -  

s e n t i n g  9  f a m i l i e s ,  were c o l l e c t e d .  E i g h t  o f  these, c o n s t i t u t i n g  more than 11% o f  t h e  t o t a l  

biomass, were c e n t r a r c h i d s .  One, t h e  largemouth bass, was t h e  f o u r t h  most abundant f i s h  c o l l e c t e d ,  

account ing  f o r  9.2% o f  t h e  t o t a l  ca t ch .  I n  a d d i t i o n  t o  t h e  spec ies  l i s t e d  i n  Tab le  2.40, WAPORA 

has c o l l e c t e d  t h r e e  o the rs  - t h e  b l u e  c a t f i s h ,  g o l d f i s h ,  and banded k i l l i f i s h  - i n  t h e  v i c i n i t y  

of  t h e  Kyger Creek p l a n t .  



Table 2.40. Relative abundance of fish species collected in the Ohio River in and around Gallipolis Pool 

Percentages of catch 

Vicinity of Kyger Creek 
ORSANCO surveysarb Mile point 231.4a Mile point 279.2a PlanflAoril 1974- 

Species (1957-1959) (Oct. 2, 1968) (Oct. 3, 1968) February 1975) 

Abundance Weight Abundance Weight Abundance Weight ~ b ~ ~ d ~ ~ ~ ~  weight 

Longnose gar <0.1 0.3 0.6 1.8 
Skipjack herring 0.5 6.1 2.4 2.8 9.3 5.3 2.3 0.4 
Gizzard shad 1.5 27.0 35.4 51.1 3.7 7.2 22.9 20.9 ' 

Carp <0.1 11.0 0.4 9.0 2.6 57.8 2.6 31.1 
Silverjaw minnow <0.1 <0.1 
Bluntnose minnow 0.2 <2.0 1 .O 0.1 0.7 <0.1 0.4 <0.1 
Bullhead minnow 1.2 <0.1 
Silver chub 1.3 <2.0 0.3 <0.1 0.2 <0.1 
Fathead minnow 0.1 <0.1 
EIII~IAILI blli11e1 70.0 12.0 12.2 0.0 17.0 1 .O 59.0 0.1 
River shiner 0.2 <0.1 
Common shiner 0.3 <0.1 
Ghost shiner 0.6 <2.0 l i .9  0.4 <O.l <0.1 
Spotfin shiner 0.4 (2.0 <b.i <0.l 0.7 <0.1 
Sand shiner 0.1 <0.1 0.8 <0.1 
Mimic shiner 14.0 <2.0 6.4 0.2 15.4 0.7 1.6 <0.1 
River carpsucker 1.1 17.2 
Highfin carpsucker <0.1 0.2 
Northorn hog sucker <0.1 0.1 
Golden redhorse <0.1 2.7 0.2 0.7 , 

Spotted sucker c0.1 2.4 
Smallmouth buffalo <O. 1 2.2 <0.1 1 .O 0.3 4.2 
Quillback <O. 1 0.1 <0.1 <0.1 
American eel <0.1 0.1 
Channel catfish 3.4 14.0 29.2 26.8 46.0 20.2 1.1 10.4 
Bruwr~ bulll~uad 0.1 0.4 0.2 0.3 <0.1 0.1 
Black bullhead <0.1 2.4 
Flsthsad catfish .a. i <n.i <kl a. 1 <O.I 0.1 
White catfish cU.1 0.1 
PI lrnpkinw~ri <O. 1 <0.1 
Bluegill 0.1 0.1 0.4 0.3 
Longear sunfish <O. 1 <0.1 
Yellowbelly sunflsh <O:I a. 'I 
Redear sllnfish <O. 1 0.1 
Spolfed bas$ 0.1 Cu.1 U.2 u.3 
Largemouth bass 0.2 3.2 <0.1 0.3 2.4 9.2 
Smallmouth bass 0.4 0.6 
White crappie 0.2 0.5 
Black crappie <0.1 0.2 .<0.1 0.4 
White bass <O. 1 0.2 0.1 <O.l 0.2 0.3 
Saugel. <0.1 1.2 <0.1 0.5 0.2 0.8 
Freshwater drum <0.1 4.0 0.1 0.9 3.1 3.8 0.2 0.2 

aSource: Westinghouse Electric Corp. 1975. Kyger Creek Power Plant thermal discharge study,vol. 7. Modified from. 
Table 4-4. P. 4.17. Pittsburgh. Pa.: Wcstinghousc Electric Corporation, Environmental Systems Department. 

b~ol lected between mile points 200 and 300. 
'Source: WAPORA. 1975. Continuing ecological studies of the Ohio River, 1974. Modified from Table Vl l l -3, p. 108. 

.Washington, D.C,: WAPORA, Inc. 

The sampl ing  s i t e s ,  gear ,  and e f f o r t  i n  t h e  ORSANCO and WAPORA s t u d i e s  were n o t  i d e n t i c a l ;  

t h e r e f o r e ,  t h e i r  r e s u l t s  a r e  n o t  s t r i c t l y  comparable. Nonetheless,  t h e  d i f f e r e n c e s  between 

t h e i r  f i n d i n g s  a r e  s t r i k i n g .  S ince wa te r  q u a l i t y  i n  t h e  G a l l i p o l i s  Pool i s  known t o  have 

improved s i g n i f i c a n t l y  i n  r e c e n t  yea rs  (Westinghouse E l e c t r i c  Co rpo ra t i on  1975), i t  i s  

reasonab le  t o  conclude t h a t  t h e  marked i nc rease  i n  f i s h  d i v e r s i t y  found by WAPORA a t  l e a s t  

p a r t i a l l y  r e f l e c t s  an improvement of t h e  r i v e r  as a h a b i t a t  f o r  f i s h .  



Al though many f i s h  spec ies  appear t o  be a b l e  t o  surv i ' ve  i n  t h e  G a l l i p o l i s  Pool ,  i t  i s  probab le  

[accord ing t o  t h e  Westinghouse r e p o r t  (1975) and Butz e t  a1. ( 1 9 7 4 ) l  t h a t  v e r y  l i t t l e  r e p r o -  

d u c t i o n  t akes  p lace  the re .  As w i t h  t h e  ~ a s k a s k i a  R i v e r ,  damming and c h a n n e l i z a t i o n  o f  t h e  

Ohio have e l i m i n a t e d  t h e  sloughs and backbays t h a t  serve as spawning and nu rse ry  areas f o r  

n e s t - b u i l d i n g  f i s h  such as bu l l heads ,  sun f i shes ,  and largemouth bass. I n  a d d i t i o n ,  t h e  s i l t  

t.hat covers t h e  bot tom o f  t h e  r i v e r  p resen ts  spawning by  spec ies  (such as sauger and smallmouth 

bass) t h a t  d e p o s i t  t h e i r  eggs on sand o r  g r a v e l .  Data r e l a t i n g  t o  r e p r o d u c t i o n  i n  t h e  f i s h '  

popu la t i ons  t h a t  c u r r e n t l y  i n h a b i t  t h e  Ohio .R iver  a r e  l i m i t e d ,  b u t  e x i s t i n g  i n f o r m a t i o n  suggests 

t h a t  most success fu l  spawning occurs  n o t  i n  t h e  main stem b u t  i n  sma l l  t r i b u t a r y  streams (Butz  . 

e t  a l .  1974).  

2.2.9.3 Endangered spec ies  

T e r r e s t r i  a1 

The o n l y  endangered mammalian spec ies  t h a t  i s  l i k e l y  t o  occur  i n  Lewis Township i s  t h e  I nd iana  
, 

b a t  ( ~ y o t i s . s o d a Z i s )  (U.S. Department o f  t h e  I n t e r i o r  1976a). C r i t i c a l  h a b i t a t  f o r  t h i s  spec ies  

c o n s i s t s  o f  l a r g e  l imes tone  caves. The range o f  t h e  eas te rn  cougar ( F e l i s  c o n c o l o r  cougar )  

i nc ludes  Lewis Township, b u t  s u i t a b l e  h a b i t a t  i s  n o t  avai1,able. 

A l though t h e  endangered a r c t i c  p e r e g r i n e  f a l c o n  (Fa l co  p e r e g r i n u s  t u n d r i u s )  'm igra tes  t h rough  

t h i s  area, i t  i s  u n l i k e l y  t h a t  t h i s  townsh ip  p rov ides  s i g n i f i c a n t  r e s t i n g  h a b i t a t  because o f  

t h e  e x t e n s i v e  r i v e r f r o n t  development. No o t h e r  o f f i c i a l l y  endangered o r  t h rea tened  spec ies  

o f  b i r d  i s  expected t o  be found i n  Lewis Township. 

None o f  t h e  spec ies  on t h e  proposed l i s t  o f  endangered p l a n t s  a r e  b e l i e v e d  t o  occu r  i n  West 

V i r g i n i a  (1I.S. Department o f  t h e  I n t e r i o r  1976b). None o f  t h e  spec ies  on t h e  Smithsonian 

I n s t i t u t i o n ' s  l i s t  o f  t h rea tened  p l a n t s  was found i n  a  survey o f  n o r t h e r n  Mason County (U.S. 

Army Corps o f  E I I ~ - i  neers 1975; Secre tary ,  Smi t hson ian  I n s t i t u t i o n  1975). 

The S t a t e  o f  West V i r g i n i a  does n o t  have an o f f i c i a l  l i s t  o f  t h rea tened  o r  endangered species.  

Aqua t i c  

The p i n k  mucket p e a r l y  mussel i s  t h e  o n l y  n a t i o n a l l y  l i s t e d  endangered a q u a t i c  spec ies  whose 

range i nc ludes  West V i r g i n i a  (U.S. Department o f  t h e  I n t e r i o r  1976a). I t  has n o t  been 

c o l l e c t e d  i n  recen t  b i o l o g i c a l  surveys o f  t h e  Ohio R i v e r  (WAPORA 1974, 1975a, b; Westinghouse 

E l e c t r i c  Co rpo ra t i on  1975).  West V i r g i n i a  has no s t a t e  l i s t  o f  endangered o r  t h rea tened  

species.  However, t h r e e  f i s h  spec ies  t h a t  a r e  o f f i c i a l l y  l i s t e d  as endangered i n  Ohio  (Ohio 

Department o f  N a t u r a l  Resources 1974), t h e  ghost  s h i n e r  ( ~ o t r o ~ i s  buchanani) ,  s i l v e r  chub 

( ~ $ b o ~ s i s  s t o ~ ~ e r i ~ m t a ) ,  and banded k i  11 i f i s h  ( ~ t n d 1 r 7 . u ~  dinphm27~s). have been found i n  t h e  

G a l l i p o l i s  Pool reach o f  t h e  Ohio R i v e r  (Tab le  2.40).  
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2.3 DESCRIPTION OF TOWNSHIP 50N, CAMPBELL COUNTY, WYOMING ' ' 

2.3.1 S i te  locat ion 

7 -  + " c , . F - j  > MILE 
SCALE FOR ENLARGEMENTS 

Fig. 2.19. Surtwgate si te,  Township 50N, range 71W, Campbell County, Wyoming. Source: 
Northern Great Plains Resources Program. 1974. Water group (c) water report. Denver, Colo. 

The township i s  on the divide between drainage in to  the L i t t l e  Powder River to  the northwest 

and i n t o  Donkey Creek and eventually t o  the Bel le Fourche River to  the southeast. There i s  

some internal  drainage i n t o  the playa lakes i n  the center of the township. I n  general, the 

- -.-. 
-. 



topography i s  gently rolling with scattered low buttes. Elevations range between 1340 and 

1420 m (4400 and 4650 f t )  above sea level. 

2.3.2 Geology 

2.3.2.1 Coal reserves 

Campbell County, in the east-central part  of the Powder River Basin of northeast Wyoming, has 

more near-surface coal than any other county i n  the United States. The Wyodak-Anderson coal 
bed i s  the major economically exploitable deposit of the region (Keefer and Hadley 1976). T h i s  

bed ranges between 15 and 30 m (50 and 100 f t )  thick and 1 ies  within 60 m (200 f t )  of the 
surface over a region 160 km (100 miles) long by 3 to  5 m (2 t o  3 miles) wide (Fig. 2.20). I t  

contains an estimated 13.6 bi l l  ion metric tons (15 b i l l  ion tons) of subbituminous, low-sulfur 
coal that  can be mined by surface methods. To p u t  Campbell County's surface reserves in proper 

perspective, the National Petroleum Council (1973) estimates there are 40.8 bi l l ion metric tons 

(45 bil l ion tons) of strippable coal reserves in the ent i re  United States. Thus Campbell County 

contains about one-third of the nation's total  strippable coal reserves (Keefer and Hadley 1976; 

National Petroleum Council 1973; U.S. Department of the Interior 1974). 

In addition to  the Wyodak-Anderson coal bed, a t  leas t  12 other exploitable coal s t ra ta  have been 

identified within the Fort Union formation. Their sum thickness exceeds 60 m (200 f t )  in some 

local i t ies .  Exploitable coal s t r a ta  are also formed i n  the Wasatch formation immediately over- 

lying the Fort Union. The precise location of Powder River Basin coal reserves i s  discussed in 

detail in the section devoted to regional geology (Keefer and Hadley 1976). 

A significant quantity of coal i s  not expected to  be produced from underground mines in the 

Powder River Basin in the foreseeable future. Although a considerable amount of coal exists 

as deep as  900 m (3000 f t )  o r  more, i t  i s  contained in so f t  and permeable s t r a t a .  Undorground 

wnrkings would be sulJect t o  roof collapse and flooding. 

Although the technological problems associated with underground mining are not unique to  the 

Powder River Basin, they are  l ikely to  be unusually d i f f i cu l t  to overcome. Powder River Basin 

coal i s  contained i n  Tertiary s t ra ta .  Because these s t ra ta  are  relatively young, they are 

poorly consolidated. Tertiary-age coal i s  easily stripped, hut i t  i s  extremely d-i rrlcul t 'to 
tunnel lhrough; the tunnel's roof must be grouted and supported with numerous rnck bolts and 
pi l lars .  

Comparing the nation's coal reserves with those of the Powder River Basin, the National Petroleum 

Council (1973) estimates tha t  there are  136 bil l ion metric tons (150 bil l ion tons) of recoverable 
coal i n  the United States,  including surface and underground coal. The Powder River Basin has 

not recoverable ur~derground coal but has about 13.6 bil l ion metric tons (15 bil l ion tons) of 

strippable reserves (Keefer and Hadley 1976), which i s  about 10% of the nation's told1 reserves 

of rccoverabl e coa I .  

Reserve estimates based on tonnage alone can be misleading. On the positive side, Powder River 

Basin coal has a low sulfur content. Wyodak-Anderson coal i n  the Gi l le t te  area contains an 

average of 0.5% sulfur.  By comparison, 46% of the coal of the Eastern United States contains 

over 3% sulfur.  Only 11% o f  Eastern coal has less  than 0.7% sulfur,  and most of i t  i s  committed 



Fig. 2.20. Strippable coal deposits o t  the easterm Powder River Basin, LJyoming. Source: 
U.S. Department of  the In ter ior .  1974. FinaZ snuirmtal stateJnent, p q o s e d  development 
of coat resouroes ,in the Emtemz Powdm River Basin. D-18. Washington, D. C. 



t o  the steel  industry. On the negative side, the Wyodak-Anderson coal has an average heat value 

o f  2.1 x l o 7  Slkg (8950 Btu/lb), compared w i th  2.7 x l o 7  Slkg (11,500 Btu/ lb)  f o r  Eastern 

bituminous coal (National Petroleum Council 1973). 

2.3.2.2 Regional geology and energy resources o f  the Powder River Basin 

The Powder River Basin (Fig. 2.21) i s  a s t ruc tura l  and topographic basin bounded on the west by 

the Bighorn Range, on the southwest by the Casper Arch, on the south by the Laramie Range and 

H a r t v i l l e  U p l i f t ,  and on the east by the Black H i l l s .  It opens t o  the north i n  Montana 

(Hodson, Pearl , and Druse 1973). 

The Powder River Basin i s  asymmetrical, the deepest par t  o f  the basin l y i n g  near i t s  southwestern 

margin pa ra l l e l  t o  the Bighorn Range and Casper Arch (Sharp e t  a l .  1964). The narrow band of 

For t  Union exposures near the southwestern margin (Fig. 2.21) and the younger Wasatch formation 

t o  the east imply a steep northeast dip. Pre-Tert iary s t ra ta  on the western f lank  o f  the 

basin range i n  d i p  between 30" and ver t ica l .  Strata are l o c a l l y  overturned. On the other hand, 

the broad band of Fort  Union exposures on the east s ide o f  the basin r e f l e c t  gentle west dips 

on the order o f  magnitude o f  tens o f  meters per kilometer (Sharp e t  a1 . 1964). 

I n  the deepest pa r t  o f  the basin, the thickness o f  s t ra ta  above the pre-Cambrian reaches a 

maximum o f  4880 m (16,000 f t ) .  The centra l  pa r t  o f  the basin contains 910 t o  1520 m (3000 t o  

5000 f t )  o f  Cenozoic s t ra ta .  I n  turn, these s t ra ta  are underlain by 2260 m (7400 f t )  o f  

Cretaceous rocks, 340 m (1100 f t )  o f  Jurassic and Tr iassic rocks, and 761 m (2500 f t )  o f  Paleo- 

zoic rocks. Igneous and metamorphic rocks o f  pre-cambrian age are exposed only i n  the u p l i f t e d  

regions - Bighorn Range, Laramie Range, and Black H i l l s  (Fig. 2.21 ) - tha t  surround the Powder 

River Basin (U.S. Department o f  the I n t e r i o r  1974). 

The Wyodak-Anderson coal bed crops out  along the contact b e t w ~ ~ n  the Wasatch and Fur-L Union 

fo r~~ id l iu r is .  Most geologists place the Wyodak-Anderson coal near the top o f  the For t  Union. 

Because the coal i s  t h i ck  and gent ly  dipping, it i s  minable by surface methods over a zone 3 

t o  5 km (2 t o  3 miles) wide (Fig. 2.20) along the exposed Wasatch-Fort Union contact o f  the 

eastern side o f  the Powder River Basin. Much o f  t h i s  band o f  outcrop l i e s  i n  eastern Campbell 

County (Fig. 2.21). 

Ihe western margin of the Powder River Basin i s  no t  a promising coal province f o r  two reasons: 

(1) coal beds are thinner, and (2) they d ip  much more steeply so tha t  the band o f  st r ippable 

coal i s  very narrow. 

Neither i s  the central pa r t  o f  the Powder River Basin a promising r e i i o n  f o r  coal reserves. The 

Wasatch formation contains a number o f  coal beds, but nanp are near ly as t h i i k  ds the Wyodak- 

Ar~derson. While the Wyodak-Anderson coal bed ex is ts  i n  the centra l  pa r t  o f  the basin, the 

depth o f  bu r i a l  beneath the Wasatch formation ranges up t o  480 m (1600 ft). The present economic 

depth l i m i t  f o r  st r ippable Wyodak-Anderson coal i s  60 m (200 f t )  (Keefer and Hadley 1976). 

I n  summarizing the coal reserves of the Powder River Basin, the vast major i ty  l i e s  i n  a narrow 

band o f  outcrop i n  the east-central pa r t  o f  the basin. Much o f  t h i s  coal i s  exposed i n  eastern 

Campbell County. 
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Fig. 2.21. Geologic map of the Wyoming portion of the Powder River Basin. Source: 
Modified after W. G. Hodson, R .  H. Pearl, and S .  A. Druse. 1973. Water resources of the 
Powder River Basin and adjacer~ t areas, northeastern Wyominq. EydroZogic Investigations 
AtZas R4-465. Washington, D.C. : U.S. Geologic Survey. 



Major structural features are found only on the margins of the Powder River Basin. Thrust 

faults are exposed on the eastern flank of the Bighorn Range. Some of these faults probably 

l i e  covered beneath unknown Cenozoic strata farther to the east, but apparently they do not 

extend far  out into the basin. A number of small oil and gas fields are associated with tight 

folds and faults along the bighorn frontal system. By far  the most pro1 i f i c  oil production, 

however, comes from broad domes along the Casper Arch. The giant Salt  Creek oil  field, the 

Teapot Dome, and the U.S. Naval Reserve are good examples. Another giant, the Big Muddy oil  

field near Glenrock, l i e s  along the southern flank of the Powder River Basin adjacent to the 

Laramie Range where extensive faulting occurs. Other oil  fields are associated w i t h  the 

Hartville Up1 i f t  (U.S. Department of the Interior 1974). 

The middle of the Powder River Basin i s  characterized by a number of gentle anticlines and 

minor faulting. Oil and gas are abundant in the basin, but structural traps are not as large 

as they are on the flanks. Much a i l  production i s  associated with lower Cretaceous (Muddy 

Sandstone member of Thermopolis shale) stratigraphic traps such as "updip pinchouts" or shale- 
enclosed sand lenses. Some oil  and gas have also been found along the Minnelusa-Minnekahta 

subcrop a t  the top of the Palezoic section (U.S. Department of the Interior 1974). 

The Powder River Basin i s  also an important uranium mining d is t r ic t .  Most of the activity i s  

currently taking place in the south and in the Pumpkin Buttes regions in the central part of 

the basin (Sharp e t  a1 . 1964). Open pi t  mines have been developed in the Wasatch formation, 

but potential also exists for uranium mining of the Fort Union. Recently in s i tu  leaching for 

uranium ranging in depth to  150 m (500 f t )  has been studied, and a t  least one pilot project 

i s  under way. 

2.3.2.3 Stratigraphy 

Figure 2.22 shows the stratigraphic relationship between geologic units of the eastern and 

waztprn parts of the Fowdor. River Liasin. The nomenclature varies for  the Paleozoic through 

Mesozoic (below the Lance) because the stratigraphy differs markedly on opposite s ides of the 

basin. From the uppermost Cretaceous (Lance) through the Tertiary, the stratigraphy i s  similar, 

and the same nomenclature applies to  both sides of the basin (Hodson, Pearl, and Druse 1973). 

Table 2.41 indicates thickness ranges and identifies the more important uranium, oil , gas, arid 

water-producing units on the eastern side of the basin. The strata in the western part of the 

basin are thicker, reflecting the closer proximity of the basin axis. Oil and gas found in 

local sand lenses within major shale units (for example, the Pierre shale) are not indicated 

i n  the table because of limited oi l  production. Although oil and gas are present in many 

stratigraphic units, 90% of the production comes from two units in the eastern part of the basin: 

(1 ) the Muddy Sandstone member (or Newcastle) of the Thermopol i s  shale and (2)  thp Minnelusa 

formation (U.S. Department 07' the Interior 1974). 

The impacl of surface development on the pre-Tertiary section, which i s  550 to 1040 m (1800 to 

3400 f t )  below the surface, will be minimal and restricted to groundwater conditions and possible 

interference with oil  and gas production. Groundwater hydrology i s  described in a l a te r  section; 

therefore, the details of pre-Tertiary stratigraphy will not be considered here. 



Arlkarer formation 

White River Formation 

Piene Shale 

hermapdlr Sholc 

Piy. 2.22. Stratigraphif re la t ion of geologic uni ts i n  the eastern Powder River coal 
hasin and adjacent areas. Source: W. 6. Hodson, K. H. Pedr.1, and f .  A,  Drure. 1973. 
Water resources uT the 116wdrr River- n81in and adjacent areas. northeastern Wyoming. HydroZogic 
Investigations Atlas HA-465. Washington, D . C . :  U.S. Geological Survey. 

Coal conversion f a c i l i t i e s  w i l l  be located near the mine muth  where the Fort Un.Oon-Wasatch 

contact i s  exposed. A more detal led descriplion o f  the Waaatch and Fort Union formations i s  

therefore given. 

The Wasatch formation Ss composed o f  claystone, re la t i ve ly  continuous coal beds, thin-bedded 

s i 1 tstone, f ine-grai ned sandstone, and lense-shaped bodies o f  medium- t o  coarse-grained 



Table 2.41. Roak sequanw in the u m r n  Powder River Basin 

Era System Series 
Formation 
or group 

Range ot thickness 
in meters (feet) 

Resources 

Cenozoic Tertiary 
I I 

Oligocene White River 
Eocene Wasatch 

1 I Paleocene Fort Union 
1 Lance 

Fox Hills 
sandstone 

Pierre shale 
Niobrara 
Grlile shale 
Geenhwn and 
Belle Fourche 
shale 

Mawry shale 
Newcastle 
undstone 

Skull Creek 
shale 

Fall River- 

Uranium, oil, gas, and groundwater 
Uranium, oil, gas, greundwatar, end coal 
Uranium, oil, gas, groundwater, and ooal 
Uranium, oil, gas, groundwater, and coal 

Oil, gas, snd groundwater 
None 
None 
None 
None 

None 
Oil and gas (major producer) and groundwater 

None 

None 
I 1 Lakota 

Morrison 31-77 (1 00-250) None 
Sundance 54-1 52 (1 75-495) None 
Gyrum Springs 0-38 (0-125) None 

Permian-Triassic Soearfish 92-153 (300-500) None 
Permian Minnekahta 61 (200) None 

limestone and 
Opeche 

Pennsylvanian Min~elusa 123-307 (40elOW) Oil and gas (major producer) and groundwater 
Mississippian Pahosapa 61-245 (200-800) Groundwater; potential for oil and gas 

limestone 
Paleozoic and Englewood 

limestone 
Devonian 
Ordovician Whitewood 15--92 (50-3001 None 

Dolomite 
Ordovician/Cambcian Winnepeg and 19-1 84 (50-600) None 

Deadwood 
None 

Pre-Cambrian Basenent None 

Soum U.S Department of the Interior. 1974. Final environmental ttatement, pmpwd duvelopment of ooal ntooums in the eamrm Powder River Basin. Washington, 
D.C. 



sandstone interbedded wi th  bentonite seams. Sandstone units are not rest r ic ted to  a few 

strat igraphic zones but are scattered e r ra t i ca l l y  throughout the vert ical  section o f  the 

Wasatch. Sandstone comprises a maximum o f  3 M  of the section i n  the central and southern parts 

o f  the Powder River Basin. Along the southern margin o f  the basin, the Wasatch i s  conglomeratic, 

but sandstone becomes f iner and less abundant toward the western and eastern margins. Thick 
coal beds are rest r ic ted t o  the periphery o f  the interbedded sandstone and claystone facies 

and t o  areas where claystone predominates (Sharp e t  al .  1964). 

The Wasatch has a maximum thlckness of 490 in (1600 f t )  i n  the Pumpkin Buttes area east o f  the 

Paleozoic axis o f  the basin. The formation thins toward the margins o f  the basin, having been 
completely removed by erosion a few miles east of G i l l e t t e  where i t s  contact with the under- 

l y i ng  Fort Union i s  exposed a t  the surface (Sharp e t  a l .  1964). 

The Fort  Union i s  s imi lar  ta  the ldasatch except that i t  can be subdivided in to  three d i r t l n -  

suishable members: 11 ) rne Tunyut! R i v e r  , (C)  the Lebo, and (3) the T ~ ~ l l a c k .  In the G i l  letce 
coal f ie ld ,  the Fort Union i s  about 440 m (1430 f t )  th ick  {takihg the Wyodak ~uc l l  bed ns the 

top). The Fort  Union thickens t o  about 1040 m (3400 f t )  i n  the center o f  the basin (U.S. 
Department o f  the In te r io r  1974; Sharp e t  a1. 1964). 

The Tongue River (upper) member i s  very sandy and contains most o f  the coal seams including the 

th ick  Wyodak-Anderson coal beds near t he i r  upper regions. S m  geologists place the contact 
between the Fort Union and Wasatch a t  the top o f  the Wyodak, but most geologists recognize the 

boundary somewhat higher (92 t o  153 m; 300 t o  500 f t )  i n  the stratigraphic section. The problems 
i n  recognizing the contact appear to  be threefold: (1 ) the Wyodak coal bed i s  not recognizable 
everywhere i n  the subsurface, (2) the Fort Union and Wasatch are s imi lar  l i tho log ica l ly ,  and 

(3) paleontological evidence suggests that some strata above the Wyodak are c lear ly  Paleocene 

i n  age, as are Fort Union s t ra ta  located lower i n  the section. The upper Wasatch, on the other 

hand, i s  c lear ly  Eocene i n  age. Thus I f  thologic boundaries are ill-defined, and they do not 

coincide wi th  ti=-rock units. Ihe Cunfusiun uvvr locatSon o f  the contact emphasi7es We 
IithologSc s im i la r i t i es  o f  the Fort Union and Wasatch (U.S. Department o f  the I n t c r l o r  19743. 

The Lebo (middle) member o f  the Fort Union i s  predominantly shale and contains a number o f  th in  

and discontjnuous coal beds. These beds range from 0.3 t o  3 m (1 t o  10 ft) thick, the cumula- 

t i v e  to ta l  ranging from 4.6 to 7.6 m (15 t o  25 f t)  Interbedded with as much as 12 m (40 f t )  nf 
shale. Coal as been mined from the Lebo fo r  local  domestic use, but there has been l i t t l e  

in terest  I n  expanded development. The Tullock (lower) nlember I s  mare sandy and contains a few 
coal seams, mainly near i t s  top (U.S. Department o f  the In te r io r  13i4)4 

Coal beds n f  the Wasatch formation are simi lar t o  those found i n  the Lebo member o f  the kart 
Union. They are also mined for local  domestic consumption. Une coal bed, Ltru Fclfx, 1s as 
much as 6 m (20 ft) th ick  loca l ly .  It may eventually be feasible to  mine the Fel ix  f o r  customers 
beyond the local  domestic market (U.S. Department o f  the I n t e r i o r  1974). 

Thick, persistent strippable coal beds are found a t  u r  near the top o f  the Fort Union formation 

i n  the eastern part o f  the Powder River Basin (Fig. 2.20) from the Montana-Wyoming state l i n e  

through Campbell County and in to  Converse County. These beds, referred to  as Wyodak, Wyodak- 
Anderson D&E, or  Roland and Smith, l i e  imnediately below the exposed Wasatch-Fort Union contact 



(Fig. 2.21). They are continuous i n  the subsurface f o r  many miles t o  the west o f  t h e i r  area o f  

outcrop (U.S. Department o f  the I n t e r i o r  1974). 

Table 2.42 gives a descr ipt ion and average thickness o f  coal beds f o r  mines and proposed mines 

(Fig. 2.21) i n  eastern Powder River Basin. Coal beds occur as one t o  three beds - 3 t o  30 m 

(10 t o  over 100 f t )  t h i ck  - separated by shale un i ts  t ha t  are a few fee t  t o  a few tens o f  fee t  

th ick  (U.S. Department o f  the I n t e r i o r  1974). 

Table 2.42. Average thickness of Wyodak--Andanon (Roland-Smith, or D-E) coal beb 
in miner and proposed miner in the eastern Powder Rivar Basin 

Name of mine or Coal bed description and 

proposed mine Compny average thickness 

North Rawhide The Carter Oil Co. Upper coal (Roland) - 7.6 m (25 ft) thick; 
shale parting - 0.6 to 3 m (2 to 10 ft) thick: 
!ower coal (Smith) - 25 m (82 ft) thick 

Belle Ayr North Amax Coal Co. Two beds separated by about 1.8 m (6 ft) of 
shale: lower (Smith) - 15 to 37 m (50 to 120 
ft) thick; upper (Roland) - 4.6 to 24 m (15 
to 80 ft) thick [coal averages 33.8 in. ( 1 1 1 
feet) thick1 

Wyodak Wyodak Resources Upper coal (Wyodak) - 9.8 m (32 ft) thick; 
Development Corp. shale parting - <0.3 to 7.6 m (<1 to 25 ft) 

thick; lower coal (Wyodak) - 16 m (52 ft) 
thick 

Belle Ayr South Amax Coal Co. One coalbed (Roland-Smith) - 21.3 m (70 
ft) thick 

Belle Fourche Sun Oil Co. Three coalbeds, each about 6.1 m (20 ft) 
thick, separated by shale about 0.6 m (2 f t )  
thick; collectively called Roland 

Jacobs Ranch Kerr-McGee Coal One to three beds toraling 19.5 m (64 ft) 
thick, separated by <0.3 to 21.3 m (<I to 70 
ft) of shale and sandstone - called Upper 
Wyodak, Lower Wyodak 1, and Lower Wyodak 
2 

Bla~k Tl~ur~der Atlantlc H~chtield one coalbed (Roland) - 18.3 to 22.3 m (60 to 
Co. 73 ft) thick 

Rochelle nochclle ~ u l  ~ o .  One coalbed (Roland) - 16 m (53 ft) thick 

Antelope Brannon Coal Co. Two coatbeds, each 10.7 m (35 ft) thick, 
separated by 22 m (72 ft) of shale and sand- 
stone 

Source: U.S. Department of the Interior. 1974. Final environmental impact statement, 
proposed &~drywner~t uFcwl m r 0 ~ 6  in PReeastm Pdwder KIVW Bssin. Washington, D.C: U.S. 
Deparmenr of Agriculture. 

2.3.2.4 Tectonic h is tory  

Pre-late Cretaceous sedimentary rocks were deposited across a broad, s h a l l ~ w  marine sea tha t  

advanced and retreated many times across the northern Great Plains from the beginning o f  Paleozoic 

time. With the advent o f  Laramide mountain bu i ld ing during l a t e  Cretaceous time, however, a 

th i ck  section o f  continental sediments accumulated i n  the Powder River Basin. These sediments 

were supplied by the r i s i n g  mountains o f  the Bighorn Range, Laramie Range, and Black H i l l s  u p l i f t .  

Rapid accumulation o f  sediments continued i n t o  Eocene time. Fanglomerates and braided streams 

developed along the margins o f  the r i s i n g  mountain chains. These gave way t o  broad f loodplains 

w i th  meandering streams i n  the south-central pa r t  o f  the basin. The central and northern parts 

of the basin were s i t es  or swdmp and de l ta ic  environments respectively. Widespread coal deposits 

formed i n  the swamp environment (Keefer 1974). 



During the mountain-building episode, which lasted from l a t e  Cretaceous to Eocene time, 
structural  deformation along the margins o f  the basin took place. Strata i n  the center o f  the 

basin were also mi ldly deformed a t  that  time. Petroleum became trapped i n  large structures 

along the flanks and i n  smaller structures i n  the central par t  o f  the basin (Keefer 1974). 

The Powder River Basin continued t o  f i l l  with sediments throughout middle and l a t e  Tert iary 

time, but subsequent erosion removed the younger strata. 

Tectonic a c t i v i t y  was a t  a peak i n  l a t e  Cwtaceous and early Tert iary times, producing the 
subsiding basin surrounded by r i s i n g  mountain ranges. More recently the Powder River Basin 

together wi th  i t s  neighboring mountains was up l i f ted  t o  i t s  current level (Keefer 1974). 

rJei smici t y  

Earthquakes occur with me! greatest fmqurrtry alld severity along the boundaries between r i g i d  
l i t hosphe~ i c  plates that  are i n  motion re la t i ve  t o  each other. This motion produces many 
earthquakes. 

The Powder River Basin i s  a long dl'stance from the nearest plate boundary (the San Andreas 

fau l t ) ,  but p la te  in te r io rs  are by no means aseismic. "Hot spots" are localized areas where 

volcanism and i t s  accompanylng earthquakes occur wi th in  a plate in ter ior .  Ye1 lowstone Park 

has been characterized as a hot spot. Earthquakes with epicenters i n  Yellowstone Park are 

-1  i ke ly  t o  create the strongest motions t o  be experienced i n  the Power River Basin. Another 

zone o f  moderately strong earthquake a c t i v i t y  I s  i n  northern Utah. Figure 2.23 shows the 

proximity o f  Ule Powder River Basin t o  these earthquake regions (Coffman and von Hake T973). 

Although d is tant  earthquakes may produce shock waves f e l t  i n  the Powder Kiver MSttI, the reglon 

i s  considered t o  have low seismicity (Algermissen 1969). I n  the past 80 years, only four 
oarthrl~~nkps having ~picepter~ q l t h l n  160 km (100 miles) uT Gi l l e t t e  have been f e l t ,  The 1897 

earthquake ( intensi ty V I I )  near Casper, Wyoming, was strong emugh t o  cause s lgn i f l cas l  dunage. 
(See the modified Mercall i  in tens i ty  scale, Table 2.4). 

I n  the same region only f i ve  earthquakes ( a l l  o f  less than V intensi ty) have been recorded since 

1965 (Coffman and von Hake 1933). Thls data i s  too I ~ m i t e d  t o  ertabl lsh re l iab le  recurr-ullle 
intervals, but i t  suggests that  an in tens i ty  V I I  earthquake i s  a rare event. Because intensi ty 
V I I  earthquakes occur perhaps two orders o f  magnitude less frequently than intensi ty V eaarth- 
quakes, t he i r  recurrence in terva l  may be 200 years o r  mre. 

2.3.2.5 Local qeolow 

Figure 2.24 i s  a coal map o f  the region surrounding Gi l le t te ,  Wyoming, which shows the approxi- 

mate locations o f  the Wyodak-Anderson coal bed l y i ng  wi th in  60 m (200 f t )  o f  the surface. 

Labeled contours indicate the cumulative thickness o f  a l l  t e r t i a r y  coal seams (U.S. Department 

o f  the I n t e r i o r  1974). 

The Fort Union-Wasatch contact i s  considered by most geologists to  l i e  s l i gh t l y  above the top 

of the Wyodak. Therefore, the Wasatch formation i s  exposed immediately west o f  the Wyodak, and 
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the Fort  Unian formation i s  exposed on the east. I n  the G i l l e t t e  coal f i e l d ,  the Fort Union 

i s  440 m (1430 f t )  th ick.  Therefore, s t r f p  minIng and coal conversion f a c i l i t i e s  i n  the 

G i l l e t t e  region w i l l  not  a f f e c t  s t ra ta  beneath the Fort  Union. 

Deeper s t ra ta  are, however, sources 0%' groundwater supply and/or potent ia l  re in jec t i on  s i t es  

f o r  waste water. They are also potent ia l  producers o f  o i l  and gas, as i s  the  po r t  Union. 

Table 2.41 l i s t s  the thicknesses and depths of the m j a r  aquifers i n  the CS3tern P d e r  River 
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Basin (U.S. Department of the I n t e r i o r  1974). Important pre-Tert iary aquifers are (from top t o  
bottom) the Lance, Fox Hi1 1 s, Newcastle, Minnel usa, and Pahasapa (Madison equivalent). 
Table 2.43 l i s t s  the depths t 6  the tops of these important aquifers I n  the G i l l e t t e  area (U.S. 

Department o f  the I n t e r i o r  1974; Keefer and Schmidt 1973; Sevenson e t  a1. 1976). Artesian 
condit ions generally prevai l .  For example, i n  the G i l l e t t e  area the piezometric surface o f  
groundwater from the Pahasapa l i e s  on ly  240 m (800 f t )  beneath the surface (Sevenson e t  a l .  1976). 



Table 2.43. Depths to the tops of important 
aquifera in the Gillette area 

A , -  ,, ;:y..y , -->; 
.*;.:&k.f 8 ,  r.. 

$$ q 

Formation 
Depth 

[m (ftll 

Lance 430 (1,400P 
Fox Hills 1 130 (3,700)b 
Newcastle 2440 (8,000)C 
Minnelusa 3050 ( 10,0C9)a 
Pahasapa 33M) (1 l,OOLl)* 

aU.S. Department of the Interior. 1974' 
Final environmental impact statement, p m  
posed deHdopmt of coal reswnxs in the 
eartern Powder Rimr Basin. Washington 
D.C. 

Estimated. 
CW. R. Keefer and P. W. Schmidt. 1973. 

Energy resourn of the Powder River Basin, 
Woming andMontana, map 1847-A. Wash- 
ington, D.C.: US. Geological Survey. 
"F. A. Sevenson et at. 1976. Water in 

Madison Group, Powder River Basin, Wyo- 
ming and Montana. Reston, Va.: U.S. Geo- 
logical Survey. 

I n  contrast, the physical top o f  the  Pahasapa l i e s  a t  a depth o f  3850 m (11,000 f t )  (Sevenson 

e t  a l .  1976). The Madison equivalent o f  the Pahasapa i s  a primary source o f  water f o r  

secondary recovery i n  o i l  f i e l d s  i n  the southern and western parts o f  the Powder River Basin 

(Sevenson e t  a1 . 1976). Groundwater from the Pahasapa i n  the G i l l e t t e  area i s  po ten t i a l l y  

usable f o r  coal conversion and s l u r r y  p ipel ines as wel l  as f o r  secondary recovery operations. 

The s o i l s  o f  the G i l l e t t e  region, though not  mapped, are (1) residual  s o i l s  t ha t  are genet ical ly  

re la ted t o  the s t ra ta  on r h i r h  they fnrm n r  (21 t h i n  beds of al luvium deposited i n  washes and 

creeks. Because o f  the a r i d  cl imate and sparse vegetation, residual s o i l s  erode rap id l y  so 

tha t  there i s  l i t t l e  accumulation along interstream divides. Alluvium comprises fine-grained 

sand, s i l t ,  and c lay from s i l t s tones and shales tha t  outcrop l oca l l y .  H i l l s  i n  the region are 

capped by "c l inker "  beds (coal beds tha t  were burned out  during Ter t ia ry  time). These c l i nke r  

beds are several meters th ick.  Mineral grains tha t  were fused together by heat produce c l i nke r  

t ha t  i s  very res is tan t  t o  erosion. The c l i nke r  beds form res i s tan t  blankets t h a t  protect  

underlying s t ra ta  from erosion. Once the cl i nker  beds are eroded out, however, underlying shales 

and s i l  tstones (poorly consolidated) erode rap id l y  5n the a r i d  c l imate (Keefer and Hadley 1976). 

2.3.3 Hydrology 

2.3.3.1 Surface water 

Drainage area 

The regional surface waters surrounding the coal conversion s i t e  are sparse. The area straddles 

two drainage basins, the Be1 l a  Fourche Basin and the Powder River Basin, and i s  located a t  the 

headwaters o f  the basins. 

Donkey Creek i s  an ephemeral stream w i th  some perennial charac ter is t i cs  i n  the Be l le  Fourche 

Basin. The drainage area o f  the creek a t  the gaging s ta t i on  i s  0.73 km2 (0.28 sq miles). 



A l l  o f  the remaining surface-water streams w i th in  the s i t e  are ephemeral. Creek flows 
normally occur, as a r e s u l t  of snow melt  from March through June; the creeks are dry f o r  the 

remainder o f  the year except for  occasional convection thunderstorms, which produce from 2.5 

t o  15 cm (1 t o  6 in . )  o f  r a i n f a l l  per hour. 

Average runo f f  i n  the s i t e  area i s  0.64 un (0.25 i n . )  per year i n  the low-lying regions and 

reaches 30 cm (12 in.) on h i l l t ops .  I n f i l t r a t i o n  i n  the s i t e  area has been determined t o  be 

1 t o  10 cm (0.4 t o  4.0 in. ) per hour. Surface runoff i s  generally contained i n  impoundments 

t h a t  are numerous i n  the s i t e  area. These impoundments are impervious as a resu l t  o f  s i l t a t i on ,  

and the pools o f ten become dry due t o  evaporation. No permanent lakes or.reservoirs are i n  the 
s i t e  region. 

Because o f  the shortage o t  avai lable surface water, several water projects have been proposed. 

An extensive study o f  such projects f ~ r  the n o r t h ~ r n  f r ~ a t  Pla ins  has k ~ n  cmplr+cd (Northicl'~~ 

Great Plains ReSOurceS Program 1974b). A summary o f  the water project proposals I s  given i n  

Table 2.44. 

Table 2.44. A summary of water project proposals fur the northern Glen Plains 
P 

SUPP~Y Of Time for Cmt per Length of Source of supply water construction acre-ft aqusdust 
and location 

[m3 (acre-fthear)] (years) 11973 dollars) [km (milet)l 

Bighorn Reservoir 
(Hardin, Wyoming) 3.69 x 10' (30~00) 6 310 282 (175) 

Moorhead Reservoir 
(Moorhead, Montana) 3.69 x lo7 (30,000) 4 

Bighorn Reservoir 
(Hardin, Wyomim) 3.69 X 10' (30.000) 6 

YeIInwst~~e River 
(Armells Creek, 

Montana) 3.m x lo7 (30,0801 6 

YnJlo~ustona River 
( W I ~  a ty ,  Mu~itana) 3.69 x la3 ~m.mr 8 

Eigkorn Lake 
(Bighorn, Wyoming) 3.69 X lo7 (30,000) 6 

Lake Oahe 
(Lake Oahe, North 

Dakota) 3.69 X 10' (30,000) 6 

North Plane 
(Dwglas. WvominS1) 369 x to7 (m.m) 4 5x17 i i r ( 7 1 )  

Source: Northern? Gr#at PWns Rsicnrrms Prngram 1R74. s(~&ira~ -urerrP W,A puu,, ,=w 
profila Denver, Culo. 

Water avai-lebil i t2  

The ex i s t i ng  surface water i n  the proposed s i t e  i s  seasonal. Donkey Creek has a maximum annual 

discharge o f  less  than 0.028 m3/sec (1 c fs ) .  The creek has apparent underflow, as do the other 

ephemeral streams o f  the  s i t e .  A convective thunderstorm can cause a runnff event t ha t  resu l ts  

i n  flows greater than the  accumulated f low f o r  several years. 

The Be l l e  Fourche River has been c i t e d  as having no water avai lable f o r  use (Wyoming Water Plan- 

n ing Program 1972). Diversion projects from other drainage basins are not under construction; 

such projects would require large lead times f o r  completion (Table 2.44). Without construction 



of a water-diversion project, there i s  no reliable source of surface water for coal con- 

version use. 

2.3.3.2 Groundwater hydrology 

The shallow aquifers in the Gillette area 1 i e  a t  depths of less than 150 m (500 f t )  and include 

both alluvial and bedrock aquifers. They are primarily used for domestic and livestock pur- 

poses, whereas water for industrial and municipal use i s  derived from deeper aquifers. Ground- 

water occurs under water table conditions in the alluvial aquifers but i s  generally under 

confined or artesian conditions in most bedrock aquifers (King 1974). Artesian conditions exist 

in both the Fox Hills and Lance formations. Most of the Gil l e t t e  area i s  a recharge area 

(Fig. 2.25). Groundwater levels are highest along the high, north-trending drainage divide 

that separates runoff westward to  the Powder River from runoff eastward to the Li t t l e  Powder 

and Belle Fourche rivers. Groundwater movement from this high divide i s  in the direction of the 

slope of the land surfaces. Groundwater discharge occurs in the areas shown in Fig. 2.25. The 

principal aquifers are discussed below. 

The alluvium aquifers are less than 15 m (50 f t )  thick. Ephemeral flows in Li t t le  Rawhide Creek 

occasionally recharge these shallow aquifers, which are primarily for domestic and 1 ivestock 

uses. Groundwater occurs under water table conditions; depth to  water ranges from about 0.9 to  

6 m (3 to 20 f t )  below land surface. Water levels fluctuate seasonally with precipitation. 

Yields of water to individual wells range from a few cubic meters per day to  several hundred 

cubic meters per day. 

The Wasatch formation ranges in thickness from a few hundred feet  to none a t  i t s  erosional edge. 

Wasatch i s  the principal aquifer in the area; groundwater i s  mostly used for livestock. Water 

levels in the wells range from 15 to 45 m (50 to  150 f t )  below the land surface. Yields of a t  

least 0.03 m3/sec (500 gpm) are possible from properly constructed and adequately developed 

wells where a sufficient thickness of the aquifer i s  open to the well. Transmissivities are 

estimated to be about 74.53 m2/day (6000 gpd/ft) and vary from 12.42 to 124.22 m2/day (1000 to 

10,000 gpd/ft). Storage coefficients are estimated to range between 10-I to  1 Om'+. Recharge 

to the Wasatch i s  from local precipitation. 

The Fort Llninn formation i s  about 610 m (2000 f t )  thick, a ~ ~ d  l t ~ e  potentla1 recharge areas are 

the high lands in eastern Campbell County. Recharge also occurs from Lit t le  Rawhide Creek 

a1 1 uvium and from precipitation and consequent downward percolation of water from the over1 ying 

Wasatch. Yields of a t  least 0.03 m3/sec (500 gpm) are possible from properly constructed and 

adequately developed wells in the Fort Union. 

The Lance formation i s  about 457 m (1500 f t )  thick, and the Fox Hills Sandstone formation i s  

about 61 m (200 f t )  thick. The depth to water in the Lance ranges from a few meters t o  nearly 

152 m (500 f t )  helow land surface. Wate~ table levels indicdte a northeasterly hydraulic 

gradient of about 2.9 m l k m  (15 ftlmile). Transmissivity i s  estimated to be about 1.24 m2/day 

(100 gpdlft). Yields of as much as 0.63 m31sec (1000 gpm) are be1 ieved possible. Recharge i s  

from downward movement of water from the overlying rocks. Depth to water in the Fox Hills may 

vary from a few to about 61 m (200 f t ) .  Artesian conditions exist in both the Lance formation 

and Fox Hills. 



EXPLANATION 

Fig. 2.25. Water levels and direction of groundwater. Source: U. S. Geological Survey. 
1974. ShaZtm gromchater in seZected area8 i n  the Fort mion coat region. Open f i l e  report 
74-48. Helena, Mont. 



Deep aqui fers belonging t o  the Inyan Kara group y i e l d  about 0.003 t o  0.001 m3/sec (50 t o  

20 gpm), but  y ie lds  o f  0.006 m3/sec (100 gpm) o r  more are possible (U.S. Department o f  the 

I n t e r i o r  1974). The thickness varies from 67 t o  137 m (220 t o  450 f t ) .  The Sundance formation 

can y i e l d  as much as 0.006 m3/sec (100 gpm) i n  some places and i s  about 122 m (400 f t )  th ick.  

The Mennelusa formation i s  about 213 t o  274 m (700 t o  900 f t )  th ick.  Yields ranging from 

0.0013 m3/sec t o  several cubic meters per second are possible where f rac tu r i ng  has increased 

the permeability. The Madison Limestone o r  i t s  equivalent, Pahasapa Limestone, i s  about 183 m 
(600 f t )  th ick;  depth t o  the formation i s  about 3048 m (10,000 f t ) .  An average y i e l d  o f  

0.2394 m3/sec (3800 gpm) and a range o f  0.03 t o  0.57 m3/sec (430 t o  9000 gpm) have been obtained. 

Recharge t o  the Madison occurs on the outcrop areas from p rec ip i t a t i on  and runof f .  The potentio- 

met r ic  surface o f  about 1220 m (4000 f t )  MSL i n  the Madison area indicates tha t  the Black H i l l s  

area provides a considerable source o f  recharge. Much o f  the discharge, other than from water 

wells, i s  bel ieved t o  be i n t o  overlying rocks by upward percolation. 

2.3.4 Water qua l i t y  

2.3.4.1 Surface water 

Water qua l i t y  invest igat ions o f  Donkey Creek were made by the U.S. Geological Survey (USGS 1974, 

1975). Samples were col lected a t  four d i f f e r e n t  s i tes.  G i l l e t t e  Fishing Lake i s  1.6 km 

(1 mi le )  south o f  G i l l e t t e  and 3.2 km (2 mi les)  upstream from the coal conversion s i t e .  The 

second set  o f  samples was col lected i n  the s i t e  area upstream from the ex is t ing  Wyodak Mine. 

The t h i r d  set  o f  data was col lected downstream from the Wyodak Mine and w i th in  the s i t e  area. 

The l a s t  data sample was obtained a t  Rozet, Wyoming. The data col lected are shown i n  Table 2.45. 

Sul fate concentrations and dissolved sol ids are high; however, the water qua1 i t y  of Donkey 

Creek i s  good, and no problems are present upstream or  downstream from the ex is t ing  s t r i p  mine. 

