
133 

6. UNCONVENTIONAL GAS RECOVERY 

Kathleen M. Oakesl and Elizabeth L .  Etnier2 

6.1 RESOURCE DESCRIPTION 
Unconventional natural gas i s  the term applied t o  gas t h a t  e x i s t s  

i n  reservoirs  t h a t  are  marginal t o  unfavorable f o r  production of gas a t  
current  market pr ices ,  u s ing  conventional recovery methods. Natural 
gas provides about 30% of the n a t i o n ' s  t o t a l  energy requirement, b u t  
proven domestic gas reserves and annual gas production have declined 
over the past decade (Kuuskraa e t  a l .  1978). Currently, unconventional 
gas sources contr ibute  about 28 x lo9 m3 [ l  Tcf ( t r i l l i o n  cubic 
f e e t ) ]  of natural  gas annually, which i s  about 5 % of the domestic gas 
production ( N P C  1980). Gas from unconventional sources could add 
s i g n i f i c a n t l y  more t o  U.S. reserves w i t h i n  the century. 

Figure 10 shows the location of major U.S. unconventional gas 
resources, of which there are  four categories:  ( 1 )  gas present i n  
t i g h t ,  or  low permeability, sandstone formations i n  the  West, ( 2 )  f r e e  
gas present w i t h i n  Devonian-age shale  formations in the  East, 
( 3 )  methane associated with coal seams, and ( 4 )  methane dissolved in 
geopressured aquifers located along the  Texas-Louisiana Gulf Coast. 
Two recent s tud ies  explored the potent ia l  of unconventional gas 
(Kuuskraa e t  a l .  1978, NPC 1980). Table 14 presents estimates from 
these s tudies  of gas-in-place and recoverable resources from each of 

the four categories  of unconventional sources of natural gas. 

6.1.1 Western T i g h t  Gas Sands 
The most promising source of unconventional gas i s  sand reservoirs  

of low permeability, termed t i g h t  gas sands, located i n  several western 
sedimentary basins ( F i g .  10) .  The gas-bearing sands i n  the basins are  
interbedded w i t h  unproductive clays and shales  over in te rva ls  as thick 
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Table 14. Est imates o f  gas- i  n-place and economical ly  recove rab le  gas resources f rom unconvent ional  sources o f  n a t u r a l  gas 
[ i n  109 m3 and t r i l l i o n  cub ic  f e e t  ( T c f ) ;  es t ima tes  of economical ly recove rab le  resources a r e  f o r  base 

case technology and lowest  economic r e t u r n  and advanced technology and h ighes t  economic r e t u r n ]  

Unconventional gas i n  109 m3 ( T c f )  

Gas i n  p lace  Economical ly  recove rab le  resources 

Base case technology r e t u r n  Advanced technology r e t u r n  
Lowest Highest  

Western t i g h t  gas sands 
(Kuuskraa e t  a l .  1978) 
(NPC 1980) 

Devonian gas shales 
(Kuuskraa e t  a l .  1978) 
(NPC 1980) 

Methane f rom coa l  seams 
(Kuuskraa e t  a l .  1978) 
(NPC 1980) 

11,600 (409) 2,000 
12,600-26,200 (444-924) 5 , 400 

2,260 (80 )a  57 
11,000-57,300 (387-2023)b 85 

13,600 
11,300 

Methane f r o m  geopressured a q u i f e r s  
(Kuuskraa e t  a l .  1978) 39,600 
(NPC 1980) 

480)C 
398) 

1400) ---- 

O d  
142 ( 5 )  

O f  
0 

5,300 (188) 
16,200 (574) 

708 (25)  
1,104 (39)  

57-708 (2-25 
1,275 (45)  

28-142 (1-5) 
9-18 (0.3-0.6) 

aFree gas on ly ,  does no t  i n c l u d e  qas " locked"  i n t o  kerogen s t r u c t u r e .  

b Inc ludes  a l l  gas --  f r e e  and t h a t  present  i n  kerogen. 
9 3  9 3  'Minable coa l  seams - 8775 x 10 m (310 T c f ) ,  unminable 4810 x 10 m (170 Tcf) ,  f rom Kuuskraa (1981).  

dNo base case technology assumed w i t h  p resen t  technology. 

eNo independent es t ima te  g i v e n  o f  gas- i  n-place. 

fNo methane w i l l  be recovered w i t h  base case technology; t h e  es t ima tes  f o r  recoverable resources w i t h  advanced technology are f o r  

No methane i s  recovered from coal ;  range of resources recove rab le  under 
advanced technology i n d i c a t e s  l e a s t  t o  most f a v o r a b l e  economics. 