Data are l im i ted  on the qua l i t y  o f  groundwater i n  the Wasatch and Fort  Union aquifers i n  the 

G i  1 l e t t e  area. Chemical analysis o f  groundwater from the Wasatch formation (Amax 1974, 1975) 

indicates tha t  calcium, magnesium, sodium, bicarbonate, sul fate,  f luor ide ,  and dissolved so l ids  

exceed the Wyoming Water Resources Research I n s t i t u t e  (WRRI , no date) mu1 t ip le-use standards. 

The resu l ts  of analyses are summarized as fo l lnws (USGS 1915, Hodson 1911): 

1. s l i g h t l y  basic (pH less than 7.8); 

2. we l l  buffered; high i n  dissolved so l ids  w i th  sodium, magnesium, bicarbonate, calcium, and 

sulfates; 

3. low i r o n  and su l f i de  and high n i t ra te ;  

4. high reduced carbons and nitrogen; 

5. general ly low trace-meta l concentratiuns; 

6. acceptable boron levels; 

7. excessive hardness; and 

8. no excessive COO, suspended sol ids, o r  o i l  and grease concentrations. 



Table 2.45. Water quality of Donkey Creek 

Samvle sites 

Parameter Gillette 
Fishing 
Lake 

Above 
Wrodak 

Mine 

Below 
WV- 

Mine 

Rozet, 
Wyoming 

Number of samples 
Tempratwe, OC 

Specific conductance, w h o  
pH 
Turbidity. JTlP 
Dissolved oxygen, mghiter 
Dissolved calcium. mgAiter 
Dissolved magnesium, mglliter 
Dissolved sodium, mglliter 
Dissolved potassium, mglliter 
Bicarbonate, mgl(iter 
Carbnate, mgffiter 
Dissdved sulfate, mgffiter 
Dissolved chloride, mg/liter 
n iwlved fluoride, rngillilm 
Nitrate-nitrate, mglliter 
Ammonia-nitrogen, mgtliter 
KJeldahl nitrogen, mgAiter 
Nitrogen, mghiter 
Phosphorus, mghiter 
Aluminum, pghiter 
Dissolved aluminum, pg/liter 
Iron,pglliter 
D i d v e d  iron,witer 
Mmgsnara, pslfliur 
Arsenic, &liter 
Diosotved arsenic, pglliter 
Beryllium, pglliter 
Diswlved beryllium, M i t e r  
Dissdved boron,pg/titer 
Cadmium, gghiter 
Di~zoIv~tl eaaRllum, m i t e r  
Ghromium, pgfliter 
Dissolved chromium. &&/liter 
C-pper. &liter 
D t d w d  cwmr, whiter 
Lead. p g l i i r  
Dirrolved lead, mhiter 
Liltrium, Ccgfliter 
D i d v e d  lithium, pghiter 
h r y ,  pg/liter 
Dindved mrcuru. pehitnr 
Molybdenum, &liter 
Ni&d. pgllitnr 
Selenium.Clg/litw 
Zinc, @niter 
Dissolved silica. diiter 

Dissolved solids, rnglliter 
Hardness, mditer 
Noncarbonate hardness, mglliter 
PhWapla~Ikl~u~, rrunrwrlml 

=JTU, Jackson turbidity units. 

Sources: U.S. Gealogical Survey. 1974. Shallow groundmeter in sslacted araas in the 
Fon Union coal &on. Open file report 74-48. Helena, Mont.: U.S. Geological Survey. 
1975. Rraft m- statmrmt pmposezl nfiring arid tiielamathn plan, Ewh~ 
Bum Mne. Amax Cval @rnpan@hal lease W M l O 7 7 3 .  Campbell County, Wyo. 

Water from Fort  Union i s  usable as a domestic supply, althsugh the dissolved solids content 
exceeds the recomnended maximum. The water i s  unsuitable fo r  i r r i ga t i on  use because o f  high 
sodium and bicarbonate contents. Water from the Wasatch i s  usable f o r  domestic purposes, but 
i t  generally does not meet suggested domestic water standards f o r  iron, manganese, sulfate, and 



dissolved-solids contents. Hydrogen su l f i de  occurs i n  the water from both o f  the formations 

(USGS 1974). Water from both the Wasatch and Fort  Union i s  good t o  f a i r  f o r  l i ves tock  con- 

sumption. Water from the Fox H i l l s  Sandstone general ly contains 500 t o  1000 mg o f  dissolved 

so l ids  per l i t e r  but  may contain as much as 3000 mg/ l i ter .  Dominant ions are sodium and 
bicarbonate. Water from the Lance formation contains 500 t o  2000 mg/l i t e r  of dissolved sol i ds  

w i th  no apparent dominant water type. I n  Fort  Union and Wasatch formations, the dissolved 

sol ids range from 300 t o  2000 mg/1 i t e r .  The best qua1 i t y  o f  water w i th  less than 500 mg/l i t e r  

o f  dissolved so l ids  i s  obtained from c l i nke r  beds. Water from coal beds contains 1000 t o  
2000 mg/l i  t e r  o f  dissolved sol  ids. A1 though there i s  no dominant water type i n  the For t  Union 

and Wasatch formations, these aqui fers general ly y i e l d  a calcium and/or magnesium su l f a te  water 

As depth increases, calcium and magnesium give way t o  sodium ions, and su l f a te  i s  replaced by 

bicarbonate ions. Water from the a1 luvium i s  cha rac te r i s t i ca l l y  hard; dissolved sol  i d s  con- 
centrat ion ranges from about 500 t o  2000 mg/ l i te r  but general ly ranges from 1000 t o  1500 

mg/l i t e r .  Dominant ions are calcium, magnesium, and sul fate.  Dissolved sol i ds  i n  water from 
the Pahasapa range from about 250 t o  about 3000 mg/ l i ter .  In general, water from the Madison 
i s  o f  good qua l i t y  f o r  domestic, i r r i ga t i on ,  and l i ves tock  use. Water of springs issuing from 
c l i n k e r  beds general ly contains less than 350 mg/l i t e r  and seldom exceeds 500 mg/l i t e r  o f  

dissolved sol  ids. The chemical analyses o f  groundwater f r o m  several aqui fers are summarized i n  

Table 2.46 (U.S. Department o f  the I n t e r i o r  1974). 

Table 2.46. Chemical analyses of gwndwatm in Campbell County, Wyoming 

Alluvium Wasatch Fort Union 
-- 

Madison 

Well depth, m ( f f )  12 (40) 
Temperature, OC (OF) 
Minerals, mghiter 

Silica 13 
Calcium 84 
Magnesium 23 
Sodium 58 
Potassium 4.7 
Bicarbonate 394 
Carbonate 14 
Sulfate 74 
Chloride 1.4 
Fluoride 0.4 
Nitrate 0.1 

Dissolved solids, mglliter 467 
HPC~~PFC, m@niter 303 
Boron, pghiter I)[) 

Spwific conductance, pmho 753 
pH 8.5 

Sour-: U.S. Department of the Interior, Bureau of Lmd Management 1974. FiW mvironmentel impact w m e n t ;  Eastern 
Powder River Coal Barin of Wyoming. Washington, D.C. 

2.3.5 Land use 

The surrogate s i t e  borders the c i t y  o f  G i l l e t t e ,  which i s  near the center o f  Campbell County i n  

the eastern Powder River Basin o f  Wyoming. 

The t e r r a i n  o f  the G i l l e t t e  area i s  leve l  t o  moderately r o l l  4ng. Prominent topography features 

are narrow iso la ted ridges, h i l l s ,  and buttes, the tops o f  which are capped by erosion-resistant 

red  and purple c l i nke r  beds. (Clinker i s  the noncombustible material w i t h i n  coal p lus the 

hard-baked and fused mater ia ls from rocks t h a t  were d i r e c t l y  above a burning coal bed. ) 
Extensive burning of coal, c h i e f l y  by natural  causes, was a c o r n  occurrence i n  the ti1 i l e t t e  

area dur ing preh is tor ic  t ime (Keefer and Hadley 1976). 



A landform map o f  the  G i l l e t t e  area i s  shown i n  Fig. 2.26. The map shows the d i s t r i bu t i on  o f  

d i f f e r e n t  areas o f  te r ra in ,  indicates general slope conditions, and provides a measure o f  the 

erosion t h a t  has taken place. Landscape character ist ics are important because they indicate 

the r e l a t i v e  ease o r  d i f f i c u l t y  involved i n  restor ing mined lands t o  t h e i r  appropriate or ig ina l  

contour, t h a t  i s ,  the premining surface configuration o f  the land, though not necessarily the 

premining elevation. For example, h igh ly  dissected badland t e r r a i n  could not  be restored a f t e r  

mining t o  anything approaching i t s  o r i g ina l  slope, ye t  gently r o l l  ing moderately dissected 

areas would be less d i f f i c u l t  t o  duplicate. Surface-mine spots, other than f l a t  o r  gently 

r o l l i n g ,  would be subject t o  erosion unless careful ly  terraced and revegetated. Pending Federal 

l e g i s l a t i o n  may p roh ib i t  o r  c u r t a i l  mining on a l l u v i a l  val ley f loors.  These areas are generally 

under la in by unconsolidated stream-laid deposits f o r  which water i s  avai lable t o  support 

agr icul ture.  

Despite the vast minl'ng p o s s i b i l i t i e s  i n  Campbell County, the pr inc ipa l  land uses are f o r  

rangeland and cropland. Figure 2.27 i s  a land-use map o f  the G i l l e t t e  area. Planimeter 

measurements and visual estimates o f  t h i s  map y i e l d  the fo l lowinq pc~ecntages. 

Land use 

Crop1 and, hayland, and pasture 

Residential, comnercial , and services 

Recreation 

S t r i p  coal mine 

Range1 and (by di f ference) 

Total 

Percentage 

20.9 

1.9 

0.2 

0.2 

76;8 

100.0 

Ihe tii I l e t t e  area l i e s  near the eastern barder o f  a prnpnsed Middle Fork Rosc~voS~., f o r  whic11 

a r ight-of-way appl icat ion has been f i l e d  by the Powder River R ~ c e r v o i r  Corporation of Kuycee, 

Wyoming. This impoundment w i l l ,  inundate 470 ha ( l l 6 n  a r r ~ k )  a t  the normal high water l i n e  of 
pr9vdte and national resource land. The national resource land 1 ies west o f  Kaycee, Wyoming, 

and i s  under Bureau o f  Land Management j u r i sd i c t i on .  The pr inc ipa l  purpose o f  the reservoir  

would be t o  provide water t o  the Middle Fork I r r i g a t i o n  D i s t r i c t .  I r r i g a t i o n  i s  the  current 

la rgest  use o f  water i n  the Powder River Basin. As o f  November 30, 1971, i r r i g a t i o n  water r i gh ts  

i n  good standing covered a t ~ t a l  af 67.331 ha (166.3nR acres) (W.S. Depa~CmenC o f  the 11rLer.lur- 

1976a). 

Ex is t ing  and proposed coal mines i n  preparation i n  Campbell County involv ing Federal leases 

t o t a l  25,313 ha (62,523 acres) (Table 2.47 and Fig. ?.?R). Ahntbt one-third o f  t h i s  mining 

area l i e s  i n  the G i l l e t t e  area (USGS 1976a). About 60% nf t h ~  land i n  Campbell County i s  trnder 

the j u r i s d i c t i o n  of the U.S. Bureau o f  Land Management (Wyoming Land Use Commission 1977). 

2.3.6 Meteorology and a i r  qua l i t y  

Ca~npbell County has an annual average prec ip i ta t ion  o f  41 cm (16 in.), about one-half o f  which 

comes as snow during the winter months. The mean temperatures f o r  January are a minimum o f  

-13OC (8°F) and a maximum o f  O°C (32°F). The mean temperatures f o r  Ju ly  are a minimum o f  13OC 

(56OF) and a maximum o f  31°C (88OF). 
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than 4 percent 

A Alluvial f a t  - Fans or aprons of alluvium -0s- 
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3-1 6 pmsnt 
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topography formed by de+mition of w i d  
blown rand and silt. Dun* are now inactive 

R Rolling hills - Landr fonned by erosion but not 
deeply in- by streams; slows gnator than 
4 prmnt  

RW&I end broken terrain - Lamla moderaaly Lr_l to highly dhsectd by l-n erosion l a  
badlandtl; conical hills, mounds, knobs, knolls, 
buttes, and rid- fonnmi vrimaily by erosion 
of railglnt clinker b&;slop.aa 5-100 p r m m  

Modified lands - Land modified to the sxtqnt 
that iU original form cannot be datennined 

Dmm fmln US. (iroW S-r 0 1 2 3 4 S MILES 
1i1w.001. 19n I t I '  I I I 

1 I I 

0 1 1 3 4 S KILOMETERS 

CQNT5UR INTERVAL 100 FEET 
OATUM IS MEAN SEA LEVEL 

Fig. 2.26. Map showing landform, G i - l e t t e  and four - twnsh ip  v i c i n i t y .  Source: W. R. Keefer and R. F. Hadley. 1976. M d 
naturaZ resource i~format ion and same pofeutiat env i rmenta t  e f f ec t s  of  surface mining o f  coat i n  the GiZZette area, @ming. Circu lar  
no. 743. Alexandr'a, Va. : U.S. Geologica- Survey. 
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Fig. 2.27. Land-use map of Gillette, Wyoming, and viclnity, 1970. Source: W. R. Keefer 
and R. F. Had1 ey. 1976. Land and r u t m a t  resoume information and some potentiat entrimrunentat 
effects of surface min- of coat i n  the GitZette mea, wonting. CSrcular no. 743. Alexandria, 
Va. : U.S. Geological Survey. 



Table 247. Estimates of existing and propod coal miner 
in Campbell County, Wyoming, that involve Federal coal leases 

Total coal Average annual 
reserves at production from Total surface 

Company, mine name, leasehold each mine acreage of 
and EIS status [millions of [millions of each leasehold 

metric tons metric tons [m2 X lo3 acresIc 
(rnilliora of ton.q)lb (millions of tonr)la 

Amax (Belle Ayr South) 300 (3311 13 (151 1 1,696 (2,890)~ 
FES 7586 completed 
Oct. 7,1975 

Amax (Eagle Butte) 513 (5661 18 (20) 12.449 (3,O76le 
DES 76-36 completed 
Sept. 23.1976 

A. R. Co. (Black Thunder) 657 (724) 9 (10) 26,403 (6,524Ie 
FES 74-55 completed 
Oct. 18, 1974 

A. R. Co. (Coal Creek) 308 (340) 9 (10) 27,196 (6,720)' 
DES in preparation 

Carter Oil (Caballo) 652 (719) 11 (12) 29,304 ( 1,241 If 
DES in preparation 

Carter Oil (Rawhide) 682 (752) 5 (51 21,923 (5,41 7Id 
FES 74-55 completed 
Oct. 18,1974 

Ken-McGee (East Gillette) 308 (3401 9 (10) 17.576 (4,343P 
DES in preparation 

Kerr-Mffiee (Jacob Ranch) 272 (3CQI 8 (91 17,613 (4,352p 
FES 74-55 completed 
Oct. 18,1974 

Mobil Oil-Consolidation Coal 397 (4381 5 (5) 16.512 (4,080)~ 
DES in preparation 

Peabody (Rochelle) 702 (774) 10 (11) 48,564 (12,000)~ 
DES in preparation 

Sun Oil (Cordero) 306 (337) 11 (12) 15.379 (3,80018 
FES 76-22 completed 
April 30, 1 B76 

Wyodak 145 (1601 5 (51 8,418 (2,080)' 
FES 74-55 completed 
Uct. 18.1 Y 14 

Total 5,243 (5,781 ) 112(124) 253,033 (62,523) 

'The approved or proposed mining and reclamation plan may not include all of the total coal 
reserves indicated. 

b ~ u l l  production will not occur at many mines until the mid-1980s. 
'The approved or proposed mining and reclamation plan may not affect all of the total surface 

acreage indicated. 
*TI= Ir-I~ulrl islblurln FeJ61al -1 Iews and privately owncd (foe) awl. 
'The leasehold includes Federal and state coal leases. 
f ~ h e  leasehold includes Federal and state coal leases and privately owned (fee) wal. 
@The leasehold comprises Federal coal leases. 

Source: U.S. Geological Survey, 1976. Draft environmental statement: Proposed mining and 
d l w ~ a t i o n  plan, East GiNette Mine. Kerr-McCee Corporation coal le- W-311810, W-312311, 
and W-313668. Campbell County, Wyo. 

The wind pa t te rns  for  Campbell County would be expected t o  be s i m i l a r  t o  those f o r  Casper, 

Wyoming, which a re  shown i n  Fig. 2.29. The winds are predominantly f rom the west t o  the south- 
southwest quadrant, w i t h  some exceeding 10 mlsec (23 mph). A t  Casper, heavy f o g  occurs on an 

average o f  9 days annual ly.  Wyoming has an average o f  only two tornadoes annual ly.  Hailstorms 
cause more des t ruc t ion  than do tornadoes. 

I n  an average year  only 2 days of h igh  meteoro log ica l  p o t e n t i a l  f o r  a i r  p o l l u t i o n  ( invers ions)  

would be forecast (Dalstesd, L e i s t r i t z ,  and Hcrtsgoard 1974). A t  G f l l e t t e  i n  1974, t h e  annual 

average concentrat ion of t o t a l  suspended p a r t i c u l a t e s  was 31 ~ g l r n ~ ,  w i t h  a 24-hr maximum o f  



Fig. 2.28. Location o f  the East G i l l e t t e  Mine and other operating, proposed, or anti- 
cipated coal mines involving Federal coal leases i n  Campbell County, Wyoming. Source: U .S. 
Geological Survey. 1976. Draft enz~iromnentaZ statement - proposed mining and reclamation 
pZun, East GiZZette Mine. Coal leases W-311810, W-312311, and W-313668. Campbell County, 
Wyo.: Kerr-*Gee Corporation. 



F i g .  2.29. Casper, Wyoming, annual w ind  rose .  

118 pg/m3 (U.S. Department o f  t h e  I n t e r i o r  1974).  A t  nearby Casper i n  1974, t h e  average annual 

SO2 c o n c e n t r a t i o n  was 3 pg/m3, w i t h  a 24-hr maximum o f  19 pg/m3. 

The general  n o i s e  d i s c u s s i o n  i n  Sect.  2.1.7 a p p l i e s  e q u a l l y  here .  

No S t a t e  requ i rements  e x i s t  concern ing no i se  i n  Wyoming (Wyoming Department o f  Environmental  

Qua1 i t y  1977).  



2.3.8 Socioeconomic s t r u c t u r e  (Campbell County, Wyoming) 

2.3.8.1 Loca l  and r e g i o n a l  demography 

P o p u l a t i o n  s i z e  and d e n s i t y  

I n  1970 t h e  p o p u l a t i o n  o f  campbell County was 12,957 (U.S. Bureau o f  t h e  Census 1973b). Thus 

w i t h  a l a n d  area o f  12,313 km2 (4756 sq m i l e s ) ,  t h e  coun ty ' s  p o p u l a t i o n  d e n s i t y  i s  t h r e e  

persons p e r  sq m i l e  (U.S. Bureau o f  Census 1973b). The coun t i es  ad jacen t  t o  Campbell County 

a r e  a l s o  s p a r s e l y  s e t t l e d .  I n  1975 Campbell County 's  p o p u l a t i o n  was about 14,000, and about 

9500 (68%) 1 i v e d  i n  G i l l e t t e  (Hayen and Watts 1975).  Sheridan (1970 p o p u l a t i o n  o f  10,856) and 

Casper (1970 p o p u l a t i o n  o f  39,361) a r e  t h e  o n l y  c i t i e s  w i t h i n  161 km (100 m i l e s )  o f  G i l l e t t e  

wh ich  a r e  l a r g e r  than G i l l e t t e .  Thus G i l l e t t e  i s  a smal l  c i t y  i n  a r u r a l ,  i s o l a t e d  l o c a t i o n .  

P o p u l a t i o n  t rends  

Between 1960 and 1970, Campbell County 's  popu la t i on  increased f rom 5861 t o  12,957; t h e  r a t e  o f  

i nc rease  was 121%. N e t  m i g r a t i o n  added about 5860 o f  t h e  7096 new res iden ts ,  and t h e  n e t  

m i g r a t i o n  r a t e  was n e a r l y  100% (U.S. Bureau o f  t h e  Census 1973b). From 1970 t o  1974, G i l l e t t e ' s  

p o p u l a t i o n  increased f rom 7194 t o  9500, a growth r a t e  o f  32% (Hayen and Watts 1975).  Most o f  

t h i s  growth was caused by an i n f l u x  o f  workers f o r  severa l  c o n s t r u c t i o n  and m in ing  p r o j e c t s  i n  

t h e  area.  Employment i n  ene rgy - re la ted  p r o j e c t s  i s  expected t o  con t i nue  t o  r i s e  u n t i l  a t  l e a s t  

1985, and, i f  t h i s  occurs ,  Campbell County 's  popu la t i on  w i l l  reach 27,000 by 1985; 20,275 o f  

t hese  people w i l l  l i v e  i n  G i l l e t t e  (Hayen and Watts 1975). 

P o p u l a t i o n  c h a r a c t e r i s t i c s  

Because o f  t h e  r a p i d  i n f l u x  o f  c o n s t r u c t i o n  workers i n t o  G i l l e t t e ,  Campbell County had, i n  1970, 

a younger (medium age 23.2) and more prosperous popu la t i on  (median fam i l y  income $11,301) than 

t h e  r e s t  o f  Wyoming. I t a l s o  had a younger and more prosperous p o p u l a t i o n  than t h e  n a t i o n  as a 

whole ( n a t i o n a l  median age i n  1970 was 28.3, and n a t i o n a l  median f a m i l y  income was $9586) 

(U.S. Department o f  Housing and Urban Development 1976). Only 4.9% o f  Campbell County 's  popu- 

l a t i o n  was o v e r  65 (U.S. Bureau o f  t h e  Census 1973b) i n  1970 vs 14.9% f o r  t h e  Un i ted  S ta tes  

(U. S. Bureau o f  t he  Census 1971 b ) .  The percentage o f  f a m i l i e s  below p o v e r t y  l e v e l  was 5.2 vs 

14.9% f o r  t h e  Uni ted S ta tes  (U.S. Department o f  Housing and Urban Development 1976). The median 

educa t i ona l  l e v e l  f o r  persons ove r  25 was e x a c t l y  t h e  same as t h e  n a t i o n a l  median o f  12.2. 

The percentage o f  b l a c k  i n h a b i t a n t s  o f  t h e  county  was n o t  r e p o r t e d  because t h e  census does n o t  

show percentage f i g u r e s  i f  l e s s  than 400 persons a r e  i n  t h e  category  (U.S. Bureau o f  t h e  Census 

19736).  

The unemployment r a t e  i n  Campbell County i n  1970 was 2.6%, which was l e s s  than one -ha l f  o f  t h e  

U.S. r a t e  o f  5.4% (U.S. Bureau o f  t h e  Census 1973b; U.S. Bureau o f  t h e  Census 1971 b ) .  According 

t o  Stenehjem and Metzger (1976), o n l y  a few hundred new workers w i l l  be a v a i l a b l e  l o c a l l y .  

Stenehjem and Metzger (1976, p. 97) es t ima ted  t h e  number o f  new l o c a l  workers i n  Campbell County 's 

l a b o r  pool  (see t h e  d e s c r i p t i o n  o f  S t .  C l a i r  County 's l a b o r  pool  f o r  a b r i e f  summary o f  t h e i r  

procedure)  o v e r  t he  n e x t  10 yea rs  as f o l l o w s :  



Year 

1  

2  

3  

4  

5  

6  

7  

8  

9  

10  

Number o f  new l o c a l  workers 

61 1  

9  9  

122 

122 

122 

122 

117 

130 

130 

130 

Because Campbell County has a  l a r g e  l a n d  area and i s  s p a r s e l y  s e t t l e d ,  few workers  w i l l  commute 

t o  t h e  s i t e .  Most p l a n t  workers w i l l  t h e r e f o r e  have t o  move i n t o  G i l l e t t e .  

2.3.8.2 I n d u s t r y  s t r u c t u r e  

The i n d u s t r y  s t r u c t u r e  o f  t h e  Campbell County, Wyoming, economy i s  t h e  sma l l es t ,  l e a s t  

d i v e r s i f i e d  o f  t h e  t h r e e  s i t e s  cons idered i n  t h i s  r e p o r t .  The number and s i z e  o f  e x i s t i n g  

i n d u s t r i e s  i n  t h e  area i s  q u i t e  l i m i t e d ,  making l o c a l  s u p p l i e s  i n s u f f i c i e n t  t o  meet t h e  i nc reased  

demands c r e a t e d  by t h e  s i t i n g  o f  ma jo r  energy f a c i l i t i e s .  A t  t h e  same t ime,  t h e  r e l a t i v e  

i s o l a t i o n  o f  t h e  area increases t h e  d i f f i c u l t y  and c o s t  o f  i m p o r t i n g  needed.goods and se rv i ces  

f rom o u t s i d e  t h e  reg ion .  Consequently, d i s e q u i l  i b r i u m  s i t u a t i o n s  c r e a t e d  by t h e  increased 

demands o f  t h e  g a s i f i c a t i o n  f a c i l i t y  a r e  l i k e l y  t o  be b o t h  more severe and o f  l o n g e r  d u r a t i o n  

a t  t h i s  l o c a t i o n  than a t  e i t h e r  o f  t h e  o t h e r  two s i t e s .  

T o t a l  employment f o r  t h e  e i g h t - c o u n t y  r e g i o n  o f  t h e  Wyoming Powder R i v e r  Bas in  was 41,253 - in 

1970 (an i nc rease  o f  7.1% f rom 1960).  W i t h i n  t h i s  r e g i o n  t h e  p r imary  employment sources were 

t h e  pet rochemica ls  i n d u s t r y  (12.4% o f  t.ot.al empluyment) , a g r i c u l t u r e  (9.2%), and c o n s t r u c t i o n  

(7.7%). Throughout t h e  area the  most n o t i c e a b l e  t r e n d  has been t h e  d e c l i n i n g  employment i n  t h e  

h i s t o r i c a l l y  impor tan t  a g r i c u l t u r a l  s e c t o r .  Tab le  2.48 g i ves  employment f i g u r e s  by ma jo r  

s e c t o r s  f o r  t h e  e i g h t - c o u n t y  reg ion .  

S i m i l a r  i n f o r m a t i o n  i s  p rov ided  f o r  Can~pbel l  County i n  Tab le  2.49. Here, t o t a l  employment 

increased by 111% d u r i n g  t h e  1960-1970 p e r i o d .  The ma jo r  c o n t r i b u t o r s  t o  t h i s  growth  were t h e  

pet rochemica ls  i n d u s t r y ,  wh ich  increased i n  employment by  509%, and t h e  " o t h e r  r e s i d e n t i a r i e s "  

c l a s s i f i c a t i o n ,  wh ich  increased i n  employment by 110%. The p r i m a r y  cause o f  , t h i s .  g rowth  was 

t h e  o i l  boom t h a t  t ook  p l a c e  d u r i n g  t h e  1960s. W i th  t h e  excep t i on  o f  t h e  o t h e r  r e s i d e n t a r i e s  

ca tegory ,  t h e  pet rochemica ls  i n d u s t r y  and t h e  a g r i c u l t u r a l  s e c t o r  a r e  t h e  p r i n c i p a l  snurces 

o f  employment i n  t h e  county.  The " o t h e r  manu fac tu r i ng "  s e c t o r  (wh ich  i nc ludes  manu fac tu r i ng  

a c t i v i t y  t h a t  i s  n o t  d i r e c t l y  r c l a t e d  t o  energy m i n i n g  and f u e l  p roduc t i on )  exper ienced an 

i nc rease  i n  employment . o f  628% ove r  t h e  10-year pe r i od ,  l a r g e 1  y  as a  r e s u l t  o f  t h e  genera l  

boom c o n d i t i o n s  c r e a t e d  by o i l - i n d u s t r y  growth i n  t h e  area. Manufac tur ing ,  however, remains 

r e l a t i v e l y  un impor tan t  i n  t h e  r e g i o n 1 5  economy, accoun t i ng  f o r  l e s s  than 3% o f  t h e  t o t a l  c o u r ~ t y  

employment (U.S. Department o f  t h e  I n t e r i o r  1974).  

Thc s i z e  d i s t r i l s u L , i u r ~  u f  t h e  e x l s t l n g  es tab l i shmen ts  i s  g i v e n  'in Tab le  2.50. As can be seen 

from t h i s  t a b l e ,  t h e r e  a r c  no f i r m s  i n  t h e  two l a r g e s t  c l asses  (250 o r  more employees) and 



Table 2.48. Employment in the eight-county Wyoming Powder River Basin 

Employment, Percentage nf Employment. Percentage of 
Sector 1960 total 1970 total 

Agriculture 
Petrochemicals: petroleum and 

natural gas 
Synthetic gas 
Coal mining 
Uranium mining and milling 
Power generation 
Other mining 
Other manufacturing 
Railroads 
Construction 
Other residentiaries 

Total employment 
-- 

Source: U. S. Department ot the Interior. Bureau of Land Mar~ayrr~lent. 1974. vol. 1, p. 1.399. In Find 
environmental impacr sratemw~l; Eauferil Powder River Coal Basin of Wyoming. Washington, D.C.: I I.S. 
Government Printing Office. 

Table 2.49. Employment summary, Campbell County, Wyoming 
- ... 

Employmenr, P r ~ ~ . e ~ ~ l a y r  of Crnploymcnt, Pcrcontage of 
Sector 1960 total 1970 total 

Agriculture 670 29.4 60 1 12.5 
Petrochemicals: petroleum and 224 9.8 1.364 28.4 

natural gas 
Synthetic gas 
Coal mining 32 1.4 32 0.7 
Uranium mining and milling 2 0.1 
Power gen.eration 
Other mining 
Uttier mailUYacluring 10 . 0.0 131 2.7 
Railroads 22 1 .O 11 0.3 
Construction 189 8.3 268 ' 6.6 
Othor rosidsntiariec 1,130 49.2 2,356 49.1 

i o ~ a i  r n ~ p l u y ~ l ~ e r ~ ~  2.277 1,803 

Source: U.S. Department of the Interior, Bureau of Land Management. 1974. vol. 1, p. 1400. In Final 
eiivironniental impact stotcmcnt; Eastern Powder River Coal Basin of Wyrsnii~y. Washington. D.C.: U.S. 
G u v u r r ~ ~ ~ ~ r n t  Printing Office. 

o n l y  t w o  m i n i n g  concerns i n  t h e  t h i r d  l a r g e s t  (100 t o  249 employees) (U.S. Bu reau ,o f  t h e  

Census 1971a).  Major  f i r m s  p r o v i d i n g  employment a r e  Exe te r  D r i l l  i n g  (65 employees), knax Coal 

Company (86 employees), G e t t e r  T r u c k i n g  (50-99 employees), H a l l i b u r t o n  S e r v i c e  (50-99 employees), 

Morr isnn-Knudsen (50-99 employees), W.yodak and B lack  H i l l s  Power and L i g h t  (65 employees), 

Dowel 1 D i v i s i o n  o f  Dow (31 employees), A t l a n t i c  R i c h f i e l d  (28 employees), and Farmers Co-op 

(40  employees) (Wyoming Department o f  Economic P lann ing  and Development 1976). 

The s t r u c t u r e  o f  t h e  Campbell County, Wyoming, economy may thus  be c h a r a c t e r i z e d  as one t h a t  

i s  u n d i v e r s i f i e d  and i s  dominated p r i m a r i l y  by  t h e  a g r i c u l t u r e  and energy-product ion  sec to rs .  

It i s  r e l a t i v e l y  i s o l a t e d  f rom t h e  ma jo r  t r a d e  cen te rs  and c o n t a i n s  an undeveloped i n d u s t r i a l  

i n f r a s t r u c t u r e .  Consequent ly,  i n  a t t e m p t i n g  t o  e s t i m a t e  t h e  secondary employment e f f e c t s  o f  

an i n c r e a s e  i n  bas i c  employment, t h e  r e g r e s s i o n  m u l t i p l i e r  suggested by Stenehjem and Metzger 

(1976, pp. 50-53) appears a p p r o p r i a t e .  Th i s  m u l t i p l i e r  has been es t ima ted  t o  be 1.7 f o r  t h e  



Table 2.50. First quarter 1971 employment and payroll, Campbell County. Wyoming 

Industry 

Number ofa Taxable 
Total Number of reporting units, by employment size class 

employees payrolls 
reporting 1 to 3 4 to 7 8 to 19 20 to 49 50 to 99 100 to 249 250 to 499 500 or more mid-March Januarv-Mach . 

pay period ($1.000) un'ts 

Total 
Agr ic~ I?ural services, forestry, and fisheries 
Mining 
Contract construction 
Manufacturing 
Transportation and other public utilities 
Whole:ile trade 
Retail trade 
Finance. insurance. and real estate 
Seru ice s 
Undasjified establishments 

aExcludes, for example, government employees, railroad emplobees and self-employed persons. 
'N3t reported for reasons of oisc:owre. 

. Source: U.S. Bureau of the Census. 1971. County bus,'nesspattens. Washington, D.C.: U.S. Government Printing Office. 



manufactur ing and cons t ruc t ion  i n d u s t r i e s  i n  Wyoming (Stenehjem and Metzger 1976, p. 55), 

which imp1 i e s  t h a t ,  i n  e q u i l  i brium, the re  wi 11 be 0.7 secondary ( o r  serv ice-sector)  jobs 

created f o r  every basic j o b  in t roduced by the s i t i n g  o f  the g a s i f i c a t i o n  f a c i l i t y .  This f i g u r e  

i s  sma l le r  than t h a t  est imated f o r  the S t .  C l a i r  County, I l l i n o i s ,  s i t e  because o f  the  

r e l a t i v e  l a c k  o f  e x i s t i n g  i n d u s t r y  i n  t h e  area. At  t h e  same time, however, i t  i s  l a r g e r  than 

t h a t  est imated f o r  the Mason County, West V i r g i n i a ,  s i t e  because o f  the r e l a t i v e  d i f f i c u l t y  

and expense o f  impor t ing goods and serv ices from ou ts ide  the region. 

2.3.8.3 Local i n f r a s t r u c t u r e  

Governmental j u r i s d i c t i o n s  

The county governing body i s  a  three-person Board o f  Commissioners, which i s  e lec ted  a t  l a r g e  

and has r e s p o n s i b i l i t y  f o r  courlLy budgets, roads, and specia l  p ro jec ts .  G i l l e t t e ,  the county 

seat ,  i s  incorporated and governed by a mayor-council system. Ihc counci l  i S  composed o f  two 

represen ta t i ves  from each o f  the c i t y ' s  th ree  wards. There are no township governments i n  

Wyoming. Areas ou ts ide  o f  incorporated towns and c i t i e s  are under- l l ~ e  ju r . i sJ ' l i t i on  o f  the  

county government and whatever specia l  d i s t r i c t s  the inhab i tan ts  choose t o  form. Campbell 

County has th ree  specia l  d i s t r i c t s  and one school d i s t r i c t .  The on ly  municipal government i s  

t h a t  o f  G i l l e t t e  (U.S. Bureau o f  the Census 1973a). 

The c i t y  o f  G i l l e t t e  has become the  f i r s t  user o f  the  Wyoming Human Services Pro jec t .  I n  1976 

seven people worked i n  c i t y  admin is t ra t ion ,  c i t y  l e g a l  service, pub l i c  heal th ,  mental heal th ,  

rec rea t ion ,  day care, and p u b l i c  assistance. The 1-year p r o j e c t  was supported by the Economic 

~evelopmbnt  Admin is t ra t ion  ( T i t l e  IX)  and the State Department o f  Pub1 i c  Assistance and Social  

Services us ins  T i t l e  20 revenue-sharing funds (U.S. Department o f  Housing and Urban Develop- 

ment 1976, p. 55). S ta te  and Federal a i d  f o r  growth management w i l l  probably cont inue t o  be 

a v a i l a b l e  t o  G i l l e t t e  i n  t h e  f u t u r e .  

Housing 

I n  1970 there  were 3937 housing u n i t s  i n  the g rea te r  G i l l e t t e  area. Between 1965 and 1973 the 

percentage o f  mobi le homes i n  the  G i l l e t t e  area ( c i t y  and nearby par ts  o f  Campbell County) rose 

from 32% t o  42% (Hayen and Watts 1975). The "Gi l le t te-Campbel l  County Comprehensive Plan 

Update," prepared by t h e  Gi l le t te-Campbei l  County PSarlrl.ir~g Or r i ce  i n  1973, predic ted t h a t  by 

1979 50% o f  t h e  housing i n  G i l l e t t e  would be mobi le  homes (Hayen and Watts 1975, p. 48). The 

G i l l e t t e  Community P r o f i l e ,  prepared by the I n d u s t r i a l  Development D i v i s i o n  o f  the Wyoming 

Department o f  Economic Planning and Development i n  1976, repor ted the housing f i g u r e s  given i n  

Tahle 2.51. 

I n  1976 the  est imated cos t  of a  new 102-m2 (1100-ft2) s ing le - fami l y  home i n  G i l l e t t e  was 

est imated a t  $45,000. Average r e n t a l  on a  house o f  s i m i l a r  s i ze  was $350/month. (Wyoming 

Department o f  Economic Planning and Development 1976, p. 1) .  Housing costs  i n  G i l l e t t e  rose 

a t  an average o f  5.1% annual ly  between 1965 and 1973. The average y e a r l y  increase i s  p ro jec ted  

a t  8% from 1973 t o  1979 (Hayen and Watts 1975, p. 49). Because o f  h igh  costs and shortages o f  

convent ional  housing, a  h igh  p ropor t ion  o f  newcomers are expected t o  cont inue t o  choose t o  l i v e  

i n  mobi le  homes. 



Table 2.51. Housing in the Gillette city limits in 1976 

Type of unit Number Percentage 

Single-family 1317 45 
Two-family 101 4 
Multiple-family 422 15 
Mobile homes 1027 38 

Total 2867 

Source: Wyoming Department of Economic Planning and 
Development, Industrial Development Division. 1976. Gillette 
communityprofile. Cheyenne, Wyo. 

Educat ion  

The Campbell County U n i f i e d  School D i s t r i c t  had a t o t a l  en ro l lmen t  o f  3060 s tuden ts  i n . t h e  f a l l  

o f  1973 w i t h  an average s tuden t - t o - t eache r  r a t i o  o f  1 5 : l .  The system c o n t a i n s  19 e lementary  

schoo ls ,  1 j u n i o r  h i g h  schoo l ,  and 1 s e n i o r  h i g h  schoo l ;  and i t  had t h e  h i g h e s t  assessed va lua-  

t i o n  ($48,288) pe r  p u p i l  i n  t h e  s t a t e  i n  t h e  1972-1973 school  y e a r  (u.S. Department o f  t h e  

I n t e r i o r  1974). T o t a l  en ro l lmen t  d u r i n g  t h e  1974-1975 school  y e a r  was 3200 s tuden ts  w i t h  about 

1720 e n r o l l e d  i n  grades K-6, 800 i n  grades 7-9, and 680 i n  grades 10-12. The p h y s i c a l  f a c i l i t i e s  

e x i s t i n g  i n  t h a t  y e a r  had es t ima ted  c a p a c i t i e s  o f  about 2000 e lementary  s tuden ts  and 1000 h i g h  

school  s tuden ts .  The j u n i o r  h i g h  school  e n r o l l m e n t  i n  t h a t  y e a r  exceeded c a p a c i t y ,  b u t  a 

new b u i l d i n g  ( c o s t i n g  $3.5 m i l l i o n )  was completed and occup ied i n  1976. I n  a d d i t i o n ,  a bond 

i s s u e  was r e c e n t l y  passed f o r  t h e  c o n s t r u c t i o n  o f  new grammar school  f a c i l i t i e s .  consequent ly,  

t h e  e x i s t i n g  and planned educa t i ona l  f a c i l i t i e s  f o r  t h e  coun ty  d i s t r i c t  have c a p a c i t i e s  o f  2550 

i n  grades K-6, 1100 i n  grades 7-9, and 1000 i n  grades 10-12. 

W i t h i n  t h e  c i t y  o f  G i l l e t t e ,  t h e r e  were f i v e  e lementary  schools,  one j u n i o r  h i g h ' s c h o o l ,  and 

one s e n i o r  h i g h  school  i n  1974. Tab le  2.52 g i v e s  en ro l lmen ts  and c a p a c i t i e s  f o r  t hese  schoo ls .  

A t  t h a t  t ime  13.8% excess c a p a c i t y  e x i s t e d  i n  t h e  e lementary  schoo ls ,  and 45.4% excess c a p a c i t y  

e x i s t e d  i n  t h e  s e n i o r  h i g h  schoo l .  En ro l lmen t  i n  t h e  j u n i o r  h i g h  school  exceeded c a p a c i t y  by 

7.5%, b u t  t h i s  s i t u a t i o n  has r e c e n t l y  been c o r r e c t e d  w i t h  t h e  c o n s t r u c t i o n  o f  t h e  new f a c i l i t y  

ment ioned above. The p resen t  s tuden t - t o - t eache r  r a t i o  averages 1 5 : l  (U.S. Department o f  

Commerce 1374).  

A d d i t i o n a l l y ,  t h e r e  e x i s t  14 r u r a l  schoo ls  and 33 teachers  w i t h  a combined e n r o l l m e n t  of  322 

s tudents .  These schools,  o f t e n  q u i t e  smal l  ;serve grades K-8. Students i n  h i g h e r  grades a r e  

g e n e r a l l y  bussed t o  pub1 i c  schoo ls  i n  G i l l e t t e .  For  t h e  most p a r t ,  t h e  r u r a l  schoo ls  have some 

e x i s t i n g  excess c a p a c i t y  (U.S. Department o f  t h e  I n t e r i o r  1974).  

I n t e r s t a t e  90, wh ich  runs  e a s t  and west  th rough n o r t h e r n  Wyoming, and Wyoming 59, a no r th -sou th  

highway, b o t h  pass through G i l l e t t e .  Campbell County i s  a l s o  served by U.S. 14 and 16 and 

Wyoming 50. W i th  t h e  excep t i on  o f  p a r t s  o f  1-90, a l l  highways i n  t h e  county  a r e  two- lane, and 

seve ra l  a r e  i n  s e r i o u s  d i s r e p a i r .  Most o f  t h e  highways were n o t  designed t o  hand le  heavy t r a f -  

f i c  (Hayen and Watts 1975, p. 1 2 ) .  The s t r e e t s  nf' G i l l e t t e  can hand le  c u r r e n t  t r a f f i c  loads,  

b u t  many areas a r e  i n  d i s r e p a i r .  Two r a i l r o a d  c ross ings  i n  t h e  town c r e a t e  t r a f f i c  congest ion  

(Hayen and Watts 1975). 



Table 2.52. Public schools in Gillene, Campbell County, Wyoming. 1974 

Structural type 

Elementary 

Hillcrest 1-6 293 350 83.7 2.4-2.8 (6-7) Permanent, built in 1971 
Northside K-6 307 3  50 87.7 1.2 (31 Permanent, built in 1971 
Stocktrail 4-6 242 350 69.1 3.6 (9) Permanent, built in 1971 
Westside 1-3 226 225 100.4 0.8 (2) Octagon and mobile modulc units 
Eastsided K-6 332 350 94.7 Temporary, mobile trailers 

Subtotal 1400 1625 86.2 

Junior High 

Campbell countyb 7-9 699 650 107.5 4.9 (12) Seven separate buildings 

Senior High 

CampkII CourltyC 10-12 ti0 1 1 11.11:1 51.6 16.2 (40) P ~ I I I I ~ I I Y I I ~ ,  buil i  111 1972 
l otals 2700 3375 80.0 

- 
'Will be replaced by new 350-student-capacity elementarv schnnl nn 1 ?-ha ( 3 - a r r ~ )  <;to in fall 1976. 
L ~ e w  junior high facilities to be completed by fall 1975; with facilities at the old high school, will accommodate a maximum enrollment of 

1100 pupils. 
=Existing facility can be expanded to accommodate an additional 400 students. 

Source: U.S. Department of the Interior, Bureau of Land Management. 1974. Finalenvironmental impact statement; Eastern Powder River 
Coal Basin o f  Wyoming. Washington, D.C.: U.S. Government Printing Office. 

H e a l t h  c a r e  

Campbell County Memorial H o s p i t a l ,  l o c a t e d  i n  G i l l e t t e ,  i s  operated by t h e  Lutheran Hosp i ta l  

and Homes S o c i e t y  o f  Fargo, N o r t h  Dakota. The h o s p i t a l  was b u i l t  i n  1951 and has a  31-bed 

c a p a c i t y .  Use i n  r e c e n t  yea rs  has averaged about 60%, p a r t l y  because o f  a  shor tage o f  phys i c ians  

i n  t h e  county .  A new county-suppor ted 80-bed h o s p i t a l  has heen proposed. I f  t h i s  new h o s p i t a l  

i s  b u i l t ,  i t  shou ld  meet t h e  immediate needs o f  t he  coun ty ' s  p o p u l a t i o n  (Hayen and Watts 1975, 

p.  14 ) .  

I n  1970 Campbell County was s h o r t  o f  personnel i n  a l l  h e a l t h  manpower ca tego r ies ,  and s h ~ r t a q e s  
were expected t o  con t i nue  i n t o  t h e  f u t u r e .  Hea l th  manpower f o r  1970 and p r o j e c t e d  need< a r e  

shown i n  Tab le  2.53. S ince  1970 h e a l t h  manpower has increased.  I n  1976 G i l l e t t e  had n i n e  

p h y s i c i a n s  and f o u r  d e n t i s t s .  But  t h e  increases have n o t  been l a r g e  enough o r  r a p i d  enough t o  

meet t h e  needs. Many r e s i d e n t s  o f  Campbell County c u r r e n t l y  go t o  Sher idan f o r  medical  care .  

Sheridan, Wyoming, . i s  161 km (100 m i l e s )  eas t  o f  G i l  l e t t e  and has a  90-bed h o s p i t a l  and over  

20 p h y s i c i a n s  ( ~ a ~ e n  and Watts 1975, p. 14 ) .  

P o l i c e  and f i r e  p r o t e c b i u n  

The c i t y  o f  G i l l e t t e  had a  po l  i c e  f o r c e  o f  16 f u l l - t i m e  u n i f o r m e d . o f f i c e r s ,  1  p a r t - t i m e  p o l i c e -  

man, and 6  f u l l - t i m e  c i v i l i a n s  i n  1973. Th i s  t r a n s l a t e s  i n t o  2.22 pol icemen pe r  1000 popula t iong,  

wh ich  compares f a v o r a b l y  t o  t h e  S t a t e  (1.64) and n a t i o n a l  (2 .0)  averages (U.S. Department o f  t h e  

I n t e r i o r  1974). The p o l  i c e  f o r c e  t o t a l  s t a f f  was l i s t e d  a t  31 r e g u l a r  members i n  1976 (Wyoming 

Department o f  Economic P lann ing  and ~ e v e l o p m e n t  1976). New o f f i c e  f a c i l  i t i e s  were r e c e n t l y  con- 

s t r u c t e d  f o r  p o l i c e  department use, and t h e  c i t y  ma in ta ins  a  12-person j a i l  f a c i l i t y .  



Table 2.53. Present and projected needs for health manpower 
in Campbell County 

Existing, Deficiency 
1970 1970 1980 1990 

Physicians 7  6-7 25-28 43-48 
Dentists 3  3-5 12-1 7  21 -28 
Rcgistercd nurse3 30 15.30 83.1 21 147-207 
Pharmacists 7 4  2  1  36 
Public health nurses 2  0  2  4  
p~ p~ -- 

Sources: Wyoming health profiles. 1972. Department of Health and Social 
Services, reported in pp. 1-587 to 1-590. U.S. Department of the Interior, Bureau 
of Land Management. 1974. Final environmental impact statement; Eastern 
Powder River .Coal Basin o f  Wyoming. Washington, D.C.: US.  Government 
Printing Office. 

The Campbell County S h e r i f f ' s  Oepartment has a  s t a f f  c o n s i s t i n g  o f  e i g h t  f u l l - t i m e  o f f i c e r s ,  

a  f u l l - t i m e  j a i l e r ,  a  matron, and seve ra l  suppor t  personne l .  Headquarters f o r  t h e  S h e r i f f ' s  

Department i s  i n  t h e  new coun ty  b u i l d i n g ,  wh ich  a l s o  c o n t a i n s  a  j a i l  f a c i l i t y  w i t h  a  c a p a c i t y  

o f  about 40 persons. I n  a d d i t i o n ,  t h e r e  i s  a  min imum-secur i ty  f a c i l i t y  w i t h  an e x i s t i n g  

c a p a c i t y  o f  e i g h t  persons. 

The f i r e  department i n  Campbell County i s  opera ted on a  v o l u n t e e r  b a s i s  under a  j o i n t  c i t y /  

county  agreement. A new f i r e  department b u i l d i n g  con ta ins  app rox ima te l y  372 m2 (4000 f t 2 )  o f  

space and houses e i g h t  f i r e - f i g h t i n g  v e h i c l e s  ( t h r e e  s u p p l i e d  by t h e  c i t y  o f  G i l l e t t e  and f i v e  

by t h e  c o u n t y ) .  The pumping c a p a c i t y  o f  t h e  c i t y  v e h i c l e s  i s  0.11 1n3/sec (1750 gpm), and t h e  

county  v e h i c l e s  have a  c a r r y i n g  c a p a c i t y  o f  285 m3 (75,000 g a l )  each (Hayen and Watts 1975).  

Recreat ion  

The Campbell County Rec rea t i on  Department o f f e r s  more than 6 0 - a c t i v i t i e s  t o  area r e s i d e n t s .  

These a c t i v i t i e s  i n c l u d e  b a s k e t b a l l ,  swimming, baseba l l ,  t e n n i s ,  a rchery ,  gymnast ics,  bowl ing ,  

f o o t b a l l ,  and s k i i n g .  T h i s  department employs app rox ima te l y  30 p a r t - t i m e  employees ove r  t h e  

yea r .  There a r e  a lmost  81 ha (200 ac res )  o f  developed r e c r e a t i o n a l  l a n d  w i t h i n  t h e  Eounty, and 

t h e  c o n s t r u c t i o n  o f  a  r e c r e a t i o n a l  c e n t e r  w i t h  i ndoo r -ou tdoo r  swimming poo l s ,  a  day t r a i n i n g  

c e n t e r ,  an a r t s  and c r a f t s  cen te r ,  and a  community e a t i n g  room has been approved (Wyoming 

Oepartment o f  Economic P lann ing  and Development 1976) .  

G i l l e t t e  i t s e l f  has a  r i f l e  range, t e n n i s  cou r t s ,  baseba l l  f i e l d s ,  a  n i n e - h o l e  g o l f  course, an 

i c e  r i n k ,  and an ou tdoo r  b a s k e t b a l l  c o u r t .  I n  a d d i t i o n ,  t h e  p u b l i c  can use t h e  school  system 

gymnasium d u r i n g  c e r t a i n  pe r i ods  (Wyoming Oepartment o f  Economic P lann ing  and Development 1976).  

Water supp ly  and wastewater t r ea tmen t  

The mun ic ipa l  water  supp l y  f o r  t h e  c i t y  o f  G i l l e t t e  i s  drawn f rom 28 w e l l s .  These w e l l s  have a  

combined source c a p a c i t y  o f  0.12 m3/sec (2 .8  Mgd) w i t h  a  s to rage  c a p a c i t y  o f  7.6 x I D 3  m3 

( 2  m i l l i o n  g a l ) .  Water t r ansm iss ion  f a c i l i t i e s  have a  c a p a c i t y  o f  0.11 m3/sec (2.5 Mgd), and 

peak demand i n  1976 was 0.11 m3/sec (2.4 Mgd) (Wyoming Department o f  Economic P lann ing  and 

Development 1976).  Rates t h a t  were app l  i c d  t.n indust . r ia1  c~rst.nmers i n  1976 were 



G i l l e t t e  has entered i n t o  a jo in t -powers agreement w i t h  campbell County t o  develop f u t u r e  water 

suppl ies (Wyoming Department of Economic Planning and Development 1976). 

The e x i s t i n g  wastewater t reatment  f a c i l i t y  f o r  G i l l e t t e  has a capaci ty  o f  0.096 m3/sec (2.2 Mgd). 

Since 1970 t h i s  capaci ty  has been 0.066 m3/sec (1.5 Mgd) below peak. Consequently, even w i th -  

ou t  a d d i t i o n a l  populat ion,  the  e x i s t i n g  f a c i l i t y  i s  inadequate t o  s a t i s f y  peak demand (Hayen and 

Watts 1375). 

H i s t o r i c  and archaeologica l  s i t e s  

There a re  no h i s t o r i c  o r  archaeologica l  s i t e s  l i s t e d  f o r  Campbell County i n  the National Reg is te r  

of H i s t o r i c  Places, 1976. The 1977 updates i n  the Federa l  Reg is te r  f o r  January, February, and 

March a lso  con ta in  no l i s t i n g s  f o r  Campbell County. 

2 . 3 . 9  Ecology 

2.3.9.1 T e r r e s t r i a l  ecology 

F l o r a  

Vegetat ion o t  the Wyoming s i t e  i s  c o n t r o l  led by the  topography, the s o i l  type, and the semiarid 

c l ima te .  Kuchler (1964) c l a s s i f i e s  most o f  the  Powder River  Basin as shrub steppe. Near the 

G i l l e t t e  area the d r y  r o l l i n g  uplands a r e  t y p i c a l l y  shor t -  and mid-grass p r a i r i e  and scat tered 

low shrubs predominated by b i g  sagebrush ( ~ r t e m i s i a  t r i d e n t a t a ) .  This community comprises over 

75% o f  the  t o t a l  unmined land  area. B lue grama (~ou teZoua  g r a c i l i s )  and western wheatgrass 

( ~ g r o p y r o n  s m i t h i i )  a r e  the c h a r a c t e r i s t i c  dominant grasses. Other grasses are needle-and- 

thread grass    ti pa comata), green needlegrass    ti pa v i r i d u l a ) ,  p r a i r i e  junegrass ( ~ o e Z e r i a  

c r i s t a t a ) ,  and in t roduced bromegrasses ( ~ r o m u s  sp. ). Common to rbs  are p r i ck1  y pear cactus 

( ~ ~ u n t i a  polvacantha), which may form dense stands i n  some areas ; thread1 ea f  sedge (carex 

f i l i f o l i a )  ; miner 's  candle ( ~ r y p t h a n t a  brandburiana) ; and vetches ( ~ s t r a ~ a l u s  sp. ) . Although 

b i g  sagebrush i s  by f a r  the most p reva len t  shrub, rabbi tbrush (~hr~sotharmzus spp.) i s  a l so  

common; i n  a1 ka l  ine areas, four-wing sa l  tbush  o triplex canescens) and greasewood (sapcobatus 

v e r m i c u l a t i s )  may be t h e  dominant shrubs. On the  more mo is t  slopes i n  draws, dense stands o f  

b i g  sagebrush develop, w i t h  an understory  o f  western wheatgrass. 
' 

Closer t o  the  stream channels, the  dense shrub growth inc ludes s i l v e r  ,sage (Ar temis ia  c.ma), 

wi 1 d rose ( ~ o s a  woodsi i )  , snowberry ( ~ y m p h o r i c a r ~ o s  occ identaZis)  , and c u r r a n t  ( ~ i b e s  sp. ) - 
a1 1 va luable forage species. Along t h e  stream channels proper grow sca t te red  large-p l  a ins 

cottonwood t r e e s  ( ~ o p u l u s  s a r g e n t i i )  and wi l lows ( ~ a l i x  spp. ) .  I n  very wet s i t u a t i o n s  along 

t h e  bottom o f  the  stream channels and a t  the numerous l i v e s t o c k  water ing impoundments, the re  

a r e  wel l-developed stands o f  a v a r i e t y  of grasses, sedges, and rushes. Ripar ian p l a n t  com- 

mun i t ies  probably  cover about 5% o f  t h e  t o t a l  unmined land area. 



The d ry ,  exposed s lopes o f  b u t t e s  and r i d g e s  suppo r t  a bunch grass-cush ion p l a n t  community 

dominated by b l  ue-bunch wheatgrass (Agropyron sp i ca twn )  and 1 i ttl e b l  uestem ( ~ n d r o p o g o n  

scopa r i us )  w i t h  s c a t t e r e d  w i l d  buckwheat ( ~ r i o ~ o n w n  spp. ) .  I n  t h e  s h e l t e r  o f  r o c k  ou tc rops  

a long  t h e  b u t t e s  where t rapped  snow p rov ides  more mo is tu re ,  shrubs such as rabb i t b rush ,  sage- . 
brush, and skunkbush sumac ( ~ i b e s  t r i Z o b a t a )  grow. The r o c k  ou tc rops  and s c a t t e r e d  shrubs p ro -  

v i d e  e x c e l l e n t  cove r  f o r  smal l  mammals. T h i s  p l a n t  community may cove r  between 5 and 10% o f  

t h e  t o t a l  area. 

Other  p l a n t  communities o f  smal l  a r e a l  e x t e n t  t h a t  occu r  nea r  t h e  s i t e  a r e  p laya  grass lands,  

seeded hay meadows, and d i s t u r b e d  h a b i t a t s  a long  roads and p i p e l i n e  r i g h t s - o f - w a y  and around 

d r i l l  pads. P laya l a k e  beds a re  n o r m a l l y  f i l l e d  w i t h  water  i n  s p r i n g  and e a r l y  summer b u t  

suppor t  stands o f  f o x t a i l  b a r l e y  ( ~ o r d e u m  jubatwn) ,  pove r t y  sumpweed ( ~ v a  m i t t a r i s ) ,  and 

s a l t g r a s s  ( ~ i s t i c h Z i s  s t r i c t a )  when t h e  wa te r  evapora tes  by midsummer. Cres ted wheatgrass 

(Agropyron d e s e r t o m )  i s  an i n t roduced  spec ies  abundant i n  seeded hay meadows and i n  d i s t u r b e d  

b u t  revege ta ted  areas. D i s tu rbed  s o i l  t h a t  i s  n o t  p l a n t e d  i n  c r e s t e d  wheatgrass suppo r t s  poor 

stands o f  Russian t h i s t l e  ( ~ a 2 s o Z a  k a Z i ) ,  pigweed (Amaranthus spp.) ,  and o t h e r  annual weeds. 

The Wyodak coa l  mine (a  s u r f a c e  mine t h a t  i s  c u r r e n t l y  o p e r a t i n g )  occup ies  app rox ima te l y  5 km2 

( 2  sq m i l e s )  o f  t h e  township.  Some spo i l banks  have been regraded and were seeded i n  1972 w i t h  

a m i x t u r e  o f  c r e s t e d  wheatgrass, green needlegrass,  western wheatgrass,  and fou r -w ing  s a l t b u s h  

(.Packer 1974). The seed ing was m o s t l y  success fu l ,  and s tands o f  t hese  p l a n t s  now e x i s t  on p re -  

v i o u s l y  mined l and .  Other  spec ies  o f  p l a n t s  t h a t  have i n  a l l  l i k e l i h o o d  n a t u r a l l y  r e c o l o n i z e d  

s p o i l  banks i n c l u d e  annual weeds, e s p e c i a l l y  Russian t h i s t l e  and b u f f a l o  b u r  ( ~ o l a n m  r o s t r a t m ) ,  

and t h e  i n t roduced  undes i rab le  cheatgrass  ( ~ r o m u s  t e c t o r m ) .  

Fauna 

Game spec ies .  The e x t e n s i v e  and s p a r s e l y  popu la ted  Powder R i v e r  Bas in  i s  n a t i o n a l l y  known f n r  

i t s  ou ts tand ing  h u n t i n g  resource o f  pronghorn an te lope  and, t o  a l e s s e r  e x t e n t ,  mule deer  

(Nort.hern Great Pla,ir ls Resource Program 1976). Accord ing t o  Sundstrom e t  a l .  (1973),  L l ~ e r e  

were about 420,000 pronghorn i n  t h e  cont iguous U n i t e d  Sta tes ,  o f  wh ich  about  200,000 were i n  

Wyoming. Inasmuch as pronghorn a r e  n a t i v e  o n l y  t o  N o r t h  America, Wyoming's pronghorn rep resen t  

approx imate ly  48% o f  t h e  w o r l d  pronghorn popu la t i on .  The Wyoming Game and F i s h  No r theas t  

Management U n i t ,  i n  wh ich  Campbell County i s  l o c a t e d ,  comprises about 25% o f  t h e  t o t a l  s t a t e  

dred b u t  c o n t r i b u t e s  from 45 t o  50% o f  t h e  t o t a l  annual s t a t e  h a r v e s t  o f  pronghorns ( F a u t i n  

1977).  

Pronghorn an te lope  a r e  year - round r e s i d e n t s  near t h e  s i t e .  I n  w i n t e r  t h e y  concen t ra te  i n  l a r g e  

herds  t h a t  may number up t o  200, bu t ,  d u r i n g  t h e . s p r i n g  fawning season and th roughou t  t h e  summer 

and f a l l  b reed ing  season, t h e y  occu r  i n  s m a l l e r  bands o f  f r om 5 t o  20 an imals  (Oakes 1976).  

Pronghorn d e n s i t i e s  near G i l l e t t e  d u r i n g  a 1975 s tudy  were found t o  range between 10 and 25 

animals p e r  square m i l e  i ~ a k e s  1976). B i g  sagebrush i s  by f a r  t h e  most i m p o r t a n t  f o rage  

spec ies  f o r  pronghorn, a l t hough  t h e y  a l s o  e a t  rabb i t b rush ,  greasewood, and sagewort  (Wyoming 

Game and F i s h  1976).. Forbs a r e  i m p o r t a n t  i n  t h e  d i e t  d u r i n g  s p r i n g  and e a r l y  summer, b u t  grasses 

c o n s t i t u t e  o n l y  a smal l  percentage o f  t h e  d i e t  d u r i n g  any season (Wyoming Game and F i s h  1976).  

Pronghorn r e q u i r e  unobst ruc ted,  open t e r r a i n  th roughout  t h e  yea r .  Du r i ng  fawning, s i t e s  a r e  

s e l e c t e d  t h a t  have u n d u l a t i n g  topography, shrub cover ,  and a v a i l a b l e  wa te r  (Oakes 1976; Wyoming 

Game and F i s h  1916) .  A year - round pronghorn range must have dependable wa te r  supp l i es ,  wh ich  



a r e  prov ided by the many small impoundments f o r  l i v e s t o c k  purposes t h a t  are scat tered through- 

o u t  the  area. 

- Mule deer are found throughout t h e  area near the s i t e  and are probably present a l l  year .  Herds 

may range from 5 t o  30 o r  more animals. Topographical features such as scat tered.boulders,  

g u l l i e s  and draws, l e e  s ides o f  r idges,  and r imrock prov ide the cover requ i red  by mule deer. 

H a b i t a t s  near the s i t e  t h a t  produce the  h ighest  deer populat ion a re  those having s u f f i c i e n t  

cover and browse, such as dense shrub communities along i n t e r m i t t e n t  stream channels and i n  . 
draws lead ing  t o  s ide drainages and a long rough rocky slopes. Deer a lso  r e q u i r e  a permanent 

source o f  water on summer range, which i s  provided by the many small water impoundments f o r  

l i v e s t o c k  use near the  s i t e .  Impor tant  deer forage species found i n  the  reg ion near the  s i t e  

i n c l u d e  b i g  sagebrush, b lack sagebrush, rabbi tbrush,  and a v a r i t y  o f  Ribes species. 

Upland game such as sage grouse ( ~ e n t r o c e r c u s  urophasianus), mourning dove ( ~ e n a i d a  macroura), 

and c o t t o n t a i l  r a b b i t s  ( ~ y l v i l a g u s  sp.) are a l s o  impor tant  i n  nor theast  Wyoming. Sage grouse 

a re  w i d e l y  d i s t r i b u t e d  throughout the Powder River  Basin. C r i t i c a l  areas f o r  sage grouse are 

t h e i r  s t r u t t i n g  grounds and brooding areas, which a re  genera l l y  near drainages i n  good sage- 

brush cover (Oakes 1976). Sage grouse depend h e a v i l y  on sagebrush f o r  food. Doves are dispersed 

throughout the  Powder R ive r  Basin bu t  prefer  t rees along stream channels as nest ing places. 

O f  minor importance as game i s  t h e  deser t  c o t t o n t a i l  r a b b i t  ( ~ ~ l v i l a ~ u s  auduboni), c l a s s i f i e d  as 

a small-game species i n  Wyoming. Waterfowl a re  a minor hunt ing resource i n  nor theast  Wyoming 

near G i l l e t t e .  Common ducks t h a t  nest  near the permanent l i v e s t o c k  water impoundments inc lude 

gadwall (Anas s t repera ) ,  American widgeon (A.  americana), ma1 1 ard (A. p ~ a t ~ r h y n c h o s ) ,  p i n t a i l  

(A. acuta) ,  shoveler (A. c lypeata) ,  and blue-winged t e a l  (A.  d i scors )  (Oakes 1976). 

Nongame species 

Nongame b i r d s  t h a t  are abundant near t h e  s i t e  are those t y p i c a l  o f  sagebrush grasslands. Common 

breeding passerines inc lude  the  horned l a r k   remo mop hi la a l p e s t r i s ) ,  western meadowlark 

( s t u r n e l l a  neqlecta) ,  vesper sparrow ( ~ o o e c e s t e s  prmineus). l a r k  bunt ing ( ~ a Z m o s p i z a  

me2anocorys), and Brewer's sparrow ( ~ ~ i z e l l a  b rewer i )  (Fau t in  1977; Oakes 1976). Many wading 

b i r d s  and shorebirds use small  impoundments and inundated playa lake  beds as breeding areas and 

m i g r a t i o n  stopovers; t h e  commonest i s  t h e  k i l l  deer ( ~ h a r a d r i u s  vociferus) . The r i p a r i a n  com- 

mun i t ies  prov ide nes t ing  and perching s i t e s  f o r  b i r d s  such as the common f l i c k e r  ( ~ o l a p t e s  

auratus cafer) , loggerhead s h r i k e  ( ~ a n i u s  ludovic ianus)  , and western k ingb i  r d  ( ~ y r a n n u s  

I ' P F ~ C ~ Z I ~ Q ) .  

B i r d s  o f  prey a re  conspicuous members o f  the grassland/sagebrush community, o f t e n  hunt ing from 

perches on u t i l i t y  poles and r idges .  The great  horned owl (Bubo v i r g i n i a n u s ) ,  Swainson's hawk 

(Buteo swainsoni),  and the small sparrowhawk ( ~ a l c o  sparver ius)  commonly nes t  i n  t rees  i n  

r i p a r i a n  h a b i t a t  (Faut in  1977; Oakes 1976). Red- ta i l  ed hawks (Buteo jamaicensis) a1 so occur 

and o f t e n  nest  atop rocky but tes,  w h i l e  rough-legged hawks (Buteo lagopus) w i n t e r  i n  l a r g e  

numbers near G i l l e t t e .  Wyoming has a l a r g e  concentrat ion o f  w i n t e r i n g  golden eagles (Aqui la  

chrysaetos)  and bald eages ( ~ a l i a e e t u s  leuococephalus). I n  1973 a survey est imated t h a t  600 

bald,  9000 golden, and 900 u n i d e n t i f i e d  eagles were w i n t e r i n g  i n  Wyoming (Wrakestraw, no date) . !  

Many golden eagles remain t o  nest  i n  the  Powder River  Basin near G i l l e t t e  where there  i s  abundant 

prey such as jack rabb i t s ,  c o t t o n t a i l s ,  and ground s q u i r r e l s .  Golden eagles usua l l y  nest  i n  



i s o l a t e d  t r e e s  o r  on t h e  tops  o f  r ocky  r i d g e s .  Ba ld  eag les  a r e  known t o  n e s t  o n l y  a long  t h e  

N o r t h  P l a t t e  R i v e r  near Casper (No r the rn  Great  P l a i n s  Resource program 1976).  

C 

Rodents t h a t  occu r  near G i l l e t t e  a r e  those common t o  t h e  western  grass lands such as t h e  deer  

mouse (~e romyscus  man icu la tus )  , t h i r t e e n - 1  i n e d  ground s q u i r r e l  c ite ell us t r i d e c e m l i n e a t u s ) ,  and 

n o r t h e r n  pocket  gopher (~homorn~s  tazpo ides ) .  No r the rn  grasshopper mice (Onychomys Zeucogaster,), 

O r d ' s  kangaroo r a t  ( ~ i ~ o d o m ~ s  o r d i ) ,  and pocket  mice ( ~ e r o g n a t h u s  spp. ) a r e  l e s s  common ( F a u t i n  

1977; Oakes 1976).  The r a r e  sagebrush v o l e  ( ~ a g u r u s  c u r t a t u s )  i s  found o n l y  i n  we l l -deve loped 

stands o f  sagebrush ( F a u t i n  1977). Rodent d e n s i t i e s  near  G i l l e t t e  p robab l y  range f rom l e s s  

t h a n  10 t o  35 p e r  hec ta re  ( F a u t i n  1977; Oakes 1976).  W h i t e - t a i l e d  j a c k r a b b i t s  ( ~ e p u s  

t m o c n d i )  and c o t t o n t a i l s  a r e  abundant th roughout  t h e  Powder R i v e r  Basin.  Slnall III~IIIIII~~ 

d i v e r s i t y  and d e n s i t y  a r e  h i g h e s t  i n  r imrock  and r i p a r i a n  h a b i t a t s  where e i t h e r  r o c k  overhangs 

o r  shrubs and dcad l o g s  p r o v i d e  exce l  l e n t  cover  ( F a u t i n  1977).  

Common p reda to rs  t h a t  occu r  near G i l l e t t e  i n c l u d e  t h e  badger ( T m i d e a  t a m s ) ,  l o n g - t a i l e d  

weasel ( h s t e l a  f r ena ta ) ,  coyote  ( c a n i s  l a t r a n s ) ,  and r e d  f o x  ( ~ u l p e s  f u l v a ) .  S t r i p e d  skunks 

( M e p h i t i s  m e p h i t i s )  a r e  numerous and w i d e l y  d ispersed,  and racoons ( ~ r o c ~ o n  Zo to r )  a r e  common 

near  stream channels.  Bo th  skunks and racoons a r e  f r e q u e n t  v i s i t o r s  t o  garbage cans a t  l o c a l  

ranches. 

2.3.9.2 Aqua t i c  eco logy 

Accord ing t o  t h e  Wyoming Game and F i s h  Commission (1971),  a l l  o f  t h e  streams i n  Campbell County 

a r e  unproduct ive ,  and most a r e  i ncapab le  o f  suppo r t i ng  s p o r t  f i s h e r i e s .  Most o f  t h e  c reeks i n  

t h e  s i t e  area a r e  ephemeral, f l o w i n g  o n l y  i n  response t o  s p r i n g  snowmelt and t o  i n f r e q u e n t  

s p r i n g  and summer ra ins to rms .  Donkey Creek ( F i g .  2.30), a  f i r s t - o r d e r  t r i b u t a r y  o f  t h e  B e l l e  

Fourche R ive r ,  i s  t h e  most impor tan t  s t ream i n  t h e  township.  

A l though t h i s  c reek - l i k e  o t h e r s  i n  the townsh,ip - i s  i n t e r m i t t e n t ,  i t s  f l o w  regime i s  more 

r e g u l a r  than t h e  o the rs ,  and t h e r e  a r e  poo l s  i n  i t s  channel t h a t  c o n t a i n  s t a n d i n g  wa te r  even 

where t h e r e  i s  no su r face  f l o w  (USGS 1976b). Streams o f  t h i s  t y p e  f r e q u e n t l y  suppor t  s u r p r i s n g l y  

d i v e r s e  a q u a t i c  conpllunit ies, i n c l u d i n g  r e p r e s e n t a t i v e s  o f  most o f  t h e  major  taxonomic groups 

t h a t  i n h a b i t  permanent streams (Hynes 1972) such as a  v a r i e t y  o f  i n s e c t s ,  c rus taceans,  mo l l usks ,  

and o l i y o c l ~ a e t e a s  t h a t  e i t h e r  a e s t i v a t e  d u r i n g  d r y  pe r i ods  o r  bur row down i n t o  t h e  subst ra tum,  

wh ich  may remain m o i s t  th roughout  t h e  yea r .  I n  a d d i t i o n ,  t h e  presence o f  permanent poo l s  . 

p e r m i t s  some f i s h  spec ies  t o  s u r v i v e  i n  t h e  stream. No s p e c i f i c  b i o l o g i c a l  s t u d i e s  o f  Donkey 

Creek c o u l d  be l o c a t e d .  However, permanent poo l s  i n  t h e  channel o f  Caba l lo  Creek, a  s i m i l a r  

s t ream ( a l s o  a  t r i b u t a r y  o f  t h e  B e l l e  Fourche R i v e r )  about  16 km (10  m i l e s )  sou th  o f  Donkey 

Creek, have been s t u d i e d  and found t o  c o n t a i n  s i x  spec ies  o f  f i s h  (Tab le  2 .54) .  

L i v e s t o c k  ponds. c o n s t r u c t e d  t o  p r o v i d e  r e l i a h l o  sources o f  wa te r  f o r  c a t t l e ,  a r e  a  ma jo r  

a q u a t i c  h a b i t a t  th roughout  Campbell County. These impoundments a r e  c o l o n i z e d  by a  d i v e r s e  

assemblage o f  pbnd-adapted p l a n t s  and an imals ,  a l l  o f  wh ich  possess remarkab ly  e f f i c i e n t  

( u s u a l l y  a i r b o r n e )  d i s p e r s a l  mechanisms. For  example, t e n  s t o c k  ponds i n  Campbell and Converse 

c o u n t i e s  were surveyed by SERNCO (1974);  these ponds con ta ined  most o f  t h e  ma jo r  taxonomic and 

t r o p h i c  groups t h a t  a r e  t y p i c a l l y  found i n  ponds ( F i g .  2.31). A l though SERNCO d i d  n o t  c o l l e c t  

t adpo les  o r  salamander la rvae,  some 1  i v e s t o c k  ponds undoubted ly  serve as a  spawning h a b i t a t  f o r  

t h e  s i x  spec ies  o f  a~ l iph i l r ians  that; a r e  common I n  t h e  Powder R i v e r  Bas in  (U.S. Department o f  t h e  
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Fig. 2.30. Donkey Ct-erk. Suur.cr: U . S .  6 e n l n g l n i  Survey. 1976.  and md nat-2 
resowre information m d  some potential envimmental e f f e c t s  o f  surface mining of coal i n  
the GiZZette area, Wyoming. Circu la r  no. 743. Washington, D . C .  

Tahlr! 2.54. Fish spcies collected from pools in the channel of Coh l l o  Crcck, 
Campbell C n ~ ~ n t y ,  Wynming 

Fathead minnow (Pimephalespromelas) White sucker (Catostomus commersoni) 
Carp (Cyprinus carpio) Block bullhcod (lctalurus meles) 
Sand shiner (Notropis strar/~irieus) Green sunflsh (Lepomiscyanellus) 

Source: U.S. Department of the Interior. 1975. Final environmental statement, proposed 
phrl r . l f  ~nl r ! l !~y  arrd rsrclamarlon, 60110 /\)v boutn h ~ ~ b ;  /Imajc Cbol tiompony, Coal Lease 
W-0317682, Campbell County, Wyoming. FES 75-86. Washington, D.C.: U.S. Geological Survey. 

I n t e r i o r  1974): the t i g e r  salamander (&bystoma tigrinwn),  plains  spadefoot toad ( ~ c a ~ h i o ~ k  

bombifrons), Great P la ins  toad ( ~ u f o  cognutus), Woodhouse's toad ( ~ u f o  woodhousei), chorus 

f rog  ( ~ s e u d a c r i s  t r i s e r i a t a ) ,  and leopard frog ( ~ a n a  pipiens). 
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Fig. 2.31. Typical food web of l ivestock ponds i n  Campbell and Converse counties .  
Source: SERNCO. 1974. Applicant 's  environmental assessment f o r  a proposed g a s i f i c a t i o n  
p r o j e c t  7:n C m p h e Z %  m d  C ~ : I ) Y I I I R P S R  cololmti.es, Wyoming. Prepared f o r  Wyoming Coal Gas Company 
and Rochelle Coal Company by SERNCO, Inc. 

In addi t ion t o  natural colonizat ion,  these ponds a r e  frequent ly stocked with f i s h .  In the  Belle 

Fourche River Basin alone,  more than 50 ponds have been planted with t r o u t ,  and more than 100 

with largemouth bass (U.S. Department of the  I n t e r i o r  1974). Bullheads and green sunfish have 

a l s o  been widely stocked (U.S. Department of t h e  I n t e r i o r  1974). 

2.3.9.3 Endangered species  

Aquatic 

Three na t iona l ly  1 i s t e d  endanger~d aquat ic  spec ies ,  the  humpback chub ( ~ i l a  cypha), Colorado 

River squawfish ( ~ t ~ c h o c h e i l u s  luc ious) ,  and Kendall Warm Springs dace ( ~ h i n i c h t h y s  osculus 

thermal i s ) ,  occur in Wyoming (U.S. Department of the  I n t e r i o r  1976b). However, none of  these  

a r e  believed t o  occur in the  eastern Powder River Basin (U.S. Department of  t h e  I n t e r i o r  1974, 

Appendix C ) .  S i x  f i s h  species  t h a t  a r e  o f f i c i a l l y  considered r a r e  i n  Wyoming, t h e  shovelnose 

sturgeon ' ( ~ c a p h i r h ~ n c h u s  platorynchus) , goldeye ( ~ i o d o n  a loso ides )  , sturgeon chub ( ~ y b o ~ s i s  

g e l i d a ) ,  pearl dace (semotilus margari ta)  , f inescal  e dace (C'hrosomus neogaeus) , and s i 1 very 

niinnow ( ~ y b o ~ n a t h u s  n u c h a l i s ) ,  a r e  found i.n the  basin (Northern Great Plains  Resources Program 

1974b). Only the  s i l v e r y  minnow occurs in  the  Bel le  Fourche drainage system. 



T e r r e s t r i a l  

An imals  l i s t e d  on t h e  l a t e s t  Federal  1  i s t  o f  endangered spec ies  whose range i nc ludes  t h e  

Gi  11 e t t e  a r e a  a r e  t h e  b l a c k - f o o t e d  f e r r e t  ( ~ u s t e t a  n i g r i p e s )  , t h e  American pe reg r i ne  fa1  con 

( ~ a Z c o  p e r e g r i n u s  anatwn), and t h e  b a l d  eag le  ( H a l i a e e t u s  leucocephatus) .  Sheer c l i f f s ,  which 

s e r v e  as b r e e d i n g  h a b i t a t s  f o r  t h e  p e r e g r i n e  f a l c o n ,  do n o t  occu r  near  t h e  G i l l e t t e  s i t e ,  b u t  

f a l c o n s  may be occas iona l  v i s i t o r s  o r  m ig ran ts  nea r  t h e  s i t e .  A  s i g h t i n g  o f  a  b a l d  eag le  has 

r e c e n t l y  been documented app rox ima te l y  '56.33 km (35  m i l e s )  sou th  o f  G i l l e t t e  ( F a u t i n  1977). 

B a l d  eag les  may w i n t e r  i n  t h e  r e g i o n  o f  t h e  Powder R i v e r  Bas in  nea r  G i l l e t t e .  Nes t i ng  h a b i t a t s  

f o r  them may e x i s t  s o u t h  and e a s t  o f  G i l l e t t e  a long  t h e  B e l l e  Fourche River ,  b u t  i t  i s  n o t  

known i f  any n e s t  t h e r e .  B l a c k - f o o t e d  f e r r e t s  a r e  found a s s o c i a t e d  e x c l u s i v e l y  w i t h  p r a i r i e  

dog towns. Genera l l y ,  p r a i r i e  dog towns a r e  n o t  common near  G i l l e t t e ,  b u t  a r e  found c l o s e r  

t o  t h e  B lack  H i l l s  t o  t h e  n o r t h e a s t  seve ra l  m i l e s  f rom G i l l e t t e .  There fore ,  b l a c k - f o o t e d  

t e r r e t s  a r e  n o t  l i k e l y  t o  o c c u r  nea r  G i l ' l e t t e .  
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3. POTENTIAL ENVIRONMENTAL IMPACTS 

3.1.1 Phys i ca l  environment 

3.1.1.1 Phys i ca l  impacts o f  s i t e  p r e p a r a t i o n  and c o n s t r u c t i o n  on l a n d  use 

Land use d u r i n g  c o n s t r u c t i o n  i s  a f f e c t e d  by c l e a r i n g  and grubb ing,  c u t - a n d - f i l l  ope ra t i ons ,  and 

c o n s t r u c t i o n  o f  temporary and permanent f a c i l i t i e s .  

C l e a r i n g  and g r u b b i n g  

P o t e n t i a l  c l e a r i n g  and grubb ing,  t h e  purpose o f  wh ich  i s  t o  remove t r e e s  and stumps and o t h e r  

s i g n i f i c a n t  v e g e t a t i o n  where necessary so t h a t  surveys and p l a n t  l a y o u t s  can be made and e leva -  

t i o n s  determined, i s  as f o l l o w s :  

1 .  On rec la imed  s t r i p - m i n e d  lands o f  New Athens Township, l i t t l e  c l e a r i n g  and g rubb ing  shou ld  

be r e q u i r e d  because t h e  l a n d  has a l r e a d y  been d i s t u r b e d  once. C l e a r i n g  and g rubb ing  o f  

n a t i v e  areas w i l l  be s i m i l a r  t o  Mason County desc r i bed  i n  i t e m  2. 

2. I n  t h e  g e n e r a l l y  wooded areas o f  Mason County, West V i r g i n i a ,  t h e  merchantab le  t i m b e r  would 

be cu t ,  a f t e r  wh ich  t h e  remain ing t r e e s  and shrubs would be c lea red .  I f  open b u r n i n g  i s  

pe rm i t t ed ,  pe rm i t s  would be ob ta ined  b e f o r e  d i s p o s i n g  o f  s l a s h  by bu rn ing .  The u l t i m a t e  

impacts would be l o s s  o f  v e g e t a t i o n  w i t h  t h e  probab le  r e s u l t  o f  i nc reased  r a i n  r u n o f f  and . 
e ros ion .  

3. I n  Campbell County, Wyoming, v e g e t a t i o n  shou ld  be so sparse t h a t  no c l e a r i n g  and grubb ing 

would be requ i red .  

.Cut-and-f i 11 and excava t i on  

CuLL i r~y  and f l l l  l n y  e s s e n t l a l l y  e s t a b l i s h e s  t h e  con tou rs  and dra inage p a t t e r n s  o f  t h e  p l a n t  s i t e ,  

i n c l u d i n g  s i g n i f i c a n t  ear thworks  such as r e t a i n i n g  d i kes ,  ponds, and b r i d g e  abutments. Excava- 

t i o n s  f o r  b u i l d i n g  f o o t i n g s , . f o u n d a t i o n s ,  heavy equipment f ounda t i ons ,  and basements and sub- 

basements g e n e r a l l y  produce cons ide rab le  f i l l  t h a t  must be worked i n t o  t h e  new con tou rs  o r  

depos i t ed  i n  s p o i l  banks. I n  d r y  weather t h i s  t y p e  o f  work f r e q u e n t l y  produces d u s t i n g ,  which 

i s  u s u a l l y  m i t i g a t e d  by s p r i n k l i n g  w i t h  water .  When excava t i ons  a r e  deep and p e n e t r a t e  t h e  wa te r  

t a b l e ,  t h e y  become s u b j e c t  t o  f l u o d i n y .  "Dewater ing" o f  t h e  excavat ion ,  t h a t  i s ,  removing t h e  

water  by pumping, can have two s e r i o u s  consequences: ( 1  ) i f  t h e  pumped-out water ,  wh ich  i s  

u s u a l l y  s i l t y ,  e n t e r s  a  nearby wa te r  course, i t  can produce a  suspended s o l i d s  problem. and 

( 2 )  t h e  dewater ing  can remove water  f r om an a q u i f e r  so t h a t  wa te r  l e v e l s  i n  ne ighbo r i ng  w e l l s  

a r e  a f f e c t e d .  



These e f f e c t s  can be m i t i g a t e d  by: (1) pumping the  s i l t - b e a r i n g  water i n t o  a r e t e n t i o n  pond so 

t h a t  the s i l t  s e t t l e s  o u t  before the  c l e a r  e f f l u e n t  overf lows t o  a watercourse and ( 2 )    son it or- 

i n g  nearby w e l l s  and a d j u s t i n g  the  pumping r a t e  o f  dewatering t o  avoid drawing down the  aqu i fe r .  

Dewatering d i f f i c u l t i e s  would disappear a f t e r  complet ion o f  the foundations. Storm drainage 

f rom a newly contoured area u s u a l l y  conta ins much s i l t  from erosion. This drainage should a l s o  

be h e l d  i n  a r e t e n t i o n  pond before f l o w i n g  t o  a water course. Deep excavation could r e s u l t  i n  

t h e  f 01 1 owing : - 
1. I n  New Athens Township, the p r o x i m i t y  t o  the Kaskaskia River  and a h igh water t a b l e  

would probably  r e q u i r e  c lose  a t t e n t i o n  t o  dewatering. 

2 .  I n  Mason County, West V i r g i n i a ,  the  p rox im i ty  o f  the  Ohio and Kanawha r i v e r s  would 

genera l l y  r a i s e  t h e  water t a b l e  and make dewatering a problem. 

3, I n  Campbell County, W.yoming, dus t ing  dur ing excavation might  be a problem because 

o f  the  s c a r c i t y  o t  water.  k o r  excavatinns 6t  moaerare aeprn, rnere should be nu 
dewatering problem, a l s o  because o f  a  s c a r c i t y  o f  water. 

Construct ion o f  temporary f a c i l i t i e s  

C e r t a i n  temporary cons t ruc t ion  fea tu res  such as lay-down areas, cement batch p lan ts ,  roads, 

warehouses, and sheds can increase the r a i n f a l l  r u n o f f  as compared t o  the s i t e  i n  i t s  pre- 

c o n s t r u c t i o n  cond i t i on .  These c o n s t r u c t i o n  features w i l l  a l so  have some v i s i b l e  impact as 

long  as they e x i s t .  A f t e r  t h e i r  removal the land w i l l  be a v a i l a b l e  f o r  o ther  purposes. The 

e f fec t i veness  o f  the land  f o r  growing vegetat ion w i l l  depend on i t s  rehabi l i  t a t i o n ,  which 'would 

h o l d  t r u e  f o r  t h e  th ree  surrogate s i t e s  selected. 

Construct ion o f  petmanent f a c i l i t i e s  . . 

Permanent f a c i l i t i e s  would inc lude  process bu i ld ings  and equipment, o t t i c e  bu i ld ings ,  rank farms, 

ho ld ing  ponds, gas holders, compressor f a c i l i t i e s ,  feeder pipe1 ines, coal treatment and t ranspor-  

t a t i o n  equipment, and permanent warehouses, roads, and park ing l o t s .  The land  occupied by these 

s t r u c t u r e s  would be withdrawn permanently from i t s  o r i g i n a l  purpose, which very 1 i ke ly  would have 

been a g r i c u l t u r e ,  f o r e s t r y ,  o r  grazing. R a i n f a l l  r u n o f f  would be accentuated, b u t  proper con- 

t o u r i n g  and drainage cou ld  m i t i g a t e  the  e f f e c t .  

The v i s u a l  impacts o f  these f a c i l i t i e s  could be s i g n i f i c a n t  b u t  indeterminate. Landscaping and 

vege ta t ion  m igh t  serve t o  improve the  r e l a t i o n s h i p  between the works o f  man and works o f  nature. 

I n  Campbell County, Wyoming, the d i f f i c u l t y  o f  revegetat ing and landscaping the  proper ty  might  

heighten t h e  v i s u a l  impact. 

3.1.1.2 Hydrology 

Surface water 

Impacts t o  the  surface water a r i s i n g  dur ing  cons t ruc t ion  o f  a  demonstrat ion-size coal conversion 

f a c i l i t y  a re  due p r i m a r i l y  t o  d is turbance o f  the  land. An est imated 40 ha (100 acres) i s  t o  be 

c leared  dur ing  cons t ruc t ion .  P o t e n t i a l  impacts inc lude  i n f i  1  t r a t i o n ,  increased runo f f ,  decreased 

evapotranspi rat ion,  increased erosion, and increased sedimentation. The e r e c t i o n  o f  temporary 



s t ruc tu res  such as cofferdams f o r  i n t a k e  s t ruc tu res  and the disturbance o f  e x i s t i n g  r i v e r  banks 

can impact the hydrology and u t i l i t y  o f  the waterways. The impact o f  g rea tes t  concern i s  the 

increased eros ion caused by the c l e a r i n g  o f  land. 

A t  the New Athens Township s i t e ,  the  r i v e r  c u r r e n t l y  has s p o i l  banks t h a t  w i l l  be d is tu rbed  by 

the  cons t ruc t ion  o f  i n t a k e  s t ruc tu res .  This cons t ruc t ion  and the low- ly ing  area along the r i v e r ,  

which w i l l  be subjected t o  increased erosion, could impact the Kaskaskia River .  An est imate o f  

the  increase i n  eros ion from the s i t e  can be made using a c leared sl'ope leng th  o f  300 m (1000 f t )  

w i t h  a slope o f  1%. The expected sheet eros ion from the cons t ruc t ion  s i t e  i s  est imated t o  be 

2450 m e t r i c  tons (2700 tons) per year  w i thou t  eros ion c o n t r o l .  I f  eros ion c o n t r o l  i s  implemented 

by the e r e c t i o n  of an eros ion con t ro l  basin w i t h  a 2-ha (5-acre) bank, a  15-m ( 5 0 - f t )  s lope 

l,ength, and a 10% slope, the est imated sheet eros ion i s  reduced t o  410 m e t r i c  tons (450 tons) 

per  year. The method o f  a r r i v i n g  a t  t h i s  est imate i s  explained i n  the Appendix. The e f f e c t  o f  

increased eros ion on the water q u a l i t y  i s  discussed i n  Sect. 3.1.1.4. The eros ion load on the 

Kaskaskia River  can be considerably reduced by eros ion c o n t r o l .  Without c o n t r o l ,  eros ion could 

cause a l o c a l i z e d  sedimentat ion problem i n  the Kaskaskia nav iga t ion  channel. Temporary s t ruc -  

. tu res  such as cofferdams can a lso  impede navigat ion.  

A t  the Mason County, West Y i r i g n i a ,  s i t e ,  the  p l a n t  s i t e  area i s  loca ted  near the v a l l e y  f l o o r  on 

gen t l y  s lop ing  ground. An est imate o f  the increased eros ion dur ing cons t ruc t ion  i s  2270 met r i c  

tons (2500 tons)  per year wi thout  eros ion c o n t r o l .  With an eros ion bank t o  c o n t r o l  the r u n o f f ,  

the  eros ion can be reduced t o  370 m e t r i c  tons (410 tons) per year. Uncontro l led eros ion may 

cause some l o c a l i z e d  impact on the Ohio River.  Temporary s t ruc tu res  are n o t  l i k e l y  t o  be a 

problem on the Ohio River  nav igat ion channel. 

A t  the Campbell County, Wyoming, s i t e ,  the on ly  sur face water i n  the area i s  Donkey Creek. Making 

the worst-case assumption t h a t  the coal conversion p l a n t  cons t ruc t ion  i s  t o  be on the  banks o f  

Donkey Creek, an occasiona' l ly ephemeral stream, the  increase i n  the annual eros ion load f o r  

40 ha (100 acres) c leared f o r  cons t ruc t ion  was est imated as 270 met r i c  tons (300 tons)  per year 

w i thou t  eros ion con t ro l  f o r  a  1% slope, 300 m (1000 f t )  long. With an eros ion containment bank 

o f  10% slope, 15 m (50 f t )  long, and 2 ha ( 5  acres)  i n  size, the eros ion load can be est imated 

a t  40 m e t r i c  tons (45 tons)  per year. Without eros ion c o n t r o l ,  Donkey Creek would be inundated 

w i t h  eroded s o i l  as a r e s u l t  o f  const ruct ion.  

The annual average increase i n  suspended s o l i d s  i n  the waterways o f  each s i t e  can be est imated 

us ing E i n s t e i n ' s  bed-load t ranspor t  theory. The r e s u l t i n g  increases suggest t h a t  the  Wyoming 

s i t e  i s  the on ly  s i t e  t h a t  would experience a s i g n i f i c a n t  increase i n  average suspended s o l i d s  

as a r e s u l t  o f  const ruct ion.  The ana1ysi.s i n  the Appendix i s  v a l i d  on ly  f a r  downstream from 

the cons t ruc t ion  s i t e  and neglects the considerat ion o f  l o c a l  e f f e c t s .  

Changes i n  runo f f ,  i n f i l t r a t i o n ,  and evapotranspi rat ion t h a t  occur as a r e s u l t  o f  cons t ruc t ion  

a c t i v i t i e s  are d i f f i c u l t  t o  assess, b u t  they a re  no t  l i k e l y  t o  be s i g n i f i c a n t  f o r  any o f  the 

s i t e s  considered. 

Groundwater hydrology 

Construct ion a c t i v i t i e s  can a f f c c t  groundwater. Characteristics such as permeab l l l t y ,  water 

t a b l e  l e v e l ,  storage capacity,  water a v a i l a b i  1 i t y ,  recharge, discharge, and d i r e c t i o n  and 



mdvement o f  groundwater are vu lnerable.  Water needs as h igh  as 2.5 .x 10-3 t o  3.2 x 10-3 m3/sec 

(40 t o  50 gpm) dur ing c o n s t r u c t i o n  can be met by us ing e i t h e r  sur face water o r  groundwater from 

shal low a q u i f e r s .  Pumping t h i s  q u a n t i t y  o f  water from aqu i fe rs  would have on ly  minor l o c a l  

e f f e c t s  on o t h e r  users o f  groundwater i n  the s i t e  areas. The important impact on groundwater 

i s  caused by t h e  d i s r u p t i o n  o f  t h e  s o i l  a t  the s i t e  areas, such as removal o f  overburden, con- 

s t r u c t i o n  o f  roads and pavements, sur face drainage f a c i l i t i e s ,  p i p i n g  and c l e a r i n g  o f  vegeta- 

t i o n ,  e tc .  The major a c t i v i t i e s  a f f e c t i n g  groundwater c h a r a c t e r i s t i c s  and the nature of impacts 

a t  the  d i f f e r e n t  s i t e s  a re  summarized i n  Table 3.1. 

Table 3.1. Potential impacts on groundwater during construction 

Construction activities 
Process/substances impacting 

qroundwater 
Potential impacts on groundwater 

Site areas significantly 
affecteda 

Temporary facilities such as shops 
and storage sheds. nccess roods 
and parking lots, and sanitary 
facilities 

Earth work, excavation, grading. 
trenching, and soil treatment 

Foundation drainage, dewatering. 
well points, and stream channel 
relocation 

Landscaping 

Permanent facilities such as 
parking lots, switchyards, rail- 

road spur lines, buildings, 
warehouses, sanitary waste 
treatment. cooling towers. 
wad1 supply and treatrtlellt, 
storm water drainaqe, waste- 
water treatment, dams and 
impoundments, fuel handling 
e q ~ l i p m r n t ,  n i l  r t n r a p  tankr,  

c u ~ ~ u u l s  a ~ ~ d  p lp i~~y.  IIUIIJIII~ 
~ o n d i .  and IailCltillS 

Watewater, solid wastes, pesticides. Decrease in permeability: reduction in Gjllette. New Athens, Lewis 
and aerosols intiltrotion of wstcr - long tcrm 

Dust, sediment, wood wdsles, Soil compaction: f raclu~it~y aquifer; Gillelle, Lewis. New Atllerls 
solid wastes, pesticides, and changes i n  permeability and 
chemicals , infiltration -long-term water 

quality 

Decrease of volume of water for New Athens, Lewis, Gillette 
short and long periods of time 

Nutrients and pestlc~des Increases intiltration rate and Gillette. Lewis. New Athens 
storage capacity - long-term water 
quality 

Solid wastes, chemical wastes, Waste discharge: leaching of trace Lewis, Gillette. New Athens 
and sediment spillage elements, chemicals: water 

quallry change in permeabiliry 
and infiltration rate; and ground- 
water contamination 

' ~ F Y  aleas ale Ilsteu 111 oraer or aecreaeing iiiipatti. 

Removal o f  overburden and vegetat ion changes t h e  i n f i l t r a t i o n  c h a r a c t e r i s t i c s  o f  the t o p s o i l ,  

thereby changing the recharge t o  the aqu i fe rs .  Construct ion o f  pavements, roads, and sur face 

r u n o f f  drainage, bu i ld ings ,  and ponds w i l l  decrease the i n f i l t r a t i o n  r a t e  and can reduce the 

groundwater ava i  l a b i  1  i t y .  Depending upon the depth o f  cu t ,  the permeabi 1 i t y  of the aqui fers  

can change and t h i s  can a f f e c t  storage capaci ty  and water a v a i l a b i l i t y .  Removal o f  overburden 

cou ld  increase the a r t e s i a n  pressure i n  the under ly ing aqu i fe rs  causing a d d i t i o n a l  upward d i s -  

charge. Dewatering can r e s u l t  i n  a  depression o f  t h e  water tab le .  F rac tu r ing  o f  the a q u i f e r  

w i l l  e s t a b l i s h  new hydrau l i c  connect ions w i t h  a d j o i n i n g  aqu i fe rs  and can a f f e c t  groundwater 

d i r e c t i o n  w i t h  poss ib le  adverse impact. For example, the d i r e c t i o n  o f  groundwater f l o w  might  

be reversed toward the r i v e r ,  and the aqu i fe rs  t h a t  normally gained water from the r i v e r  might  

now l o s e  water t o  the r i v e r ,  causing a  reduct ion i n  water l e v e l s  and spr ing  f low.  This  might  

a f f e c t  a g r i c u l t u r a l  and domestic uses. as we l l  as w i ld1  i f e  populat ions. This s i t u a t i o n  i s  

ser ious i n  the G i l l e t t e  area where most o f  the water comes from groundwater. On the o ther  

hand, i t  may be less ser ious i n  the  New Athens and the  Lewis Township areas where groundwater 

can be recharged from the  nearby r i v e r s .  



The d i r e c t i o n  of  groundwater f l o w  can a l s o  be accentuated toward t h e  a q u i f e r .  A  r e d u c t i o n  i n  

s t reamf low  w i l l  a f f e c t  a q u a t i c  l i f e  and vegetat i .on dependent on s t reamf low.  T h i s  s i t u a t i o n  may 

be more s e r i o u s  i n  t h e  G i l l e t t e  area than  i n  t h e  o t h e r  two areas. However, these changes a r e  

l i k e l y  t o  a f f e c t  t h e  sha l l ow  a q u i f e r s  b u t  n o t  t h e  deeper ones un less  t h e  c u t  i s  v e r y  deep. 

Sha l low a q u i f e r s  a r e  t h e  p r i n c i p a l  source o f  wa te r  i n  t h e  New Athens and Lewis areas; somewhat 

deeper aqu i f e r s  a r e  t h e  main  source of  water  i n  t h e  G i l l e t t e  area. Again, i n  b o t h  t h e  G i l l e t t e  

and Lewis areas, t h e  dowr~ward movement o f  groundwater i s  s low i n  sha l l ow  a q u i f e r s  because o f  

t h e  low p e r m e a b i l i t y  o f  t h e  u n d e r l y i n g  a q u i f e r s .  There fore ,  t h e  bedrock o r  t h e  deeper a q u i f e r s  

may n o t  be a f f e c t e d .  I n  t h e  New Athens area, bo th  t h e  sha l l ow  and t h e  bedrock a q u i f e r s  m igh t  

be a f f e c t e d .  

C o n s t r u c t i o n  o f  impoundments f o r  water  can r a i s e  t h e  water  t a b l e ;  t h i s  can be accompanied by 

a  r e d u c t i o n  i n  t h e  h y d r a u l i c  g r a d i e n t  and v e l o c i t y  o f  groundwater f l o w .  The area o f  i n f l u e n c e  

can be as f a r  as 1  m i l e  f r om t h e  p o i n t  o f  c o n s t r u c t i o n  a c t i v i t i e s .  

3.1.1.3 A i r  q u a l i t y  

The c o n s t r u c t i o n  phase of t h e  coa l  g a s i f i c a t i o n  p l a n t  can produce a i r b o r n e  m a t e r i a l  such as 

d u s t  s t i r r e d  up by v e h i c u l a r  t r a f f i c  and earth-moving ope ra t i ons  as w e l l  as gases e m i t t e d  f rom 

v e h i c l e  exhausts.  Because these sources w i l l  be near ground l e v e l ,  impact  on a i r  q u a l i t y  shou ld  

be con f i ned  t o  ' the immediate v i c i n i t y  o f  t h e  s i t e  and shou ld  be o f  s h o r t  d u r a t i o n .  

3.1.1.4 Water q u a l i t y  

Sur face wa te r  

C o n s t r u c t i o n  a c t i v i t i e s  t end  t o  i nc rease  t h e  amount o f  suspended s o l i d s  and decrease d i s s o l v e d  

oxygen i n  nearby waters .  Es t imates  o f  t h e  i nc rease  i n  annual  average suspended s o l i d s  concen- 

t r a t i o n  f o r  t h e  t h r e e  proposed s i t e  areas a r e  shown i n  Table 3.2. The method f o r  e s t i m a t i n g  

Lhe i nc rease  i s  exp la ined  i n  t h e  Appendix. The impact  o f  c o n s t r u c t i o n  on t h e  West V i r g i n i a  

and I l l i n o i s  s i t e  areas i s  l i k e l y  t o  be smal l .  A l though t h e  annual  average does n o t  r e f l e c t  

peak concen t ra t i ons ,  these maximum va lues  a r e  l i k e l y  t o  be sma l l  because o f  t h e  smal l  p r e d i c t e d  

i nc reases  i n  t h e  annual average concen t ra t i ons .  

Tablc 3.2. Estimated increase in annual aversye concentration of suspended 
solids in surface water at the three proposed sites 

In milligrams per liter 
- . . . . .. . 

West Virginia Illinois Wyoming 

Concentration of suspended solids 2.5 X 10.' 0.32 297 
wilhouL i i u s i u ~ ~  CUIILIUI 

Concentration of suspenrl~d 4.1 X 1u3 0.053 45 
sol~ds w ~ t h  erosion control 

I n  t h e  Wyoming s i t e  area t h e  impact o f  c o n s t r u c t i o n  i s  s i g n i f i c a n t .  The l a r g e  i nc reases  i n  

suspended s o l i d s  assumes, t h a t  t h e  c o n s t r u c t i o n  w i l l  be a d j a c e n t  t o  t h e  c reek.  L o c a t i n g  t h e  

c o n s t r u c t i o n  away f rom t h e  creek w i l l  p reven t  l a r g e  i nc reases  i n  t h e  c o n c e n t r a t i o n  o f  suspended 

s o l i d s .  



Some hazard t o  water q u a l i t y  e x i s t s  from the p o s s i b i l i t y  o f  grease and o i l  being washed i n t o  

t h e  waterway. However, w i t h  the i n t r o d u c t i o n  o f  r u n o f f  c o n t r o l  by catch basins, t h i s  impact 

i s  l i k e l y  t o  be minimized. 