a range o f  economic r e t u r n s .  
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Fig. 10. Unconventional gas resources o f  the United States (U.S. DOE 
1980). 
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as 5000 m. The th icknesses o f  t h e  sand r e s e r v o i r s  range f rom a few 

meters t o  over 30 m (100 f t ) .  The t h i c k e r  b lanket- type sand 

rese rvo i r s ,  which e x h i b i t  c o n t i n u i t y  over a r e l a t i v e l y  l a r g e  area, are 
t h e  most promis ing f o r  gas product ion.  I n  many basins,  however, t h e  

gas-producing sands are t h i n  and unpred ic tab l y  discont inuous, due t o  

t h e i r  l e n t i c u l a r i t y  ( l e n s - l i k e  na ture) .  A s i n g l e  w e l l  may penet ra te  up 
t o  100 o f  these produc t ion  l aye rs  (Riedel  e t  a l .  1980). 

Current  domestic annual p roduc t ion  o f  unconvent ional  gas f rom t i g h t  

gas sands i s  about 22.5 x l o 9  m3 (0.8 T c f )  (NPC 1980). The main 

l i m i t a t i o n  on gas produc t ion  f rom t i g h t  sands i s  t h e i r  low pe rmeab i l i t y  

(by d e f i n i t i o n  l e s s  than 1 m i l l i d a r c y ) ,  r e s u l t i n g  i n  uneconomically low 

r a t e s  o f  gas f l o w  i n t o  the  w e l l .  Favorable p roduc t ion  r a t e s  are 

achievable by f r a c t u r i n g  t h e  fo rmat ions  t o  c r e a t e  a l a r g e  area around 

t h e  w e l l  bore i n t o  which t h e  gas w i l l  f l ow.  A major t h r u s t  o f  R&D i n  
unconvent ional  gas recovery i s  i n  developing advanced methods of 

f o rma t ion  f r a c t u r i n g  (Sect.  6.2.2). 

6.1.2 Eastern Devonian Gas Shales 

Devoni an-age shales o f  p r imary  i n t e r e s t  f o r  unconvent ional  gas 

recovery u n d e r l i e  t h e  Appalachian, Michigan, and I l l i n o i s  s t r u c t u r a l  

bas ins i n  t h e  eas tern  Un i ted  States (F ig .  10).  These are b lack and 

brown shales o f  marine o r i g i n  con ta in ing  an organic  substance, kerogen, 

t h a t  i s  t h e  source o f  n a t u r a l  gas (Kuuskraa e t  a l .  1978). The gas i s  

present  bo th  as fr$e gas, recoverable by d r i l l i n g ,  and as gas " locked" 

i n t o  t h e  kerogen, recoverab le  by r e t o r t i n g  o f  t h e  shale t o  conver t  t h e  

hydrocarbons t o  s y n t h e t i c  gas and o i l  (Kuuskraa e t  a l .  1978). Only t h e  

mob i le  ( o r  f r e e )  gas i s  being considered here f o r  unconvent ional  gas 

recovery.  Between 2 and 6 x 10 l2 m3 (80 t o  225 T c f )  o f  gas may be 

present  as f r e e  gas- in-place i n  Devonian shales (NPC 1980, Kuuskraa e t  

a l .  1978). 

Throughout t h i s  century ,  gas has been produced f rom Devonian shales 

i n  no r the rn  Ohio and i n  the  B ig  Sandy F i e l d  o f  Kentucky (Kuuskraa e t  

a l .  1978). Present p roduc t ion  i s  about 6 x l o 9  m3 (0.2 T c f )  

annua l ly  (NPC 1980). Gas produc t ion  f rom most o f  t h e  shales i s  

@ 
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marg ina l  due t o  low fo rmat ion  p e r m e a b i l i t y  and a low inc idence o f  

n a t u r a l l y  occu r r i ng  f rac tu res .  Current  recovery methods i nc lude  
d i r e c t i o n a l  d r i l l i n g  t o  i n t e r s e c t  n a t u r a l  f r a c t u r e  systems and 
s t i m u l a t i o n  o f  w e l l s  w i t h  smal l -sca le exp los ive  f r a c t u r i n g ,  termed 

I' s hoot i ng . 'I 

6.1.3 Methane f rom Coal Seams 

Methane gas, a n a t u r a l  product  o f  coa l  format ion,  may be found i n  

va ry ing  q u a n t i t i e s  i n  most coa l  seams. I n t e r e s t  i n  coal-bed methane as 

a gas resource grew ou t  o f  resear-ch t o  reduce t h e  s a f e t y  hazard o f  

methane i n  underground coa l  mines, p a r t i c u l a r l y  i n  t h e  "gassy" 

b i tuminous coa ls  o f  t h e  eastern Un i ted  Sta tes  (E th r idge  e t  a l .  1980). 