Impact o f  cons t ruc t ion  on groundwater q u a l i t y  

Construct ion a c t i v i t i e s  t h a t  a f f e c t  groundwater q u a l i t y  are l i s t e d  i n  Table 3.1. Natural ground- 

water q u a l i t y  w i l l  change as a r e s u l t  o f  the leaching o f  contaminants from the land surface. 

Changes i n  the  permeab i l i t y  and the  i n f i l t r a t i o n  r a t e  and the d i l u t i o n  and a t tenua t ion  p roper t ies  

o f  the  s o i l  caused by c o n s t r u c t i o n  a c t i v i t i e s  w i l l  i n f luence  the leachate movement i n t o  the 

groundwater. It i s  assumed t h a t  cons t ruc t ion  a c t i v i t i e s  inc lude  temporary s t o r i n g  o f  coal ,  o i l ,  

gases, and o t h e r  chemicals. Leaked o r  s p i l l e d  chemical products, ash d isposal  areas, coal  p i l e s ,  

and ho ld ing  ponds are sources o f  groundwater contaminat ion. Wdslewdlel. rrUl~i teillpuravy chemical 

and s a n i t a r y  f a c i l i t i e s  might  i n f i l t r a t e  the aqu i fe r ,  a f f e c t i n g  groundwater* q u a l i t y .  Impoundment 

f a c i l i t i e s  i n  t h e  s i t e  area, dust,  and sediment product ion might  cause excessive t o t a l  d isso ived 

s o l i d s  and increases i n  b a c t e r i a l  and v i r u s  pathogens. 

Leaching o f  t o x i c  t race  elements and minera l  cons t i tuen ts  needs a t t e n t i o n .  Landscaping i n  the 

s i t e  area can in t roduce n u t r i e n t s  and pes t i c ides  i n t o  the yrour~dwatev and increase the i n f i l -  

t r a t i o n  r a t e ,  thus contaminat ing the  groundwater. Changes i n  groundwater q u a l i t y  should n o t  be 

ser ious i n  the  G i l l e t t e  area because o f  slow downward movement and because o f  r e l a t i v e l y  imper- 

meable under l y ing  shale. The q u a l i t y  o f  water i n  deeper aqu i te rs  should Rot  be af fec ted .  I 1  I s  

l i k e l y  t h a t  leachate w i l l  even tua l l y  move downgradient toward discharge p o i n t s  along L i t t l e  Raw- 

h i d e  Creek o r  Dry Fork L i t t l e  Powder River .  This  discharge o f  water could r e s u l t  i n  lower water 

q u a l i t y  i n  these r i v e r s .  Ac id wastes should n o t  be a problem i n  the G i l l e t t e  area because the 

n a t u r a l  groundwater i s  genera l l y  s l i g h t l y  basic and because o n l y  a small amount o f  p y r i t e  and 

o t h e r  s u l f i d e s  are present  i n  the  coal and the overburden. However, these problems may be 

ser ious i n  the  Lewis and New Athens areas. The drawdown o f  water l e v e l  i n  a  we l l  i n  the  Lewis 

area may cause a decreased y i e l d  o f  do~lles t i c  and r u r a l  water suppl ies i n  the  v i c i n i t y  o f  the 

p l a n t  s i t e .  

3.1.2 Impacts on the b i o l o g i c a l  environment 

3.1.2.1 Impacts caused by d e s t r u c t i o n  o f  h a b i t a t  - cons t ruc t ion  phase 

General 

A demonstrat ion p i p e l i n e  gas f a c i l i t y  w i l l  r e s u l t  i n  the a c q u i s i t i o n  o f  from 60 t o  160 ha (150 t o  

400 acres)  o f  l and  (Sect.  1.2.1). During the cons t ruc t ion  phase o f  development, much of the 

e x i s t i n g  h a b i t a t  wi 11 be damaged, destroyed, o r  rep1 aced Ly I I I~ I I - I I I~J~ s t r u i t u v e s  end e e n s t ~ u c t i  on 

r e l a t e d  a c t i v i t i e s .  Construct ion a c t i v i t i e s  can induce both d i r e c t  and i n d i r e c t ,  shor t - term and 

long-term impacts on t h e  t e r r e s t r i a l  environment (Table 3.3). 

Fol lowing completion o f  cons t ruc t ion  a c t i v i t i e s ,  vegetat ion can be reestabl ished on s u i t a b l e  

areas; however, the vegetat ion type may n o t  be the same as before cons t ruc t ion .  Permanent 

f a c i l i t i e s  (e.g., the p l a n t  complex, coal  storage areas, hglding. ponds, l a n d f i l l s ,  park ing l o t s ,  

and roads) w i l l  cover land t h a t  w i l l  n o t  be a v a i l a b l e  f o r  use by most p l a n t s  and animals dur ing  

t h e  opera t ing  l i f e  o f  t h e  f a c i l i t y .  When the f a c i l i t y  ceases operat ion, rec lamat ion e f f o r t s  



Table 3.3. Potential environmental impacts resulting f rom construction practices 

Construction Construction 
phase practice 

Preconstruction Site inventory 
Vehicular traffic 
Test pits 

Environmental monitoring 
Temporary controls 

Stormwater 
Erosion and sediment 

Vegetative 
Dust 

Primary 
pollutants 

Dust. noise. sedimenl 

Visual 

Sediment spoil. nutricnts. 
solid vnste 

Fcr~ilizcr.* i n  ChCCrS 

Site work Clearing and demolition 
Clearing 

Dust. sediment. noise, solid 
wastes. wood wastes 

Demolition 
Temporary facilities 

Shops and storage 
sheds 

Access roads and 
parking lots 

Uti l i ty trenches 
and backfills 

Sanitary facili- 
ties 

Fences 
Laydown areas 
Concrete batch 

plant 
Temporary and 

permanent pest 
control (ter- 
mites, weeds, 
insects) 

Farthtuork 
Excavation 
Grading 
Trcnching 
Soil treatment 

Site drainage 
Foundation 
drainage 

Dewatering 
Wcll pu ln~s  
Statau~ cl~attt tr l  

re loat ion 
Landscaping 
Temporary 

seeding 
Permanent 
seeding and 
sodding 

Cases. odors. fumes. 
particulates. dust. deicing 
chemicals. noise. petro- 
leum products. wahlc- 
water. solid wastes. 
aerosols. pesticides 

Sediment. dust 

IJe>licidcs 

D u ~ t .  ~nuiac. IE~~III~III. drbrls. 
wood wastes, solid wastes. 
pesticides. particulates. 

. bituminoul products. soil 
conditioner chemicals 

Sediment 

Nutrients, pesticides 

Potential cnvironmcnt;tl 
imp;tc~> ;lliJ CAICI~I 

Short-term and nominal 
Dust. scdimcnt. and trcc i n j u n  
'I'rcc root injury. s~d imcnt  
Negligible i f  properly done 
Short-term and nominal 
Vegetation. water qualily 
Vegetation. u,atcr quillily 

Negligible i f  properly done 

Short-term 
Decrease in the arca o f  pratccti\.c treu. shruh. :~nd 
ground covers. stripping of topsoil: incre;~rcd roi l  
erosion. sedim~ntnlion. and rla~tm-\v:llvr r111ia11I': 

increased stream watcr temperdlurcs: modilication 
o f  stream banks and channels. water quality 

lncreased dust. noise. solid u,astcs 
Long-term 
lncreased surface areas impcn*inus to watcr inl'iltrillion. 
increased watcr runoff 

Increased surface arcas impcn~ious 10 water infillctlic~n. 
increased watcr runoff. gcncrdlion c,fdust on 

unpsvcd arcus 

Increased visual impitcts. soil erosion. ;tnd 
sedimentation for short pcriods 

lncreased visual impacts. solid wastcs 

Barriers to animal migration 
Visual impacts. increased runoff 
lncreased visual impacts. disposal o f  wastew:tlcr. 

incrc;lrcd duhl and noihr 
Nondegradable o r  slowly degradable pesticidcb arc 
accumulated by plants and animals. then passcd up 
the food chain to man 
Degradable pesticides having short biological 
half-lives are preferred for use 

Long-term 
Stripping. soil stockpiling. and site grading: incrcarcd 
erosion. sedimentation, and runnff, cnil compnction: 
;18s#wzc ill soil IcK"?; <,i p~~tcntrdl l !~ h;r,ardour 
materials: side effects on living plants and animals. 
and the incorporation o f  decomposition products 
into food chains. water quality 

Long term 
C-crease i n  the volume o f  underground water for short and 
:ong time periods. increased stream flow volumes and 
vclocilics downstream d~miler  witlcr ~l~~i~lil!. 

Decreased soil erosion and overland flow o f  storm- 
water, stabilization o f  exposed cut and fill slopes. 
incrcascd watcn i~~f i l l rd t ion and underground storage 
of water, minimize visual impacts 



Table 3.3 (continued) 

Constructiut~ Construction Primary rotcntial cnvironmcntal 
phase practice pollutants impacts and extent 

Permanent Transportation and 
facilities heavy traffic areas Sediment. dust, noise. 

Parking lots particulates. petroleum 
Switchyard products 
Railroad spur line 

Buildings 
Warehouses 

Sanitary waste Solid wastes 
treatment 

Cooling towers 
Related facilities 
Cooling water intake 
and discharge 

Water supply and Waste discharges 
treatment 

Storm-u*;atrr rlr:~in;~gc Sediment. trace elements. 
Wastewater treatment noise, caustic chemical 
Dams nnd imuoundments wastes. sediment spoil, 
Rreakwaters, jetties. etc. flocculants, particulates. 
Furl 11a11dli11g cquip~nent fumes. solid ~.ostes 
Oil storage tanks, controls. 
and piping 

Convevine systems (cranes, 
IIY;J(J, ~hii ldb) 

Waste handling equipment 
(incinerators, wood 
chippers. trash compactors) 

Security fencing 
Access road Sediments, wood wastes 
Fencing 

Project Removal o f  temporary 
~Ioseout offices and shops 

Demolition Noise, dust, solid wastes 
Relocation 

Site restoration 
Finish grading 
Topsoiling Sediment, dust 
1,'crtilizing , 
Sediment controls 

Preliminary startup 
Cleaning Nutrients, petroleum 
Flushing products 

Long-term 

Storm-water runoff 
Visual impacts, sediment, runoff 
Storm-water runoff 
Long-term 
~mpen'ious surfaces. storm-water runoff. solid 
svastes. spillages 

Odors, discharges, bacteria, viruses 

Visual impacts 
Long-term 
Shoreline changes, bottom topography changes, fish 
migration. benthic Fauna changes 

Water quality 

Sediment, water quality 
S r d i ~ t r l ~ t ,  water quality, tracc clcmcnts 
Dredging. shoreline erosion 
Circulation patterns an the waterway 
Spillages. Ilre, and vistlnl impacts 
Visual IIII~~LLI 

Visual impacts 

Noise and visual Impacts 

Long-term 
increased runoff 
Barriers to animal movements 

Short-term 

Noise, solid waste, dust 
Storm-u,ater runoff. trafltc blockages. soil compaction 
Short-term 
Sediment. dust. soil compaction 
Erosion. sediment 
N~ltrient runol'f. water quality 
Vcgctstion 
Short-term 
Watei qllallty, olls, pnosphate and u t l ~ r l  ~~utrlelt ts 

Source: M. S. Salk and S. G .  DeCicco. 1978. Environmental monitoring ltondbook for cool conversion ~ncrlitres UKNL-5319, 'iable 
3.1.1, p. 3.1.1-2. Oak Ridge TcM.: Oak Ridgo Nnt iond Laboratory. 

can r e s t o r e  t h e  affected land  t o  va r ious  vegetat ion types i f  another use i s  n o t  found f o r  the 

e x i s t i n g  facilities, 

Although some organisms may be ab le  to use h a b i t a t s  ~ W d ' L e d  J u t . i l ~ y  c o ~ i s t r u c t i a n  a c t i v i t y ,  

removal o r  damage of vege ta t ion  and r e l a t e d  harassment w i l l  r e s u l t  i n  negat ive impacts t o  many 

animais. Many v e r t e b r a t e s w i  I I be to rced  t6 leave rhe  cons t r u c l l u r ~  a r s e a ,  a ~ ~ d  ~ e i . i . y i 1 7 g  capaei 

t i e s  o f  ad jacent  o r  nearby areas may n o t '  be s u f f l c l e n t  t o  sus~ ta ln  l rul l~ d i ~ p l b c e d  and res iden t  

animals. Some of the more mobi le  animals t h a t  d isperse from the s i t e  dur ing the per iod o f  

g r e a t e s t  cons t ruc t ion  a c t i v i t y  may be able t o  r e t u r n  as cons t ruc t ion  ceases and landscaping 

i s  completed, b u t  i t  i s  reasonable t o  assume t h a t  an unquan t i f i ab le  number of animals t h a t  

o r i g i n a l l y  res ided w i t h i n  the  p l a n t  boundary w i l l  be l o s t .  

Construct ion a c t i v i t i e s  a re  a l s o  l i k e l y  t o  cause sane animal m o r t a l i t y  by road k i l l s  (Galayda 

1970; Hodson 1960). B a r r i e r s  such as fencing, canal d i tches,  t a l l  stacks, l a r g e  bu i ld ings  and 

o ther  man-made obstacles can be expected t o  cause a d d i t i o n a l  m o r t a l i t y  (Avery e t  a l .  1976; 



Cochran and Graber 1958; S t o u t  and Cornwel l  1976). Other  impacts may be induced by  c l e a r i n g  

r i g h t s - o f - w a y  f o r  p i p e l i n e s ,  new roads, and o t h e r  o f f - s i t e  f a c i l i t i e s ;  by mowing; by d u s t  and 

sediment from access roads; by a c c i d e n t a l  l e a k i n g  o r  s p i l l i n g  o f  pe t ro leum o r  o t h e r  t o x i c  

bubhLdllce5; d r ~ d  by the use 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  c o n t r o l  unwanted pes ts  and weeds 

( B u f f i n g t o n  1974; Dustman and S t i c k e l  1966; F r i e n d  and T r a i n e r  1970; George 1960; Tucker and 

Crab t ree  1970; U. S. Environmental  P r o t e c t i o n  Agency 1976).  

I f  c o n s t r u c t i o n  a c t i v i t i e s  c o i n c i d e  w i t h  major  r e p r o d u c t i o n  and/or  m i g r a t i o n  seasons, g r e a t e r  

m o r t a l i t y  t o  some organisms i s  l i k e l y .  P o t e n t i a l  impacts  i d e n t i f i e d  h e r e i n  shou ld  be m ino r  if 

prope r  c o n t r o l  measures a r e  taken. 

The c o n s t r u c t i o n  o f  a demonst ra t ion  f a c i l i t y  can be expected t o  r e s u l t  i n  an i nc rease  i n  human 

p o p u l a t i o n  f o r  t h e  a f f e c t e d  area (Sect .  3 .3) .  G rea te r  p o p u l a t i o n  d e n s i t y  w i l l  magn i fy  p o t e n t i a l  

impacts t o  t e r r e s t r i a l  b i o t a .  Such impacts may i n c l u d e  ( 1 )  g r e a t e r  h u n t i n g  p ressu re  ( N e i l  e t  a l .  

1975); ( 2 )  d e s t r u c t i o n  o f  h a b i t a t  by four -whee l  d r i v e  v e h i c l e s  ( N e i l  e t  a l .  1975); ( 3 )  increased 

demand and development o f  r e c r e a t i o n a l  f a c i l i t i e s ,  shopping cen te rs ,  and o t h e r  businesses; 

( 4 )  problems o f  waste d i s p o s a l ;  and/or ( 5 )  o t h e r  problems. 

Area impacts 

T e r r e s t r i a l  b i o t a  a t  any o f  t h e  t h r e e  proposed areas i n  I l l i n o i s ,  West V i r g i n i a ,  and Wyoming 

(Sects.  2.1, 2.2, and 2.3, r e s p e c t i v e l y )  a r e  n o t  expected t o  be i r r e v e r s i b l y  a f f e c t e d  as a 

r e s u l t  o f  h a b i t a t  d e s t r u c t i o n  d u r i n g  t h e  c o n s t r u c t i o n  phase o f  development. Understandably,  

some l o s s  o f  h a b i t a t  and animal m o r t a l i t y  w i l l  be unavo idab le ,  b u t  i t  i s  assumed t h a t  e x i s t i n g  

popu la t i ons  i n  and around t h e  proposed p l a n t  areas w i l l  be s u f f i c i e n t  t o  m a i n t a i n  v i a b l e  popula- 

t i o n s  of  a l l  a f f e c t e d  b i o t a .  

Ca re fu l  s i t . i ng  o f  t h e  f a c i l i t i e s  a t  each o f  t h e  t h r e e  proposed areas w i l l  l essen  some ol' the  

b i o l o g i c a l  impacts.  I d e a l l y ,  t h e  f a c i l i t i e s  shou ld  be c o n s t r u c t e d  on p r e v i o u s l y  d i s t u r b e d  l a n d  

(e . y . ,  nonrec la lmed surface-mined land),  because t h e  use o f  an a l r e a d y  d i s t u r b e d  area means t h a t  

another  r e l a t i v e l y  und i s tu rbed  area w i l l  n o t  be needed f o r  t h e  p r o j e c t .  H a b i t a t  t o  be l o s t  shou ld  

be t h e  most common w i t h i n  t h e  proposed areas so t h a t  t h e  r a r e r  h a b i t a t  types a r e  p r o t e c t e d  as much 

as p o s s i b l e  (Sects .  2.1.1, 2.2.1, and 2.3.1).  Us ing these c r i t e r i a ,  t h e  b e s t  p l a n t  s i t e s  i n  S t .  

C l a i r  County ( I 1  l i n o i s )  u1.e d y r i c u l  Lu ra l  f i e l d s  o r  surface-mined lands; i n  Mason County (West 

V i r g i n i a ) ,  o l d  f i e l d s  o r  a g r i c u l t u r a l  f i e l d s ;  and, i n  Campbell County (Wyoming), s h o r t -  and mid- 

grass  p r a i r i e  o r  sur face-mined lands.  E f f o r t s  shou ld  be made t o  p r o t e c t  r i p a r i a n  f o r e s t s  i n  a l l  

t h r e e  c o u n t i e s  because t h i s  h a b i t a t  t ype  i s  r e l a t i v e l y  r a r e  and i m p o r t a n t  t o  many o f  t h e  l o c a l  

an imals  (Sects .  2.1.9.1, 2.2.9.1, and 2.3.9.1).  

Several  endangered spec ies  have ranges t h a t  i n c l u d e  S t .  C l a i  r ( I 1  1 i n o i s )  , Mason (West V i r g i n i a ) ,  

and Campbell (Wyoming) coun t i es .  However, surveys have revea led  no th rea tened  o r  endangered 

spec ies  w i t h i n  any O F  .Lhe Luwr~sh.Ips i n  ques t l on ,  and su i t ab ' l e  h a b i t a t  f o r  most o f  them i s  e i t h e r  

n o t  a v a i l a b l e  o r  i s  v e r y  l i m i t e d  (Sects .  2.1.9.3, 2.2.9.3, and 2 .3 .9 .3) .  Damage o r  d e s t r u c t i o n  

o f  any h a b i t a t  cons idered t o  be c r i t i c a l  t o  t h e  s u r v i v a l  o f  a spec jes  shou ld  be avoided. Such 

h a b i t a t s  and assoc ia ted  spec ies  i n c l u d e :  



1. p r a i r i e - d o g  towns (Wyoming) - black- footed f e r r e t  (Muste l la  n i g r i p e s ) ;  

2. r i p a r i a n  woodlands along the B e l l e  Fourche (Wyoming), M iss iss ipp i ,  and Kaskaskia 

( I 1  1 i n o i s )  r i v e r s  - southern b a l d  eagle ( ~ a l i a l l t u s  ZeucocephaZus) ; 

3. l imestone covers o r  o ther  p o t e n t i a l  h ibernat ing,  roost ing,  o r  w in te r ing  areas 

( I l l i n o i s  and West V i r g i n i a )  - Indiana b a t  (Myotis soda l i s ) ;  

4. deep caves o r  o t h e r  p o t e n t i a l  h ibernat ing,  roost ing,  o r  w in te r ing  areas ( I l l i n o i s )  - 

gray b a t  (Myotis gr isescens); and 

5. sheer c l i f f s  along the  M i s s i s s i p p i  River  ( I 1  l i n o i s )  - peregrine fa l con  ( ~ a l c o  peregr inus) .  

. ' . I f  c r i t i c a l  h a b i t a t s  a r e  avoided, the  cons t ruc t ion  o f  a  demonstration f a c i l i t y  i s  no t  expected . . 
t o  c o n t r i b u t e  t o  the dec l ine  o f  any threatened o r  endangered species i n  the th ree  proposed areas. 

I n  the  Campbell County, Wyoming, area, the sage grouse ( ~ e n t r o c e r c u s  urophasianus) and the prong- 

horn ( ~ n t i l o c a p r a  umericana) deserve specia l  considerat ion because o t  t h e i r  populat ion Status 

and h a b i t a t  requirements. -Although n o t  l i s t e d  as threatened o r  endangered, both are impor tant  

game species w i t h i n  t h e  area. Local l y ,  the sage grouse populat ion i s  slrlall arid I s  depe~ lder~ .~  01.1 

es tab l i shed  s t r u t t i n g  grounds f o r  cour tsh ip  and copu la t ion  behavior and on r i p a r i a n  h a b i t a t  f o r  

brooding areas (Faut in  1976): Thus e f f o r t s  should be made t o  i d e n t i f y  and p r o t e c t  both estab- 

l i s h e d  s t r u t t i n g  grounds and r i p a r i a n  habi ta t . .  Northwestern Wyolr~.irig conta ins about one-half  

o f  the  n a t i o n ' s  pronghorn populat ion,  and Campbell County i s  an important management area. 

Because f l o o d p l a i n  and rav ine  h a b i t a t s  are recognized as being impor tant  areas f o r  food and 

cover (Fau t in  1976), they should be protected whenever poss ib le .  Pronghorns a1 so requ i re  un- 
' 

obs t ruc ted  open t e r r a i n  as a basic component o f  t h e i r  l i f e  s t y l e .  Fencing o f  antelope movement 

areas can be d isast rous t o  pronghorns, and advanced p lanning t o  document moverilent routes i s  

recommended. I f  fenc ing  i s  necessary, the l e a s t  r e s t r i c t i v e  type i s  a  three- o r  fou r -w i re  fence 

w i t h  a.smooth bottom w i r e  a t  l e a s t  40 cm (16 i n . )  from the ground (Wyoming Game and Fish Depart- 

ment 1976). 

3.1.2.2 Impacts caused by noise - c o n s t r u c t i o n  phase 

Noise dur ing  cons t ruc t ion  a t  the th ree  proposed areas (Sects. 2.1.1, 2.2.1, and 2.3.1 ) can 

o r i g i n a t e  from operat ion of heavy equipment, use o f  loudspeaker systems, blowing o f  w h i s t l e s  

and horns, r i v e t i n g ,  use o f  jackhammers, b las t ing ,  e tc .  (Sect. 2 J . 7 ) .  A l l  no ise l e v e l s  r e s u l t -  

i n g  from cons t ruc t ion  a c t i v i t i e s  w i l l  be regulated by the Noise Control  Act. o f  1972, the Occupa- 

t i o n a l  Safety  and Heal th  Ac t  of 1370, and o ther  app l i cab le  Federal, s ta te ,  and l o c a l  regu la t ions  

(Sect. 2.1.7). 

Po ten t i  h l  b i o l o g i c a l  impacts inc lude  harassment and increased l e v e l s  o f  s t r e \ \  i 1 1  w.i 1 dl i rr. 

Some species o f  w i l d l i f e  may respond t o  noise by d ispers ing  t o  o ther  areas. Competition f o r  

a v a i l a b l e  resources w i t h i n  areas r e c e i v i n g  dispersed animals could r e s u l t  i n  decrea'sed s u r v i v a l .  

H i g h - i n t e n s i t y  noises from b las t ing ,  horns, wh is t les ,  o r  o ther  sources o f  annoyance can i n t e r f e r e  

w i t h  s leeping pa t te rns  o f  l o c a l  res idents.  Such p o t e n t i a l  impacts dur ing  cons t ruc t ion  should be 

minor, e s p e c i a l l y  i f  noise l e v e l s  a re  minimi zed by appropr ia te c o n t r o l  measures (Sect. 3.1.5). 

Add i t i ona l  i n fo rmat ion  on p o t e n t i a l  no ise impacts i s  presented i n  Sect. 3.2.2.2. 



3.1.2.3 P o t e n t i a l  b i o l o g i c a l  impacts caused by a tmospher ic  e f f l u e n t s  - c o n s t r u c t i o n  phase 

Dur ing  t h e  c o n s t r u c t i o n  o f  a  demonst ra t ion  p i p e l i n e  gas f a c i l i t y ,  sources o f  a i r  p o l l u t i o n  a t  

t h e  t h r e e  proposed areas may i n c l u d e :  

1 .  f u g i t i v e  d u s t  c rea ted  by excavat ion ,  w ind e r o s i o n  o f  exposed land,  and movement o f  

v e h i c l e s  over  d i r t  roads; 

2 .  d u s t  and p a r t i c u l a t e  m a t t e r  f r om conc re te  p l a n t s ;  

3. i nc reased  v e h i c u l a r  t r a f f i c ;  

4. bu rn ing  o f  waste m a t e r i a l s  such as f e l l e d  t r e e s ,  brush, and garbage; and 

5. a p p l i c a 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  f o r  c o n t r o l  o f  pes t s  and weeds. 

P o t e n t i a l  b i o l o g i c a l  impacts f rom a i r  emiss ions can be min imized by s t r i c t  compl iance w i t h  a l l  

Federa l ,  s t a t e ,  and l o c a l  r e g u l a t i o n s  (Sects .  2.1.6, 2.2.6, and 2.3.6).  A1 though some s e n s i t i v e  

i n d i v i d u a l s  may be adve rse l y  a f f e c t e d  by f u g i t i v e  dus t ,  p a r t i c u l a t e s ,  o r  o t h e r  emissions, b i o -  

l o g i c a l  impacts shou ld .be  s h o r t - t e r m  and l o c a l i z e d .  No s i g n i f i c a n t  long- term impacts a t  t h e  

spec ies  o r  community l e v e l  a r e  expected. .Caut ion  i s  advised, however, i n  t h e  use o f  p e r s i s t e n t  

p e s t i c i d e s  o r  h e r b i c i d e s  because these may be passed through food  cha ins  and accumulate t o  poten- 

t i a l l y  harmfu l  l e v e l s  i n  some h i g h - l e v e l  consumers ( B u f f i n g t o n  1974; Dustman ,and S t i c k e l  1966).  

Whenever p o s s i b l e ,  t h e  use o f  n o n p e r s i s t e n t  p e s t i c i d e s  o r  h e r b i c i d e s  i s  recommended (Sect .  3.1.5). 

3.1.2.4 C o n s t r u c t i o n  impacts on t h e  a q u a t i c  environment 

P o t e n t i a l  e c o l o g i c a l  impacts on a q u a t i c  environments f r om c o n s t r u c t i o n  a c t i v i t i e s  f o r  a  p i p e l i n e  

gas demonst ra t ion  p l a n t  a r e  summarized i n  Tab le  3.4. The m a j o r i t y  o f  p o t e n t i a l l y  adverse e f f e c t s  

a r e  assoc ia ted  w i t h  t h e  c l e a r i n g  o f  land, wh ich  a l t e r s  p a t t e r n s  o f  r u n o f f  and can cause e ros ion  

and s i l t a t i o n  i n  streams and r i v e r s  downstream f rom t h e  f a c i l i t y  s i t e .  A d d i t i o n a l  impacts  a r e  

assoc ia ted  w i t h  excavat ion ,  t r ench ing ,  o p e r a t i o n  o f  heavy equipment, use and d i scha rge  o f  water ,  

and landscap ing a c t i v i t i e s .  

P o t e n t i a l  impacts o f  e r o s i o n  and sed imen ta t i on  

C o n s t r u c t i o n  a c t i v i t i e s  t h a t  i n t r o d u c e  l a r g e  sediment loads can adve rse l y  a f f e c t  a q u a t i c  commu- 

n i t i e s .  I n  a d d i t i o n  t o  be ing  a e s t h e t i c a l l y  d i s p l e a s i n g ,  t u r b i d i t y  reduces l i g h  p e n e t r a t i o n ,  

thereby reduc ing  p r imary  p r o d u c t i v i t y .  Because t u r b i d  waters  absorb s u n l i g h t  nea re r  t h e  su r face ,  

t hey  warm more r a p i d l y  a t  t h e  s u r f a c e  than  do c l e a r e r  waters .  I n  a d d i t i o n  t o  sediments, con- 

s t r u c t i o n  r u n o f f  can i n t r o d u c e  n u t r i e n t s ,  o r g a n i c  m a t t e r ,  and sometimes t o x i c  substances such 

as p e s t i c i d e s  i n t o  r e c e i v i n g  waters .  These m a t e r i a l s  (and reduced p r imary  p r o d u c t i v i t y )  o f t e n  

ca'use d e p l e t i o n  o f  oxygen downstream f rom c o n s t r u c t i o n  s i t e s .  D e p o s i t i o n  o f  suspended s o l i d s  

can e l i m i n a t e  c e r t a i n  b e n t h i c  communities by b u r y i n g  p l a n t s  and animals,  a l t e r i n ' q  t h e  subs t ra te ,  

and c l o g g i n g  g i  11s and food -co l  l e c t i  ng s t r u c t u r e s  o f  a q u a t i c  i n s e c t s  (Gammon 1970; Cordone and 

K e l l e y  1961 ; C h u t t e r  1969).  

. 
The e f f e c t s  o f  suspended sediments on f i s h  a r e  summarized by Jones (1964) and t h e  European 

I n l a n d  F i s h e r i e s  Adv i so ry  Commission (EIFAC 1965). Such e f f e c t s  i n c l u d e  ( 1  ) .damage and t h i c k e n -  

i n g  o f  g i ' l ' l  e p i  t h e ' l i a ,  caus ing  impa i red  r e s p i r a t o r y  and sa'l t - r e g u l a t o r y  f u n c t i o n ;  ( 2 )  r e d u c t i o n  



Table 3.4. Summary of potential impacts of construction on the aquatic environment 

Psrt~.~rhation Physical and chemical impacts tliological and ccological impacts 

Land clearing and vegeta- More rapid runoff 
tion removal Higher peakflows in  streams 

Scouring and channel erosion 
Reduced filtration of precipitation, 

producing higher concentrations of 
air pollutants and lower pH of run- 
off  

Increased runoff 
Decreased infiltration to  ground- 

water 
Lower baseflow, producing reduced 

dilution capacity, higher tempera- 
tures, and lower dissolved oxygen 

Erosion 
Si l la~ iur~ a~ ld  sediment deposition 

downstream, causing O9 dcplctinn 
Turbidity and reduced Tight pene- 

tration 
Nutrient mobilization 

Excavation and trenching Groundwater disruption 

Heavy equipment operation Discharge of oil and grease 
Erosion impacts (scc above) 

Water use and discharge Discharge of alkaline limewater from 
concrete batch plant 

Discharge of sanitary wastes 

Landscaping Release of nutrients, herbicides, and1 
pesticides 

Washout of benthic organisms 

Toxic effects of rainwate~ 
contaminants 

Sublethal or lethal effects on 
aquatic biota;shifts in com- 
munitv structure 

Smorherlng of fish eggs and benthic 
nrgnnisms; cnvering nf mncrnphyt~ 
beds, habitat destruction 

Reduced primary productivity 
S t i ~ ~ ~ u l a l i u ~ ~  of plar11 growth 

Impacts vary with type of distur- 
bance 

Toxicity and aesthetic effects 

Population changes or death of 
organisms 

Nutrient enrichment 

Enrichment of streams; eutro- 
phication of lakes; toxicity 
effects 

i n  res is tance  t o  o ther  stresses such as disease, t o x i c  chemicals, reduced d issolved oxygen, and 

increased temperature; (3)  reduced food avai l a b i  1  i t y  and impaired feeding behavior;  (4 )  depressed 

growth rates;  and ( 5 )  p o t e n t i a l  reduc t ion  i n  reproduct ive capabi 1  i t.y caused by blocked migrat ion.  

s i l t a t i o n  o t  spawning beds, suppression o f  breeding behavior,  and by increased egg m o r t a l i t i e s  as 

a  resu l t '  o f  b u r i a l  and reduced d isso lved  oxygen avai lab; 1 i t y .  

I n  1972 the  Nat ional  Academy o f  Sciences (NAS 1973) establ ished water q u a l i t y  c r i t e r i a  f o r  sus- 

pended s o l i d s .  The NAS c i t e d  work b.y EIFAC (1965) and Buck (1956) i n d i c a t i n s  t h a t  waters w i t h  
t u r b i d i t i e s  above 80 t o  100 m g / l i t e r  were u n l i k e l y  t o  support good freshwater f i s h e r i e s :  

Aquatic communities should be protected i f  the  f o l  lowing slaxi~iium coricer~Lr~aLior~s 
o f  suspended s o l i d s  e x i s t :  

High leve l  o f  p r o t e c t i o n  26 mg/l i t c r  
Moderate p r o t e c t i o n  . 80 mg/ l i  t e r  
Low l e v e l  o f  p r o t e c t i o n  400 mg/l i t e r  
Very low l e v e l  o f  p r o t e c t i o n  >400 mg/l i t e r  

Est imates o f  the average annual increase i n  sediment loadings f o r  the th ree  s i t e s  a re  g iven i n  

t h e  Appendix f o r  the case i n  which no eros ion c o n t r o l s  a re  app l ied  and the case i n  which eros ion-  

c o n t r o l  embankments a r e  constructed. ' These est imates i n d i c a t e  t h a t  the sediment loadings caused 

by c o n s t r u c t i o n  would be most s i g n i f i c a n t  f o r  the Wyoming s i t e  where, i f  the  f a c i l i t y  were located 

near Donkey Creek, sediment loadings would increase by 297 m g / l i t e r  i n  the uncon t ro l led  case. 

Th is  i s  an annual average and does n o t  r e f l e c t  peak loadings r e s u l t i n g  f rom p r e c i p i t a t i o n  events. 



Eros ion  c o n t r o l s  were p r o j e c t e d  t o  reduce t h e  average i nc rease  i n  sediment l oad ings  t o  about  

45 m g l l i t e r .  Eros ion cou ld  be m in im ized  t o  an even g r e a t e r  ex ten t ,  however, by a v o i d i n g  o r  

l i m i t i n g  l a n d  c l e a r i n g  near Donkey Creek. 

Fo r  t h e  West V i r g i n i a  and I l l i n o i s  s i t e s ,  t h e  p r o j e c t i o n s  i n  t h e  Appendix i n d i c a t e  t h a t ,  because 

of t h e  s u b s t a n t i a l  f l o w s  and d i l u t i o n  c a p a c i t y ,  e r o s i o n  f rom c o n s t r u c t i o n  would i n c r e a s e  t u r b i d i t y  

l e s s  than 1  m g / l i t e r .  A l though e f f e c t s  on a q u a t i c  b i o t a  would be l o c a l l y  r e s t r i c t e d ,  e r o s i o n  

would c o n t r i b u t e  s u b s t a n t i a l  tonnages o f  sediments t o  t h e  Ohio and Kaskaskia r i v e r s ,  wh ich  con- 

t r i b u t e s  t o  t h e  f i l l i n g  o f  channels and bas ins .  

I n  summary, t h e  p ro jec ted  sediment l o a d i n g s  a t  a l l  t h r e e  s i t e s  wa r ran t  measures t o  c o n t r o l  

e ros ion .  W i th  adequate e r o s i o n  c o n t r o l  measures, impacts on a q u a t i c  systems o f  i nc reased  s e d i -  

men ta t i on  r e s u l t i n g  f rnm c o n s t r u c t i o n  a c t i v i t i e s  shou ld  be l o c a l i z e d  and l i m i t e d  t o  t h e  cons t ruc -  

t i o n  pe r i od .  

P o t e n t i a l  impacts o f  s a n i t a r y  wastes and o t h e r  c o n s t r u c t i o n  a c t i v i t i e s  

Du r i ng  c o n s t r u c t i o n  s a n i t a r y  wastes w i l l  most l i k e l y  be handled by chemical  t o i l e t s .  E v e n t u a l l y  

t h e  p i p e l i n e  gas demonst ra t ion  p l a n t ' s  wastewater t r ea tmen t  system w i l l  hand le  s a n i t a r y  wastes 

w i t h  process wastes, b u t  t h i s  waste- t reatment  system i s  u n l i k e l y  t o  become o p e r a t i o n a l  d u r i n g  

t h e  c o n s t r u c t i o n  pe r i od .  Waste l oad ings  a r e  c a l c u l a t e d  as f o l l o w s :  a  person exc re tes  rough l y  

75 g/day d r y  we ight  o f  o rgan i c  ma t te r ,  8  g/day o f  n i t r o g e n ,  and 1 .3  g lday  o f  phosphorous ( F a i r  

e t  a l .  1968).  Assuming t h a t  t h e  c o n s t r u c t i o n  work f o r c e ,  a t  a  peak o f  1500 t o  2000 persons, 

leaves 50% o f  i t s  d a i l y  waste l o a d  a t  t h e  c o n s t r u c t i o n  s i t e ,  waste l oad ings  c o n t r i b u t e d  to, 

chemical  t o i l e t s  o r  t h e  wastewater system would be rough l y :  56.2 t o  75.3 kg/day (124 t o  166 l b /  

day)  o f  o rgan i c  m a t t e r  ( u l t i m a t e  BOD), 5.9 t o  8  kg/day (13 t o  18 l b l d a y )  o f  n i t r o g e n ,  and 1.0 t o  

1 .3  kg lday  (2 .2  t o  2.9 l b l d a y )  o f  phosphorous. 

The impact  o f  these waste l oad ings  w i l l  depend on t h e  means o f  d i s p o s a l .  Because t h e  u l t i m a t e  

d i sposa l  o f  waste f rom chemical  t o i l e t s  i s  unknown, t h i s  impact  cannot be p r e d i c t e d .  

The impacts o f  c o n s t r u c t i o n  a c t i v i t i e s  w i l l  depend l a r g e l y  on t h e  p r a c t i c e s  employed. Waste 

o i l  and l u b r i c a n t s  shou ld  be handled p r o p e r l y  and n o t  d isposed of on t h e  c o n s t r u c t i o n  s i t e .  

Wastewater d e r i v e d  f rom conc re te  p r o d u c t i o n  and/or washing o p e r a t i n n s  shou ld  be d ischarged t o  

stormwater h o l d i n g  bas ins  and n e u t r a l i z e d  i f  necessary.  Use o f  p e s t i c i d e s  and h e r b i c i d e s  i n  

landscap ing shou ld  be avo ided o r  k e p t  t o  a  minimum. F o r t u n a t e l y ,  measures t o  c o n t r o l  e r o s i o n  

w i l l  a l s o  l i m i t  t h e  d i s p e r s a l  o f  grease, o i l ,  and b i o c i d e s  t h a t  a r e  unavo idah ly  re leased  d u r i n g  

c o n s t r u c t i o n .  

Excavat ion  and t r e n c h i n g  may cause l o c a l i z e d  d i s r u p t i o n  o f  groundwater.  Such impacts  a r e  r e l a -  

t i v e l y  m ino r  and shou ld  be min imized by  p rope r  s i t e  p lann ing  and p r e c o n s t r u c t i o n  m o n i t o r i n g .  



3.1.3 Socioeconomic e f f e c t s  

3.1.3.1 Employment and popu la t ion  changes 

D i r e c t  employment 

About 1500 t o  3000 man-years over  a 3-year per iod  w i l l  be requ i red  t o  cons t ruc t  a  demonstration 

p l a n t  (see Sect. 1.2.1.1 f o r  a  d e s c r i p t i o n  o f  the type o f  p lan t ,  i n  terms o f  d a i l y  output,  water 

requirements, etc.,  t h a t  would need t h i s  amount nf cons t ruc t ion  manpower). Assuming t h a t  the 

work f o r c e  over the 3-year p e r i o d  i s  d i s t r i b u t e d  i n  the propor t ions o f  0.2, 0.4, and 0.4 by year, 

t h e  annual employment a t  the  p l a n t  w i l l  be as shown i n  column 2 o f  Table 3.5. Peak employment 

w i l l  be reached i n  the  secbnd year; the  l e v e l  o f  employment w i l l  t he re fo re  n o t  increase i n  year 3 

(column 3 o f  Table 3.5).  . 

Table 3.9. New jobs created tor St. Claii County, Illjnoi$ (q9nmuction ~ h a s s )  

taeility Charge in 
Year Mul liplier 

Change in Total 
employment basic employment total employment new jobs - 

Secondary employment 

Employment m u l t i p l i e r s  est imated by Stenehjem and Metzger (1976) f o r  S t .  C l a i r ,  Mason, and 

Campbell count ies are, respec t i ve ly ,  2.5, 1.1, a r ~ d  1.7 (Sect. 2 ) .  Employment m u l t i p l i e r  e f f e c t s  

a re  u s u a l l y  f u l l y  r e a l i z e d  o n l y  i n  the  operat ions phase. Construct ion employment i s  too  shor t  

l i v e d  t o  c r e a t e  as much secondary employment as operat ions employment. But i t  seems l i k e l y  t h a t  

some secondary employment increases w i l l  occur i n  the  cons t ruc t ion  phase. Accordingly, i t  i s  

assumed t h a t  t h e  amount o f  secondary employment created f o r  each 'new cons t ruc t ion  j o b  a t  the  

p ' lant  w i l l  be h a l f  the  amount created f o r  each new operat ions job. I n  o ther  words, the  m u l t i -  

p l i e r s  f o r  t h e  cons t ruc t ion  phase are assumed t o  be 1.75, 1.05, and 1.35 f o r  St.  C l a i r ,  Mason, 

and Campbell counties respec t i ve ly .  The r e s u l t s  o f  applying these mu1 ti p l i e r s  t o  bas ic  con- 

s t r u c t i o n  employment est imates f o r  a p l a n t  are shown i n  Tables 3.5, 3.6, and 3.7. 

Table 3.6. New jobs created for Mason County, Wcst:Virginia (construction phase) 
-. . - . . . . . 

Facility Change in Change In 
Multiplier 

Total 
Year employment basic employment total employment new jobs 

Table 3.7. New jobs created for Campbell County, Wyoming (constructinn phase) 
- - 

Facility Change in Charge in 
Year Multiplier 

Total 
employment basic employment total employment new jobs 



T o t a l  p o p u l a t i o n  change 

Est imates  o f  t h e  t o t a l  new p o p u l a t i o n  t h a t  w i l l  r e s u l t  f rom p l a n t  c o n s t r u c t i o n  were ob ta ined  

as f o l l ows :  ( 1 )  t h e  t o t a l  number o f  new jobs  ( b o t h  b a s i c  and secondary) caused by p l a n t  con- 

s t r u c t i o n  was compared t o  t h e  es t ima ted  number o f  l o c a l  ( i . e . ,  i n  t h e  coun ty )  employables, 

( 2 )  t h e  d i f f e r e n c e  between t h e  number o f  new j o b s  and t h e  number o f  l o c a l  employables gave an 

e s t i m a t e  o f  t h e  number o f  non loca l  ( i . e . ,  o u t  o f  t h e  coun ty )  workers  who w i l l  be employed a t  

t h e  p l a n t ,  and ( 3 )  t h e  number o f  non loca l  workers was m u l t i p l i e d  by a  f a c t o r  (1 .9 )  suggested 

by Stenehjem and Metzger (1976) t h a t  es t ima tes  t h e  number o f  f a m i l y  members who w i l l  accompany 

t h e  workers i f  they  move i n t o  t h e  area. 

Est imates  o f  t h e  t o t a l  number o f  new j o b s  were presented i n  Tab les  3.5, 3.6, and 3.7 above. 

Est imates  o f  t h e  number o f  l o c a l  employables, wh ich  a r e  g i v e n  i n  Tab les  3.8, 3.9, and 3.10, . ' 

were c a l c u l a t e d  by ( 1 )  t a k i n g  one - fou r th  o f  Stenejhem's and Me tzge r ' s  (1976) es t ima tes  of 

l o c a l  employables i n  each county  ( t hese  es t ima tes  a r e  g i ven  i n  Sects.  2.1.9, 2.2.9, and 2.3.9) 

and ( 2 )  s u b t r a c t i n g  t h e  number o f  new jobs  c r e a t e d  a n n u a l l y  by t h e  p l a n t  o u t  of  t h e  .pool of  one- 

- f o u r t h  o f  t h e  l o c a l  employables. On ly  one - fou r th  o f  Stenejhem's and Me tzge r ' s  (1976) es t ima te  

' o f  l o c a i  employables was used because n o t  a l l  o f  t h e  l o c a l  employables w i l l  be a b l e  o r  w i sh  t o  

f i l l  t h e  j o b s  c r e a t e d  by t h e  p l a n t .  One- four th  o f  t h e  t o t a l  l o c a l  employables i s  p robab l y  a  

l ow  es t ima te  o f  t h e  number who c o u l d  o r  would t ake  p l a n t  o r  p lan t -gene ra ted  employment. Using 

t h i s  assumption m igh t  t h e r e f o r e  tend t o  ove res t ima te  t h e  number o f  workers coming f rom o u t s i d e  

t h e  county .  

The amount o f  p o p u l a t i o n  i nc rease  assoc ia ted  w i t h  t h e  non loca l  work f o r c e  may a l s o  be o v e r e s t i -  

mated i f  some o f  t h e  non loca l  workers  w i l l  commute f rom ad jacen t  coun t i es .  I n  S t .  C l a i r  County, 

f o r  example, a l l  o f  t h e  non loca l  work f o r c e  c o u l d  be expected t o  commute.. Even though t h e  

method used would ove res t ima te  t h e  p o p u l a t i o n  i nc rease  f o r  S t .  C l a i r  County, no p o p u l a t i o n  

i nc rease  i s  p r e d i c t e d .  Thus i t  i s  r e l a t i v e l y  c e r t a i n  t h a t  S t .  C l a i r  County w i l l  exper ience 

no p o p u l a t i o n  change as a  r e s u l t  o f  p l a n t  c o n s t r u c t i o n .  

The amount o f  p o p u l a t i o n  change p r e d i c t e d  f o r  Mason County, l i k e  t h a t  f o r  S t .  C l a i r  County, may 

tend  t o  be an ove res t ima te  because o f  Stenejhem's and Me tzge r ' s  (1976) d e f i n i t i o n  o f  l o c a l  workers 

as o n l y  i n - t he -coun ty  workers.  Because i t  i s  l i k e l y  t h a t  some o f  t h e  non loca l  ( i  .e., o u t  o f  Mason 

County) work f o r c e  w i l l  be s u p p l i e d  by commuting workers,  t h e  upper end o f  t h e  range o f  es t imated 

p o p u l a t i o n  i nc rease  i s  u n l i k e l y  t o  be reached. Popu la t i on  i nc reases  o f  t h e  magnitudes a t  t h e  

lower  end o f  t h e  es t ima ted  range a r e  much more l i k e l y .  

Because o f  t h e  l a r g e  s i z e  o f  Campbell County and t h e  i s o l a t e d  l o c a t i o n  o f  G i l l e t t e ,  v e r y  few 

workers  w i l l  commute f rom o u t s i d e  Campbell County. I n  c o n t r a s t  t o  S t .  C l a i r  County and Mason 

County, a lmost  a l l  o f  t h e  non loca l  work f o r c e  w i l l  move i n t o  Campbell County.' Thus t h e  upper 

end o f  t h e  range o f  es t ima ted  p o p u l a t i o n  i nc rease  wi  11 p robab l y  be reached i n  Campbell County. . 
. 

Another reason t o  expect  l a r g e r  p lan t -gene ra ted  p o p u l a t i o n  i nc reases  i n  Campbell County i s  t h a t  

t h e r e  a r e  a  number o f  c u r r e n t  and p lanned energy development p r o j e c t s  i n  t h e  county.  The supp ly  

o f  l o c a l  l a b o r  w i  11 go n o t  o n l y  t o  these'  p r o j e c t s  b u t  a l s o  t o  a  demonst ra t ion  plant, '  making i t  

necessary t o  r e c r u i t  a  h i g h e r  p r o p o r t i o n  o f  non loca l  l a b o r .  



Table 3.8. Population change for St. Clair County, Illinois (construction phase) 

New Jobs New population 

Year 
Total local Nonlocal 

Annual Annual employables' workers Annual 
change total change total 

'Calculated by adding one-fourth new local employables to the number given by E. J. 
Stenehjem and J. t. Mctzgcr (1976. A framework for projectit)g e ~ ~ r p l u y ~ t ~ e t ~ l  a ~ ~ d  population 
changes accompanying nnerw flevelopment. Prepared for the Enerqy Research and Dcvclnomcnt 
Administration.) and subtracting annual changes in new jobs available. Washington. D.C. 

Table 3.9. Population change for Mason County, West Virginia (construction phase) 

New jobs New population 
Total local Nnnlocal 

Year Annual Annual employablesa workers Annual 
change total change total 

'Calculated by adding one-fn~~rth new local employables to the number given by E. J. 
Stenehjem and J. E. Metzger (1976. A framework for projecting employment and population 
changes accompanying energy development. Prepared for the Energy Research and Development 
Administration.) and subtracting annual changes in new jobs available.,Washington, D.C. 

Table 3.10. Population channe for Campbell County, Wyoming (construction phase) 

New jobs New population 
Total local Nonlocal 

Year Annual Annual em[llnvahl~? wnrk~rc Annual Annual 
change total change total 

aCalaulocd b ~ .  adding o~ie.louilli liew lucal e~r~ployabies LU tile liulnuer given Dy E. J. 

Stenehiem and J. E. Metzger (1976. A framework for projecting empl~vment and ~oaulation 
changes accoinpanying energy development. ~ r e ~ a r e d  for the Energy Research and Development 
Administration.) and subtracting annual changes in new jobs available.'Washington, D.C. 



3.1.3.2 Impacts on su r roga te  s i t e s  

The assessment o f  socioeconomic impacts proceeds on t h e  b a s i s  o f  a  comparison between l i k e l y  

increases i n  t h e  demands f o r  l o c a l  goods and s e r v i c e s  ( b o t h  p u b l i c  and p r i v a t e )  b rough t  about 

by t h e  p o p u l a t i o n  i n f l o w  t h a t  i s  d i r e c t l y  o r  i n d i r e c t l y  a t t r i b u t a b l e  t o  t h e  g a s i f i c a t i o n  demon- 

s t r a t i o n  f a c i l i t y  and t h e  pe rce i ved  a b i l i t y  o f  t h e  l o c a l  economic and community s t r u c t u r e  t o  

respond t o  these i nc reased  demands. Sec t i on  3.1.3.1 p rov ides  t h e  b a s i c  i n f o r m a t i o n  needed t o  

assess t h e  l i k e l y  i nc rease  i n  demands, and t h e  community d e s c r i p t i o n s  o f  Sect .  2 p r o v i d e  t h e  

r e q u i r e d  i n f o r m a t i o n  f o r  supp l y - s i de  judgments. These two sources o f  i n f o r m a t i o n  a r e  combined 

here  t o  a r r i v e  a t  conc lus ions  concern ing t h e  probab le  impacts o f  s i t i n g  t h e  conve rs ion  demon- 

s t r a t i o n  f a c i l i t y  i n  t h e  t h r e e  c o u n t i e s  s e l e c t e d  as su r roga te  s i t e s .  For  convenience, t h e  areas 

o f  p o t e n t i a l  impact  f o r  each county  a r e  c l a s s i f i e d  as those t h a t  a r e  expected t o  exper ience a  

s i g n i f i c a n t  e f f e c t  and those t h a t  a r e  n o t .  Again, we emphasize t h a t  t h e  procedures t h a t  l ead  

t o  these conc lus ions  i n v o l v e  many assumptions and a b s t r a c t i o n s .  Consequently, t h e  r e s u l t s  of  

such a n a l y s i s  shou ld  always be i n t e r p r e t e d  w i t h  c a u t i o n .  

S t .  C l a i r  County 

The r e s u l t s  r e p o r t e d  i n  Sect.  3.1.3.1 i n d i c a t e  t h a t  S t .  C l a i r  County w i l l  exper ience no i n f l o w  

o f  p o p u l a t i o n  as a  r e s u l t  o f  l o c a t i n g  a  coa l  g a s i f i c a t i o n  demonst ra t ion  f a c i l i t y  t h e r e .  Conse- 

quen t l y ,  s i g n i f i c a n t l y  increased demands f o r  housing, h e a l t h  care ,  school  f a c i l i t i e s ,  and o t h e r  

n e c e s s i t i e s  w i l l  n o t  be generated. I ns tead ,  t h e  p r imary  socioeconomic impacts o f  f a c i l i t y  con- 

s t r u c t i o n  w i l l  be t h e  f a v o r a b l e  e f f e c t s  o f  decreas ing unemployment and o v e r a l l  s t i m u l a t i o n  o f  

l o c a l  i n d u s t r i e s  t h a t  a r e  d i r e c t l y  o r  i n d i r e c t l y  l i n k e d  t o  t h e  i n p u t  needs o f  t h e  proposed 

f a c i l i t y .  T h i s  l a c k  o f  adverse socioeconomic impact stems, o f  course, f rom t h e  r e l a t i v e l y  

developed s t a t e  o f  t h e  i n d u s t r i a l  and p u b l i c  s e r v i c e  c a p a c i t i e s  o f  t h e  area. 

Mason County 

The a d d i t i o n  o f  between 315 and 630 new jobs  i n  t h e  f i r s t  y e a r  o f  c o n s t r u c t i o n  f o l l o w e d  by t h e  

630 t o  1260 j obs  c r e a t e d  by t h e  f a c i l i t y  i n  t h e  f o l l o w i n g  2  yea rs  shou ld  s t i m u l a t e  t h e  depressed 

economy o f  t h e  Mason County s i t e ,  which shou ld  reduce t h e  h i g h  unemployment r a t e  c h a r a c t e r i s t i c  

o f  t h e  area and s low o r  p o s s i b l y  reve rse  t h e  n e t  m i g r a t i o n  o u t  o f  t h e  reg ion .  The a d d i t i o n a l  

income and employment o p p o r t u n i t i e s  r e p r e s e n t  a  f a v o r a b l e  socioeconomic impact  a t t r i b u t a b l e  t o  

t h e  s i t i n g  o f  t h e  demonst ra t ion  f a c i l i t y  i n  t h i s  area. 

Aga ins t  t h i s  b e n e f i c i a l  e f f e c t  must be weighed t h e  p o t e n t i a l l y  adverse e f f e c t s  t h a t  a  p o p u l a t i o n  

i n f l o w  o f  between 0  and 230 persons i n  t h e  f i r s t  y e a r  o f  c o n s t r u c t i o n  f o l l o w e d  by an a d d i t i o n a l  

158 t o  1125 persons i n  t h e  second y e a r  m i g h t  e x e r t  on t h e  l o c a l  community. A l though t h i s  p o s s i b l e  

i n f l o w  does n o t  appear t o  be l a r g e  i n  abso lu te  terms, t h e  r e l a t i v e l y  smal l  s i z e  o f  t h e  e x i s t i n g  

communities i n  t h e  coun ty  makes i t  p o t e n t i a l l y  impor tan t .  For  example, t h e  upper l i m i t  o f  t h i s  

range I n  t h e  second yea r  o f  c o n s t r u c t i o n  i s  1877 o f  t h e  p o p u l a t i o n  o f  P o i n t  P ieasant ,  t h e  ' l a rges t  

town i n  Mason County; and i t  i s  app rox ima te l y  5% o f  t h e  t o t a l  p o p u l a t i o n  o f  t h e  county  as a  whole 

i n  1970. There fore ,  w h i l e  t h e  s i t i n g  d e c i s i o n  i s  n o t  l i k e l y  t o  r e s u l t  i n  boom-town growth  cond i -  

t i o n s ,  i t  i s  p o s s i b l e  t h a t  some adverse impacts may be genera ted.  

The p r i n c i p a l  areas i n  wh ich  excess demands a r e  l i k e l y  t o  occu r  a r e  hous ing and educa t i on .  

F igu res  r e p o r t e d  i n  Sect.  2 i n d i c a t e  vacancies o f  o n l y  82 s a l e  and 164 r e n t a l  hous ing u n i t s .  



Table 3.9 i n  Sect.  3.1.3.1 i n d i c a t e s  t h a t  as many as 592 nonlocal workers might  re loca te  i n  

t h e  Mason County area dur ing  the  second year o f  const ruct ion.  With one- four th o f  the e x i s t i n g  

u n i t s  c l a s s i f i e d  as substandard and a  r e l a t i v e l y  l a r g e  p ropor t ion  o f  t r a i l e r s ,  a  shortage o f  

housing may develop i n  t h e  area. 

With regard t o  the  increase i n  the  demand f o r  educational services t h a t  might be generated, the 

maximum pro jec ted  i n f l o w  o f  713 workers i n  the f i r s t  2  years o f  the cons t ruc t ion  per iod would 

imp ly  an a d d i t i o n a l  559 c h i l d r e n  i f  we apply the average percent o f  r e l o c a t i n g  workers t h a t  

b r i n g  t h e i r  f a m i l i e s  (49%) and the  average number o f  c h i l d r e n  per f a m i l y  (1.6) repor ted i n  

The Construction Worker Profile (Mountain West Research 1975, pp. 18-24). Th is  f i g u r e  repre-  

sents .8.6% o f  the  t o t a l  school e n r o l l m e n t . f o r  Mason County as a  whole. Sect ion 2  ind ica tes  

t h a t  the  school system c u r r e n t l y  con ta ins  no excess capaci ty ;  such an i n f l o w  could the re fo re  

p lace s t r a i n s  on the educat ional  systems i n  the area. 

Other components o f  the l o c a l  i n f r a s t r u c t u r e  which might  be a f f e c t e d  by the populat ion i n f l o w  

i n c l u d e  the  t r a n s p o r t a t i o n  network, the  heal th  care d e l i v e r y  system, the p o l i c e  and f i r e  protec-  

t i o n  system, t h e  e x i s t i n g  rec rea t iona l  f a c i l i t i e s ,  and the water supply and wastewater treatment 

systems. The l i k e l i h o o d  and s e v e r i t y  of the p o t e n t i a l  impacts i n  these areas, however, are 

expected t o  be considerably  l e s s  than those t h a t  are a n t i c i p a t e d  i n  the  areas o f  housing and 

educat ional  serv ices.  The t r a n s p o r t a t i o n  system i n  the reg ion i s  n o t  we l l  developed (Sect. 2), 

so t h a t  some a d d i t i o n a l  s t r a i n s  may be expected. S i m i l a r l y ,  the  e x i s t i n g  h e a l t h  care f a c i l i t i e s  

may experience some overcrowding, b u t  a d d i t i o n a l  f a c i  1  i t i e s  are a v a i l a b l e  i n  Ohio w i t h i n  d r i v i n g  

d is tance.  Some expansion o f  p o l i c e  and f i r e  p r o t e c t i o n  services might  be requ i red  i f  maximum 

i n f l o w s  a re  experienced. Recreat ional oppor tun i t i es ,  water supply, and wastewater treatment 

f a c i l i t i e s  appear t o  be adequate w i t h  e x i s t i n g  capac i t i es  and plans f o r  expansion. Overa l l ,  

t h e  adverse socioeconomic impacts expected t o  r e s u l t  from cons t ruc t ion  o f  a  g a s i f i c a t i o n  demon- 

s t r a t i o n  f a c i l i t y  i n  Mason County range from r e l a t i v e l y  small t o  moderate, depending on the 

ac tua l  magnitude o f  the popu la t ion  i n f l o w  experienced. 

Campbell County 

A  demonstrat ion p l a n t  loca ted  i n  Campbell County would probably increase the populat ion o f  the 

county by 1200 t o  2700 people. From basel ine descr ip t ions  o f  Campbell County (Sects. 2.3.8, 

2.3.9, and 2.3.10), i t  i s  c l e a r  t h a t  a  number o f  serv ice areas are inadequate t o  meet the 

demands o f  the  present populat ion.  Added populat ion w i l l  pu t  f u r t h e r  s t ress  on these areas. 

The c u r r e n t l y  inadequate se rv ice  areas inc lude housing, sewerage, and hea l th  care. Housing 

r e n t s  and p r i c e s  are h igh,  and mobi le  homes are the on ly  a v a i l a b l e  op t ion  f o r  most newcomers. 

Sewers cannot c u r r e n t l y  handle peak demands. There a re  shortages o f  a l l  types o f  hea l th  care 

personnel,  and present res iden ts  o f t e n  commute long  distances t o  o b t a i n  h e a l t h  care. 

Recreat ion f a c i l i t i e s ,  water supply, p o l i c e  and f i r e  p ro tec t ion ,  and the cond i t i on  o f  roads were 

descr ibed as marg ina l l y  adequate a t  present.  The a d d i t i o n  o f  new populat ion may create more 

demand than can be suppl ied i n  these areas also. 

Schools would probably be a f f e c t e d  l e a s t  by cons t ruc t ion  o f  the  p lan t .  Schools now have an 

excess capac i t y  o f  280 a t  the elementary l e v e l  and o f  320 a t  the h igh  school l e v e l .  Junior  

h i g h  schools a re  c u r r e n t l y  overcrowded, b u t  planned expansions w i l l  add an excess capaci ty  of 



300 a t  these grade l e v e l s .  Planned expansions w i l l  a l s o  add a  c a p a c i t y  f o r  550 more s tuden ts  

a t  t h e  e lementary  l e v e l  and 320 more a t  t h e  h i g h  schoo l  l e v e l .  

C o n s t r u c t i o n  o f  a  p l a n t  would i nc rease  employment o p p o r t u n i t i e s  i n  Campbell County. Because 

unemployment i s  a l r e a d y  a t  a  low l e v e l  t he re ,  however, such o p p o r t u n i t i e s  would b e n e f i t  Campbell 

County l e s s  t han  more economica l ly  depressed areas.  More d i v e r s i f i c a t i o n  o f  t h e  economy, which 

i s  c u r r e n t l y  based a lmos t  e n t i r e l y  on a g r i c u l t u r e  and energy developments, would be d e s i r a b l e  

f o r  t h e  long- term s t a b i l i t y  o f  Campbell County. A demonst ra t ion  p l a n t ,  however, would n o t  pro-  

v i d e  such d i v e r s i f i c a t i o n .  

A number o f  o t h e r  energy p r o j e c t s  a r e  now under c o n s t r u c t i o n ,  a r e  ope ra t i ng ,  o r  a r e  p lanned 

f o r  Campbell County. Wh i l e  t h e  impacts  o f  c o n s t r u c t i n g  a  demons t ra t i on  p l a n t  would be sma l l e r  

t han  would t h e  impacts o f  l a r g e r - s c a l e  p r o j e c t s ,  t h e  cumu la t i ve  impacts o f  a l l  t h e  p r o j e c t s  

t o g e t h e r ' a r e  l i k e l y  t o  be s u b s t a n t i a l .  

3.1.3.3 Summary o f  c o n s t r u c t i o n - r e l a t e d  socioeconomic impacts 

Socioeconomic impacts a r e  genera ted by i nc reased  demands f o r  t h e  goods and se rv i ces  F e q u i r e d  

by t h e  g a s i f i c a t i o n  f a c i l i t y  and i t s  employees. To t h e  e x t e n t  t h a t  l o c a l  supp ly  sources e x i s t  

and a r e  capab le  o f  respond ing t o  these i nc reased  demands, t h e  community w i l l  exper ience t h e  

g e n e r a l l y  b e n e f i c i a l  impacts  o f  i nc reased  sa les ,  income, and employment. Bu t  t o  t h e  e x t e n t  

t h a t  l o c a l  supp ly  sources do n o t  e x i s t  o r  a r e  p o o r l y  developed, supply/demand imbalances w i l l  

be c reated,  and t h e  community w i l l  exper ience t h e  adverse impacts  assoc ia ted  w i t h  boom-town 

growth  (overcrowded schools,  u n a v a i l a b i l i t y  o f  housing, h e a l t h  care ,  mun ic ipa l  se rv i ces ,  e t c .  ) .  

Consequently, n e t  b e n e f i c i a l  e f f e c t s  a r e  more l i k e l y  t o  be r e a l i z e d  i n  a  developed r e g i o n  t h a t  

e x h i b i t s  some excess c a p a c i t y  i n  t h e  e x i s t i n g  i n f r a s t r u c t u r e  and  t h a t  i s  capab le  o f  s u p p l y i n g  

t h e  l a b o r  needs o f  t h e  g a s i f i c a t i o n  f a c i l i t y  f r om a poo l  o f  l o c a l  unemployed workers.  Con- 

ve rse l y ,  n e t  adverse e f f e c t s  a r e  more l i k e l y  t o  be r e a l i z e d  i n  i s o l a t e d  undeveloped communities 

t h a t  a r e  n o t  equipped t n  a d j u s t  t o  t h e  r a p i d l y  i n c r e a s i n g  demands genera ted by t h e  f a c i l i t y  and 

t h a t  a r e  unab le  t o  supp l y  a  s u f f i c i e n t  number o f  workers  f o r  p l a n t  c o n s t r u c t i o n  and ope ra t i on .  

W i th  rega rd  t o  t h e  t h r e e  su r roga te  s i t e s  d iscussed above, t h e  socioeconomic s e t t i n g s  v a r y  

between these extremes. St.  C l a i r  County c o n t a i n s  a  d i v e r s i f i e d  economic base and a  r e l a t i v e l y  

l a r g e  number o f  unemployed wnrkcrs  w i t h  a  v a r i e t y  of s k i l l s . ,  Mason County c o n t a i n s  some 1ndUS- 

t r i a l  a c t i v i t y  and a  moderate number o f  unemployed workers w i t h  a  l i m i t e d  v a r i e t y  o f  s k i l l s .  

Campbell County con ta ins  a lmost  no s u p p o r t i v e  i n d u s t i r e s  and v e r y  few unemployed workers.  

Consequently, we conc lude t h a t  t h e  n e t  socioeconomic impacts  genera ted d u r i n g  t h e  c o n s t r u c t i o n  

phase o f  t h e  p r o j e c t  w i l l  p robab ly  be b e n e f i c i a l  i n  S t .  C l a i r  County, n e u t r a l  o r  s l i g h t l y  

adverse i n  Mason County, and s e r i o u s l y  adverse i n  Campbell County. 

3.1.4 Impacts on a rchaeo log i ca l ,  h i s t o r i c ,  and p a l e o n t o l o g i c a l  s i t e s  

C o n s t r u c t i o n  can r e s u l t  i n  two types o f  p o t e n t i a l  impacts on an a rchaeo log i ca l  o r  h i s t o r i c  

resource:  d i r e c t  impacts  (e.g., d e s t r u c t i o n  d u r i n g  excava t i on )  and i n d i r e c t  impacts  (e.g., 

v i s u a l  impacts  and no i se ) .  No d i r e c t  impacts  o f  c o n s t r u c t i o n  a r e  a n t i c i p a t e d  f o r  any o f  t h e  

su r roga te  s i t e s .  St .  C l a i r  County has a number o f  h i s t o r i c  and a rchaeo log i ca l  s i t e s  l i s t e d  i n  

t h e  N o L i ~ ~ r c l l  Register of Iiiotor;,c PZaoa~ (Sect .  2.1.8.3),  b ~ ~ t  nnne o f  t h e  St .  C l a i r  County s i t e s  



a r e  on o r  i n  c l o s e  p r o x i m i t y  t o  p o t e n t i a l  p r o j e c t  s i t e s .  The nea res t  h i s t o r i c  and a rchaeo log i ca l  

s i t e s  a r e  about  32 km (20  m i l e s )  f rom p r o j e c t  s i t e  areas. P o i n t  P leasant  B a t t l e f i e l d  i n  Mason 

County i s  w i t h i n  the township  des ignated f o r  p r o j e c t  s i t i n g ,  b u t  a  s p e c i f i c  l o c a t i o n  can be 

chosen t h a t  w i l l  n o t  impact  t h e  b a t t l e f i e l d  a rea .  Campbell County has no h i s t o r i c  o r  archaeo- 

l o g i c a l  s i t e s  l i s t e d  i n  t h e  NationaZ Register of Historic Places. I n d i r e c t  impacts cou ld  occur  

i n  Mason County un less ca re  i s  e x e r c i s e d  i n  choosing a  s p e c i f i c  l o c a t i o n  o r  m i t i g a t i n g  measures 

a r e  taken  d u r i n g  c o n s t r u c t i o n .  I n d i r e c t  impacts a r e  u n l i k e l y  t o  occur  i n  S t .  C l a i r  County and 

cannot  occu r  i n  Campbell County. 

3.1.5 M i t i g a t i n g  measures - c o n s t r u c t i o n  phase 

P lans f o r  r e s t o r i n g  and s t a b i l i z i n g  areas a f f e c t e d  by c o n s t r u c t i o n  a c t i v i t i e s  shou ld  be developed 

e a r l y .  The p r e c o n s t r u c t l o n  s i t e  survey should p r o v i d e  d e t a i l e d  i n f o r m a t i o n  t h a t  should be i n c o r -  

p o r a t e d  i n t o  t h e  t i n a l  p lann ing  o f  t h e  p r o j e c t  t o  min imize o r  prevent  p o t e n t i a l  impacts as much 

as p o s s i b l e .  Such p lans  shou ld  i n c l u d e  e ros ion  and sediment c o n t r o l ;  i d e n t i f i c a t i o n  and p ro tec -  

t i o n  o f  h a b i t a t  types t h a t  a r e  un ique o r  c r i t i c a l  t o  t h e  s u r v i v a l  o f  threatened, endangered, o r  

o t h e r  " i m p o r t a n t "  species; and t h o u g h t f u i  placement o f  bo th  temporary and permanent f a c i  1  i t i e s  

r e l a t i v e  t o  these areas. 

S i t e  p r e p a r a t i o n  and e r o s i o n  impacts can be reduced by r e s t r i c t i n g  vege ta t i on  removal t o  a  

minimum. T o p s o i l  shou ld  be s t o r e d  f o r  reuse. Exposed t e r r a i n  shou ld  be s t a b i l i z e d  w i t h  vegeta- 

t i o n  as q u i c k l y  as p o s s i b l e  t o  m in im ize  e ros ion  and sed imentat ion.  A p p l i c a t i o n  o f  f e r t i l i z e r s ,  

mulches, o r  o t h e r  amendments t h a t  may f a c i l i t a t e  r e v e g e t a t i o n  a r e  recommended. I n s t a l l a t i o n  o f  

sediment bas ins ,  d i v e r s i o n  d i kes ,  r i p r a p ,  c o n t r o l l e d  condu i t s ,  and o t h e r  measures t o  c o n t r o l  

r u n o f f  may be needed. Access and hau l  roads shou ld  be designed t o  f o l l o w  t h e  n a t u r a l  contours  

wherever p o s s i b l e .  I f  unpaved roads a r e  used, t hey  should be watered p e r i o d i c a l l y  t o  p reven t  

o r  reduce f u g i t i v e  dust .  Organic wastes from l a n d  c l e a r i n g  shou ld  be shredded and used as mulch, 

d isposed o f  i n  an approved l a n d f i l l ,  o r  burned under c o n t r o l l e d  c o n d i t i o n s .  S e l l i n g  t imber  and 

pulpwood, i f  poss ib le ,  w i l l  reduce t h e  amount o f  s o l i d  wastes t o  be disposed of. A  border  o f  

woodlands, i f  they  e x i s t  as i n  S t .  C l a i r  and Mason count ies ,  shou ld  be l e f t  around the  p l a n t ,  

b o t h  f o r  sc reen ing  t h e  f a c i l i t y  and t o  prevent  e r o s i o n  by a c t i n g  as a  n a t u r a l  f i l t e r .  I f  these 

measures a r e  taken, impacts shou ld  be kep t  t o  a  minimum. 

Dur ing  c o n s t r u c t i o n ,  a i r  emissions w i l l  be min imized by s t r i c t  compl iance w i t h  a1 1  Federa l .  

s t a t e ,  and l o c a l  r e g u l a t i o n s .  A d d i t i o n a l l y ,  some suggested c o n t r o l  measures i n c l u d e  t h e  

f o l l o w l n q :  

1. Water s p r i n k l i n g  t o  c o n t r o l  f u g i t i v e  dus t  f rom d i r t  roads, concrete  p l a n t s ,  o r  o t h e r  

sources. 

2 .  Revegeta t ion o r  c o v e r i n g  o f  exposed areas o r  s to rage  p i l e s  as soon as p o s s i b l e  t o  

s t a b i l i z e  t h e  m a t e r i a l  and p reven t  wind e ros ion .  

3. Regular maintenance and i n s p e c t i o n  o f  a i r  emissions c o n t r o l  dev ices on a l l  veh i c les .  

4. Conformance t o  a l l  Federa l ,  s t a t e ,  and l o c a l  r e g u l a t i o n s  on bu rn ing  o r  d i sposa l  o f  

waste m a t e r i a l s ;  i f  bu rn ing  i s  al lowed, i t  should  be done when atmospheric c o n d i t i o n s  

a r e  f a v o r a b l e  ( i  .e., n o t  d u r i n g  an i n v e r s i o n  o r  a i r  s tagna t i on  p e r i o d ) .  



5. I f  a p p l i c a t i o n s  o f  p e s t i c i d e s  o r  h e r b i c i d e s  a r e  requ i red ,  t h e  use, whenever poss ib le ,  o f  

those t h a t  b reak down r a t h e r  r a p i d l y  i n  t h e  environment and a r e  m o s t l y  n o t  t r a n s l o c a t e d  

t o  h i g h e r  t r o p h i c  l e v e l s ;  l a b e l  i n s t r u c t i o n s  as w e l l  as a l l  a p p l i c a b l e  l e g a l  r e g u l a t i o n s  

shou ld  be fo l l owed .  

H a b i t a t  requ i rements  o f  a l l  th reatened,  endangered, and impor tan t  spec ies  shou ld  be i d e n t i f i e d ,  

and these h a b i t a t s  shou ld  be p r o t e c t e d .  Whenever p o s s i b l e ,  c o n s t r u c t i o n  a c t i v i t i e s  shou ld  n o t  

c o i n c i d e  w i t h  c r i t i c a l  p e r i o d s  (e.g., b reed ing,  nes t i ng ,  o r  r e a r i n g  o f  young) i n  t h e  l i f e  cyc les  

of  these an imals .  Label  i n s t r u c t i o n s  shou ld  be f o l l o w e d  f o r  t h e  p rope r  use o f  p e s t i c i d e s  and 

h e r b i c i d e s .  Wastes f rom c o n s t r u c t i o n  shou ld  be d isposed o f  i n  an approved l a n d f i l l  o r  acco rd ing  

t o  EPA r e g u l a t i o n s .  

Ca re fu l  s i t i n g  o f  temporary and permanent f a c i l i t i e s  can a v o i d  many p o t e n t i a l  impacts  t o  t e r r e s -  

t r i a l  b i o t a .  The l e a s t  impact  shou ld  r e s u l t  i f  t h e  f a c i l i t i e s  a r e  c o n s t r u c t e d  on p r e v i o u s l y  

disl;ur,bed l a r d  such as nonrec la imed sur face-mined l ands  o r  abandoned i n d u s t r i a l  a reas.  Other -  

wise,  t h e  most common h a b i t a t  w i t h i n  t h e  area shou ld  be used so t h a t  t h e  r a r e r  h a b i t a t  t ypes  

a r e  p r o t e c t e d  as much as p o s s i b l e .  Movement p a t t e r n s  and m i g r a t i o n  r o u t e s  o f  an imals  shou ld  

be i d e n t i f i e d ,  and s t r u c t u r e s  shou ld  n o t  be p laced  so as t o  c r e a t e  b a r r i e r s  o r  p o t e n t i a l  hazards 

t o  an imals .  

Du r i ng  c o n s t r u c t i o n ,  compl iance w i t h  a p p l i c a b l e  Federa l ,  s t a t e ,  and l o c a l  r e g u l a t i o n s  (Sect .  

2.1.7) govern ing n o i s e  l e v e l s  w i l l  be requ i red .  A d d i t i o n a l l y ,  p o t e n t i a l  b i o l o g i c a l  impacts  can 

be min imized by c o n t r o l  measures such as:  

1 .  m a i n t a i n i n g  a  b u f f e r  zone, f o r  example, a  windrow o f  t r e e s  between t h e  c o n s t r u c t i o n  

areas and o f f - s i t e  areas;  

2. r e s t r i c t i n g  most n o i s e - e m i t t i n g  a c t i v i t i e s  t o  dayt ime hours;  

3. u s i n g  t h e  minimum e x p l o s i v e  charge s i z e  f o r  b l a s t i n g ;  

4. u s i n g  n o i s e  c o n t r o l  dev i ces  on r o c k  d r i l l s ,  compressors, jackhammers, heavy 

equipments, e t c . ;  and 

5. equ ipp ing  a l l  v e h i c l e s  w i t h  q u a l i t y  n o i s e  m u f f l e r s  

E f f o r t s  shou ld  be made t o  make t h e  f a c i l i t y  as a e s t h e t i c a l l y  p l e a s i n g  as p o s s i b l e .  A  buf fer  

zone around t h e  f a c i l i t y  i s  recommended. When p o s s i b l e ,  a  bo rde r  o f  woodlands around t h e  p l a n t  

can reduce e r o s i o n  and screen t h e  f a c i l i t y  f r om o u t s i d e  view. P i p e l i n e s ,  new roads, and o t h e r  

r i gh t s -o f -way  shou ld  be r o u t e d  p a r a l l e l  t o  e x i s t i n g  r i g h t s - o f - w a y  t o  a v o i d  c r e a t i n g  u n s i g h t l y  

sca rs  across  t h e  landscape. 

Because o f  t h e  n a t u r e  o f  t h i s  a n a l y s i s ,  i t  i s  n o t  p o s s i b l e  t o  s p e c i f y  e x a c t l y  what methods w i l l  

be used t o  m i t i g a t e  c o n s t r u c t i o n  impacts .  Measures f o r  a v o i d i n g  and c o n t r o l l i n g  c o n s t r u c t i o n  

impacts  a r e  desc r i bed  i n  d e t a i l  by USEPA (1973). I f  t h e  above measures a r e  taken, b i o l o g i c a l  

impacts  caused by  c o n s t r u c t i o n  a c t i v i t i e s  shou ld  be k e p t  t o  a  minimum. 
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3.2 EFFECTS OF OPERATION OF A HIGH-Btu (PIPELINE) GAS PLANT 

3.2.1 P h y s i c a l  env i ronment  

3.2.1.1 Impacts  o f  o p e r a t i o n  on l a n d  use 

A f t e r  c o n s t r u c t i o n  i s  complete,  temporary  s t r u c t u r e s  and p a r k i n g  l o t s  removed, and landscap ing 

i n s t i t u t e d ,  t h e  impacts  o f  c o n s t r u c t i o n  on l a n d  use w i l l  have been m i t i g a t e d ;  t h e r e a f t e r ,  

r ema in ing  impacts  on t h e  l a n d  w i l l  r e s u l t  p r i m a r i l y  from coal s to rage  and d e p o s i t i o n  o f  wastes 

deve loped by p l a n t  o p e r a t i o n .  

The l a n d  a rea  occup ied by t h e  c o a l  s to rage  p i l e  would n o t  be a v a i l a b l e  f o r  o t h e r  purposes and 

would be s u b j e c t  t o  l e a c h i n g  by  n a t u r a l  p r e c i p i t a t i o n  a l t hough  a  p rope r  ar rangement .o f  d ra inage  

and a  l i n e d  h o l d i n g  b a s i n  f o r  r a i n w a t e r  r u n o f f  would m i t i g a t e  t h i s  e f f e c t .  

S o l i d  wastes produced d a i l y  w i l l  i n c l u d e  580 t o  1250 m e t r i c  tons  (640 t o  1380 t o n s )  o f  r o c k  and 

s i m i l a r  r e f u s e  f rom t h e  p r i m a r y  s i z e - r e d u c t i o n  ope ra t i on ,  about  270 m e t r i c  tons  (300 tons )  pe r  

day o t  m o s t l y  p y r i t i c  m a t e r i a l s  f rom t h e  coa l -wash ing process and l e s s e r  amounts (-140 kg; 

2300 1  b )  o f  d u s t  f rom c o l l e c t i n g  dev i ces  i n  t h e  process. A t  an 80% c a p a c i t y  f a c t o r  and an 

e s t i m a t e d  d e n s i t y  o f  2690 kg/m3 (168 1  b / f t 3 ) ,  t h i s  would amount t o  about  12.7 x  l o 4  m3 

(103 a c r e - f t )  p e r  yea r .  T h i s  m a t e r i a l  would p robab l y  be worked back i n t o  l a n d  r e s t o r a t i o n  i f  

o b t a i n e d  f r o m  a s t r i p  mine. Otherwise,  i t  would p robab l y  end up i n  a  culm o r  gob p i l e  a t  some 

s e l e c t e d  p lace,  i n  wh ich  case i t  would be s u b j e c t  t o  l e a c h i n g  by n a t u r a l  p r e c i p i t a t i o n .  

I f  a we t  c o o l i n g  tower  were ope ra ted  i n  c o n j u n c t i o n  w i t h  t h e  p l a n t ,  t h e  smal l  amount o f  l i q u i d  

d r i f t  would g e n e r a l l y . b e  d i spe rsed ,  acco rd ing  t o  t h e  p r e v a i l i n g  me teo ro log i ca l  c o n d i t i o n s  b e f o r e  

i m p a c t i n g  t h e  l and .  U s u a l l y  t h i s  e f f e c t  i s  n e g l i g i b l e ,  b u t  i t  shou ld  be cons idered i f  c r i t i c a l  

c rops  o r  c o n d i t i o n s  e x i s t  i n  t h e  env i rons ,  

I f  a steam g e n e r a t i n g  s t a t i o n  were opera ted i n  c o n j u n c t i o n  w i t h  t h e  p l a n t  t o  p r o v i d e  process 

h e a t  and e l e c t r i c i t y ,  f u r t h e r  s o l i d  wastes o f  f l y  ash, bot tom ash, and a  throwaway f lue-gas 

sc rubbe r  l i m e  s ludge c o u l d  be expected. These wastes c o u l d  be mixed o r  kep t  separa te  as t hey  

a r e  pumped, s l u i c e d ,  o r  hau led t o  d ra inage  ponds o f  l a n d f i l l s .  The wastes r e q u i r e  compact ion 

and/or  s t a b i l i z a t i o n  b e f o r e  t h e y  can become load -bea r i ng .  They would r e q u i r e  cove r i ng  w i t h  s o i l  

b e f o r e  veqe t .a t i on  c o u l d  be started. 

3.2.1.2 Hydrology 

Su r face  w a t e r  
r- 

Sur face  w a t e r  i s  t o  be wi thdrawn f o r  consumptive use a t  t h e  I l l i n o i s  and West V i r g i n i a  s i t e s .  

The w a t e r  requ i rements  i n  Sect .  1.2.1.1 i n d i c a t e  a  maximum average wa te r  use o f  0 .18 m3/sec 

(6 .5  c f s ) .  Us ing  t h e  7Q10 (7-days, once- in -10-years)  l ow  f l o w  f i g u r e s  f o r  t h e  I l l i n o i s  and West 

V i r g i n i a  s i t e s ,  water  consumption of  t h e  7Q10 i s  7% and 0.45% r e s p e c t i v e l y .  These l ow  con- 

sumpt ion r a t e s  would have a  sma l l  impact  on t h e  e x i s t i n g  hyd ro logy  and would conform t o  e x i s t i n g  

governmental  requ i rements .  

A  p o t e n t i a l  impac t  t o  t h e  s u r f a c e  wa te r  i s  genera ted by scou r i ng  and s i l t i n g  caused by t h e  

changes i n  c u r r e n t  p a t t e r n s  nea r  t h e  i n t a k e  s t r u c t u r e .  Because o f  t h e  l ow  wi thdrawal  r a t e  o f  



s u r f a c e  water ,  a  we l l - des igned  i n t a k e  s t r u c t u r e  w i t h  i n l e t  v e l o c i t i e s  o f  l e s s  than 0.02 m/sec 

(0 .5  f p s )  would m i t i g a t e  any u n d e s i r a b l e  impacts .  I f  t h e  i n l e t  v e l o c i t y  were i nc reased  beyond 

0.02 m/sec (0.5 f p s ) ,  undes i rab le  l o c a l  scou r i ng  o r  s i l t i n g  m i g h t  occur .  

Other  p o t e n t i a l  impacts t o  t h e  su r face  wa te r  m i g h t  i n c l u d e  impa i red  n a v i g a t i o n  and i n c i d e n t s  

such as f l o o d i n g  o r  p l a n t  acc iden ts .  L i t t l e  impact  t o  e x i s t i n g  n a v i g a t i o n  channels can be 

expected because o f  t h e  l o w  water  w i thdrawal  r a t e s .  Floods o r  l a r g e  r u n o f f  events c o u l d  d i s -  

charge grease, o i l ,  sediment,  ash, coa l  f i n e s ,  and o t h e r  u n d e s i r a b l e  m a t e r i a l s  t o  t h e  waterway 

i f  adequate conta inment  f a c i l i t i e s  a r e  n o t  i n c o r p o r a t e d  i n  t h e  p l a n t  des ign.  Runof f  conta inment  

banks shou ld  be an i m p o r t a n t  c o n s i d e r a t i o n  i n  p l a n t  des ign a t  each o f  t h e  t h r e e  s i t e s .  S e t t l i n g  

ponds shou ld  be l o c a t e d  above t h e  f l o o d p l a i n  t o  p reven t  unwanted d i scha rges  d u r i n g  f l o o d s .  

Impacts t o  t h e  s u r f a c e  wa te r  a r i s i n g  f rom backwashing o f  f i l t e r s ,  d redg ing o f  i n t a k e  cana l s ,  and 

o t h e r  p o t e n t i a l  i n c i d e n t s  a r e  n o t  l i k e l y  t o  a f f e c t  t h e  hyd ro logy  o f  t h e  s u r f a c e  waters .  The 

e f f e c t s  o f  such i n c i d e n t s ,  however, may be s i g n i f i c a n t  t o  t h e  e x i s t i n g  a q u a t i c  eco logy.  

Groundwater 

Water requ i rements  o f  a  g a s i f i c a t i o n  p l a n t  w i t h  a  c a p a c i t y  o f  1.4 x  l o 6  m31day (STP) (50 x  l o 6  
s c f d )  a r e  es t ima ted  t o  range f rom 10.1 x  l o 5  t o  5.8 x  l o 6  m3/year (820 t o  4700 a c r e - f t l y e a r )  

(Tab le  1.3, Sect .  1.2.1.1 ) .  Dur ing  p l a n t  ope ra t i on ,  changes t o  groundwater f l o w s  and l e v e l s  

may occu r  by e i t h e r  d i r e c t  w i t hd rawa l  o f  wa te r  o r  d i scha rge  t o  t h e  ground. Withdrawal o f  t h i s  

wa te r  f rom groundwater resources w i l l  have b o t h  s h o r t -  and l ong - te rm e f f e c t s  on t h e  groundwater 

a v a i l a b i l i t y ;  aga in ,  t h e  e f f e c t s  may be l o c a l  o r  r e g i o n a l .  Water l e v e l s  may be lowered, and 

t h i s  may a f f e c t  o t h e r  s u p p l i e s  such as domest ic and r u r a l  s u p p l i e s  i n  t h e  v i c i n i t y  o f  t h e  p l a n t  

s i t e .  The d i scha rge  i n t o  t h e  streams m igh t  a l s o  be a f f e c t e d ,  e s p e c i a l l y  d u r i n g  low f l o w s .  The 

d i r e c t i o n  and v e l o c i t y  o f  groundwater movement w i l l  change. Subsidence o f  l a n d  may t a k e  p lace,  

depending on t h e  r a t e  o f  w i t hd rawa l .  The e f f e c t  may be s h o r t -  o r  long- term,  depending on t h e  

n e t  recharge i n t o  t h e  groundwater system. The s p r i n g s  may d r y  up, t hus  a f f e c t i n g  t h e  w i l d l i f e  

and f i s h  i n  t h e  v i c i n i t y  o f  t h e  p l a n t  area.  These e f f e c t s ,  however, depend on t h e  s p e c i f i c  

h y d r o l o g i c  p r o p e r t i e s  o f  t h e  a q u i f e r s  i n  t h e  s i t e  areas. D i r e c t  d i scha rge  o f  wastewater and 

a c c i d e n t a l  d ischarges t o  t h e  ground would change wa te r  l e v e l s .  The d i scha rge  o f  s a n i t a r y  water  

would n o t  a f f e c t  groundwater,  b u t  a  l a r g e  u n l i n e d  h o l d i n g  pond c o u l d  s i g n i f i c a n t l y  r a i s e  t h e  

groundwater f l o w s  and l e v e l s .  Such d ischarges would contaminate  t h e  groundwater and m i g h t  

i nc rease  i t s  chemical  c o n c e n t r a t i o n .  The movement o f  contaminants  depends on t h e  s o i l  and 

a q u i f e r  c h a r a c t e r i s t i c s  and t h e  amount and t ype  o f  contaminants,  wh ich  w i l l  change t h e  d i r e c t i o n  

and r a t e  o f  t h e  groundwater f low.  Consumptive use by a  p i p e l i n e  gas p l a n t  may have l i t t l e  

e f f e c t  on groundwater o u t s i d e  the  s i t e  boundar ies,  b u t  such e f f e c t s  must be a s c e r t a i n e d  by  

m o n i t o r i n g  t h e  groundwater l e v e l s ,  f lows,  and water  qua1 i t y .  Use f o r  s a n i t a r y  and p o t a b l e  water 

s u p p l i e s  i s  g e n e r a l l y  sma l l .  Once-through c o o l i n g  systems r e q u i r e  l a r g e  volumes o f  water ,  and 

groundwater a lone  may n o t  meet t h i s  requ i rement .  C losed-cyc le  systems can be p rov ided  w i t h  con- 

j u n c t i v e  use o f  bo th  su r face  water  and groundwater.  The impact  on t h e  groundwater l e v e l s  i s  

n o r m a l l y  smal l  i f  t h e  w e l l - f i e l d  i s  i n  t h e  v i c i n i t y  o f  a  r i v e r .  

Water requ i rements  o f  a  g a s i f i c a t i o n  p l a n t  i n  t h e  Lewis and New Athens areas can be met by  u s i n g  

su r face  water ,  wh ich  occurs  i n  s u f f i c i e n t  q u a n t i t y  i n  bo th  o f  these areas. A l though groundwater 

may be used f o r  d r i n k i n g  and s a n i t a t i o n  purposes, t h e  impacts on t h e  groundwater system w i l l  be 

minimum. However, i n  t h e  G i l l e t t e  area where su r face  wa te r  a v a i l a b i l i t y  i s  quest ionab le ,  ground- 

wa te r  resources m i g h t  be needed t o  meet t h e  consumption requ i rements  o f  a  g a s i f i c a t i o n  p l a n t .  



The opera t iona l  impacts on the  groundwater system i n  the  Campbell County, Wyoming, area are 

discussed below. 

I n  the  G i l  l e t t e  area, about 0.006 t o  0.063 m3/sec (100 t o  1000 gpm) o f  groundwater can be 

obta ined from several upper a q u i f e r s  and about 0.19 m3/sec (3000 gpm) from a w e l l  t h a t  i s  

exposed t o  a l l  aqu i fe rs  from the F o r t  Union formation t o  the  base o f  the Madison Limestone. 

Depth t o  the  base var ies  from 2400 t o  3700 m (8000 t o  12,000 f t )  i n  Campbell County. With a 

we l l  a t  the center  o f  a  16-ha (40-acre) t r a c t  a t  a  d is tance o f  400 m (1320 f t )  between we1 1s 

and an assumed average y i e l d  o f  0.13 m3/sec (2000 gpm) per we l l ,  each 2.6 km2 (sq m i l e )  

would y i e l d  more than 6.4 x  l o 7  m3 per  year (52,000 a c r e - f t l y e a r ) .  Also, i r r i g a t i o n  water 

requirements are becoming l e s s  as more lands are acquired for  i n d u s t r i e s .  Some r a t e r s ,  though 

n o t  s u i t a b l e  f o r  munic ipa l .  domestic. and b o i l e r - f e e d  w a t p r ,  can be used f o r  coo l ing .  Disposal 

o f  c o o l i n g  wastewater w i t h  a h igh  concentrat ion of d isso lved s o l i d s  may be accomplished by 

cvaporst ion ponding. o i l  f i e l d  f l ood ing ,  o r  injec::t'iun i n t u  deep aqu i fe rs  con ta in ing  h i g h l y  sa' l ine 

water. S O T  i d  waste and sewage e f f l u e n t  disposal s t i l l  present problems. 

Water l e v e l s  w i l l  be lowered as a r e s u l t  o f  pumping. The areal  ex ten t  o f  water l e v e l  changes 

w i l l  depend on the a q u i f e r  geology and the r a t e  and leng th  o f  pumping. This i s  p a r t i c u l a r l y  

t r u e  i f  water i s  pumped from the  Wasatch and F o r t  Union formations. E f f e c t s  o f  pumping from 

the Fox H i l l s  Sandstone, Lance format ion,  and the lower p a r t  o f  the  F o r t  Union formation and 

Madison w i l l  take many years t o  be t ransmi t ted  t o  the outcrop areas and t o  other  shal low domestic 

and stock we l l s .  Drawdown f o r  a  g iven d is tance and t ime depends on the  discharge and storage 

c o e f f i c i e n t  (U.S. Department o f  Commerce 1974) b u t  f lows o f  streams, springs, and seeps i n  the 

p l a n t  v i c i n i t y  mught be a f f e c t e d .  There may be a reversal  o f  groundwater gradient ,  and streams 

t h a t  were ga in ing  water  from groundwater may lose  water toward groundwater. A reduct ion i n  

stream f l o w  w i l l  have ser ious e f f e c t s  on aquat ic  l i f e  and vegetat ion. There may be an economic 

impact on p r i v a t e  owners t o  d r i l l  deeper w e l l s  t o  get  groundwater. Subsidence mav r e s u l t  from 

heavy pumping from t h i c k  sand and shale aqu i fe rs .  Increased use o f  groundwat.er might. decrease 

spr lng  flows. Changes i n  water use f o r  a g r i c u l t u r e  and i r r i g a t i o n  w i l l  occur. These changes 

w i l l  have adverse impacts on farming, grazing, and rec rea t ion  as w e l l  as on f i s h  and w i l d l i f e .  

Withdrawal o f  water f o r  the p l a n t  operat ion increases s a l i n i t y  problems t h a t  would reduce potable 

water  suppl ies and i n t e r f e r e  w i t h  a g r i c u l t u r a l  app l i ca t ions .  Because o f  mutual we l l  i n t e r f a c e  

and low a q u i f e r  permeabil i t y ,  we l l  f i e l d s  producing s i g n i f i c a n t  amounts o f  groundwater would 

have t o  be spread o u t  over several tens o f  square mi les.  Because the Madison a q u i f e r  i s  q u i t e  

deep, withdrawals would n o t  have much ef fect  on sp r ing  f low.  The area o f  extensive in f luence  

can be as much as 1 m i l e  from the  p o i n t  of pumping. The v e r t i c a l  component o f  groundwater move- 

ment is'downward, and the hor i zon ta l  component i s  genera l l y  northward toward the po in ts  o f  d i s -  

charge along t h e  lower reaches of Wi ldcat  Creek, t h e  L i t t l e  Powder River ,  Cot t~nwood Creek, and 

the  B e l l e  Fourche River .  Downward movement o f  groundwater i s  small ,  however, a  r e s u l t  o f  the 

low permeab i l i t y  o f  t h e  shales i n  the  Wasatch and For t  Union formations. ~edroc 'k  aqu i fe rs  are 

f i l  l e d  t o  the  lowest l e v e l s  where they crop o u t  i n  the stream va l leys .  Moreover, the  aqu i fe rs  

a re  d ischarg ing s u f f i c i e n t  water t o  mainta in  a near surface l e v e l  o f  s a t u r a t i o n  i n  the  a l luv ium 

along the l a r g e  stream va l leys .  Water 'level observat ions i n  a we l l  98 m (320 f t )  deep w i t h i n  

1 m i l e  o f  the  we l l  f i e l d  t h a t  suppl ies water f o r  G i l l e t t e  showed no.dec1ine t h a t  cou ld  be 

a t t r i b u t e d  t o  pumping dur ing  t h e  per iod  1950 t o  1965. Since 1965, however, the  water l e v e l  has 

dec l ined  s t e a d i l y  i n  response t o  s i g n i f i c a n t  increased pumping from the  we l l  f i e l d .  Tota l  dec l ine  

o f  the water l e v e l  over  a per iod  o f  about 8 years has been about 1.5 m (5 f t )  (U.S. Department 

o f  the  I n t e r i o r  1974). 



3.2.1.3 Impacts caused by atmospher ic e f f l u e n t s  

The Atmospher ic T ranspo r t  Model (ATM) (Culkowski  and Pa t te rson  1976) has been used t o  e s t i m a t e  

t h e  e f f e c t  on a i r  q u a l i t y  i n  t h e  v i c i n i t y  o f  a  coa l  g a s i f i c a t i o n  p l a n t  a t t r i b u t a b l e  t o  a i r b o r n e  

e f f l u e n t s  re leased  f r o m  t h e  p l a n t .  The ATM i s  b a s i c a l l y  a  Gaussian plume model f o r  comput ing 

t h e  ground- leve l  concen t ra t i ons  and d e p o s i t i o n s  o f  a i r b o r n e  gases and p a r t i c u l a t e s  a t  v a r y i n g  

d i s t a n c e s  f rom a source. The model i s  capab le  o f  t r e a t i n g  seve ra l  sources a t  once; t hese  

sources may be p o i n t s  (such as smoke s tacks ) ,  areas (such as c i t i e s ) ,  o r  l i n e s  (such as highways).  

Fo r  each source i t  i s  necessary t o  know t h e  emiss ion r a t e ,  source h e i g h t ,  and l o c a t i o n ,  r e l a t i v e  

t o  a  r e c e p t o r  p o i n t .  For  p a r t i c u l a t e  emissions, t h e  s i z e  and d e n s i t y  o f  t h e  p a r t i c l e s  a r e  

needed. M e t e o r o l o g i c a l  da ta  a r e  a l s o  r e q u i r e d  t o  rur l  the ATM. I t  i s  necessary t o  know t h e  

f r a c t i o n  of  t ime  t h a t  t h e  wind blows from a g i ven  d i r e c t i o n  w i t h  a  g i v e n  v e l o c i t y  under c e r t a i n  

s t a b i l i t y  c o n d i t i o n s .  

Because t h e  a c t u a l  amount and t y p e  o f  e f f l u e n t  f rom t h e  proposed coa l  g a s i f i c a t i o n  p l a n t  w i l l  

depend on t h e  process used, t h e  e f f l u e n t  r a t e  ( f o r  model ing  purposes) was taken  t o  be 450 kg  

(1000 l b )  pe r  day o f  e i t h e r  SO2 o r  p a r t i c u l a t e s .  The p a r t i c u l a t e s  were assumed t o  have a  

d e n s i t y  o f  2  g/cm3 and a  d iame te r  o f  10 urn. Because t h e  ground- leve l  c o n c e n t r a t i o n  a t  a  

p a r t i c u l a r  l o c a t i o n  i s  p r o p o r t i o n a l  t o  t h e  e f f l u e n t  r a t e  f o r  a  g i v e n  s tack  h e i g h t ,  i t  i s  p o s s i b l e  

t o  use t h e  computed r e s u l t s  t o  o b t a i n  concen t ra t i ons  r e s u l t i n g  f rom r a t e s  o t h e r  than 450 kg/day 

(1000 I b l d a y ) .  

Because more than one s tack  may be p resen t  ( t h e  h e i g h t s  of  which a r e  n o t  known), a i r  concent ra-  

t i o n s  were computed f o r  h e i g h t s  o f  30, 60, and 90 m (100, 200, and 300 f t ) .  W i t h i n  t h i s  range 

o f  he igh ts ,  i t  shou ld  be p o s s i b l e  t o  i n t e r p o l a t e  r e s u l t s  f o r  o t h e r  h e i g h t s  o f  i n t e r e s t .  

The me teo rn lng i ca l  d a t a  were ob ta ined  as " s t a r "  programs f rom t h e  N a t i o n a l  c l i m a t i c  Center  i n  

A s h e v i l l e ,  No r th  Ca ro l i na .  They rep resen t  5-year averages and a r e  broken down i n t o  16 d i r e c t i o n s  

(N, NNE, NE, e t c . ) ,  6  wind-speed ca tego r i es ,  and 6  s t a b i l i t y  c l asses .  A l though seasonal d a t a  

were a v a i l a b l e ,  we have used o n l y  t h e  annual averages here.  The annual wind roses,  w i t h  a l l  

s t a b i l i t i e s  summed toge the r ,  a r e  shown i n  F igs .  2.5, 2.18, and 2.29 f o r  S t .  Lou is ,  M i s s o u r i ;  

Hunt ing ton,  West V i r g i n i a ;  and Casper, Wyoming. These s i t e s  a r e  t h e  nea res t  t o  t h e  proposed 

l o c a t i o n s  f o r  t h e  ,pipeline gas p l a n t s  f o r  which a i r  data  were r e a d i l y  a v a i l a b l e .  

For  each s i t e ,  model c a l c u l a t i o n s  were made f o r  a  s tack  h e i g h t  o f  90-m ( 3 0 0 - f t )  a t  80 p o i n t s  

sur round ing t h e  s i t e  ( d i s t a n c e s  o f  0.5, 1, 2, 4, and 8  km a long  each o f  t h e  16 d i r e c t i o n s ) .  

The r e s u l t s  were l a t e r  combined f o r  e a s i e r  i n t e r p r e t a t i o n  t o  g i v e n  computed c o n c e n t r a t i o n s  i n  

o n l y  e i g h t  d i r e c t i o n s  (N, NE, E, e t c . ) ,  each r e p r e s e n t i n g  a  45' segment o f  t h e  c i r c l e .  These 

r e s u l t s  a r e  shown i n  F igs .  A.4-A.9 i n  t h e  Appendix. Thus t h e  va lue  shown a t  a  g i v e n  d i s t a n c e  
"E" i n  r e a l i t y  i n c l u d e s  h a l f  of  ENE and h a l f  of  ESE. I n  genera l ,  t h e  r e s u l t s  f o r  SO2 and t o t a l  

suspended p a r t i c u l a t e s  (TSP) a r e  s i m i l a r .  The concent ra t ' ions  decrease by an o r d e r  o f  magnitude 

as t h e  d i s t a n c e  i nc reases  from 0.5 km t o  8  km. The c l o s e - i n  concen t ra t i ons  (0 .5  km) a r e  t h e  
h i g h e s t  f o r  t h e  Wyoming s i t e  because of t h e  h i g h  percentage o f  w ind f rom t h e  southwest.  