About 2 x l o 6  m3 [73 MMcf ( m i l l i o n  cub ic  f t ) ]  o f  methane i s  

c u r r e n t l y  vented each year  f rom opera t ing  coa l  mines (E th r idge  e t  a l .  

1980); none i s  recovered. Minable coa l  seams i n  t h e  Un i ted  States 

con ta in  an est imated 8.5 x 10 l2  m3 (310 T c f )  o f  methane (Kuuskraa 

e t  a l .  1978, NPC 1980). Coal seams t h a t  are t o o  deep o r  t o o  t h i n  t o  

mine con ta in  a,n a d d i t i o n a l  5 x m3 (170 T c f )  o f  methane 

(Table 14). 
Methane f rom coal  seams may i n v o l v e  some unique i n s t i t u t i o n a l  and 

l e g a l  cons idera t ions .  The ownership o f  t h e  gas may be d isputed  i n  

cases where t h e  o i l  and gas r i g h t s  and coa l  r i g h t s  t o  an area are h e l d  

separa te ly  (E th r idge  e t  a l .  1980). Also, t h e  c l a s s i f i c a t i o n  o f  coal  
seam gas i s  an issue t h a t  cou ld  a f f e c t  r e g u l a t i o n s  concerning 
produc t ion  and sa le  o f  t he  gas (E th r idge  e t  a l .  1980). The regu la t i ons  

t h a t  apply  t o  n a t u r a l  gas may be a p p r o p r i a t e l y  app l ied  t o  methane f rom 

unminable coa l  seams, b u t  spec ia l  r e g u l a t i o n s  f o r  t h e  produc t ion  o f  

methane f rom minable coa l  seams may be necessary t o  take  i n t o  account 

the  s a f e t y  o f  f u t u r e  mines i n  t h e  coa l  seam (E th r idge  e t  a l .  1980). 

, 

6.1.4 Methane f rom Geopressured Aqu i fe rs  

Geopressured aqui fers ,  underground r e s e r v o i r s  o f  h o t  s a l t  water 
e x i s t i n g  under g rea t  pressures, are known t o  con ta in  d isso lved 

methane. Geopressured aqu i fe rs  t h a t  present  t h e  bes t  p o s s i b i l i t y  f o r  
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resource p r o d u c t i o n  are  l o c a t e d  i n  a band approx imate ly  80 t o  100 km 

(50  t o  70 m i l e s )  wide, s t r a d d l i n g  t h e  G u l f  Coast o f  Texas and L o u i s i a n a  
(NPC 1980). E a r l y  es t imates  o f  gas- in-p lace i n  geopressured a q u i f e r s  

(Papadopulos e t  a l .  1975, Jones 1976) i n d i c a t e d  a vas t  resource  o f  up 

t o  1.5 x 10 l5 m3 (50,000 T c f ) ,  b u t  l a t e r  i n f o r m a t i o n  reduced these 

es t imates  by about two orders  o f  magnitude (Samuels 1980). Recent 

geopressure w e l l  t e s t s  i n d i c a t e  t h a t  t h e  b r i n e s  are s a l t i e r  and n o t  as 

h o t  as e a r l i e r  expected. Both these f a c t o r s  adverse ly  a f f e c t  methane 

s o l u b i l i t y .  I n d i c a t i o n s  are t h a t  t h e  b r i n e s  may c o n t a i n  about 3.5 t o  

4.5 m methane/m3 b r i n e  (20 t o  25 s c f / b b l )  a t  s a t u r a t i o n  (Samuels 

1980). Recovery o f  t h e  methane may be coupled w i t h  p r o d u c t i o n  o f  

e l e c t r i c i t y  f r o m  t h e  h o t  b r i n e s .  Recovery c o s t s  f o r  methane f r o m  

geopressured a q u i f e r s  a re  es t imated  t o  be $0.18 t o  $0.35/rn3 of gas 

[$5.00 t o  $10.00 Mcf ( thousand c u b i c  f e e t ) ]  (Samuels 1980), which may 

be compared w i t h  t h e  c u r r e n t  market p r i c e  f o r  n a t u r a l  gas o f  about 

$o.07/m3 ($1.75/Mcf) (EIA 1981). 

3 

6.2 TECHNOLOGY OVERVIEW 

Recovery o f  gas f r o m  unconvent ional  sources w i l l  i n v o l v e  severa l  

methods common t o  a l l  f o u r  types  o f  resources, i n c l u d i n g  d r i l l i n g ,  w e l l  

t e s t i n g ,  and gas produc t ion .  A1 1 sources, except  perhaps geopressured 

a q u i f e r s ,  may r e q u i r e '  w e l l  s t i m u l a t i o n  by f r a c t u r i n g  o f  t h e  fo rmat ion .  