Once t h e  exac t  e f f l u e n t  r a t e  and s tack  h e i g h t  a r e  known f o r  a  g i v e n  p l a n t ,  t h e y  can be used t o  

make an a n a l y s i s  o f  t h e  p l a n t ' s  e f f e c t  on a i r  q u a l i t y .  The r e s u l t s  f o r  SO2 can a l s o  a p p l y  t o  
NO2. If more than one s tack  i s  present  a t  a  g i v e n  s i t e  o r  mnre than  one e f f l u e n t  i s  doming f rom 



a  s i n g l e  s tack,  t h e  combined e f f e c t  can be ob ta ined  by superimposing t h e  a p p r o p r i a t e  f i g u r e s .  

For  example, a  p l a n t  m igh t  have t.he f o l l o w i n g  d a i l y  e f f l u e n t :  230 kg (500 l b )  o f  p a r t i c u l a t e s ,  

900 kg (2000 l b )  o f  SO2, and 680 kg (1500 l b )  o f  NO2 from a  30-m ( 1 0 0 - f t )  s tack ,  and 680 kg 

(1500 l b )  o f  p a r t i c u l a t e s ,  2300 kg (5000 l b )  o f  SO,, and 1800 kg (4000 l b )  o f  NO2 f rom a  90-m 

( 3 0 0 - f t )  s tack .  Assuming St .  Lou i s  a i r  data ,  t h e  ground- leve l  c o n c e n t r a t i o n  a t  a  p o i n t  4  km 

e a s t  o f  t h e  p l a n t  would  be 1.59 pg/m3 TSP, 5.49 pg/m3 SO2, and 4.28 ug/m3 NO2. The f i g u r e s  can 

a l s o  be used t o  es t ima te  t h e  maximum e f f l u e n t  t h a t  a  p l a n t  c o u l d  e m i t  w i t h o u t  exceeding a  c e r -  

t a i n  c o n c e n t r a t i o n  f o r  a  g i v e n  s tack  a t  a  g i ven  d i s tance .  

3.2.1.4 Water q u a l i t y  

Su r face  wa te r  

The impact  o f  coal  conve rs ion  p l a n t  o p e r a t i o n  on t h e  sur face-water  q u a l i t y  a t  t h e  va r ious  s i t e s  

i s  h i g h l y  dependent on a  l a r g e  number o f  1.tnk.nowns such as t h e  n a t u r e  o f  l.he pcrcn1;lt inn ond 

s u r f a c e  r u n o t t  i n  t h e  env\irons su r round ing  t h e  p l a n t  s i t e s .  The b e s t  assessment t h a t  can be 

made a t  t h i s  t ime  i s  an es t ima te  o f  t h e  p o t e n t i a l  v u l n e r a b i l i t y  o f  t h e  s u r f a c e  waters  a t  each 

s i t e  t o  p o s s i b l e  p l a n t  wastes f rom d i s p e r s a l  l o c a t i o n s .  A  f u r t h e r  c o n s i d e r a t i o n  t h a t  w i l l  

i n f l u e n c e  t h e  water q u a l i t y  a t  t h e  v a r i o u s  s i t e s  i s  t h e  p r o j e c t e d  t rends  i n  water  q u a l i t y  

improvement on the  s u r f a c e  waters  sur rounding t h e  su r roga te  s i t e s .  

The l ong - te rm qoals f o r  w ~ t . P r  q u a l i t y ,  ~ h o w n  i n  Table  3.11, were e s t a b l i s h e d  by t h e  American 

Water Works Assoc ia t i on  f o r  p o t a b l e  water.  S p e c i f i c  p lans f o r  water  q u a l i t y  improvement a t  

t h e  t h r e e  s i t e  areas c a l l  f o r  t h e  i d e n t i f i c a t i o n  o f  r e g i o n a l  water  q u a l i t y  problems by l o c a l  

agenc ies  on upstream t r i b u t a r i e s ,  i n c l u d i n g  t h e  i d e n t i f i c a t i o n  o f  d i f f u s e  sourSces. S p e c i f i c  

prograll ls a r e  be ing formu' lated i n  keep ing w i t h  Federal  mandates. 

The e f f l u e n t s  f rom a  coa l  conve rs ion  f a c i l i t y  l o c a t e d  a t  any o f  t he  t h r e e  s i t e s  a r e  d i f f i c u l t  Lu 

s p e c i f y  because o f  t h e i r  d i f f u s e  n a t u r e .  L i k p l y  sources o f  e f f l u e n t s  a r e  the  seepaqe worn waste 

ponds and l l l e  l eacha te  f rom coa l  p i l e s .  Current  da ta  on p o s s i b l e  e f f l u e n t s  f rom these sources 

a r e  i n  Sects .  1.2.4 and 1.2.3. The q u a n t i t y  and t h e  compos i t ion  o f  thesc e f f l u e n t s  as Lhey reach' 

t h e  s u r f a c e  waters  a r e  unknown. A d d i t i o n a l  e f f l u e n t s  m igh t  occur  a t  t h e  West V i r g i n i a  and 

I l l i n o i s  s i t e s ' f r o m  dewater ing a c t i v i t i e s .  For  bo th  o f  these s i t e s ,  t he  q u a l i t y  o f  t h e  water  

t h a t  i s  t o  be dewatered i s  unknown. I t  i s  more l i k e l y  t h a t  t h e  dewater ing a ~ t i v i t t e s  w i l l  p re-  

s e n t  an impact  i n  t he  I l l i n o i s  s i t e  arPo,  

The 1 l l i n o i s  s i t e  i s  most v u l n e r a b l e  t o  su r face  water  q u a l i t y  degradat ion.  The amount o f  dewater- 

i n g  t h a t  i s  needed a t  t h e  I l l i n o i s  s i t e  i s  l i k e l y  t o  i n t r o d l i c e  w a t e r - q u a l i t y - r e l a t e d  in ipdcls t o  

t h e  Kaskaskia River .  Sur face r u n o f f  may a l s o  be dewatered i f  s i g n i f i c a n t  r a i r l f a l l  occ11r2 T l ~ e  

Wyolail~y s  l t e  I s  the second s i t e  t h a t  would p o s s i b l y  exper ience water  q u a l i t y  degradat ion.  Per- 

c o l a t i o n  o r  r u n o f f  o f  p l a n t  e f f l u e n t  c o u l d  degrade t h e  water  q u a l i t y  o f  Donkey Creek because o f  

i t s  s l l id l l  s i z e .  Presuming r u n o f f  i s  e f fec t i . ve l y  conta ined hy banks and s e t t l i n g  bas ins ,  o n l y  

t h e  impact  o f  e f f l u e n t  p e r c o l a t i o n  i n t o  Donkey Creek would occur .  Est imates o f  t he  amount o f  

e f f l u e n t  p e r c o l a t i o n  l i k e l y  t o  occur  a r e  n o t  a v a i l a b l e .  The West V i r g i n i a  s i t e  i s  l e a s t  l i k e l y  

t o  be impacted by the  presence of a  p i p e l i n e  gas p l a n t .  Th i s  conc lus ion i s  based on t h e  l a r g e  

f l o w s  o f  t h e  Ohio River .  I t can be assumed t h a t  t h e  Ohio R i v e r  would probably  d i l u t e  any 

e f f l u e n t  t h a t  m igh t  reach t h e  r i v e r  t o  t h e  e x t e n t  t h a t  no measurable change i n  water  q u a l i t y  

would be n o t i c e a b l e .  
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Table 3.11. Potable water quality goalsa 

American Water Works Association 

Characteristic Goal 

Physical factors 

Turbidity Less than 0.1 unit 
Nonfilterable residue Less than 0.1 mdliter 
Macroscopic and nuisance organisms No such organisms 

Color Less than 3 units 
Odor No odor 
Taste No taste objectionable 

Chemical factors (mglliter) 

Aluminum (A l l  
l r o ~ ~  (Fe) 
Manganese (Mn) 
Copper (Cu) 
Zinc (211) 
Filterable residue 
Carbon chloroform extract (CCE) 
Carbon alcohol extract (CAE1 
Methylene blue active substances (MBAS) 

Corrosion and scaling factors 

Hardness (as CaCO,) 

Alkalinity (as CaC03) 

Coupon tests (incrustation 
and loss by corrosion) 

80 mglliter; a balance between deposition 
and corrosion characteristics is necessary; 
a level of 80 mglliter seems best, generally, 
considering all the quality factors; l~uwever, 
for some supplies, a goal of 90 or 100 mgl 
liter may be deemed desirable 

Change of not more than 1 mglliter (decrease 
or increase in distribution system, or after. 
12 hr at 54'C ( 1 3 0 ~ ~ )  in a closed plastic 
bottle. followed by filtration) 

9 W a y  tests (incrustation on stainless steel 
not to exceed 0.05 mgJcm2, loss by corro- 
sion of galvanized iron not to exceed 5.00 
mglcm2 ) 

Bacteriological factors 

Col~form organisms (by mulriple Nu ~ulif01.111 organisms 
fermentation techniques) 

Coliform orgainsms (by membrane No coliform organisms 
filter techniques) 

"For all health-related constituents not stated herein, these goals shall require 
u u ~ ~ ~ p l e l e  iui i tpl~h~lce with all rccommcndod and mandatory limits rnnta in~d in cllrrent . 
USPHS Urinklng Water Starlda~ds. U~l ler i  other methods ore indicated. analyces shall be 
made in conformance with the latest e d i t i u ~ ~  uf Standard  weth hods o f  Examination o f  
Water and Wastewater. 

Source: R .  G. Bond and C. P. Straub. 1973. C. R. C. handbook o f  environmentalcon- 
trol, vol. I II. Cleveland, Ohio: C. R. C. Press. 

Groundwater 

Groundwater q u a l i t y  can be a f f e c t e d  by ( 1 )  w i t hd rawa l  o f  l a r g e  amounts o f  water  and ( 2 )  l e a c h i n g  

o f  chemicals from t h e  l a n d  su r face  i n t o  a q u i f e r s .  Withdrawal o f  groundwater i n  excess o f  

recharge t o  a q u i f e r s  w i l l  a f f e c t  t h e  water  q u a l i t y  and may rende r  t h e  wa te r  more s a l i n e ,  p a r -  

t i c u l a r l y  i f  t h e  wa te r  i s  wi thdrawn f rom sha l l ow  a q u i f e r s .  Pumping o f  groundwater can cause 

contnminated w a t e r  t o  f l o w  f rom a sur face source t o  a w e l l  and can cause'a. f r eshwa te r  a q u i f e r  

t o  be contaminated by  s a l i n e  water  from u n d e r l y i n g  a q u i f e r s  (Deutsch 1963). Dewater ing  m igh t  



r e s u l t  i n  s i m i l a r  e f f e c t s .  Poor w e l l  cons t ruc t ion  techniques, i n c l u d i n g  w e l l  screens and/or 

per fo ra ted  casing, might  a i d  i n  in te rconnec t ion  o f  two separate aqu i fe rs  and leakage between 

a q u i f e r s .  Surface r u n o f f  from ash and coal storage, s tockpi les,  and ho ld ing  and evaporat ive 

ponds can be major sources o f  l each ing  i n t o  aqu i fe rs .  Add i t i ona l l y ,  coo l ing  water t h a t  reaches 

the  ground i s  h igh i n  t o t a l  d i sso lved  s o l i d s  and could contaminate the  groundwater f o r  domestic 

purposes. 

The movement o f  contaminants i n  the groundwater depends on the s o i l  and a q u i f e r  c h a r a c t e r i s t i c s  

and i s  yoverned by such mechanisms as i o n  exchange capaci ty ,  d i l u t i o n ,  adscrpt ion,  chemical 

r e a c t i o n  decay, and d ispers ion.  For a d iscuss ion o f  environmental and hea l th  aspects o f  l a n d f i l l  

s o l i d  waste disposal., see Braunste in 1978. Concentrat ions o f  such elements as Fe, F, Se, 6, NO3, 

Mg, and A1 might  increase i n  groundwater as a consequence o f  leaching. Leaching o f  common mineral 

cons t i tuen ts ;  t o x i c  t r a c e  elements (seleni~rm, lead, benzo[a]pyrene, aldehydes, i i n c ,  n i c k e l ,  

cadmium, and molybdenum); d isso lved s a l t s  from waste treatment p lants ,  carbon, coal p a r t i c u l a t e s ,  

and p y r i t e s ;  sediment, o i l ,  and organic  mat ter  from coa l  storage and coal preparat ion can a l l  

have p o t e n t i a l  impacts on groundwater. Sludge from SO2- scrubbing conta ins p o t e n t i a l  groundwater 

p o l l u t a n t s  such as Ca, Mg, Na, K, su l fa tes,  s u l f i t e s ,  ch lo r ides ,  and bicarbonates. 

New Athens area 

Water i n  t h e  New Athens .area i s  genera l l y  s a l i n e  below a depth o f  150 m (500 f t ) .  Most o f  the 

groundwater must be obtained from t h e  shal low aqui fers  i n  the  Kaskaskia River  f l o o d p l a i n  where 

y i e l d s  a re  r e l a t i v e l y  h igher  compared w i t h  deeper carbonaceous aqu i fe rs .  Where aqu i fe rs  d i  s-  

charge i n t o  streams, leaching of contaminants w i l l  degrade n o t  on ly  the  groundwater bu t  a l s o  

the  r i v e r  downstream of the p lan t .  Depression i n  water l e v e l  caused by heavy pumping w i l l  

c rea te  water q u a l i t y  problems such as increased s a l i n i t y .  Tf t . h ~  groi~ndwater w e l l s  penct rate 

the  carbonaceous aquifers, t h e  water q u a l i t y  i n  these deeper aqu i fe rs  can a l s o  be a f fec ted .  

LewlS area 

Contamination of under ly ing aqui fers  by i n f i l t r a t i o n  of waste frorn disposal ponds o r  lagoons, 

by s p i l l a g e  o f  wastes on the  ground, and by a c i d  mine drainage o r  deep we l l  i n j e c t i o n  has 

occurred i n  Mason County, and t h i s  problem w i l l  be present w i t h  p i p e l i n e  gas p lants .  The 

n a t u r a l  groundwater i s  genera l l y  hard and ac id ic .  Heavy pumpage might r e s u l t  i n  the  lower..inq 

o f  water. l e v e l s  and t h e  reversal  of groundwater movement. Leachete movement i n t o  the shal low 

a l l u v i a l  aqui fers  w i l l  con tam in at.^ nnt n n l y  the qr9undw;ltr.r hilt. n l ~ i ~  I.!IY 0t110 and Y,aria#ha ririt~ 5 ,  

p a r t l c u a r l y  dur ing  low flows, a t  which t ime aquat ic  l i f e  i s  e s p e c i a l l y  a f fected.  Contaminated 
spr ing  f low miqht, a f f e c t  w i l  d l  i f p  popi l lat ion, and contami~~atec l  hl lal luw aquirers m ~ g h t  a f f e c t  

t h e  domestic and r u r a l  uses nf qro~lndwater.  leaching mny !lot a r f u c l  .the deeper o q u i f e ~ ~ s ,  I~uw- 
ever, because of r e l a t i v e l y  impermeable M iss iss ipp ian  sandstone and shale. 

G i  11 e t t e  area 

Changes i n  t h e  q u a l i t y  o f  water should n o t  be ser ious i n  the  G i l l e t t e  area because o f  the  slow 

downward movement o f  groundwater and t h e  r e l a t i v e l y  impervious shale. The over l y ing  sandstone 

discharges water i n t o  t h e  bottom o f  the  stream v a l l e y s  a t  t h e  lowest p o i n t  o f  the outcrop area 

and i s  a  pr imary source o f  underf low i n  the  va l ley .  Therefore, pumping should no t  g r e a t l y  
a l t e r  the  chemical c h a r a c t e r i s t i c s  o f  t h e  underflow downstream from the  p l a n t  s i t e .  The deeper 



a q u i f e r s  may n o t  be a f f e c t e d .  Leaching o r  i n f i l t r a t i o n  o f  water  w i l l  occur  and w i l l  a f f e c t  t h e  ; 

chemical q u a l i t y .  T h i s  water  w i l l  e v e n t u a l l y  move downgradient toward a  d ischarge p o i n t  a long . 

t he  L i t t l e  Rawhide Creek, Dry Fork, o r  L i t t l e  Powder,River and w i l l  lower  t h e  water  quality,. 

Ac id  wastes may n o t  be a  se r ious  problem because t h e  n a t u r a l  water  o f  t h e  area i s  g e n e r a l l y  

s l i g h t l y  bas ic .  Withdrawal o f  water  w i l l  i nc rease  s a l i n i t y  problems, which w i l l  reduce po tab le  

water  supp l i es  and i n t e r f e r e  w i t h  a g r i c u l t u r a l  a p p l i c a t i o n s .  

3.2.2 Impacts on t h e  b i o l o g i c a l  environment 

3.2.2.1 Impacts caused by d e s t r u c t i o n  o f  h a b i t a t  

General 

Many o f  t h e  p o t e n t i a l  environmental  impacts caused by d e s t r u c t i o n  o f  h a b i t a t  w i l l  occur  du r ing .  

t h e  c o n s t r u c t i o n  o f  t h e  demonst ra t ion p l a n t  (Sect.  3.1.2.1), and some o f  these impacts w i l l  

con t i nue  throughout  t h e  l i f e  o f  t h e  p r o j e c t .  The removal o f  vege ta t i on  d u r i n g  t h e  c o r ~ s t r u c t i o n  

o f  b u i l d i n g s ,  roads, pa rk ing  l o t s ,  e tc . ,  may r e s u l t  i n  a  p o t e n t i a l l y  long- term,  b u t  minor,  l o s s  

o f  b i o l o g i c a l  p r imary  p roduc t i on .  Des t ruc t i on  o r  damage t o  vege ta t i on  w i l l  r e s u l t  i n  h a b i t a t  

changes t h a t  w i l l  be b e n e f i c i a l  t o  some animals b u t  de t r imen ta l  t o  o the rs .  Animals t h a t  a r e  

d i sp laced  t o  ad jacen t  areas w i l l  be fo rced  t.n compete w i t h  a l ready -es tab l i shed  an imals  f o r  a  

p l a c e  t o  l i v e .  Such compe t i t i on  w i l l  r e s u l t  i n  increased m o r t a l i t i e s  u n t i l  a  new balance i s  

reached. D e s t r u c t i o n  o f  h a b i t a t  w i l l  a l s o  decrease t h e  maximum p o t e n t i a l  popu la t i on  s i z e  .o f  

adve rse l y  a f f e c t e d  animals on the  impacted area. 

Cons t ruc t i on  o f  roads, fences, d i t ches ,  and o t h e r  o b s t r u c t i o n s  may i n t e r f e r e  w i t h  t h e  t r a v e l  

r o u t e s  o f  some animals.  I t  can be expected t h a t  increased v e h i c u l a r  t r a f f i c  w i l l  r e s u l t  i n  

more animals be ing k i l l e d  w h i l e  c r o s s i n g  t h e  roads (Galayda 1970; Helms and S ta ins  1966; 

Hodson 1960). The presence o f  b u i l d i n g s ,  emi c s i o n  stacks, c o o l i n g  towers ,, te lephone 1  i nes ,  

e t c . ,  may be a  minor  c o l l i s i o n  hazard t o  b i r d s ,  e s p e c i a l l y  a t  n i g h t ,  i n  fog, on ove rcas t  

n i g h t s ,  o r  d u r i n g  h igh  winds ( W i l l a r d  and W i l l a r d  1978; Avery e t  3.1. 1976; Cochran and Graber 

1958; Brewer and E l l i s  1957; Howell 1954). A s tudy o f  Anderson (1978) revea led t h a t  f rom 200 t o  

400 water fowl  (0.2 t o  0.4% o f  maximum number p resen t )  were k . i l l e d  each f a l l ,  1973-75, by c o l l i d i n g  

w i t h  t ransmiss ion  l i n e s  a t  t he  K i n c a i d  Power P l a n t  i n  c e n t r a l  I l l i n o i s .  S tou t  and Cornwel l  (1976) 

a l s o  r e p o r t e d  on a survey o f  nonhunt ing m o r t a l i t y  o f  w i l d  wa te r fow l .  C n l l i s i o n  m o r t a l i t y  repre-  

sented 0.1% of t h e  t o t a l  sarlple ( n  = 2,108,880) and was r e p o r t e d  most commonly  fro^^^ t h e  c e n t r a l  

f lyway. U t i  1  i t y  w i res  and automobi 1  es were t h e  most f requen t  causes o f  c o l l  i s i o n  m o r t a l i t y .  

Dur ing t h e  ope ra t i on  o f  t h e  demonst ra t ion f a c i l i t y ,  t h e  presence o f  severa l  sources o f  env i ron-  

mental  p o l l u t a n t s  cou ld  r e s u l t  i n  t h e  m o d i f i c a t i o n  o f  h a b i t a t  types, changes i n  species 

composit ion, and i n c o r p o r a t i o n  and t r a n s l o c a t i o n  o f  t o x i c  chemicals i n t o  t h e  ecosystem v i a  

food-cha in  pathways. The most obvious concern i s  t h e  re lease  o f  a i r  emissions (Sec t .  3.2.2.3). 

A l though n o t  1  i k e l y  t o  occu'r, t h e  acc iden ta l  r e l e a s e  o f  e f f l u e n t s  f rom s to rage  tanks, h o l d i n g  

ponds, r e f u s e  p i l e s ,  and p i p e l i n e s  i s  a  p o s s i b i l i t y  (Sect.  1.2.3). Ho ld ing  o r  evapora t i on  

ponds t h a t  c o n t a i n  t o x i c  chemicals cou ld  rep resen t  a  t h r e a t  t o  an imals  u s i n g  t h e  water.  The 

use o f  p e s t i c i d e s  and/or he rb i c ides  t o  c o n t r o l  unwanted pes ts  and weeds around' t h e  f a c i l i t y  

m igh t  r e z u l t  i n  acute  u r  ch ron i c  t o x i c i t y  t o  c e r t a i n  non ta rge t  organisms. The b ioaccumulat ion 

and t o x i c i  t i c s  o f  va r i ous  p e s t i c i d e s  and h e r b i c i d e s  i s  we1 1  documented (e.g., Buf f  i n g t o n  1974; 



F r i e n d  and T r a i n e r  1970; Korschgen 1970; Tucker and Carb t ree  1970; M i l l e r  and Berg 1969; 

S t i c k e l  1968; ~ustm'an and S t i c k e l  1966; George 1965; George 1960; and OeWit t  e t  a l .  1960) 

H a b i t a t  d e s t r u c t i o n  and r e l a t e d  env i ronmenta l  impacts  caused by o f f s i t e  developments, which 

can  be a t t r i b u t e d ,  a t  l e a s t  i n  p a r t ,  t o  t h e  o p e r a t i o n  o f  t h e  demonst ra t ion  p l a n t ,  deserve 

e v a l u a t i o n .  Such developments i n c l u d e  su r face  m i n i n g  ( t o  supp ly  coa l  f o r  p l a n t  o p e r a t i o n )  and 

c o n s t r u c t i o n  o f  new homes, businesses, t r a n s p o r t a t i o n  systems, and o t h e r  s u p p o r t i v e  systems 

needed t o  accommodate t h e  i n c r e a s e  i n  human p o p u l a t i o n  a t t r i b u t a b l e  t o  o p e r a t i o n  o f  t h e  

f a c i  1  i t y  (Sec t .  3 .3) .  

O f f s i t e  developments w i l l  r e s u l t  i n  a d d i t i o n a l  l osses  o f  h a b i t a t  and env i ronmenta l  p o l l u t i o n  

and subsequent animal d isp lacements  and m o r t a l i t i e s .  The l a r g e r  human p o p u l a t i o n  w i l l  con- 

t r i b u t e  t o  t h e  harassment and p o s s i b l e  m o r t a l i t y  o f  some an imals  ( N e i l ,  HoPflllan, and G i l l  

1975).  F o r  example, i t  can be expected t h a t  i n  lilarly arcs: h u n t i r ~ y  vr.essure on game spec ies  

, w i l l  i n c r e a s e  sl1ghl; ly i n  r e l a t i o n  t o  l o c a l  p o p u l a t i o n  prnwt.h. A lso ,  g r a a t c r  vch ieu lo t .  11 a r r i c  

and mowing a long  highways w i l l  cause a d d i t i o n a l  animal deaths.  

Area impacts  

Env i ronmenta l  impacts caused by  hah i  t a t  d e s t r u c t i o n  r e s u l t i n g  Frorn t h e  o p e r a t i o n  o f  a  s i n g l e  

demons t ra t i on  f a c i l i t y  a r e  n o t  expected t o  a f f e c t  i r r e v e r s i b l y  t h e  b i o t a  a t  any o f  t h e  t h r e e  

proposed areas.  It i s  assumed t h a t  e x i s t i n g  p o p u l a t i o n s  o f  b i o t a  i n  and around t h e  proposed 

p l a n t  areas w i l l  be s u f f i c i e n t  t o  m a i n t a i n  v i a b l e  p o p u l a t i o n s  o f  a l l  a f f e c t e d  b i o t a .  F u r t h e r -  

Illore, r e v e g e t a t i o n  and r e c o l o n i z a t i o n  o f  a f f e c t e d  areas t o  s i m i l a r  phys i ca l  and b i o t i c  c o n d i t i o n s  

a f t e r  c l o s i n g  o f  t h e  f a c i l  it.y i s  a  d e f i n i t c  p o s s i b i l i t y .  

I he  o p e r a t i o n  of a  demons t ra t i on  f a c i l i t y  i s  n o t  expected t o  c o n t r i b u t e  t o  t h e  e x t i n c t i n n  o f  

any th rea tened  o r  endangered t e r r e s t r i a l  spec ies  inasmuch as none have been recnrr led w i t h i n  

any u r  111e t h r e e  p r ~ g o s e d  tnwnzhipq ( ~ e c t c .  ?,1.3.3, c . c . ~ . s .  drld i . . c . y . : c ) .  ~t t h c  Wyoming 

area,  ba I d  eag les  ( ~ a z i a l l t u s  ZeucocephaZus) may w i n t e r  i n  t h e  Powder R i v e r  Bas in  near  

G i l l e t t e ,  and n e s t i n g  h a b i t a t  f o r  them may e x i s t  sou th  and e a s t  o f  G i l ' l e t t e  a long  t h e  B e l l e  

Fourche R i v e r ;  however, no n e s t s  have been recorded w i t h i n  t h e  area ( F a u t i n  1976).  

Of some concern  a r e  t h e  e f f e c t s  o f  o f f s i  t e  developments, e s p e c i a l l y  su r face  m i r ~ i n g ,  on 

t e r r e s t r i a l  b i o t a .  The amount of  l a n d  t h a t  c o u l d  be su r face  mined i n  any one yea r  t o  supp l y  

c o a l  f o r  t h e  o p e r a t i o n  of  a  demons t ra t i on  f a c i l i t y  v a r i e c  acco rd ing  1" l l l e  l l ~ l n k n e ~ ~  o t  t h e  

c o a l  seam, d e n s i t y  of t h e  coa l ,  and t h e  amount of c o a l  needed f o r  t h e  f a c i l i t y .  An es t ima ted  
56, 104, and 5  ha (139, 257. and 1 7  ac res )  a t  t h e  Ill i ~ l u i s ,  West ~ i l r g i n i a ,  and Wyoming s i t e s ,  

r e s p e c t i v e l y ,  would be sur face mined each yea r  i f  nnp sssullltrv t h a t  

1. t h e  f a c i l i t y  w i l l  r e q u i r e  about  4535 m e t r i c  t o n s  (5000 t o n s )  o f  coa l  p e r  day 

(Sect .  1.2);  

2 .  t h e  d e n s i t y  o f  t h e  coa l  i s  1.5 g/cm3 (Weast 1976); and 

3. t h e  t h i c k n e s s  o f  t h c  coa l  seams i s  2;1, and 21 m  (6.5, 3.5, and 70 f t )  a t  t h e  

I 1  1  i n o i s ,  West V i r g i n i a ,  and Wyoming areas r e s p e c t i v e l y  ( I l l i n o i s  Department o f  

Mines and M i n e r a l s  1975a; Evans and B i t l e r  1975; and Or r  1975). 



The amount o f  l a n d  t h a t  c o u l d  be s u r f a c e  mined i n  any one y e a r  w i l l  p robab l y  have l i t t l e  adverse 

e f f e c t  on t h e  long- term s u r v i v a l  o f  t h e  va r i ous  spec ies  w i t h i n  t h e  proposed areas. However, 

o v e r  t h e  yea rs  t h e  cumu la t i ve  s f f e c t s  o f  coa l  conve rs ion  developments and r e l a t e d  a c t i v i t i e s  

such as s u r f a c e  min ing,  road  and o t h e r  c o n s t r u c t i o n ,  and a l l  types o f  human a c t i v i t i e s  w i l l  

r e s u l t  i n  some r e d u c t i o n  o f  h a b i t a t  and b i o t a  w i t h i n  t h e  reg ions .  

I n  I l l i n o i s ,  m in ing  a c t i v i t i e s  r e l a t e d  t o  t h e  o p e r a t i o n  o f  a  coa l  conve rs ion  f a c i l i t y  may 

adve rse l y  a f f e c t  some a g r i c u l t u r a l  lands.  The I l l i n o i s  Surface-Mined Land Conservat ion  and 

Reclamat ion A c t  and t h e  Federal  Sur face M in ing  Con t ro l  and Reclamat ion Act  o f  1977 r e q u i r e  t h a t  

a g r i c u l t u r a l  l ands  be rec la imed  f o r  a g r i c u l t u r a l  purposes i f  a g r i c u l t u r a l  use i s  determined t o  be 

t h e  optimum f u t u r e  use o f  t h e  a f f e c t e d  l a n d  ( I l l i n o i s  Department o f  Mines and M ine ra l s  1975b; U.S. 

Congress, 1977a). The Federa l  a c t  r e q u i r e s  s p e c i a l  performance s tandards  f o r  p r ime and unique 

farmlands (U.S. Department o f  t h e  I n t e r i o r  1977, Sect.  716.7), and such l ands  must be r e s t o r e d  t o  

an e q u i v a l e n t  o r  b e t t e r  p r o d u c t i v i t y  t han  p r i o r  t o  m in ing  (U.S. Congress 1977a). However, t he  

success o f  such rec lama t i on  i n  terms o f  comparable y i e l d s  . p e r  a c r e  b e f o r e  and a f t e r  m i n i n g  has 

n o t  been adequate ly  determined. 

N e i t h e r  t h e  I l l i n o i s  sur face-min ing law n o r  t h e  Federal  a c t  p r o v i d e  an i n c e n t i v e  f o r  t h e  reclama- 

t i o n  o f  mined l a n d  t o  f o r e s t  o r  woodland. Thus most woodland areas t h a t  have been s u r f a c e  mined 

have been rec la imed  f o r  a g r i c u l t u r a l  purposes. Other  development a c t i v i t i e s  have c o n t r i b u t e d  t o  

t h e  piecemeal l o s s  o f  woodland areas. Iq l i th in  New Athens Township, t h e  remain ing woodland areas 

a r e  impor tan t  t o  many spec ies  o f  w i l d l i f e  (Sect .  2.1.9.1 and Hard in  e t  a l .  1976),  and t h e  

wooded t r a c t s  shou ld  be preserved whenever p o s s i b l e .  

B i o l o g i c a l  impacts r e s u l t i n g  f rom t h e  o p e r a t i o n  o f  a  demonst ra t ion  f a c i l i t y  w i t h i n  Lewis Township, 

West V i r g i n i a ,  a r e  n o t  expected t o  be severe. Re la ted s u r f a c e  m i n i n g  w i l l  c r e a t e  some problems o f  

h a b i t a t  d e s t r u c t i o n  and mine d ra inage  and e ros ion .  However, t h e  rec lama t i on  requ i rements  s t i p u l a t e d  

by l aw  (U.S. Congress 1977a) shou ld  adequate ly  c o r r c c t  these problems ( I m h o f f  e t  a1 . 1976).  

I n  Lewis Township, l i t t l e  l ow land  f o r e s t  remains, l a r g e l y  because o f  u rban development a r ~ d  

a g r i c u l t u r a l  a c t i v i t i e s .  Because l ow land  f o r e s t s  a r e  r e l a t i v e l y  scarce b u t  a r e  i m p o r t a n t  

h a b i t a t  f o r  w i l d l i f e  (Sec t .  2.2.9.1), these f o r e s t  a reas shou ld  be preserved whenever poss ib le .  

W i t h i n  t h e  proposed Wyoming area, t h e  L i t t l e  Thunder Creek f l o o d p l a i n  and nearby r a v i n e  areas 

p r o v i d e  needed h a b i t a t  f o r  severa l  impo r tan t  spec ies  ( F a u t i n  1976).  The l o c a l  sage grouse 

( ~ e n t r o c e r c u s  urophas ianus)  p o p u l a t i o n  i s  smal l  and i s  dependent on t h e  f l o o d p l a i n  h a b i t a t  f o r  

h reed ing.  Also. t h e  no r thwes te rn  Wyoming area c o n t a i n s  about  one -ha l f  (200,000) o f  t h e  prong- 

ho rn  ( ~ n t i l o c a p r a  americana) i n  t h e  na t i on ,  and t h e  L i t t l e  Thunder, Creek and ad jacen t  r a v i n e s  

w i t h i n  Campbell County a r e  impor tan t  'management areas ( F a u t i  n  1976).  

P r o j e c t e d  s u r f a c e  m i n i n g  w i t h i n  Campbell County i s  expected t o  d i s t u r b  about  10% o f  t h e  l a n d  

a rea  (Or r  1975). Addi t ' ional  l o s s  o f  h a b i t a t  caused by coa l  conve rs ion  developments, o t h e r  

i n d u s t r i a l  growth,  and i n c r e a s i n g  human popu la t i ons  can be expected t o  have a  n e g a t i v e  impact  

on many spec ies ,  e s p e c i a l l y  t h e  sage grouse and pronghorn.  However, remain ing h a b i t a t  w i t h i n  

t h e  county  shou ld  be s u f f i c i e n t  t o . e n s u r e  t h e  s u r v i v a l  o f  a l l  spec ies .  

B e c a ~ ~ s e  o f  t h e  impor tance o f  L i t t l e  Thunder Creek and ad jacen t  r a v i n e  h a b i t a t  t o  l o c a l  animals,  

development p l a n s . f o r  t h e  area shou ld  be aimed a t  m a i n t a i n i n g  t h e  q u a l i t y  o f  t h i s  h a b i t a t  type.  



3.2.2.2 Impacts  caused by n o i s e  

Sources o f  n o i s e  r e s u l t i n g  from t h e  d a i l y  o p e r a t i o n  o f  a  demonst ra t ion  p ipe1  i n e  gas f a c i l i t y  

have been i d e n t i f i e d  i n  Sect .  1.2.3. S i t e  d i f f e rences  a r e  n o t  d iscussed because s p e c i f i c  

s i t e  parameters  have n o t  been i d e n t i f i e d  i n  t h i s  a n a l y s i s .  Statements h e r e i n  concern ing 

p o t e n t i a l  b i o l o g i c a l  impacts  from n o i s e  app ly  t o  a l l  t h r e e  proposed areas (Sects .  2.1.1, 

2.2.1, and 2.3.1). 

Under a u t h o r i t y  p rov ided  by  t h e  No ise Con t ro l  Ac t  (NCA) o f  1972 (PL 92-574), t h e  U.S. 

Env i ronmenta l  P r o t e c t i o n  Agency (EPA) has s p e c i f i e d  env i ronmenta l  n o i s e  l e v e l s  f o r  severa l  

a reas o f  concern  and has p r o v i d e d  es t ima ted  marg ins  o f  s a f e t y  cons idered necessary t o  p reven t  

adve rse  h e a l t h  o r  w e l f a r e  e f f e c t s  (Sec t .  2.1.7, Tab le  2 .8 ) .  A l though these c r i t e r i a  p r o v i d e  

a  b a s i s  f o r  assessment, t h e  b i o l o g i c a l  e f f e c t s  o f  n o i s e  a r e  n o t  w e l l  understood, and p o t e n t i a l  

env i ronmen ta l  impacts a r e  d i f f i c u l t  t o  q u a n t i f y .  

Berkau e t  a l .  (1975) i d e n t i f i e d  seven c a t e g o r i e s  o f  p o t e n t i a l  n o i s e  e f f e c t s  as (1 )  no i se -  

i r~duced  h e a r l n q  l o s s ,  ( 2 )  n o n a u d i t o r y  hea1t.h e f f e c t s ,  ( 3 )  i n d i v i d u a l  behav io r  e f f e c t s ,  

( 4 )  n o i s e  e f f e c t s  on s leep ,  ( 5 )  communicat ion i n t e r f e r e n c e ,  (6 )  community o r  c o l l e c t i v e  

response, and ( 7 )  e f f e c t s  on domest ic  an imals  and w i l d l i f e .  

No ise- induced hea r i ng  l o s s  

Hea r ing  damage r e s u l t i n g  f rom exposure t o  no i se  i s  w e l l  e s t a b l i s h e d .  However. t h e  exac t  

r e l a t i o n s h i p s  between temporary  o r  permanent hea r i ng  l o s s  and t h e  i n t e n s i t y  and d u r a t i o n  o f  

n o i s e  have n o t  been c l e a r l y  d e f i n e d  (Berkau e t  a l .  1975).  

The N a t i o n a l  I n s t i t u t e  o f  Occupat iona l  S a f e t y  and H e a l t h  (NIOSH) has s e t  a  90-dec ibe l ,  

A-weighted [dB(A) I  1  i m i t  f o r  an  8 - h r  work day and has recommended a  r e d u c t i o n  t o  85 dB(A) 

when techno1 o g i c a l  l y  f e a s i b l e  (U. S. Department o f  Hea l th ,  Educat ion.  and We1 f a r e ,  1972, c i t e d  

by Berkau e t  a1 . 1975).  

Nonaud i to ry  h e a l t h  e f f e c t s  

Research ev idence  suppor ts  t h e  i d e a  t h a t  exposure t o  n o i s e  o f  s u f f i c i e n t  i n t e n s i t y  and d u r a t i o n  

can  e l  i c i  t s t r e s s - r e 1  a t e d  responses by a1 t e r i n g  t h e  f u n c t i o n  o f  the! endocr ine ,  ca rd iovascu la r ,  

and n e u r o l o g i c a l  systems (Memphis S t a t e  U n i v e r s i t y  1971, p p .  10-21).  Hewover, such ev idence 

does n o t  c l e a r l y  r e l a t e  p h y s i o l o g i c a l  response t o  n o i s e  l e v e l s  t h a t  a r e  l i k e l y  t o  be encountered 

i n  normal human a c t i v i t y  o r  w i t h i n  an area a f f e c t e d  by a  demonst ra t ion  f a c i l i t y .  Evidence i s  

a l s o  l a c k i n g  t o  suppor t  an arqument t h a t  i r r e v e r s i h l ~  phhy-.io!ogicel changes o t h e r  Lt~an n o i s c  

i nduced  h e a r i n g  l o s s  can  r e s u l t  f r o m  exposure t o  no i se .  

I n d i v i d u a l  b e h a v i o r  e f f e c t s  

Exposure t o  n o i s e  can d i s r u p t  work performance and menta l  concen t ra t i on .  Eva lua t i on  o f  i n d i -  
v i d u a l  b e h a v i o r a l  reponses i s  comp l i ca ted  by t h e  i n t e r a c t i o n  o f  psycho log i ca l ,  s o c i a l ,  and 

o t h e r  f a c t o r s  (Berkau e t  a l .  1975).  



Noise e f f e c t s  on s leep  

Dis turbance o f  s l eep  has o f t e n  been r e p o r t e d  as t h e  ma jo r  reason f o r  annoyance due t o  n o i s e  

(Berkau e t  a l .  1975). Excess ive  n o i s e  can p reven t  s leep,  awaken one f rom s leep,  o r  change 

one 's  p a t t e r n  o f  s leep.  H i g h - i n t e n s i t y  no i ses  o f  r a t h e r  s h o r t  d u r a t i o n  (e .g . ,  n o i s e  f r om 

pressure  r e l e a s e  valves,  w h i s t l e s ,  horns,  o r  b l a s t i n g )  a r e  1  i k e l y  t o  be v e r y  d i s t u r b i n g .  For 

s l eep ing ,  a  background l e v e l  ( i n d o o r s )  o f  35 dB(A) i s  d e s i r a b l e ,  whereas peak l e v e l s  shou ld  

n o t  exceed 45 dB(A) (D ickerson 1973).  

Comnunication i n t e r f e r e n c e  

I n  a d d i t i o n  t o  no ise- induced hea r i ng  l o s s ,  n o i s e  can i n t e r f e r e  d i r e c t l y  w i t h  speech communica- 

t i o n  and can a f f e c t  behav io r  and performance d u r i n g  waking hours.  MacFarlane e t  a l .  (1975) 

r e p o r t e d  t h a t ,  w i t h i n  an o p e r a t i n g  f a c i l i t y ,  a  l i m i t  o f  65 dB i s  r e q u i r e d  f o r  speech communica- 

t i o n  a t  0 .9  m ( 3  f t ) .  I n  an 85-dB n o i s e  background, o n l y  shouted speech can be heard a t  t h i s  

d i s tance .  I n  r e s i d e n t i a l  areas where conve rsa t i on  o u t  o f  doors  i s  a n t i c i p a t e d ,  t h e  l e v e l  o f  

n o i s e  a t  3.7 m (12 f t )  shou ld  n o t  exceed 55 dB(A) (USEPA 1971b, c i t e d  by D ickerson 1973) .  

Community o r  c o l l e c t i v e  response 

The t o l e r a n c e  o r  i n t o l e r a n c e  o f  a  community t o  n o i s e  i s  expected t o  d i f f e r  f r om i n d i v i d u a l  

responses, a l t hough  t h e  e x t e n t  o f  d i f f e r e n c e s  i s  unknown. Community annoyance,responses may 

be s o c i a l ,  p o l i t i c a l ,  o r  economic, and t h e  degree o f  n o i s e  t o l e r a n c e  may n o t  be r e l a t e d  t o  

any i d e n t i f i e d  b i o l o g i c a l  impacts (Berkau e t  a l .  1975).  

Spec ia l  c o n s i d e r a t i o n  shou ld  be g i v e n  t o  p o t e n t i a l  s i t e s  where n o i s e  l e v e l s  w i l l  be increased 

s u b s t a n t i a l l y  above p r e e x i s t i n g  l e v e l s ,  even i f  expected l e v e l s  do n o t  exceed recommended o r  

l e g a l  maximum l e v e l s  (USEPA 1971a, c i t e d  by D ickerson 1973).  P o t e n t i a l  n o i s e  i nc reases  were 

c a t e g o r i z e d  acco rd ing  t o  expected community response as f o l l o w s  : 

1 .  up t o  5  dB(A) - few comp la in t s  i f  gradua l  increase,  

2 .  5 t o  10 dB(A) - more compla in ts ,  e s p e c i a l l y  i f  t h e r e  i s  a  c o n f l  i c t .  w i t h  s l e e p i n g  

' .hours ,  and 

3. ove r  10 dB(H) - s u b s t a n t i a l  nurrrber u f  comp la in t s .  

E f f e c t s  on domest ic an imals  and w i l d l i f e  

I n  genera l ,  t h e  p o t e n t i a l  e f f e c t s  o f  n o i s e  (e .  g., hea r i ng  l o s s  o r  o t h e r  p h y s i o l o g i c a l  changes 

t h a t  a f f e c t  s i ze ,  we ight ,  r ep roduc t i on ,  o r  behav io r )  on domest ic an imals  and w i l d l i f e  shou ld  

be s i m i - l a r  t o  those observed o r  expected i n  humans. However, no ise- induced impacts t o  animals 

o t h e r  than humans a r e  l i k e l y  t o  be more c r i t i ; a l  t o  s u r v i v a l  o f  t h e  a f f e c t e d  organisms. 

W i t h i n  t h e  a rea  a f f ec ted  by  t h e  f a c i l i t y ,  i t  i s  n o t  l i k e l y  t h a t  any an imals  w i l l  be sub jec ted  

t o  no i ses  o f  s u f f i c i e n t  in tens it.^ o r  d u r a t i o n  t o  produce permanent hea r i ng  l osses .  Animals 

w i t h  l ow  m o b i l i t y  and/or  those t h a t  r e l y  on a u d i t o r y  s i g n a l s  t o  f i n d  mates,'!mark t e r r i t o r i e s ,  

recogn ize  young, d e t e c t  and l o c a t e  prey,  and evade p reda to rs  may be adve rse l y  a f f e c t e d  w i t h i n  

t h e  horrndary o f  t h e  s i t e  and a long  r a i l r o a d s  o r  o t h e r  roads (Memphis S t a t e  U n i v e r s i t y  1971).  



For  those  an imals  t h a t  a r e  d i s t u r b e d  by no i se  and t h a t  respond by d i s p e r s i n g  t o  o t h e r  areas 

w i t h  s u i t a b l e  h a b i t a t .  some dens i ty -dependent  mor ta l  i t y  can be expected. The ex ten t  o f  these 

impacts  i s  unknown. 

I t i s  assumed t h a t  n o i s e  l e v e l s  r e s u l t i n g  f rom the  o p e r a t i o n  o f  a  demonst ra t ion p l a n t  w i l l  

comply w i t h  a l l  requ i rements  o f  t h e  No iseLCon t ro l  Ac t  o f  1972, t h e  Occupat ional  Sa fe ty  and 

H e a l t h  A c t  o f  1970, and o t h e r  a p p l i c a b l e  Federal ,  s t a t e ,  and l o c a l  r e g u l a t i o n s  (Sect .  2.1.7).  

As a  r e s u l t ,  b i o l o g i c a l  impacts caused by n o i s e  exposure r e l a t e d  t o  p l a n t  o p e r a t i o n  a r e  expected 

t o  be minor .  However, i t  should  be emphasized t h a t  s t r e s s - r e l a t e d  no i se  e f f e c t s  on animals 

have n o t  been c l e a r l y  d e f i n e d  and t h a t  a d d i t i o n a l  research i s  needed. 

Apparen t l y ,  many of t h e  p o t e n t i a l  n o i s e - r e l a t e d  impacts cou ld  be min imized o r  e l i m i n a t e d  by 

a p p l y i n g  c u r r e n t  technology. T e c h n o l o g i c a l l y  f e a s i b l e  n o i s e  l i m i t s  can be a p p l i e d  t o  t h e  

manufacture  o f  equipment needed t o  ope ra te  t h e  f a c i l i t y .  S u f f i c i e n t  i n s u l a t i o n  can be i n s t a l l e d  

t o  reduce n o i s e  w i t h i n  t h e  p l a n t ,  wh ich would a l s n  r~r i l l r~ w i s e  l e v e l c  o u t ~ i d c  t h c  f a c i l i t y .  

N o i s e - e m i t t i n g  equipment can be p laced  and used a t  a  d i s t a n c e  f rom s e n s i t i v e  areas whenever 

p o s ~ i l r l e .  Edct~ faelllrv Caii i n c o r p n r a t . ~  a h l l f f e r  zone o f  c u f f i c i c n t  s i z e  so that: i ~ u i b c  l e v e l s  

reach ing  l o c a l  r e s i d e n t s  a r e  w i t h i n  p rev ious  ambient l e v e l s .  

3.2.2.3 Impacts caused by a tmospher ic  e f f l u e n t s  

The o p e r a t i o n  o f  a  demonst ra t ion p i p e l i n e  gas f a c i l i t y  w i l l  r e s u l t  i n  t h e  re lease  o f  a i r  

p o l l u t a n t s  such as ox ides  o f  s u l f u r  and n i t r o g e n ,  p a r t i c u l a t e s ,  hydrocarbons, t r a c e  meta ls ,  

and v a r i o u s  compounds produced f r o m  i n t e r a c t i o n s  between t . h ~  emissions and t h e  atmosphere 

(Sect .  1 .2) .  A i r  emissions w i l l  be c o n t r o l l e d  by Federal  r e g u l a t i o n s  (Tables 3.12 and 3.13) 

promulgated on t h e  b a s i s  o f  e x i s t i n g  knowledge o f  human h e a l t h  and environmental  q u a l i t y .  

P resen t  r e g u l a t i o n s  r e q u i r e  t h e  f a c i l i t y  t o  employ t h e  b e s t  a v a i l a b l e  cnnt.ro1 technology f o r  

m i n i m i z i n g  e ~ ~ ~ i s s i o n s .  Furthermore, t h e  ope ra t i on  o f  t h e  f a c i l i t y  must n n t  r e s u l t  i n  a 

s i g n i f i c a n t  d e t e r i o r a t i o n  o f  a i r  q u a l i t y  as def ined by t h e  Clean A i r  Ac t  Amendments o f  1977 

(Env i ronmenta l  Research 1977; U.S. Congress 1977b). 

C u r r e n t  s tandards spec i f y  a l l o w a b l e  ambient a i r  q u a l i t y  c e i l i n g s  and increments over  b a s e l i n e  

l e v e l s  f o r  some p o l l u t a n t s ,  b u t  n o t  f o r  a l l  (Tab les  3.12 and 3.13). Regula t ions have n o t  y e t  

been promulgated f o r  p o t e n t i a l l y  harmful  t r a c e  meta l<  known t o  occur  i n  coo l  ( ~ o b l c ;  3.14 a d  

3.15) o r  f o r  o t h e r  undes i rab le  p roduc ts  such as p o l y c y c l i c  aromat ic  hydrocarbons, t o x i c  phenols, 

a romat i c  amines, metal  carbony ls ,  and o the rs  t h a t  may be formed as a r e s u l t  o f  t h e  chemical 

n a t u r e  o f  coa l  and the  r e a c t i n n  c o n d i t i o n s  undcr which gos i f i r , n t . i on  occurs (Shrlncr ct 51. 

1977; Jahn ig  and Ber t rand  1976; Koppenaal and Manahan 1976; W i l l i ams  1976). p o t e n t i a l  b i o l o g i -  

c a l  impacts r e s u l t i n g  from long - te rm exposure t o  these and o t h e r  u n i d e n t i f i e d  a i r  emissions i s  

m o s t l y  unknown. I n  most o f  t hese  cases, e x i s t i n g  knowledge o f  t o x i c i t y  t o  organisms i s  based 

on shor t - term,  h i g h  dose exposures. 

Another  c o n s i d e r a t i o n  i s  t he  p o t e n t i a l  environmental  e f f e c t s  o f  t he  re lease  o f  water  vapor and 

h e a t  f rom t h e  p l a n t ' s  c o o l i n g  system. When weather c o n d i t i o n s  a r e  s u i t a b l e ,  evapora t i on  f rom 

c o o l i n g  ponds and d i s s i p a t e d  hea t  and wa te r  vapor f rom c o o l i n g  towers can r e s u l t  i n  l o c a l  

i nc rease  i n  temperature, fogg ing,  and i c i n g .  Dur ing t h e  w i n t e r ,  i c i n g  cou ld  cause some 



Table 3.12. National ambient air quality standards 

Pollutant" Time period/standgrd 
Maximum permissible 

concentration 

Total suspended particulates (TSP) Annual, secondary 
Annual, primar? 
24.hour. secondaryC 
24-hour, primary 

Sulfur oxides (measured as SO2) Annual, primary 
24.hour. primary 
3.hour. secondary 

Carbon monoxide (CO) 1-hour, primary 
8-hour, primary 

Oxidants/ozone (0,/03) 1-hour, primary 

~ i t ~ o g e n  dioxide (NO2) Annual, primary 
Annual, secondary 

Hydrocarbons ( H C ) ~  3-hour, primary, secondary 

'Additional standards have been proposed for asbestos, boryllium. mcrcury. and load; they are 
being prepared for fluorides, polycyclic organic compounds, odors (including hydrogen sulfide), 
chlorine, hydrogen chloride, arsenic, cadmium, copper, manganese, nickel, vanadium, zinc, barium, 
boron, chromium, selenium, pesticides, radioactive substances, and aeroallergens. 

b~r imary:  to  protect public health. 
'Secondary: to  protect public welfare. 
d~ydrocarbons: hydrocarbon standard does not have to be met i f  oxidant standard is met. 
Source: U.S. Department of Energy and U.S. Environmental Protection Agency. 1978. 

Energy/environment fact book: decision series. EPA-600/9-77-041, p. 7. Washington, D.C. 

Table 3.13. Ceilings and increments allowable over 
baseline air quality levelsa 

-- 

Class I Class I I Class Ill NAAQSb 

Pollutant increment increment increment (p9/m3) 

(pg/m3) (pg/m3) (pg/m3) Primary Secondary 

Particulate matter 

Annual gcomotrio moon 6 10 37 76 60 
24-hr maximum 10 37 75 260 150 

Sulfur dloxide 

Annual arithmetic mean 2 20 40 80 
24-hr maximum 5 91 182 365 
3-hr maximum 25 51 2 700 1300 , 

aSource: Environmental Research Technology, Inc. 1977. Workshop on the 1977 clean air act 
amq~dvrntc, Oetobsr 1977. Boc?on, AAap!. 

b~o t iona l  Ambicnt Air Quality Standard. 

vege ta t i on  damage. Also, excess humid i t y  m igh t  cause heav ie r  than normal f r o s t s  d u r i n g  t h e  

w i n t e r .  However, d u r i n g  e a r l y  s p r i n g  and l a t e  f a l l  t h e r e  may be a  r e d u c t i o n  o f  l o c a l  f r o s t s  

because o f  t h e  d i s s i p a t e d  heat  f rom t h e  c o o l i n g  system. Greater  humid i t y  i n  t h e  v i c i n i t y  o f  

t h e  f a c i l i t y  c o u l d  p o t e n t i a l l y  reduce t r a n s p i r a t i o n  i n  vege ta t i on  d u r i n g  t h e  d r y  seasons o f  

t h e  year .  Such.potent ia1 impacts a r e  n o t  expected t o  be major  (MacFarlane e t  a l .  1975). 

The l o s s  o f  water  d r o p l e t s  f rom c o o l i n g  systems a l s o  has t h e  p o t e n t i a l  f o r  produc ing a i r b o r n e  

s o l i d s  as t h c  d r o p l c t s  evaporate.  P a r t i c l e s  o f  l e s s  than 0.2 pm ( A i t k e n  p a r t i c l e s )  may a c t  

as condensat ion n u c l e i  f o r  r a i n - d r o p l e t  f o rma t ion  ( I n s t i t u t e  of  Ecology 1974). Al though t h e  

e f f e c t s  o f  such p a r t i c l e s  on weather c o n d i t i o n s  a r e  n o t  c l e a r l y  understood, t h e r e  i s  a  poten- 

t i a l  f n r  a l t e r i n g  amnunts o f  p r e c i p i t a t i o n  w i t h i n  an a f f e c t e d  area. A s u b s t a n t i a l  change i n  

annual o r  seasonal p r e c i p i t a t i o n  c o u l d  have a  s i g n i f i c a n t  impact on b i o t a .  



Table 3.14. Mean analytical values for trace elements found in  101 coals 

In parts pcr million 

Element 

- - 

Mean Minimum Maximum Standard deviationB 

Arsenic 14 02 0.50 93.00 17.70 
Boron 102.21 5.00 224.00 54.65 
Beryllium 1.61 0.200 4.00 0.82 
Bromine 15.42 4.00 52.00 5.92 
Cadmium 2.52 0.10 . 65.00 7.60 
Cohalt 9.57 1 .OO 43.00 7.26 
Chromium 13.75 4.00 54.00 7.26 
Copper 15.1 6 5.00 61 .OO 8.12 
Flourine 60.94 25.00 143.00 20.99 
Gallium 3.12 1.10 7.50 1.06 
Germanium 6.59 1 .OO 43.00 6.71 
Mercury 0.20 0.02 1 tin 0.30 
Manganese 49.40 6.00 181.00 40.1 5 
Molybdenum 7 56 1-00 3U.00 5.96 
Nickel 2 1.07 3.00 80.flfl 13.36 
t'hncphnr~~c 71,lO 5.00 ' JOO.UiJ 72.81 
Lead 34.78 4.00 21 8.00 43.69 
Antimony 1.26 0.20 8.90 1.32 
Selenium 2.08 0.45 7.70 1.10 
Tin 4.79 1 .OO 51.00 6.15 
Vanadium 32.7'1 1 1 .OO 78.00 12.03 
Linc 272.29 6.00 5350.00 694.23 
Zirconium 72.46 8.00 133.00 57.78 

%tandard deviation of 101 values from 101 coals. 

Source: Data from R. R. Ruch. H. J. Gluskoter, and N. F. Shimp. 1974. Occurrence and distribution o f  
potentially volatile trace elements in coal. Environmental Geology Note Series 72. Urbana: Illinois State 
Geological Survey. 

Table 3.1 5. Distribution of environmentally hazardous trace elements in coal 

In  parts per million - - 
Element 

Powder R lver Western interior Eastern interinr Appalachian 
Basin rq inn  rcgion ~eylun 

Antimony 067 3.5 1.3 1.2 

Arsenic, 3 16 14 18 

Beryllium, 0.7 2 1.8 2.0 
Cadmium, 2.1 20 2.3 0.2 
Mercury, 0.1 0.13 0.19 0.16 
Lead,: 7 7 34 12 

Selenium, 0.73 5.7 2.5 5.1 

Z~II~:, XY 250 13 

Source: P. Zubovic. 1976: Geochemistrv nf tram elam~ntr in  ooal. Tablc 3, p. ?PA, ~I I  Syrry(u'Iu~n 
proceedings: environmental aspects o f  fuel conversion technology 11, compiler. Frank A. Avers. 
EPA-64012.7-110. St. Louis, Mo.: U.S. Environmental Protection Agency. .. 

A p o s s i b i l i t y  a l s o  e x i s t s  f o r  emission of  harmful chemicals ( e . g . ,  tox ic  t r a c e  metals,  ca r -  

c inogenic hydrocarbons, e t ~ .  ) t o  t h e  atmosphere in  t h e  water vapor released from cool ing 

towers (Jahnig and Bertrand 1976; Koppenaal and Manahan 1976; MacFarlane e t  a l .  1975; 

Sather  e t  a l .  1975). Small p a r t i c l e s  of p o t e n t i a l l y  tox ic  mate r ia l s  could adhere t o  water 
d r o p l e t s  ar~d be car r ied  Out  with d r i f t  from t h e  cooling towers. As the  drop le t s  evaporate, 
t h e s e  chemicals could be deposited over a r e l a t i v e l y  l a r g e  a rea ,  depending on t h e i r  dispersion 

with t h e  d r i f t  plume. Depending on t h e  types of chemicals and t h e i r  q u a n t i t i e s ,  t h e r e  could 
be d e l e t e r i o u s  e f f e c t s  t o  loca l  a g r i c u l t u r a l  crops,  human hea l th ,  o r  o ther  b io ta .  Iden t i f i ca -  
t i o n ,  containment, and n e u t r a l i z a t i o n  of  po ten t ia l ly  harmful chemicals in  cooling water i s  

warranted. However, add i t iona l  research i s  needed t o  define potent ial  problems and t h e i r  
s o l u t i o n s .  Ohter areas  of technical  wekaness a r e  given in Table 3.16. 



Table 3.16 Some areas of technical weakness arrl research needs with regard to air emissions 
from a coal conversion facility (not meant to be all-inclusive) 

1. Better identification and evaluation of specific sources, chemical forms, and particle sizes of air 
emissions, and effectiveness of current control technology are needed. 

2. Chemical transformations within the plume and during atmospheric transport need to be delineated 

3. Studies of biological responses and sensitivities of various organisms to pollutants (including synergistic 
effects) within ranges likely to  be encountered in the environment are needed. 

4. Studies dealing with the long-term chronic exposure of organisms to specitic pollutants by inhalarion, 
ingestion, diffusion, and other modes of entry are needed. 

5. Mobility and translocation of potentially harmful emissions in the ecosystem, including food webs 
leading to man, should be systematically studied. 

6. Potential effects of all air emissions on local and regional weather and climate should be investigated. 

' 7. Additional information is needed concerning the economic effects of air pollution. 

8. Biological impacts of air emissions resulting from regional coal development, rather than from the 
operation of a single conversion facility, should be evaluated. 

9. Better models are needed for predicting long-term effects of various pollutants to biological systems. 

10. Health standards for man and other biota should be improved as additional information becomes 
available. 

Sources: (1) D. S. Shriner. 1976. Research needs related to  air pollution from coal conversion 
processes. Proceedings of the AlChE 82nd national meeting. Atlantic City, N.J., pp. 1-10. New York: 
AIChE. (2) B. E. Vaughn et al. 1975. Review o f  potential impacts on health and environmental quality 
from metals entering the environment as a result of coal utilization. 75 pp. Pacific Northwest Laboratories. 
Richland, Washington: Batelle Memorial Institute: (3) W. W. Heck. 1973. Air pollution and the future ot  
agricultural production. pp. 118-29. J. A. Naegele ed. In Air pollution damage to vegetation. 137 pp. 
Washington, D.C.: American Chemical Society. 

Obv ious ly ,  a i r  emiss ions from a coa l  g a s i f i c a t i o n  f a c i l i t y  wa r ran t  c a r e f u l  examinat ion  i n  t h e  

f u t u r e  f o r  d e t e c t i o n  o f  s i g n i f i c a n t  b i o l o g i c a l  impacts.  S t r i c t  compl iance w i t h  c u r r e n t  Federal  

r e g u l a t i o n s  may tempt one t o  assume t h a t  f a c i l i t y  ope ra t i ons  w i l l  n o t  produce concen t ra t i ons  o f  

a i r  p o l l u t a n t s  l i k e l y  t o  r e s u l t  i n  a  s i g n i f i c a n t  impact on any b i o l o g i c a l  system. Such an 

assumption may prove t o  be c o r r e c t ,  b u t  i t  does n o t  seem a p p r o p r i a t e  a t  t h i s  s tage  o f  our  

knowledge. 

A l though t h e r e  i s  a  recogn ized need f o r  a d d i t i o n a l  research and da ta  a n a l y s i s ,  acu te  and 

c h r o n i c  i n j u r y  t o  many types of s e n s i t i v e  v e g e t a t i o n  and d e t r i m e n t a l  e f f e c t s  t o  human h e a l t h  

f r om many o f  t h e  p o l l u t a n t s  t h a t  a r e  l i k e l y  t o  be re leased  t o  t h e  atmosphere d u r i n g  o p e r a t i o n  

o f  a p i p e l i n e  gas f a c i l i t y  a r e  w e l l  dncl~ment.ed (Co lucc i  1976; M a n s f i e l d  1976; Auerbach 1915; 

Commission on Na tu ra l  Resources e t  a l .  1975; Gordon and Tourangeau 1975; Mudd and Kozlowski  

1975; Wadden as c i t e d  by MacFarlane e t  a1 . 1975; F i n k e l  1974; Naegele 1973; Nash 1973).  Some 

examplcs o f  p o t e n t i a l  b i o l o g i c a l  impacts a r e  summarized i n  F i g .  3.1 and.Tables 3.17 and 3.18. 

S c i e n t i f i c  da ta  a r e  s u f f i c i e n t .  t o  suspect  some nega t i ve  impacts t o  b i o t a  f rom t h e  o p e r a t i o n  

o f  a  demonst ra t ion  f a c i l i t y .  However, t h e  s i g n i f i c a n c e  o f  suspected impacts t o  b l o l o g i c a l  

systems cannot be q u a n t i f i e d  a t  t h i s  t ime.  Leve ls  o f  va r i ous  p o l l u t a n t s  i n  t h e  atmosphere 

w i l l  depend on such f a c t o r s  as t h e  chemical  compos i t ion  of t h e  coa l  used by t h e  f a c i l i t y ,  

t h e  t y p e  of  convers ion process employed, and t h e  e f f ec t i veness  o f  t h e  a p p l i e d  c o n t r o l  measures. 

Furthermore, t o l e r a n c e  t o  va r i ous  a i r  emissions and b i o l o g i c a l ' r e s p o n s e  mechanisms o f  d i f f e r e n t  

spec ies  a r e  known t o  vary .  Thus t o  some e x t e n t  p o t e n t i a l  impacts w i l l  depend on t h e  t y p e  o f  

b i o t a  w i t h i n  t h e  a f f e c t e d  area. I n  gene ra l ,  reduced growth ,  reduced rep roduc t i on ,  and 

i n c r c a s c d  m o r t a l i t y  cou ld  l e a d  t o  long- term community e f f ec t s  t h a t  m igh t  i n c l u d e  s i m p l i f i c a t i o n  
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F i g .  3.1. P o t e n t i a l  s f f e c t s  of  a i r  p o l l u t a n t s  on p l a n t  comm~ln i t ies  ( c h r o n i c  o r  acu te  exposures).  Source: W. W. Heck. 1973. A i r  
p o l l u t i o n  and t h e  f u t u r e  o f  a g r i c u l t u r e  r o d h c t i o n .  I n  4ir p o Z Z u ~ i o ~  damage t o  ve jemt ion ,  ed. J .  A .  Naegele, pp. 118-29. Washington, D.C. : 
American Chemical Soc ie t y .  



Table 3.17. Types of chronic low-level vegetational effects 
and probable mechanisms involved 

Type of effect Probable mechanisms Pollutants involveda 

Reduced growth Decreased photosynthesis 

Increased respiration 

Biochemical changes 
Enzyme inhibition 
Electron (energy) transport 
Effects on photopigments 

Stomatal function 

Membrane permeability 

Premature senescence of leaves 

Physical changes 
UV reflectivity 
Heat exchange 
Gas exchange 

Changes in symbiosis 

Effects on nutrient flux 

Reduced reproduction Reduced carbohydrate availability for 
reproductive structures 

Effects on reproductive processes 

Flower or fruit production 
Pollen germination or tube 

elongation 
Mutagenesis 

Effects on pollinating insects 

Increased morbidity Inadequate carbohydrate supply to 
support autotrophic respiration 
and resist disease. Reduced growth 
and loss of ability to compete with 
other vegetation 

SO,, 0,. NO,. HF. PAN. Pb 

HF, SO2 

SO,, 0,. PAN. HF, As 
HF, 03, PAN 
SO2, HF, 03. PAN. NO. 

s02.03 
03, PAN,S02, HF, metals 

SO,, 03, PAN, NOi  

Acid rain 
Acid rain 
Acid rain 

03, acid rain 

SO,, acid rain 

SO2, 0 3 ,  HF, PAN, Pb, 

NO2 

Smog. HF, SO, 

S02.03, HF 

SO2, 03, HF,PAN, N02, 
heavy metals 

'Includes pollutants for which specific effects have been documented and those whose biochemical 
symptomatology strongly implicate them as probable causal agents. 

Source: S. I. Auerbach. 1975. Testimony presented to Subcommittee on Environment and the 
Atmosphere. U.S. House of Representatives: Hearing on costs and effects o f  chromic low-level 
environmental pollution. Oak Ridge, ~enn. :  Oak Ridge National l aboratory, Environmental Sciel~ces 
Dlvlslon. 

o f  ecosystem s t r u c t u r e .  Species d i v e r s i t y  a t  more than one t r o p h i c  l e v e l  may be a f f e c t e d ,  and 

some very  s e n s i t i v e  spec ies  (e .g . ,  l i c h e n s )  may be t e m p o r a r i l y  o r  permanent ly e l i m i n a t e d  from 

t . h ~  p o l l u t e d  area. 

The p r o b a b i l i t y  o f  s i g n i f i c a n t  impacts  t o  b i o l o g i c a l  systems shou ld  i nc rease  as a f u n c t i o n  of  

t h e  amounts o f  harmfu l  p o l l u t a n t s  re leased  t o  t h e  atmosphere. Thus a coa l  development program ' 

t h a t  proceeds f rom a s i n g l e  demonst ra t ion  f a c i l i t y  t o  one o r  more l a r g e  commercial f a c i l i t i e s  

can be expected t o  r e s u l t  i n  g r e a t e r  impacts.  Long-term e f f e c t s  o f  a l l  a i r  emiss ions r e s u l t i n g  

f rom o r  r e l a t e d  t.n coa l  developmcnt (c.g.., suvrace 111lning a c t i v i t i e s ,  , increased automobi le  

emissions, i nc reased  i n d u s t r i a l  growth,  e t c .  ) shou ld  a l s o  be cons idered.  

Area impacts 

Whether o r  n o t  env i ronmenta l  Impacts caused by a i r  emiss ions f rom a g a s i f i c a t i o n  f a c i l i t y  

w i l l  be more severe i n  t h e  semiarid Wyoming area than i n  t h e  temperate I l l i n o i s  and West 

V i r g i n i a  areas i s  d i f f i c u l t  t o  determine.  W i t h i n  t h e  propnsed areas, p o t e n t i a l  b i o l o g i c a l  



Table 3.18. Human populations at high risk to coal gasification plant pollutants 

Wastes High-risk groups and health effects 

SO2; H2S, and other sulfur compounds Children, asthmatics, chronic lung disease sufferers 

HCN 

Trace metals 
Mercury 
Cadmium 
Beryllium 
Lead 

Vanadium 
Arsenic 
Nickel 
Chromium 

Toluene 
Anthracene 
Cresols 

Phet~at~tlirene 
Bcnzo[aI pyrene and other polycyclim 

Extreme irritation of mucous membranes of respiratory tract. 
Those suffering from conjunctivitis or other eye diseases 

Protoplasmic poison; very toxic gas on inhalation, ingestion, 
or skin absorption 

Liver and kidney disorders 
Hypertensives (possible), cancer of prostate, emphysema 
Those with lung ailments 
Children; anemics; those with peripheral neuropathy, liver, 

and kidney dysfunction 
Tobacco smokers 
Carcinoma of prostate 

Thosc with cut~tral norvouc cystom, l iwr, nnd k i d n ~ y  
l l isut i ld i .$ 

May involve irreversible damage on ittl~alaliun 

Corrosive action on skin and mucous membranes; kidney 
and liver damage 

Toxic action on blood-forming tissues; cumulative action; 
marrow depression; kidney damage 

Allergenic, carcinngnnic 
Carcinogenic 

Nitrngen oxides Cardiopulmonary and cardiovascular disability 

Source: Modified from D. R.  MacFarlane et al. 1975. Power facility siting in the state of Illinois. Part I /  
- environmental impacts of large energy conversion faciliries Chicago: l llinois Institute for Environmental 
Qualitv. 

impacts w i l i  be' i n f l uenced  b y  numerous f a c t o r s  such as t h e  types and q u a n t i t i e s  o f  emissions, 

ambient a i r  q u a l i t y ,  c l i m a t e ,  types o f  b i o t a ,  land-use p r a c t i c e s ,  and human popu la t i on  dens i t y .  

L o c a t i o n ' o f  ma jo r  c o a l -  and o i l - f i r e d  power p l a n t s ,  hurr~ar~ pupu la t i on ,  ambient l e v e l s  o f  a i r  

p o l l u t a n t s ,  me teo ro log i ca l  c o n d i t i o n s  l i k e l y  t o  cause pro longed pe r iods  o f  a i r  s tagna t i on ,  and 

occur rence o f  major  c r o p  and f o r e s t  areas a r e  more predominant i n  t h e  eastern  h a l f  o f  t he  U n i t e d  

S ta tes  than  i n  t he  Midwest (F igs .  3.2-3.5). Even when t h e r e  i s  s t r i c t  compl iance w i t h  a l l  

app'l i c a b l e  emissions s ta r~da rds ,  problems 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  o f  a i r  qua1 i t y  f rom coa l  

development and use a r e  l i k e l y  t o  be more se r ious  i n  Wyoming and t h e  Powder R i v e r  Basin than 

i n  T l l  i n o i s  or West V i r g i n i a  (Environmental  Research 1977; S te rn  1977; U.S. Congress 1977b; 

Rubin and McMichael 1975). 



Fig. 3.2, Location o f  major coal- and o i l - f i r e d  power un i ts ,  1971. Source: D. S. Shriner, S. B .  McLaughlin, and C. F. Baes. 1977. 
Chamcter and transfonwtion of pottutants f~opt major fossi l  fuel energy sources. Environmental Sciences Divis ion pub1 i c a t i o n  no. 1049, 28 pp 
Oak Ridge, Tenn. : Oak Ridge National Laboratory, Environmental Sciences Divis ion.  
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Fig. 3.3. Geographic varia=ian i n  SC12 and NO, emissian density and percent o f  t o t a l  SO2 and NC emissions per a i r  q u a l j t y  region. 
Source: D. S. Shrlner, S. B. McLaughl in ,  and C. F. Baes. 1977. C%m.mter ap2d t ~ m f o m t i o n  of  P ~ f i u t m t . s  from rmjar fossiZ f u e Z  snerrd 
somaes. Environmental Sciences Divisichn publicat'lon no. 1049, 28 pp. Oak Ridge, Tenn. : Oak Ridge f i t i o n a l  Laboratory, Environmental 
Sciences Division. 



Fig. 3.4. Isopleths of total number of forecast-days of high meteorological potential for air pollution in a 5-year 
boundaries o f  forest r?cospstems. Source: P.  R. Miller md J .  R. McBride. 1975. Effects of air pollutants on forests. 
p b t s  to air potlutbn, eds. J. B. Mudd and T. T. Kozlowski, pp. 195-236. New York: Academic Press, Inc. 
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Fig. 3.5. Major crop and forest  p~oduclng areas o f  tPe United States. Source: S. D. Shriner, S. B. McLaughlin, and C. R. Baes. 1977. 
C h e t s r  d t m f o m t i a  of p o l i t m t r  fron fosait ~~t enmgj w c e s .  Environmental Sciences Division pub1 ica t ion  no. 1049, 28 pp. 
Oak Ridge, tenn. : Oak Rid= L t i o n a l  Lamratory, Environmental Sciences Division. 



I n  t h e  Wyoming area and o t h e r  sem ia r i d  and a r i d  c l ima tes ,  c e r t a i n  adverse env i ronmenta l  

c o n d i t i o n s  appear t o  reduce t h e  i n j u r i o u s  e f f e c t s  o f  a i r  p o l l u t a n t s  on p l a n t s  (Bridgmon and ' 

Lang 1976; Heck 1973).  Bridgmon and Lang (1976) r e p o r t e d  t h a t  sagebrush-grass and sa l t bush -  
, 

greasewood a s s o c i a t i o n s  o f  t h e  No r the rn  dese r t - sh rub  ecosystem were ve ry  r e s i s t a n t  t o  s u l f u r  

d i o x i d e  i n j u r y .  A lso ,  grasses were more r e s i s t a n t  t han  f o r b s  and shrubs. Apparent ly ,  t h e  

adap t i ve  f e a t u r e s  o f  t hese  s t ressed  p l a n t s  t h a t  l i v e  i n  d r y  c l i m a t e s  make many o f  them more 

t o l e r a n t  t o  a t  l e a s t  sortie p o l l u t a n t s .  On t h e  o t h e r  hand, i f  heavy p a r t i c u l a t e  l o a d i n g ' o f  t h e  

atmosphere f rom f a c i l i t y  emissions shou ld  prove t o  a f f e c t  t h e  amounts o f  p r e c i p i t a t i o n  w i t h i n  

t h e  reg ion ,  s i g n i f i c a n t  e f f e c t s  on f l o r a  and fauna can be expected ( I n s t i t u t e  o f  Ecology 1974).  

B ioaccumula t ion  o f  t o x i c  t r a c e  me ta l s  and/or  o t h e r  harmfu l  substances c o u l d  a l s o  be a problem. 

For  example, C h r i s t i a n s o n  (as  c i t e d  by t h e  I n s t i t u t e  o f  Ecology 1974) has documented ev idence 

o f  molybdenosis i n  c a t t l e  f rom food-cha in  c o n c e n t r a t i o n  o f  molybdenum f rom an u r a n i f e r o u s  

l i g n i t e  ash ing  p l a n t  i n  N o r t h  Dakota. Also,  some t r a c e  elements such as se len ium can accumulate 

i n  s p e c i f i c  p l a n t s  (e.g. ,  AstragaZus spp. and Conopsis spp.) t o  l e v e l s  as h i g h  as 10,000 ppm 

(Peterson 1971 ) .  Forage p l a n t s  c o n t a i n i n g  5 ppm o f  se len ium a r e  cons ide red  p o t e n t i a l l y  hazardous 

t o  g raz ing  an imals  (Hemphi l l  1972).  Much more resea rch  i s  needed t o  determine t h e  s i g n i f i c a n c e  

o f  these and o t h e r  p o t e n t i a l  impacts t o  b i o l o g i c a l  systems. 

I n j u r y  t o  a g r i c u l t u r a l  c rops and f o r e s t s  w i t h i n  t h e  Eastern  U n i t e d  S ta tes  f rom a i r  p o l l u t i o n  i s  

we1 1 documented (Mudd and Kozlowski  1975).  Reduct ion  o f  pho tosyn thes i s ,  increased m o r t a l i t y ,  and 

o t h e r  types o f  damage caused by f u m i g a t i o n  w i t h  s u l f u r  d i o x i d e  and seve ra l  o t h e r  i d e n t i f i e d  

emiss ions have been r e p o r t e d  f o r  such c rops  as b a r l e y  ( ~ o r d e w n  v u l g a r e ) ,  a l f a l f a  ( ~ e d i c a g o .  

s a t i v a ) ,  wheat ( ~ r i t i c w n  aest ivwn) ,  soybeans ( ~ l ~ c i n e  m a ) ,  tobacco ( ~ i c o t i a n a  spp.)  and o the rs  

[Jager  and K l e i n  (no da te ) ;  Auerbach 1975; R i ch  1975; Bennet t  and H i l l  1973; Davis 19721. 

A 2-year s tudy conducted d u r i n g  1969 and 1970 es t ima ted  t h a t  between 100 and 125 m i l l i o n  d o l l a r s  . . 

were l u b l  d1111ud1ly III t h e  U n i t e d  S ta res  because o f  r e d u c t i o n  i n  c r o p  y i e l d  r e s u l t i n g .  f r om a i r  

p o l l u t i o n  (Heck 1973).  Furthermore, i f  t h e r e  were a way t o  assess t h e  t o t a l  impact  o f  a i r  

p o l l u t i o n  on c r o p  y i e l d  when v i s i b l e  i n j u r y  i s  n o t  found o r  recogn ized,  annual l o s s e s  amounting 

t o  b i l l i o n s  o f  d o l l a r s  c o u l d  be expected on f o r e s t  p roduc t i on ,  ornamentals,  human h e a l t h ,  and 

n a t u r a l  ecosystems (Leaderer  e t  a1 . 1976; Heck 1973) .  

I n  t h e  no r theas t ,  c e n t r a l ,  and l a k e  s t a t e s ,  i n j u r y  t o  Eas te rn .wh i te  p ines  . (p inus  s t r o b u s ) ,  'Scotch 

p i n e  ( p i n u s  s y 2 v e s t r i s ) ,  and o t h e r  c o n i f e r s  has been recogn i zed  f o r  many yea rs .  For  example, 

i n  t h e  v i c i n i t y  o f  a coa l -bu rn ing  power p l a n t  a t  Mount Storm, blest V i r g i n i a ,  Chr istmas t r e e  

growers. i n  1968, f i r s t  complained o f  i n j u r y  t o  t h e i r  c rops which i n c l u d e d  such spec ies  as 

Eastern  w h i t e  p ine,  Scotch p ine ,  V i r g i n i a  p i n e  ( p i n u s  v i r g i n i a n a ) ,  ~ o u g l a s '  f ir ( ~ s e u d o t s u g a  , 

m e n z i e s i i ) ,  and Norway spruce ( ~ i c e a  a b i e s ) .  Damage was found r e g u l a r l y  as f a r  as 10  m i l e s  from' 

t h e  power p l a n t  and a f f e c t e d  30 commercial growers i n  a two-county area (USEPA 1971c, c i t e d  by 

Mi 11 e r  and McBride 1975). 

It i s  now g e n e r a l l y  be1 i eved  t h a t  l o w - l e v e l  c h r o n i c  exposure o f  g e n e t i c a l l y  s u s c e p t i b l e  spec ies  

t o  s u l f u r  d i o x i d e  and ozone, a c t i n g  i ndependen t l y  o r  p o s s i b l y  s y n e r g i s t i c a l l y ,  has been responsi- .  

b l e  f o r  much o f  t h e  observed damage ( M i l l e r  and McBride 1975). Apparent ly ,  hardwoods a r e  more 

t o l e r a n t  t o  such i n j u r y  t han  c o n i f e r s  (Hedgcock 1914, c i t e d  by M i l l e r  and McBride 1975).. ' 



The re lease  of s u l f u r  d iox ide  and n i t rogen  d iox ide  i n t o  the atmosphere from f o s s i l  f u e l  com- 

bus t ion  can r e s u l t  i n  the  product ion o f  ac id  r a i n .  The a c i d i t y  o f  r a i n  i n  the Eastern Uni ted 

States has increased s i g n i f i c a n t l y  i n  recent  years ( M i l l e r  and McBride 1975). Likens e t  a l .  

(1972) have suggested e f f e c t s  on f o r e s t  ecosystems such as changes i n  r a t e s  o f  leaching o f  

n u t r i e n t s  i n  s o i l s  and p l a n t  f o l i a g e .  A number o f  o ther  i n v e s t i g a t i o n s  have ind ica ted  a pro- 

g ress ive  d e c l i n e  i n  con i fe rous  and hardwood f o r e s t s  caused by a c i d i c  p r e c i p i t a t i o n  (Gordon and 

Tourangeau 1975). However, the  f u l l  s ign i f i cance  o f  a c i d  p r e c i p i t a t i o n  t o  f o r e s t  o r  o ther  

ecosystems remains t o  be assessed. 

I n  summary, the  p o t e n t i a l  e f f e c t  o f  any increase i n  a i r  p o l l u t i o n  loads i s  d i f f i c u l t  t o  forecast .  

Probably the  operat ion o f  a s i n g l e  demonstration f a c i l i t y  w i l l  no t  have a s i g n i f i c a n t  impact on 

any b i o l o g i c a l  system unless e f f l u e n t s  are concentrated i n  the  immediate v i c i n i t y  o f  the  p lan t .  

However, long-term b i o l o g i c a l  impacts from t h e  re lease o f  t o x i c  t r a c e  metals, hydrocarbons, and 

o t h e r  harmful substances are e s s e n t i a l l y  unknown. I t  i s  a lso  reasonable t o  assume t h a t  a t  some 

unknown l e v e l  o f  p o l l u t i o n  the  genet ic  res is tance o f  a species may no t  be s u f f i c i e n t  t o  cope 

w i t h  any a d d i t i o n a l  p o l l u t i o n  i n s u l t .  Thus i n  areas t h a t  already. have r a t h e r  h igh l e v e l s  o f  

a i r  p o l l u t i o n ,  such as those w i t h i n  t h e  proposed I l l i n o i s  and West V i r g i n i a  areas, on ly  a s l i g h t  

increase i n  ambient l e v e l s  of c e r t a i n  p o l l u t a n t s  could s i g n i f i c a n t l y  increase b i o l o g i c a l  impacts 

t o  s e n s i t i v e  species. Some researchers a lso be l ieve  t h a t  vegetat ion growing under the  humid 

cond i t i ons  of the Eastern Uni ted States could be severely i n j u r e d  i f  ox idant  concentrat ion were 

t o  reach l e v e l s  ( d a i l y  peaks from 0.3 t o  0.6 ppm) commonly experienced i n  t h e  less  humid areas 

o f  C a l i f o r n i a  ( M i l l e r  and McBride 1975). However, the c a p a b i l i t y  o f  1 i v i n g  systems t o  adapt t o  

such impacts has not  been adequately determined (Heck 1973). 

3.2.2.4 Aquatic impacts 

At  t h i s  stage i n  the development o f  coal  conversion technology, on ly  approximate p red ic t ions  

can tie made about the impact on aquat ic  b i o t a  o f  a p i p e l i n e  gas f a c i l i t y .  The desiqn spec i f i ca -  

t i o n s  o t  these p lan ts  have n o t  y e t  been completed, and the p o t e n t i a l  e f f l u e n t s  have no t  been 

f i n a l l y  character ized, e i t h e r  q u a n t i t a t i v e l y  o r  q u a l i t a t i v e l y .  Moreover, the  impact o f  any 

e f f l u e n t  may vary considerably  depending on the  phys ica l ,  chemical, and b i o l o g i c a l  charac te r i s -  

t i c s  o f  the  rece iv ing  waters. A complete assessment o f  the  impact on aquat ic  b i o t a  o f  a pipe- 

l i n e  gas f a c i l i t y  w i l l  r e q u i r e  an accurate d e s c r i p t i o n  o f  a l l  p o t e n t i a l  e f f l u e n t s  and the 

i n i t i a t i o n  of a comprehensive, s i t e - s p e c i f i c  environmental moni tor ing program. 

Typcs o f  impact 

A l l  o f  the  p l a n t  designs considered i n  t h i s  study c a l l  f o r  c losed-cyc le cool ing,  w i t h  blowdown 

water used f o r  ash s l u i c i n g .  Consequently., t h c r c  should bc no s i g n i f i c a n t  re lease o f  heated 

water and no s i g n i f i c a n t  thermal impacts. However, even w i t h  closed-cycle cool ing,  a g a s i f i c a t i o n  
p l a n t  requ i res  large q u a n t i t i e s  of process and coo l ing  water. I f  sur face water i s  used, impacts 
on aqua t i c  b i o t a  may r e s u l t :  phytoplankton, zooplankton, and ichthyoplankton may be entra ined 

i n  t h e  i n t a k e  stream, and f i s h  may be impinged on i n t a k e  t r a s h  screens. Only t h ~  Mason Co~.!nty, 
West V i r g i n i a ,  and St.  C l a i r  County,. I l l i n o i s ,  p l a r ~ t s  would be designed t o  consume surface 

water.  The i n t a k e  r a t e s  of these p l a n t s  (about 0.23 m3/sec; 8 c f s )  a re  extremely small i n  

comparison w i t h  the f l o w  r a t e s  of the  Ohio (annual average f l o w  1420 m3/sec; 50,000 c f s )  and 

Kaskaskia (annual average f low 120 m3/sec; 4200 c fs )  r i v e r s  (Sects. 2.1.3.1 and 2.2.3.1); there-  

fore, i t  i s  extremely u n l i k e l y  t h a t  s i g n i f i c a n t  entrainment o r  impingement impacts w i l l  occur. 



Al though a  v a r i e t y  o f  p o t e n t i a l  chemical  contaminants a r e  produced i n  a  g a s i f i c a t i o n  p l a n t ,  

some a r e  amenable t o  s tanda rd  wastewater t r ea tmen t  methods (e.g. , phenols and ammonia). Other  

waste s'treams have n o t  been comp le te l y  c h a r a c t e r i z e d  chemica l l y  a t  t h i s  t i m e  (e.g. ,  spent  

c a t a l y s t s  and acid-gas t rea tmen t  chemica ls ) ,  n o r  have f i n a l  t r ea tmen t  schemes been s p e c i f i e d .  

Two t ypes  o f  contaminants t h a t  have rece i ved  cons ide rab le  a t t e n t i o n  as p o t e n t i a l  env i ronmenta l  

hazards f rom t h e  o p e r a t i o n  o f  p i p e l i n e  gas p l a n t s  a r e  t r a c e  me ta l s  (Jahn ig  and B e r t r a n d  1976) 

and p o l y n u c l e a r  a r o l l ~ a t i c  hydrocarbons (Herbes e t  a l .  1976).  These p a r t i c u l a r  contaminants a r e  

regarded as s i g n i f i c a n t  because ( 1 )  t hey  a r e  t o x i c  t o  a q u a t i c  organisms a t  ex t reme ly  low con- 

c e n t r a t i o n s ,  ( 2 )  when p resen t  i n  t h e  environment i n  s u b l e t h a l  amounts, many accumulate t o  h i g h  

concen t ra t i ons  i n  t h e  t i s s u e s  o f  a q u a t i c  organisms, and ( 3 )  u n t i l  r e c e n t l y  t h e i r  e f f e c t s  have 

r e c e i v e d  l i t t l e  s tudy,  and t h e  amounts t h a t  can be s a f e l y  re leased  t o  a q u a t i c  systems a r e  n o t  

known. Because o f  t h e i r  t o x i c i t y  o r  c a r c i n o g e n i c i t y ,  some o f  t hese  substances a r e  a l s o  hazardous 

t o  man. 

The ash f r a c t i o n  ( 6  t o  12%) o f  c o a l  con ta ins  a  v a r i e t y  o f  t r a c e  me ta l s  ( H a l l  e t  a1 1974). Many 

o f  these have been i d e n t i f i e d  i n  l i q u i d  e f f l u e n t s  f rom coa l  convers ion p i l o t  p l a n t s  (H i l deb rand  

e t  a l .  1976). Data compi led  f rom t h e  l i t e r a t u r e  by Cushman e t .  a l . .  (1977) and shown i n  

Tab le  3.19 revea l  t h a t  most have been found, a t  l e a s t  under some exper imenta l  c o n d i t i o n s ,  t o  be 

l e t h a l  t o  a q u a t i c  organisms i n  concen t ra t i ons  o f  1  ppm o r  l e s s .  Many o f  t hese  meta ls ,  even if 

n o t  p resen t  i n  t h e  er lv i ronment i n  t o x i c  q u a n t i t i e s ,  may be absorbed and concen t ra ted  by organisms. 

Concen t ra t i on  f a c t o r s  ( i . e . ,  t h e  r a t i o  of t h e  c o n c e n t r a t i o n  of a  substance i n  an organism t o  i t s  

c o n c e n t r a t i o n  i n  t h e  env i ronment )  g r e a t e r  than 1000 have been r e p o r t e d  f o r  many o f  t h e  t r a c e  

me ta l s  t h a t  a r e  p resen t  i n  coa l  (Thompson e t  a l .  1972). Because a q u a t i c  animals can absorb 

me ta l s  bo th  f rom s o l u t i o n  and f rom t h e i r  f o o d  (Bryan 1976), even i f  o n l y  one component o f  an 

ecosystem (e.g. ,  b e n t h i c  i n v e r t e b r a t e s )  i s  d i r e c t l y  exposed t o  t r a c e  meta ls ,  t h e i r  impact  w i l l  

spread t o  organisms a t  h i g h e r  t r o p h i c  l e v e l s .  

The s i g n i f l ' c a l ~ c e  Lu ecosystems O f  t h e  b ioaccumu la t i on  of t r a c e  me ta l s  i s  n o t  known, b u t  i t s  

s i g n i f i c a n c e  t o  human h e a l t h  may be cons iderab le .  The impor tance o f  cont.aminated f i s h  and 

s h e l l f i s h  as sources of human exposure t o  mercury i s  w e l l  known (Wood 1972).  More r e c e n t l y  i t  

has been observed t h a t  food i s  an impor tan t  source of human exposure t o  cadmium, and some 

researchers  (e.g. ,  K j e l l s t r o m  1977) b e l i e v e  t h a t  human d i e t a r y  i n t a k e  o f  t h i s  meta l  may a l ready  

be dangerously h igh.  Other  meta ls  and m e t a l l o i d s  t h a t  a r e  h i g h l y  t o x i c  t o  man (e.g. .  a r s e n i c ,  

b e r y l  l ium, 'lead, and se len ium)  a r e  con ta ined  i n  coa l  and coa l  convers ion e f f l u e n t s  and a r e  

accumulated by e d i b l e  a q u a t i c  organisms (H i  ldebrand e t  a l .  1976).  Whether t h e  i n g e s t i o n  o f  

sma l l  q u a n t i t i e s  of  these elements i n  food c o n s t i t u t e s  a  hazard  t o  human h e a l t h  i s  n o t  y e t  known. 

Po l ynuc lea r  aromat ic  hydrocarbons (PAHs) a r e  produced by b o t h  coa l  convers ion and combust ion 

(Herbes e t  a l .  1976; N a t i o n a l  Academy of Sciences 1972).  Many of these compounds, u n l i k e  most 

o rgan i c  wastes, a r e  e x t r a o r d i n a r i l y  s t a b l e  and a r e  h i g h l y  r e s i s t a n t  t o  deg rada t i on  by  a c t i v a t e d  

sludges (Malaney e t  a l .  1967).  Po l ynuc lea r  a roma t i c  hydrocarbons a r e  known t o  be t n x i c  t o  

a q u a t i c  animals,  e s p e c i a l l y  t o  l a r vae ,  i n  concen t ra t i ons  as low as 100 ppb (Moore and Uwyer 

1974). However, perhaps more impor tan t  than t h e i r  t o x i c i t y  t o  a q u a t i c  l i f e  i s  t h e  f a c t  t h a t  

many PAHs a r e  ca rc inogen i c  ( N a t i o n a l  Academy of Sciences 1972).  Po l ynuc lea r  a roma t i c  hydro-  

carbons a r e  o n l y  s l i g h t l y  s o l u b l e  i n  water ,  b u t  l i k e  o rgan i c  p e s t i c i d e s  t h e y  a r e  f r e e l y  s o l u b l e  

i n  p l a n t  and animal t i s s u e  and can accumulate i n  e d i b l e  a q u a t i c  an imals ,  p a r t i c u l a r l y  i n  

mol lusks ,  t o  1000 t i m r s  l h e i r  c o n c e n t r a t i o n  i n  wa te r  ( N e f f  1975; Steyeman and 'l'eal 1973; Herbes 

e t  a l .  1976). 



Table 3.'19. Concentrations of trace 
elements found to be toxic to 

aquatic organisms 

Lowest lethal concentrations found by 
Cushman et al. 1977, in  parts per million or less 

Trace 
Concentration 

Trace 
element element 

Concentration 

Ag 0.0003 Mg 17.0 
Al 0.07 Mn 0.35 
As 0.022 N i 0.05 
Au 0.4 Pb 0.007 
B 0.69 Rb 14.0 
Ba 8.0 Sb 9.0 
Be 0.15 Se 1 .O 
Br 0.18 Sn 1 .O 
Cd fl flflfl9 Sr 0.2 a 

Ce 0.14 T h 0.4 
Cu 0.021 'l'i 2.0 
I::V n.nnx TI 0.03 
Cu U . U U U ~  ti 1.7 
Fe 0.02 V 4.8 
I lg 0.003 w 1 IQ,O 
La 0.01 5 ill 0.11001 
Li  2.6 Zr 14.0 

Source: I?. M. Cushman, S. G. Hildebrond, R. H 
Strand, and fl. Anderson. 1077. The toxicity u136 
trace elcmcnts i n  coal to freshw tar bioh: a data base 
with automated retrieval capabilities. ORNLI 
TM-5793 (in press]. Oak Ridge, 'l'enn.: Oak Ridge 
National Laboratory. 

E f f l u e n t  sources 

I n  theory,  coal  conversion, p l a n t s  are designed t o  minimize, and i d e a l l y  t o  e l im ina te ,  the  

d e l i b e r a t e  re lease o f  1  i q u i d  e f f l u e n t s .  However, even I f  It I s  assumed t h a t  a l l  1  i q u i d  wastes 

w i l l  be converted t o  s o l i d  form f o r  l a n d f i l l  disposal,  impacts t o  aquat ic  systems are s t i l l  ? 

poss ib le .  I n  a d d i t i o n  t o  p o t e n t i a l  p o i n t  sources, the  fo l low ing  are bei ieved t o  be the major 

nonpoint  sources o f  such impacts: (1)  r u n o f f  o f  ra inwater  from exposed coal. p i l e s ,  (2)  over- 

f l o w  and seepage from s e t t l i n g  ponds, (3)  leaching from l a n d f i l l s ,  and (4)  depos i t i on  o f  . a i r -  

borne p a r t i c u l a t e s .  

Un fo r tuna te ly ,  i t  i s  n o t  poss ib le  t o  p r e d i c t  a  p r i o r i  the  q u a n t i t i e s  o f  t race  metals and PAHs 

t h a t  w i l l  e n t e r  aquat ic  environments from any o f  the  above sources. L a n d f i l l s  w i l l  be the 

l a r g e s t  p o t e n t i a l  source, because i d e a l l y  these w i l l  be the  f i n a l  disposal s i t e s  f o r  n e a r l y  

100% o f  a l l  t h e  contaminants produced. The m o b i l i t i e s  o f  metals and PAHs i n  the l a n d f i l l  

environment a r e  unknown. Acc identa l  discharges from coal  p i l e s  and s e t t l  i n g  ponds could r e s u l t  

i n  major  releases, b u t  i t  i s  n o t  poss ib le  t o  p r e d i c t  e i t h e r  the  frequency o r  the  seriousness 

o f  such events. A  g a s i f i e r - u t i l i t y  b o i l e r  complex would, under the  assumptions made f o r  t h i s  

study, emi t  between 122 and 544 kg (270 and 1200 l b )  per day, o r  about 45 t o  180 m e t r i c  tons 

(50 t o  200 tons)  per year  (Sect. 1.2.3), o f  a i rbo rne  par t i cu la tes ,  p r i m a r i l y  coal  dust  and f l y  

ash. The f r a c t i o n  of t h i s  dust  and ash which might even tua l l y  be deposited i n  sur face water i s  

unknown. 



Impact t o  t h e  Ohio R i v e r  o f  t h e  Mason County, West V i r g i n i a ,  p l a n t  

Because o f  i t s  s i z e  and h i s t o r y  o f  p o l l u t i o n ,  t h e  Ohio R i v e r  i s  t h e  l e a s t  l i k e l y  o f  t h e  t h r e e  

systems t o  s u f f e r  s i g n i f i c a n t  damage from t h e  o p e r a t i o n  of a  p i p e l i n e  gas f a c i l i t y .  The annual 

average f l o w  o f  t h e  Ohio R i v e r  a t  t h e  Mason County s i t e ,  1420 m3/sec (50,000 c f s ) ,  i s  11.9 

t imes  t h a t  o f  t h e  Kaskaskia R i v e r  a t  New Athens, I l l i n o i s ,  and 250,000 t imes t h a t  o f  Donkey 

Creek, t h e  s t ream most l i k e l y  t o  be implemented by t h e  Campbell County, Wyoming, p l a n t .  

A l though t h e  s p a t i a l  d i s t r i b u t i o n  o f  i n t r o d u c e d  t r a c e  me ta l s  and PAHs w i l l  p robab l y  be f a r  f rom 

un i fo rm,  t h e  Ohio R i v e r  c l e a r l y  has a  r e l a t i v e l y  l a r g e  d i l u t i o n  capac i t y .  Moreover, t h e  amounts 

of contaminants t h a t  c o u l d  be re leased  by t h e  p l a n t  must be sma l l  i n  comparison w i t h  t h e  e x i s t i n g  

l o a d  imposed by m in ing  and i n d u s t r y  i n  t h e  upper Ohio R i v e r  Basin.  Of a l l  t h e  16 bas ins  s t u d i e d  

by Kopp and Kroner (1967),  t h e  Ohio R i v e r  Bas in  was second o n l y  t o  Lake E r i e  i n  terms o f  t r a c e  

meta l  l oad ing .  The Ohio R i v e r  accounted f o r  81 of t h e  177 v i o l a t i o n s  o f  wa te r  q u a l i t y  c r i t e r i a  

observed d u r i n g  t h e  yea rs  1962-67, i n c l u d i n g  58 of t h e  74 v i o l a t i o n s  o f  manganese s tandards ,  15 

of  t h e  41 a r s e n i c  v i o l a t i o n s ,  6  o f  t h e  27 l e a d  v i o l a t i o n s ,  and 2 o f  6  cadmium v i o l a t i o n s .  The 

p o t e n t i a l  con tam ina t i on  f rom a p i p e l i n e  gas demonst ra t ion  p l a n t  may a l s o  be sma l l  i n  comparison 

w i t h  t h a t  o f  t h e  f o u r  l a r g e  c o a l - f i r e d  gene ra t i ng  s t a t i o n s  c u r r e n t l y  o p e r a t i n g  o r  p r o j e c t e d  t o  

ope ra te  by 1983 which a r e  l o c a t e d  w i t h i n  32 km (20 m i l e s )  o f  t h e  Mason County s i t e .  These 

p l a n t s  (Ph i  l i p  Sporn, Gavin, Kyger Creek, and P r o j e c t  1301) have a  c u r r e n t  gene ra t i ng  c a p a c i t y  

o f  3500 MW and a  p r o j e c t e d  c a p a c i t y  by 1983 o f  more than 6000 MW (Butz  e t  a l .  1974; U.S. Army 

Corps o f  Engineers 1975). 

Even i f  no e c o l o g i c a l  damage occurs as a  r e s u l t  of t h e  o p e r a t i o n  o f  a  p i p e l i n e  gas f a c i l i t y  on 

t h e  Ohio R i v e r ,  b ioaccumula t ion  of t r a c e  me ta l s  and PAHs may occur.  The d a t a  i n  Tab le  2.40 

show t h a t  many e d i b l e  f i s h  occu r  nea r  t h e  p l a n t  s i t e ,  i n c l u d i n g  popu la r  s p o r t  f i s h  such as t h e  

channel  c a t f i s h  and largemouth bass. A l though no commercial f i s h e r y  e x i s t s  i n  t h e  area, i t  

must be assumed t h a t  s p o r t  f i s h i n g  does occu r  and t h a t  con tam ina t i on  o f  t h e  r i v e r  w i l l  r e s u l t  

i n  an i nc rease  i n  t h e  exposure of t h e  l o c a l  human p o p u l a t i o n  t o  ca rc inogen l c  VAHb and toxic 
t r a c e  meta ls .  

Impact t o  t h e  Kaskaskia R i v e r  o f  t h e  St.  C l a i r  County, I l l i n o i s ,  p l a n t  

Because o f  i t s  s m a l l e r  s i z e  and l ower  f low r a t e ,  t h e  Kaskaskia R i v e r  i s  much more l i k e l y  t o  

be adve rse l y  dFFected by contaminat ion  f rom a p i p e l i n e  gas f a c i l i t y  than i s  t h e  Ohio R i ve r .  

Fn r  any g i v e n  amount of contaminant re leased,  t h e  c o n c e n t r a t i o n  i n  sediment and wa te r  c o l u r ~ ~ r ~  

shou ld  be h i g h e r  and t h e  f r a c t i o n  o f  t h e  t o t a l  h a b i t a t  impacted l a r g e r  i n  t h e  Kaskaskia than 

i n  t h e  Ohio. I n  a d d i t i o n ,  t h e  S t .  C l a i r  County, I l l i n o i s ,  s i t e  con ta ins  i m p o r t a n t  and v u l n e r a b l e  

a q u a t i c  h a b i t a t s :  t h e  backwaters c r e a t e d  by t h e  Corps of Engineers.  These serve as spawning 

grounds f o r  many of t h e  f i s h  popu la t i ons  of  t h e  Kaskaskia (Coalcon 1977). These backwaters a r e  

sma l l  i n  s i z e  compared t o  t h e  main channel, and contaminants d ischarged i n t o  them w i l l  n o t  be 

d ispersed.  Moreover, t h e  concen t ra t i ons  of many me ta l s  t h a t  i n h i b i t  f i s h  r e p r o d u c t i o n  a r e  lower  

than those  t h a t  a r e  t o x i c  t o  a d u l t s  (Sprague 1971 ) ;  and l a r v a e  of a q u a t i c  organisms, i n c l u d i n g  

f i s h ,  a r e  g e n e r a l l y  more s e n s i t i v e  t o  PAHs than  a r e  a d u l t s  (Moore and Dwyer 1974). The con- 

t a m i n a t i o n  o f  backwaters would reduce f u r t h e r  t h e  amount of spawning h a b i t a t  a v a i l a b l e  t o  these 

f i s h ,  wh ich  has a l r e a d y  been g r e a t l y  reduced by human a l t e r a t i o n  o f  t h e  Kaskaskia. 

Even i f  damage t o  t h e  Kaskaskia ecosystem does n o t  occur,  i t s  con tam ina t i on  cou ld ,  th rough b i o -  

accumula t ion ,  r e s u l t  i n  increased exposure o f  human popu la t i ons  t o  carc inogens and t o x i c  t r a c e  

meta ls .  



Impact  t o  Donkey Creek o f  t h e  Campbell County, Wyoming, p l a n t  

Because o f  i t s  ex t reme ly  sma l l  s i z e ,  Donkey Creek i s  p robab l y  t h e  most s e n s i t i v e  o f  t h e  t h r e e  

s t reams t o  con tam ina t i on  f r om a p i p e l i n e  gas demonst ra t ion  f a c i l i t y .  Because t h i s  c reek has 

a  mean annual  f l o w  o f  o n l y  0.01 m3/sec (0 .2  c f s ) ,  even a  r e l a t i v e l y  smal l  p o p u l a t i o n  i n c i d e n t  

such as leakage from a s e t t l i n g  pond c o u l d  r e s u l t  i n  t h e  d e s t r u c t i o n  o f  a q u a t i c  l i f e  i n  t h e  

impacted segment of  t h e  stream. S i g n i f i c a n t  f i s h i n g  i s  n o t  l i k e l y  i n  Donkey Creek, so t h a t  

c o n t a m i n a t i o n  i s  n o t  l i k e l y  t o  r e s u l t  i n  i nc reased  human exposure t o  t o x i c a n t s  and/or  

ca rc inogens .  However, a  m a j o r  f l a s h  f l o o d ,  p a r t i c u l a r l y  one t h a t  i n v o l v e d  t h e  I n u n d a t i o n  o f  

a  s e t t l i n g  pond, would c a r r y  contaminated sediment and/or  ash p a r t i c l e s  i n t o  t h e  B e l l e  Fourche 

R i v e r  and e v e n t u a l l y  i n t o  Keyhole Reservo i r ,  a  ma jo r  warm-water f i s h e r y  about  48 km (30 m i l e s )  

downstream f r o m  the  p l a n t  s i t e .  

Sunlmary o f  o p e r a t i o n a l  impacts-.,on rece i . v i ng  wa te r  bigt.4 

1. Thermal impacts a r e  expected t o  be n e g l i g i b l e .  

2. Entrainment/ impingement impacts  a r e  expected t o  be n e g l i g i b l e .  

3 .  The m a j o r  impacts a r e  expectcd t o  r e s u l t  fr.uli~ t h e  r e l e a s e  o f  chemical  contaminants .  Two 

c l a s s e s  o f  contaminants,  t r a c e  me ta l s  and PAHs, warrant spec ia l  concern.  

4. Even i f  p l a n t  des igns e l i m i n a t e  p o i n t  source r e l e a s e  o f  aqueous e f f l u e n t s ,  nonpo in t  source 

e f f l u e n t s  may s t i l l  be i m p o r t a n t .  

5. O f  t h e  t h r e e  streams d iscussed,  Donkey Creek (Campbell County, Wyoming) i s  t h e  most 

s e n s i t i v e  t o  o p e r a t i o n a l  impacts  from a p i p e l i n e  gas f a c i l i t y ,  and t h e  Ohio R i v e r  

(Mason County, West V i r g t n i a )  i s  t h e  l e a s t  s e n s i t i v e .  

6. P r e c i s e  p r e d i c t i o n s  of t h e  o p e r a t i o n a l  impact o f  a  p i p e l i n e  gas f a c i l i t y  cannot be made 

u n t i l  t he  p l a n t  des ign  has been completed, p o t e n t i a l  e f f l u e n t s  have been c h a r a c t e r i z e d ,  

and s i r e - s p e c i f i c  env i ronmenta l  m o n i t o r i n g  progranl has beer1 I n l t l a t e d ,  

3.2.3 ~ o ~ i o e c o n o m i c  e f f e c t s  

3.2.3.1 Employment and p o p u l a t i o n  changes 

b i  r e c t  empl.g_vment -. . - . . . . .. - 

A  t y p i c a l  d e i i ~ o n s t r a t i o n  p l a n t  w i l l  r e q u i r e  an o p e r a t i n g  work f o r c e  o f  400 t o  500 (see 

Sect .  1.2.1.1 f o r  a  d e s c r i p t i o n  o f  t h e  t y p e  o f  p l a n t ,  i n  terms o f  d a i l y  n!!tput, food ooa l  and 

w a t e r  requ i remen ts ,  e t c . ,  t h a t  wou ld  need t h i s  amount o f  o p e r a t i n g  manpnwcr). U n l i k c  thc  cnn- 
s t r u e t i o n  wi,k force,  t h e  o p e r a t i n g  work fo rce  w i l l  remain t h e  same s i z e  f o r  a l l  yea rs  o f  

o p e r a t i o n .  

Secondary employment 

Mu1 t i p 1  i e r s  es t ima ted  by  Stenejhem and Metzger (1976) f o r  S t .  C l a i r ,  Mason, and Campbell c o u n t i e s  

were a p p l i e d  t o  t h e  o p e r a t i n g  work f o r ce  t o  es t ima te  t h e  t o t a l  number o f  j obs  c r e a t e d  by p l a n t  

o p e r a t i o n .  The r e s u l t s  of  t hese  c a l c u l a t i o n s  a r e  g i v e n  i n  t h e  t h i r d  column o f  Tab le  3.20. 



Table 3.20. Employment and population changes (operations phase) 

St. Clair County Mason County Campbell County 

Facility employment 400-500 400-500 400-500 

Employment multiplier 2.5 1.1 1.7 

Total new jobs 1000-1 250 440-550 680-850 

Total local employablesa 3237-2449 256-41 3 265-467 

Nonlocal workersb 0 27-294 21 3-585 

Average family size 2.4 2.4 2.6 

Total new population 0 65-706 554-1521 

aLocal employables from third year of construction phase (Sect. 3.1.3.1) plus one-fourth of 
third-year construction work force plus one-fourth of new local employables in year four. 

b ~ a x i m u m  potential range ~snerated by assuming low constnuction work force with high 
operations work force and high construction work force with low operations work force. 

Source: From E. J. Steneihem and J. E. Metzger. 1976. A framework for projecting 
employment and population changes accompanying energy development. Washington, D.C. : U.S. 
Energy Research and Development Administration. 

T o t a l  p o p u l a t i o n  changes 

Est imates  o f  t h e  t o t a l  new p o p u l a t i o n  t h a t  w i l l  r e s u l t  f rom p l a n t  ope ra t i on ,  g i v e n  i n  t h e  l a s t  

column o f  Tab le  3.20, were ob ta ined  a; f o l l o w s :  ( 1 )  t h e  t o t a l  number o f  new j o b s  ( b o t h  b a s i c  

and secondary) due t o  p l a n t  o p e r a t i o n  was compared t o  t h e  es t ima ted  number o f  l o c a l  ( i  .e. ,  i n -  

t he -coun ty )  employables; ( 2 )  t h e  d i f f e r e n c e  between t h e  number o f  new jobs  and t h e  number o f  

l o c a l  employables gave a'n es t ima te  o f  t h e  non loca l  ( i . e . ,  ou t -o f - t he -coun ty )  workers who w i l l  

be employed by t h e  p l a n t ;  and ( 3 )  t h e  number o f  non loca l  workers was m u l t i p l i e d  by t h e  average 

f a m i l y  s i z e  i n  each county  as g i ven  by Stenejhem and Metzger (1976) .  

Es t imates  of t h e  nl~mher o f  l o c a l  employables, g i v e n  ill t h e  f o u r t h  row o t  'Table 3.20, were 

c a l c u l a t e d  by summing t h e  f o l l o w i n g  components: ( 1 )  t h e  number o f  l o c a l  emplnyables es t ima ted  

f o r  t h e  l a s t  y e d r  o f  t h e  c o n s t r u c t i o n  phase (see Sect .  3.1.3.1 f o r  a  d i s c u s s i o n  o f  how these  

es t ima tes  o f  l o c a l  employables were ob ta ined ) ;  ( 2 )  one - fou r th  o f  t h e  c o n s t r u c t i o n  work f o r c e  

p resen t  i n  t h e  l a s t  yea r  o f  c o n s t r u c t i o n  (Sect .  3.1.3.1, Tables 3.8, 3.9, and 3 .10) ;  and 

( 3 )  one - fou r th  o f  t h e  number o f  a d d i t i o n s  t o  t h e  l a b o r  f o r c e  es t ima ted  by Stenejhem and Metzger 

(1976) f o r  t h c  f o u r t h  y e a r  o r  d pr3uJect.  More than  one - fou r th  o f  t h e ' c o n s t r u c t i o n  work f o r c e  

and/or  t h e  new a d d i t i o n s  t o  t h e  l a b o r  f o r c e  may t a k e  employment i n  p l a n t  o p e r a t i o n .  Bas ing 

es t ima tes  on o n l y  one - fou r th  o f  these p o t e n t i a l  l o c a l  p l a n t  employees c o u l d  t h e r e f o r e  produce 

an ove r -es t ima te  o f  t h e  number o f  workers  t h a t  w i l l  come from o u t s i d e  t h e  county .  Bu t  s i n c e  

o u r  purpose i s  t o  p r o j e c t  impacts and s i n c e  t h e  s e v e r i t y  o f  impacts i nc reases  w i t h  t h e  r a t e  o f  

p o p u l a t i o n  increase,  i t  seems d e s i r a b l e  t o  make wors t -case assumptions, as we have done. 

The amount o f  p o p u l a t i o n  i nc rease  a l s o  may be ove res t ima ted  i f  some o f  t h e  non loca l  workers  

commute f rom ad jaeen t  caur~t . ies  (see Sect .  3.1.3 f o r  a  d i s c u s s i o n  o f  commuting p o t e n t i a l s  f o r  

each coun ty ) .  I n  genera l ,  because o p e r a t i o n s  workers  w i l l  be employed f o r  l o n g e r  t i m e  p e r i o d s  

than c o n s t r u c t i o n  workers, t h e y  a r e  l e s s  l i k e l y  t o  commute and more l i k e l y  t o  move t o  homes 

c l o s e  t o  t h e  p l a n t  s i t e .  As a  r e s u l t ,  t h e  es t ima tes  o f  t o t a l  p o p u l a t i o n  i nc reases  g r e  l e s s  

l i k e l y  t o  be overes t imates  f o r  t h e  o p e r a t i o n s  phase than f o r  t h e  c o n s t r u c t i o n  phase. 



3.2.3.2 Impacts on surrogate s i t e s  

The socioeconomic impacts generated dur ing  the operat ion phase o f  d p r o j e c t  are more l i k e l y  t o  

be b e n e f i c i a l  t o  the  l o c a l  community than are those generated dur ing the  cons t ruc t ion  phase. 

The reason f o r  t h i s  i s  two fo ld .  F i r s t ,  the  labor  and in termediate product demands t h a t  are 

generated d u r i n g  the  opera t ing  phase are more permanent i n  nature, l a s t i n g  over the  l i f e  o f  the  

p r o j e c t .  Because these demands a re  cont inu ing,  the re  i s  an economic incen t i ve  f o r  permanent 

supply sources t o  develop o r  expand. During cons t ruc t ion ,  s i t u a t i o n s  o f  excess demand ( w i t h  

a t tendan t  r a t i o n i n g  problems) a re  a1 lowed t o  p e r s i s t  because sharp ly  decreasing demands are 

a n t i c i p a t e d  be fo re  capac i t y  adjustment expenditures ( i n  the  form o f  new c a p i t a l  equipment) 

can be p a i d  o f f .  The t y p i c a l  opera t ing  phase o f  a  p r o j e c t ,  however, i s  o f  s u f f i c i e n t  du ra t ion  

t o  permi t  needed capac i t y  adjustment. As a  r e s u l t ,  l o c a l  markets are al lowed t o  e q u i l i b r a t e .  

N o n l ~ c g l  workers tend t o  r e l o c a t e  r a t h e r  than t o  commute, and they are more l i k e l y  t o  b r i n g  

t h e i r  f a m i l i ~ q  and become a  p a r t  o f  the community. Consequently, t h e r e ' i s  a  permanent expanSion 

i n  the  s i z e  o f  the  local  l abor  fo rce .  F i r m  l l ~ a t  supply m s t c r i a l s  o r  services t o  t h e  f a r i l i t y  

have an i n c e n t i v e  t o  a d j u s t  capac i t i es  upward, and new f i rms  may en te r  the market. Also, l u c d l  

o f f i c i a l s  a re  a b l e  t o  j u s t i f y  needed expansions, such as i n  schools, roads, po l i ce ,  and f i r e  

p r o t e c t i o n  serv ices.  Consequently, the  e n t i r e  economic base and l o c a l  i n f r a s t r u c t u r e  expand, 

and an increased p o t e n t i a l  f o r  f u t u r e  growth i s  created. 

Second, the  c a p a b i l i t y  o f  the  l o c a l  government t o  respond t o  the  increased demands on the pub l i c  

s e r v i c e  sec to r  expands considerably  dur ing  the opera t ing  phase o f  the  p r o j e c t .  The increased 

economic a c t i v i t y  and the  expansion o f  the community's populat ion enlarges the  e x i s t i n g  tax  base 

and thereby increases l o c a l  government revenues. S i m i l a r l y ,  t a x  r e c e i p t s  from the f a c i l i t y  

i t s e l f  (assuming t.hat t h e  f a c i l i t y  i s  loca ted  w i t h i n  the community's t a x i n g  d i s t r i c t )  a r e  

r e a l i z e d  as operat ions a r e  begun. The f inanc ing  o f  new c a p i t a l  expenditures i s  f a c i l i t a t e d  by 

t h e  enlarged t a x  base because bond f l o t a t i o n s  can be paid f o r  ou t  o t  increased revenues. T l~us 

a permanent increase bo th  i n  demand and i n  p o t e n t i a l  supply o f  l o c a l  government serv ices occurs 

d u r i n g  t h i s  phase. The r e s u l t i n g  expansion o f  p u b l i c  serv ices a l l e v i a t e s  much o f  the  d i f f i c u l t y  

encountered dur ing  the  cons t ruc t ion  phase. 

Because o f  t h i s  increased i n c e n t i v e  and a b i l i t y  f o r  supply responses t o  occur, b e n e f i c i a l  Impacts 

a r e  l i k e l y  t o  be r e a l i z e d  more o f t e n  than adverse impacts. Income and employment expansions can 

occur w i t h o u t  imposing supp.ly shortages on the o r i g i n a l  i nhab i tan ts  o f  the  drva.  Our d iscuss ion 

o f  the  opera t ion  phase socioeconomic impacts i s  the re fo re  conf ined t o  p o i n t i n g  ou t  those areas 

i n  which capac i t y  adjustments a re  l i k e l y  t o  be needed and those areas i n  whlch e x i s t i n g  

c a p a c i t i e s  appear t o  be adequate. 

St.. Clair C.wnty 

The r e s u l t s  repor ted i n  Table 3,20 i n d i c a t e  t h a t  St.  C l a i r  County w i l l  experience no i n f l o w  o f  

popu la t ion  dur ing  the opera t ing  phase o f  the p r o j e c t .  Consequently, b e n e f i c i a l  employment and 

income impacts w i l l  be generated w i thou t  the adverse impacts created by s i g n i f i c a n t l y  increased 

demands f o r  housing, h e a l t h  care, and school f a c l l l t l e s .  A y d . i ~ ~ ,  t h i s  r e s u l t  i s  a t t r i b u t a b l e  t o  

t h e  l a r g e  d i v e r s i f i e d  economic s t r u c t u r e  and developed serv ice  sector  i n  t h i s  area. 



Mason County 

Tab le  3.20 i n d i c a t e s  a  f a c i l i t y - r e l a t e d  p o p u l a t i o n  i n f l o w  o f  between 65 and 706 persons f o r  t h e  

o p e r a t i n g  phase a t  t h e  Mason County s i t e .  The income and employment e f f e c t s  assoc ia ted  w i t h  

t h i s  i n f l o w  shou ld  be b e n e f i c i a l  because t h e  area i s . c h a r a c t e r i z e d  by h i g h  unemployment and 

depressed economic c o n d i t i o n s .  Moreoever, tflason County shou ld  be a b l e  t o  a s s i m i l a t e  t h e  

a d d i t i o n a l  p o p u l a t i o n  w i t h o u t  expe r i enc ing  severe  supp ly  shor tages o f  needed m a t e r i a l s  o r  

se rv i ces .  It w i l l  be necessary t o  expand c a p a c i t y  i n  seve ra l  areas, however, t o  p rese rve  ( o r  

perhaps improve) e x i s t i n g  s tandards  o f  community se rv i ces .  

The p r i n c i p a l  a reas i n  wh ich  expansion w i l l  be r e q u i r e d  a r e  hous ing and educat ion .  The former  

I s  p rov ided  by p r i v a t e  i n d u s t r y ,  whereas t h e  l a t t e r  i s  a  p u b l i c  s e r v i c e .  Tab le  3.20 i n d i c a t e s  

a  maximum i n f l o w  o f  a lmost  300 workers  who w i l l  seek permanent res idence  i n  t h e  area. The 

pressure  e x e r t e d  on t h e  s i n g l e - f a m i l y  owner-occupied hous ing market  i s  l i k e l y  t o  r e s u l t  i n  

increased p r i c e s  u n t i l  t h e  market has t ime  t o  respond. As Sect.  2  i n d i c a t e d ,  excess c a p a c i t y  i s  

n o n e x i s t e n t  i n  t h e  school  system; t h e  a d d i t i o n a l  p o p u l a t i o n  w i l l  c r e a t e  t h e  need f o r  expansion 

i n  t h i s  area a l s o .  Some o r  most o f  t h i s  c a p a c i t y  ad jus tment  can occu r  d u r i n g  t h e  c o n s t r u c t i o n  

phase o f  t h e  p r o j e c t ,  b u t  t h e  l onge r - t e rm users  o f  t h e  system w i l l  pay f o r  most o f  t h e  expansion 

expense d u r i n g  t h e  o p e r a t i n g  phase. 

Other  areas i n  wh ich  some capac ' i ty  ad jus tments  may be r e q u i r e d  a r e  t r a n s p o r t a t i o n ,  h e a l t h  care ,  

p o l i c e  and f i r e  p r o t e c t i o n ,  r e c r e a t i o n ,  and wa te r  supp ly  and wastewater t r ea tmen t  systems. 

Again, however, t h e  e x t e n t  o f  expansion r e q u i r e d  i n  these areas i s  1  i k e l y  t o  be c o n s i d e r a b l y  

l e s s  t han  t h a t  needed i n  t h e  housing and educa t i ona l  s e r v i c e  areas.  As i n  t h e  c o n s t r u c t i o n  

phase, t h e  adverse socioeconomic impacts r e s u l t i n g  f rom f a c i l i t y  ope ra t i ons  a r e  expected t o  be 

smal l  t o  moderate i n  t h e  Mason County area.  

Campbell County -- - - - 

I n  Campbcll County, t h e  s e r v i c e  areas 1  i k e l y  Lo rleed ~ i ~ o s t  expans ion a r e  housing, sewerage, h e a l t h  

care ,  r e c r e a t i o n ,  wa te r  supp l i es ,  p o l i c e  and f i r e  p r o t e c t i o n ,  and roads. Increases i n  t h e  

school  age p o p u l a t i o n  caused by a  demonst ra t ion  p l a n t  a lone  would p robab l y  n o t  r e q u i r e  more 

expansion of  schoo ls  than i s  a l ready  planned. I f  a  number o f  new p r o j e c t s  deve lop a t  t h e  same 

t ime, however, t h e  c t ~ m u l a t i v e  growth would r e q u i r e  more educa t i ona l  f a c i l i t i e s .  Cumula t ive  

impacts o f  a  number o f  energy developments a l s o  a r e  l i k e l y  t o  change t h e  compos i t ion  and 

c h a r a c t e r  of  t h e  popu la t i on ,  economy, and t h e  s o c i a l  and p o l i t i c a l  systems o f  t h e  area.  Campbell 

County has been, u n t i l  r e c e n t l y ,  a  r u r a l  a g r i c u l t u r a l  area. As more development takes p lace ,  

Campbell County w i l l  c o n t i n u e  t o  become more urban ized and i n d u s t r i a l i z e d .  

3.2.3.3 Summary.pf o p e r a t i o n  phase socinecnnnmic impacts 

As a  r e s u l t  o f  t h e  f l e x i b i l i t y  p rov ided  by  a  l a r g e  d i v e r s i f i e d  i n d u s t r i a l  s t r u c t u r e  and a  

developed s e r v i c e  sec to r ,  S t .  C l a i r  County i s  1  i k e l y  t o  exper ience an o v e r a l l  b e n e f i c i a l  soc io -  

economic impact  d u r i n g  t h e  o p e r a t i n g  phase o f  t h e  p r o j e c t .  Increased income and employment 

shou ld  be genera ted w i t h o u t  imposing s i g n i f i c a n t  shor tages o f  e s s e n t i a l  goods and se rv i ces .  

Mason County, w h i l e  expe r i enc ing  some shor tages ( p a r t i c u l a r l y  i n  t h e  areas o f  hous ing and 

educa t i on ) ,  s h o ~ ~ l d  be a b l e  t o  respond t o  i n c r e a s i n g  demands f o r  l o c a l  goods and se rv i ces .  As 



a  r e s u l t ,  t h e  added economic s t i m u l u s  c rea ted  by f a c i l i t y  ope ra t i ons  shou ld  generate  n e t  

b e n e f i t s  t o  t h e  l o c a l  comnunity.  

Campbell County i s  l i k e l y  t o  exper ience a  r e l a t i v e l y  pro longed p e r i o d  o f  adjustment,  d u r i n g  

wh ich  n e g a t i v e  impacts may be f e l t .  P r i o r  p lann ing  and budget ing dec i s ions ,  however, cou ld  

h e l p  t o  m i t i g a t e  much o f  t h i s  adverse e f f e c t .  

3.2.4 Impacts  on a rchaeo log i ca l ,  h i s t o r i c ,  and p a l e o n t o l o g i c a l  s i t e s  

Opera t i ons  impacts  on h i s t o r i c  and a rchaeo log i ca l  s i t e s  a r e  n o t  a n t i c i p a t e d  f o r  e i t h e r  St .  

Cl a i r  o r  Campbell Count ies.  L i k e  i n d i r e c t  c o n s t r u c t i o n  impacts (Sect.  3.1.4), ope ra t i ons  

impacts  c o u l d  occur  i n  Mason County. Operat ions impacts can be avoided i n  Mason County, how- 

ever,  i f  an a p p r o p r i a t e  l o c a t i o n  i s  chosen i n  t h e  p r e c o n s t r u c t i o n  phase and/or m i t i g a t i n g  

a c t i o n  i s  t aken  i n  t he  o p e r a t i n g  phase. 

3.2.5 M i t i g a t i n g  measures - o p e r a t i o n a l  

M i t i g a t i n g  measures shou ld  be an impor tan t  p a r t  o f  i n i t i a l  p lann ing  f o r  t h e  ope ra t i on  o f  a  

demonst ra t ion p ipe1 i n e  gas f a c i l  i t y .  Such p lann ing  i n v o l v e s  p r i o r  recoyr~. i  t i 011  o f  p o t e n t i a l  

problems ( i n c l u d i n g  r e l a t e d  impacts  f rom such a c t i v i t i e s  as su r face  min ing,  i n d u s t r i a l  growth, 

and p o p u l a t i o n  growth) and t h e  development o f  programs f o r  t h e i r  s o l u t i o n .  

Many o f  t h e  p o t e n t i a l  impacts  c o u l d  be e l i m i n a t e d  o r  reduced by s e l e c t i o n  o f  s i t e s  a p p r o p r i a t e  

f o r  t h e  ope ra t i on ,  by a p p l i c a t i o n  o f  t h e  best  a v a i l a b l e  c o n t r o l  technology, a r ~ d  by s t r i c t  

compl iance w i t h  a l l  Federa l  and s t a t e  r e g u l a t i o n s .  For  example, s i t e  s e l e c t i o n  must t a k e  i n t o  

c o n s i d e r a t i o n  t h e  A i r  Q u a l i t y  Maintenance Areas (AQMA) recognized by t h e  EPA so t h a t  emisslons 

r e s u l t i n g  f rom f a c i l i t y  ope ra t i ons ,  combined w i t h  a l l  o t h e r  e x i s t i n g  o r  p r e d i c t e d  emissions, 

w i l l  n o t  r e s u l t  i n  a  s i g n i f i c a n t  d e t e r i o r a t i o n  o f  a i r  qua1 i t y  (Environmental  Research 1977, 

U. S, Congress 1977b). Other  c o n t r o l  measures m igh t  i n c l u d e  (1  ) i nco rpo ra t . i u r~  0.F a b u f f e r  zone 

around t h e  f a c i l i t y  t o  reduce o f f s i t e  n o i s e  t o  acceptab le  ' leve ls  and t o  improve aes t t i e t l cs ,  

( 2 )  s i t i n g  o f  n o i s e - e m i t t i n g  equipment away f rom s e n s i t i v e  s i t e s  such as r e s i d e n t i a l  areas, 

( 3 )  u s i n g  p rope r  i n s u l a t i o n  t o  reduce n o i s e  w i t h i n  t h e  f a c i l i t y  t o  acceptab le  l e v e l s ,  and 

( 4 )  r e q u i r i n g  manufacturers of equipment t o  meet emiss ion s p e c i f i c a t i o n s .  

Once t r a c e  meta ls ,  PAHs, o r  o t h e r  aqueous contaminants have en te red  r e c e i v i n g  waters,  t h e r e  may 

be l i t t l e  t h a t  can be done t o  m i t i g a t e  t h e i r  impact.  M i t i g a t i n g  measures shou ld  the re fo re  be 

aimed a t  m i n i m i z i n g  t h e  re lease,  by  des ign o r  by acc ident ,  o f  hazardous e f f l u e n t s .  I n  genera l ,  

such measures should i n c l u d e  ( 1 )  c o n s t r u c t i n g  dra inage systems f o r  coa l  s torage and hand l i ng  

f a c i l i t i e s  so t h a t  r u n o f f  water  may be c o l l e c t e d  and rou ted  t o  wastewater t reatment  f a c i l i t i e s  

and ( 2 )  s i t i n g  coa l  s to rage  f a c i l i t i e s  and s e t t l i n g  ponds above f l o o d p l a i n s  and water  t a b l e s .  

Spec ia l  a t t e n t i o n  should be g i v e n  t o  p r e v e n t i n g  t h e  r e l e a s e  o f  e f f l u e n t s  t o  s e n s i t i v e  and/or 

e c o l o g i c a l l y  impor tan t  a q u a t i c  h a b i t a t s .  For example, t h e  St .  C l a i r  County, I l l i n o i s ,  p l a n t  

and i t s  a u x i l i a r y  f a c i l i t i e s  shou ld  be s i t e d  and cons t ruc ted  such t h a t ' t h e  p o s s i b i l f t y  o f  

e f f l u e n t s  e n t e r i n g  t h e  Kaskaskia R ive r  backwaters i s  minimized. 

Evidence i n d i c a t e s  t h a t  cons ide rab le  research i s  needed t o  e s t a b l i s h  p r a c t i c a l  and env i ronmen ta l l y  

s a f e  c o n t r o l  methods. New l e g a l  standards and c o n t r o l  techn iques may have t o  be promulgated 



f o r  p r e v e n t i o n  o f  b i o l o g i c a l  impacts m o s t l y  un ique t o  t h e  coa l  g a s i f i c a t i o n  i n d u s t r y .  The 

u l t i m a t e  f a t e  o f  a l l  p o t e n t i a l l y  harmfu l  chemica ls  used o r  produced d u r i n g  t h e  conve rs ion  

process shou ld  be a c c u r a t e l y  documented and p lans  developed f o r  t h e i r  , c o n t r o l .  Implementa t ion  

o f  an e a r l y  warn ing system t o  d e t e c t  t h e  presence o f  t r a c e  me ta l s ,  ca rc inogen i c  hydrocarbons, 

and/or  o t h e r  p o t e n t i a l l y  dangerous contaminants  i n  a i r  emiss ions,  c o o l i n g  waters ,  r e f u s e  p i l e s ,  

e t c . ,  i s  recommended. 

I n  cases i n  which l o w - l e v e l  amounts o f  p o t e n t i a l l y  ha rmfu l  m a t e r i a l s  w i l l  be re leased  even a f t e r  

employment o f  t h e  b e s t  a v a i l a b l e  techno logy,  l ong - te rm b i o l o g i c a l  s t u d i e s  a r e  needed. The 

importance of  o b t a i n i n g  predevelopment b a s e l i n e  da ta  cannot  be overemphasized. T h i s  shou ld  

i n c l u d e  t h e  es tab l i shmen t  o f  severa l  c o n t r o l  o r  r e fe rence  areas.  

Reclamat ion p lans  shou ld  be a v a i l a b l e  f o r  c o n s i d e r a t i o n  when t h e  f a c i l i t y  ceases o p e r a t i o n .  

Var ious  o p t i o n s  such 'as  c o n v e r t i n g ' t h e  l a n d  t o  a g r i c u l t u r a l  use, rangeland, r e c r e a t i o n a l  use, 

and w i l d l i f e  h a b i t a t ,  and/or use o f  t h e . e x i s t i n g  f a c i l i t i e s  by  i n d u s t r y  o r  o t h e r s  shou ld  be 

cons idered i n  r e l a t i o n  t o  t h e  env i ronmenta l  f e a t u r e s  o f  t h e  area. For  example, if r e c l a m a t i o n  

p lans c a l l  f o r  r e t u r n  o f  t h e  l a n d  t o  w i l d l i f e  h a b i t a t ,  r e v e g e t a t i o n  programs t h a t  emphasize 

h a b i t a t  d i v e r s i t y  and s p e c i f i c  needs o f  t h e  spec ies  expected t o  use t h e  area shou ld  be 

implemented. B a r r i e r s  t o  animal d i s p e r s a l  such as canal  d i t c h e s  and fences shou ld  be removed 

whenever poss ib le .  I n  a l l  cases, p rope r  d i sposa l  o r  rec lama t i on  o f  r e f u s e  areas acco rd ing  t o  

l a w  must be enforced,  wh ich  shou ld  i n c l u d e  p e r i o d i c  i n s p e c t i o n  o f  such areas f o r  a c c i d e n t a l  

l e a k i n g  o r  emissions o f  p o t e n t i a l l y  dangerous contaminants ' t o  ad jacen t  areas.  

3.2.6 P o t e n t i a l  acc iden ts  

Acc idents  may take  many forms and c o u l d  o r i g i n a t e  f rom a v a s t  number o f  sources rang ing  f rom 

f u g i t i v e  emiss ions t o  ma jo r  f a i l u r e s  o f  p ressure  vesse ls .  

F u g i t i v e  emiss ions w i l l  p robab l y  occur ,  e s p e c i a l l y  where h i g h  pressures  e x i s t .  Sources may 

i n c l u d e  pumps, va lves ,  col l~pressors , hea t  exchangers, p i p i n g  and duc ts ,  evapo ra t i on  f r o m  por~ds 

and lagoons, vapor b r e a t h i n g  i n  s to rage  tanks, and l e a k s  i n  s to rage  vesse ls .  Emissions may 

a l s o . r e s u l t  f rom i n t e r n a l  f a i l u r e s  i n  baghouses and p a r t i c u l a t e  removal dev ices ;  p l u g g i n g  o f  

f l u e  gas d e s u l f u r i z a t i o n  u n i t s ;  f l a s h i n g  f rom d e p r e s s u r i z i n g  h igh-pressure  sour  gas streams; 

t r a n s f e r r i n g  by-product  t a r ,  o i l ,  phenol ,  o r  ammonia; and t h e  r e l e a s e  o f  contaminated steam 

f rom ash quenching. T h i s  l i s t  i s  n o t  complete b u t  does p o i n t  o u t  t h e  eno rm i t y  o f  p o t e n t i a l  

f u g i t i v e  emiss ion sources i n  a  g a s i f i c a t i o n  complex. 

Major  .acc idents  c o u l d  r e s u l t  f rom f a i l u r e  o f  a  vesse l  o r  t r a n s f e r  l i n e  between t h e  g a s i f i e r  

and t h e  methanat ion  r e a c t o r .  A  r u p t u r e  would r e l e a s e  raw syn thes i s  gas c o n t a i n i n g  s u l f u r  

compounds, phenols,  t r a c e  elements, t a r s ,  o i l s ,  ammonia, cyan ide,  and cyanates.  I n c l u d e d  i n  

some o f  these c a t e g o r i e s  ( t h e  phenols,  o i l s ,  and t a r s ,  f o r  example) a r e  hundreds o f  o r g a n i c  

compounds rang ing  f rom innocuous t o  h i g h l y  t o x i c  o r  ca rc inogen i c .  It i s  d i f f i c u l t  to. de termine 

t h e  d u r a t i o n  o r  e x t e n t  o f  such a  process d i s r u p t i o n .  Process des igners  shou ld  address t h i s  

problem and be prepared w i t h  emergency procedures t o  m in im ize  t h e  escape o f  l i q u i d s  and gases, 

n o t  o n l y  d u r i n g  t h e  upset  b u t  d u r i n g  t h e  subsequent c leanup as w e l l  ( o r  d u r i n g  a  system purge 

i f  i t  becomes necessary).  I t shou ld  be noted t h a t  any contaminants  t h a t  cove r  t h e  ground cou ld  

f i n d  t h e i r  way t o  t h e  groundwater system d u r i n g  ra ins to rms  o r  i n t o  sur face waters .  



S i m i l a r l y ,  a  major f a i  l u r e  i n  t h e  wastewater treatment sec t ion  could pose serious environmental 

t h r e a t s .  A major  process upset (such as described above) could s e r i o u s l y  overburden the  

wastewater treatment f a c i l i t y  and r e s u l t  i n  over f low o f  raw wastewater or ,  poss ib ly ,  extermina- 

t i o n  o f  the  b i o l o g i c a l  media. Holding and b lending tanks upstream o f  the  treatment f a c i l i t y  

have been suggested as a means o f  r e g u l a t i n g  heavy slugs o r  streams o f  s p e c i f i c  contaminants. 

Standby systems, such as a c t i v a t e d  carbon beds, have a lso  been proposed t o  a l l e v i a t e  the  burden 

on the  b i o l o g i c a l  o x i d a t i o n  system o r  even replace i t  i n  the event o f  an acc ident .  It should 

be c l e a r  f rom the  d iscuss ion of wastewater (Sect. 1.2.7) t h a t  the re lease o f  unt reated waste- 

water  may be a serious environmental t h r e a t .  Such a contaminated stream could f i n d  i t s  way t o  

t h e  groundwater system o r  t o  t h e  atmosphere i f  the coo l ing  tower receives i t s  makeup water 

f rom t h e  discharge of t h e  wastewater treatment p lan t .  
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Appendix 

METHOD FOR ASSESSING THE EFFECT OF EROSION ON AQUATIC BIOTA 

Cros ion l o a d  on a  waterway 

The c o n s t r u c t i o n  o f  a  p i p e l i n e  gas f a c i l i t y  r e q u i r e s  t h e  c l e a r i n g  o f  a  l a r g e  p o r t i o n  o f  land.  

The p r i m a r y  concern t o  t h e  wa te r  near  t h e  c o n s t r u c t i o n  s i t e  i s  t h e  e f f e c t  o f  e ros ion ,  cha rac te r -  

i z e d  as e i t h e r  sheet  e r o s i o n  o r  g u l l y  e ros ion .  Fo r  t h i s  a n a l y s i s ,  i t  i s  assumed t h a t  t h e  cons t ruc -  

t i o n  t i m e  w i l l  be so s h o r t  t h a t  t h e  m a j o r i t y  o f  t h e  e r o s i o n  l o a d  w i l l  a r i s e  f rom sheet  e ros ion .  

The d e t e r m i n a t i o n  o f  sheet  e r o s i o n  i s  made u s i n g  t h e  method o f  Wischmeir (1965) .  The sheet  

e r o s i o n  l o a d  (E) i n  t ons  p e r  ac re  p e r  y e a r  i s  determined u s i n g  t h e  equa t i on  

E = RKLSCP , 

where 

R = r a i n f a l l  index, 

K - s o i l  e r o d i b i l i t y  f a c t o r ,  

LS = s o i l  l o s s  f a c t o r  due t o  geography, 

C = c r o p  management f a c t o r ,  

P  = conse rva t i on  p r a c t i c e  f a c t o r .  

For  t h i s  a n a l y s i s ,  i t  i s  assumed t h a t  no c r o p  management o r  conse rva t i on  p r a c t i c e  i s  employed a t  

t h e  c o n s t r u c t i o n  s i t e .  Hence, 

C - P -  1 . 0 .  

The va lues f o r  t h e  r a i n f a l l  index,  as determined f rom annual  t r e n d s  determined by Wischmeir 

(1965), a r e  shown i n  Tab le  A.1. The s o i l  e r o d i b i l i t y  f a c t o r ,  a l s o  shown i n  Tab le  A. l ,  i s  d e t e r -  

mined by u s i n g  a  nomograph due t o  Wischmeir and t h e  s o i l  d a t a  a v a i l a b l e  f r o m  t h e  S o i l  Conservat ion  

Se rv i ce  (U.S. Department o f  ' A g r i c u l t u r e  1939; Smith and Smi th  1938).  The s o i l  l o s s  f a c t o r  i s  

determined u s i n g  a  f i g u r e  due t o  Wischmeir. 

Reasonable assumptions a r e  needed t o  u t i l i z e  t h e  e r o s i o n  equa t i on .  Thus t h e  c o n s t r u c t i o n  s i t e  i s  

assumed t o  have a  1% s lope  t h a t  bo rde rs  on t h e  e x i s t i n g  waterway. whereas t h e  s loped l e n g t h  i s  

assumed t o  be 305 m (1000 f t )  long.  The r e s u l t i n g  s o i l  l o s s  f a c t o r  rep resen ts  a  c o n s t r u c t i o n  s i t e  

w i t h o u t  e r o s i o n  c o n t r o l .  I f  e r o s i o n  c o n t r o l  t akes  t h e  fo rm o f  a  10% bank, 15 m (50  f t )  long, t h e  

r e s u l t i n g  va lues and t h e  e r o s i o n  l o a d  can be c a l c u l a t e d  (see Tab le  A . l ) .  The c o n s t r u c t i o n  s i t e  

f o r  t h e  demonst ra t ion  p l a n t  i s  assumed t o  have a  c l e a r e d  area o f  40.5 ha (100 ac res )  t h a t  i s  

s u b j e c t  t o  e ros ion .  The r e s u l t i n g  e r o s i o n  f o r  an unconta ined c o n s t r u c t i o n  s i t e  i s  shown i n  

Tab le  A.1. For  a  con ta ined  c o n s t r u c t i o n  s i t e  t h e  c l e a r e d  area on t h e  e r o s i o n  bank i s  assumed t o  

be 2 ha ( 5  ac res ) .  The e r o s i o n  r e s u l t i n g  f r om a con ta ined  c o n s t r u c t i o n  s i t e  i s  shown below. 



Table A. 1. Values for the factors involved in sheet erosion 

West Virginia Illinois Wyoming 

Crop management fac to r l (~ )  

Conservation practice factor (PI; 
Rainfall index ( R )  i 
Soil erodibility factor ( K )  9 

Soil loss factor due to geography 

(LS)', without containment 

Soil loss factor due to geography 

(LS),  with containment 

Sheet erosion load 

(E), tons/acre-year, without 

containment 

Sheet erosion load 

( E ) ,  tons/acre-year with 

containment 

Erosion load, 

Lu~'ts/year, will-IOUL CUI.IL~~IIIIIBIIL 

Frnrinn Inarl, 

1011s/vea1. will-I cu11Lai111rrar11 

Suspended sediment load 

The t r a n s f e r  o f  the  e ros ion  load  i n t o  suspended sediment i n  the  waterway can be assessed using 

t h e  method of E ins te in  (1950). P r i o r  t o  determining the suspended sediment concentrat ion, the 

suspended sediment t r a n s p o r t  must be assessed. The v e r t i c a l l y  in tegra ted  t ranspor t  o f  suspended 

sediment i s  determined by i n t e g r a t i n g  t h e  product o f  v e l o c i t y  and the suspended concentrat ion 

from two represen ta t i ve  g r a i n  diameters above the  bed t o  the f r e e  surface. E ins te in  has shown 

t h e  r e s u l t i n g  cxprcss ion t o  be 

where 

qs = r a t e  o f  sediment l o a d  t ranspor t ,  

u, = t o t a l  f r i c t i o n  v e l o c i t y ,  

d  = depth o f  water,  

Ca = concentrat ion of sediment a t  d is tance.a above channel bed: 

7 n c 5 ,  
A = - = -  

II rl 

x = concentrat ion f a c t o r  f o r  channel roughness, 

065 = p a r t i c l e  diameter of which 65% o f  the  mate r ia l  by weight i s  f i n e r ,  

z = v /U.4u* , 
S 

v = s e t t l i n g  v e l o c i t y  of a  p a r t i c l e  (chosen p a r t i c l e  s i z e  i s  D ~ ~ ) .  
S 

I n  t h i s  expression, t h e  concentrat ion o f  p a r t i c l e s  a t  a  i s  determined from the bed load character- 

i s t i c s .  A p a r t i c l e  i n  the  bed w i l l  go i n t o  suspension i f  z < 5. Assuming t h a t  movement occurs 

i n  t h e  bed, t h e  concentrat ion has been deterwined by E ins te in  (1950) t o  be 



where 
1  

C = exper imenta l  cons tan t  = , 

iBqB = t h e  bed l o a d  r a t e ,  

iB = f r a c t i o n  o f  bed l o a d  i n  a  part . ic111ar s i z e ,  

qB = bed l o a d  p e r  u n i t  t ime.  

For  t h i s  a n a l y s i s  i t  i s  assumed t h a t  t h e  a b i l i t y  o f  a  channel  t o  suspend sediment i s  l i m i t e d  by 

t h e  ;upply. A lso ,  i t  i s  assumed t h a t  t h e  e r o s i o n  l o a d  i s  t rans formed t o  a  bed l o a d  t h a t  i s  

u n i f o r m l y  d i s t r i b u t e d  across  t h e  channel w i d t h .  T h i s  l a s t  assumption may be i n v a l i d  a t  t h e  s i t e  

i t s e l f ,  b u t  downstream o f  t h e  s i t e  t u r b u l e n t  m i x i n g  shou ld  r e s u l t  i n  a  u n i f o r m  suspended sediment.  

Hence, iBqB rep resen ts  t h a t  p o r t i o n  o f  t h e  e r o s i o n  l o a d  which w i l l  be  suspended p e r  u n i t  t ime.  

Because channels are ,  i n  genera l ,  h y d r a u l i c a l l y  rough, t h e  c o r r e c t i o n  f a c t o r  x = 1 .0 .  

To determine q s ,  t h e  c ross  s e c t i o n  o f  t h e  wa te r  body a t  each s i t e  must be modeled. F i g u r e  A. l  i s  

an i l l u s t r a t i o n  o f  t h e  assumed c r o s s - s e c t i o n a l  p r o f i l e s  f o r  each channel d u r i n g  a  t y p i c a l  s torm 

r u n o f f  event  f r om which an e r o s i o n  l o a d  on t h e  waterway would be i n t roduced .  

The remain ing i n f o r m a t i o n  r e q u i r e d  t o  determine q i s  ob ta ined  f rom s o i l  da ta  (Smi th  and Smith 

1938).  To f i n d  us, (I, must be determined. By d e f i n i t i o n ,  

where 

U: = f r i c t i o n  v e l o c i t y  due t o  s u r f a c e  drag, 

I / ,  = f r i c t i n n  v ~ l n c i t y  due t o  shape drag.  

The r e s u l l s  o f  N i  kuradse (1933) f o r  rough channels g i v e s  

where 

u = averaye v e l o c i t y  f o r  r u n o f f  event ,  

17' = h y d r a u l i c  r a d i u s .  
b 

Again x  = 1 .0  i s  assumed. The va lue  f o r  i s  determined f rom t h e  a v a i l a b l e  s o i l  d a t a  (F igs .  A.2, 

A.3) (Smi th  and Smith 1938).  The d e t e r m i n a t i o n  o f  Ul r e q u i r e s  an exp ress ion  f o r  t h e  f r i c t i o n  

v e l o c i t y  because o f  shape r e s i s t a n c e  a r i s i n g  f rom channel i r r e g u l a r i t i e s .  Such an exp ress ion  i s  

d i f f i c u l t  t o  determine w i t h o u t  e x t e r ~ s i v e  e f f o r t  f o r  t h i s  problem. I f  i t  i s  assumed t h a t  some 

shape r e s i s t a n c e  w i l l  be genera ted by t h e  sediment d e p o s i t  a r i s i n g  f r om t h e  e r o s i o n  d u r i n g  con- 

s t r u c t i o n ,  a  reasu r~ab le  assumed va lue  based on E i n s t e i n ' s  work (1951)) i s  



366m( 1200 ft) 

8.6rn(28 ft) 

ssalll(i loo r ~ )  

94.5rn(310 ftl 

69m(225 ft) 

[ I T  O.Zm(0.5 ttl 

u 
1.2m(4 ft) 

NOT TO SCALE 

F i g .  A . 1 .  Cross s e c t i o n s  o f  t h e  w a t e r  body a v a i l a b l e  a t  each s i t e :  (a) Ohio River-West 
V i r g i n i a  s i t e ;  ( b )  Kaskaskia R i v e r - I l l i n o i s  s i t e ;  (c) Donkey Creek-Wyoming s i t e .  



PERCENT OF PARTICLES 

F ig .  A . 2 .  Determination o f  065 p a r t i c l e  s i z e  range f o r  Wyoming s i t e .  
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F ig .  A . 3 .  Determinat ion o f  DG5 p a r t i c l e  s i z e  range f o r  I l l i n o i s  and West V i r g i n i a  s i t e s .  



Using d a t a  f rom Chow (1964), v, can be determined, wh ich  can then be used t o  determine ig. 

Values used t o  compute q, a r e  shown i n  Tab le  A.2. 

Table A. 2. Values for computing the sediment load transporte 

Parameter West Virginia Illinois Wyoming 

A,, ft' 

b, f t  

DG5, mm 
Rb , f t  

u: - 
U 
U. - 
U 

Q,,.,,.cfs 
U, ftlsec 

U. .ft/sec 
v,, h/sec 

D, mm 

is 
jgqB (without containment), tpy 

iBq8(with containment). tpy 

d, f t  

A 

q, (withoutcontainment), tpy 

4, (with containment), tpy 

Q,,, .cfs 
CS (without containment), mglliter 

C- (with containment), mglliter 

'Compiled from: (1) G. D. Smith and L. H. Smith. 1938. St. Clair County soils. 
Urbana, Ill.: University of Illinois Agricultural Experiment Station; (2) U.S. Department 
of Agriculture. 1939. Soil survey, Campbell County, Wyoming. USDA Soil Conservation 
Service Series 1939, no. 22. Washington D.C.: U.S. Government Printing Office. (3) 
.. , 1357, Soil survey, Jiuk~urr and Mason counrles, W e t  \li@Inia. USOA Soil 

Conservation Service Series 1957, no. 11. Washington. D.C.: U.S. Government Printing, 
Office. 

Knowing q,, t h e  average i nc rease  i n  t h e  c o n c e n t r a t i o n  o f  suspended p a r t i c l e s  can be es t ima ted  by 

c = qs /u ,  where u  i s  t h e  average annual s t reamf low.  The r e s u l t a n t  c o n c e n t r a t i o n s  a r e  an o r d e r  

o f  magnitude es t ima te  o f  t h e  r e s u l t i n g  i nc rease  i n  average c o n c e n t r a t i o n  f a r  downstream f rom t h e  

c o n s t r u c t i o n  s i t e  (Tab le  A.2). The assumption i n h e r e n t  i n  t h i s  e s t i m a t i o n  i s  t h a t  annual  suspended 

sediment t r a n s p o r t  has a  un ique correspondence to  the  f l o w  v e l o c i t y .  

T h i s  i s  t o  assume t h a t  no phase l a g  occurs between a  r a i n f a l l - r u n o f f  event  and t h e  i nc rease  i n  

s t reamf low.  E x i s t i n g  data  i n d i c a t e  t h a t  a  phase l a g  o f  v a r y i n g  amounts e x i s t s  f o r  d i f f e r e n t  

watersheds. The i n f l u e n c e  o f  t h i s  a s s ~ ~ r n p t i o n  on t h e  r e s u l t s  r e q u i r e s  f u r t h e r  s tudy.  

RESULTS OF COMPUTED CONCENTRATIONS OF IMPACTS CAUSED BY ATMOSPHERIC EFFLUENTS 

Annual average ground- leve l  concen t ra t i ons  o f  SO2 and t o t a l ,  suspended p a r t i c u l a t e s  o f  

s e l e c t e d  c o n d i t i o n s  ( S t .  Lou is ,  I l un t i ng ton ,  a ~ r d  Casper w ind  roses )  a r e  shown i n  F igs .  A.4-A.9 



Fig .  A.4. Annual average ground-level cUrlcttr11r~dLlu11 uT Lu la l  suhpeltdcd p a r t i c u l a t e s  (pg/m3) 
f rom thc release of 450 kg/day (1000 lhfday) nf par t . icu la tes from a 90-m ( 3 0 0 - f t )  s tack (St .  
Lou is  wind rose). 



w 0.19 0 . 3 9  0 . 8 3  1.36 1 . 2 4  @ 1 . 9 9  2 . 1 9  1.29 0 . 5 9  0 . 2 8  E 
l k m  4 k m  Z k m  I h n  0 . 5 h  0.5 km I hn 2 kln 4 km 8 . h  ' 

F i g .  A.5. Annual average ground-level concentrat ion o f  SO2 (pg/m3) from the re lease o f  
450 kg/day (1000 l b l d a y )  of s u l f u r  f rom a 90-m ( 3 0 0 - f t )  stack (St .  Louis wind rose) .  



K 0.28 0.48 0.94 1.35 1.10 B 1.42 2.03 1 . 2 9  0.58 0.26 E 
B k m  4 k m  2 k m  l k m  0 . 5 k m  0.5- l k m  2 k m  4Irm B k m  

F i g .  A.6. Annual average ground-level concentrat ion o f  SO?, (ug/m3) from the re lease o f .  
450 kg lday (1000 1 b lday )  o f  s u l f u r  f rom a 90-m ( 3 0 0 - f t )  s tack ( ~ u n t i n g t o n  wind rose) .  



w 0.58 0.62 1.01 1.46 1.n Q 1.49 2.14 1.35  0 . 6 4  0 . 3 5  E 
8 k m  4Inn Z h n  1 k m  0 . 5 b  0 . 5 k m  I k m  2 k m  d k m  8 k m  

F ig .  A. 7. Annual average ground- leve l  c o n c e n t r a t i o n  o f  t o t a l  suspended p a r t i c u l a t e s  ( u g h 3 )  
f rom t h e  r e l e a s e  o f  450 kg lday  (1000 l b l d a y )  o f  p a r t i c u l a t e s  f rom a  90-m ( 3 0 0 - f t )  s t a c k  
(Hun t i ng ton  wind rose ) .  



F ig .  A.8. Annual average ground- leve l  c o n c e n t r a t i o n  o f  SO2 (ug/m3) from t h e  r e l e a s e  of  
450 kg lday  (1000 1 b l d a y )  o f  s u l f u r  f r o m  a  90-m ( 3 0 0 - f t )  s tack  (Casper wind rose ) .  



F i g .  A.9. Annual average ground- leve l  c o n c e n t r a t i o n  o f  t o t a l  suspended p a r t i c u l a t e s  (pg/m3) 
from t h e  r e l e a s e  o f  450 kg/day (1000 l b / d a y )  o f  p a r t i c u l a t e s  f rom a 90-m ( 3 0 0 - f t )  s t a c k  (Casper 
wind r o s e ) .  
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