Those techniques common t o  a l l  unconvent ional  gas p r o j e c t s  are descr ibed 

below, f o l l o w e d  by b r i e f  d e s c r i p t i o n s  o f  resource-spec i f  i c  recovery  

methods. 

6.2.1 D r i l l i n g  

D r i l l i n g  techniques are e s s e n t i a l l y  t h e  same f o r  a l l  f o u r  types  o f  

unconvent ional  sources o f  gas. The major  d i f f e r e n c e s  w i l l  be i n  t h e  

number, type, and depth o f  t h e  w e l l s  (see f o l l o w i n g  r e s o u r c e - s p e c i f i c  

s e c t i o n s ) .  D r i l l i n g  i s  by convent iona l  r o t a r y  methods u s i n g  a 

plat form-mounted d r i l l  r i g  ( F i g .  11) .  Rotary  d r i l l i n g  i s  accomplished 

by r o t a t i n g  a c u t t i n g  d r i l l  b i t  a t  t h e  end o f  a l e n g t h  o f  d r i l l  p ipe,  

through which i s  c i r c u l a t e d  a l u b r i c a t i n g  and c o o l i n g  f l u i d ,  termed 
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d r i l l i n g  mud. The mud i s  a water-based s l u r r y  c o n t a i n i n g  c lays,  
chemical  a d d i t i v e s  t o  m a i n t a i n  v i s c o s i t y  and dens i ty ,  de tergents  f o r  

l u b r i c a t i o n ,  and c a u s t i c  soda. The mud 

mud tanks, and t h e  f o r m a t i o n  c u t t i n g s  

r e s e r v e  p i t  excavated ad jacent  t o  t h e  

i n s t a l l e d  on many w e l l s  d u r i n g  d r i l l i n g  

l i f e  o f  t h e  w e l l .  A f t e r  d r i l l i n g  i s  

i s  r e c i r c u l a t e d  and coo led  i n  

are removed and s t o r e d  i n  a 

r i g .  Blowout p reventers  are 

and main ta ined throughout  t h e  

completed, cas ing  i s  s e t  and 

cemented t o  a p p r o p r i a t e  depths t o  i s o l a t e  d i f f e r e n t  p r o d u c t i o n  zones, 

keep t h e  i n t e g r i t y  o f  t h e  w e l l  bore, and p r o t e c t  any f reshwater  zones. 

S i t e  p r e p a r a t i o n  f o r  d r i l l i n g  i n v o l v e s  c l e a r i n g  and l e v e l i n g  a pad 

f o r  t h e  d r i l l  p l a t f o r m  and excavat ing  a r e s e r v e  p i t .  The d r i l l  pad and 

p i t  may occupy between 0.5 and 2 ha ( 1  t o  5 acres) .  A d d i t i o n a l  land  

may be occupied by f u e l  and water s to rage tanks, h o l d i n g  ponds f o r  

produced f l u i d s ,  and equipment s torage.  Access roads may be 

c o n s t r u c t e d  f o r  t h e  r i g  and o t h e r  equipment. 

6.2.2 Advanced F r a c t u r i n g  Methods 

Most unconvent ional  gas resources are  uneconomic because o f  t h e i r  

l i m i t e d  f l o w  c a p a c i t y .  F r a c t u r i n g  t h e  gas-bear ing f o r m a t i o n  increases 

t h e  w e l l  bore dra inage area, t h u s  i n c r e a s i n g  f l o w  c a p a c i t y .  Advanced 

f r a c t u r i n g  methods i n c l u d e  massive h y d r a u l i c  f r a c t u r i n g ,  foam 

f r a c t u r i n g ,  and chemical  e x p l o s i v e  f r a c t u r i n g .  

H y d r a u l i c  f r a c t u r i n g ,  i n  use s i n c e  t h e  l a t e  1 9 4 0 ' ~ ~  i n v o l v e s  

i n j e c t i n g  a f l u i d  .under pressure i n t o  t h e  fo rmat ion ,  t h u s  i n d u c i n g  

f r a c t u r i n g  ( R i e d e l  e t  a l .  1980). The f l u i d  must be pumped ou t  p r i o r  t o  

gas produc t ion .  A proppant, such as sand o r  g l a s s  beads, i s  e n t r a i n e d  

i n  t h e  f r a c t u r e  f l u i d  and remains i n  t h e  f o r m a t i o n  t o  prop open t h e  

f r a c t u r e s  when t h e  f l u i d  i s  withdrawn. F r a c t u r e  f l u i d s  a re  u s u a l l y  

water-based, b u t  severa l  chemicals  may be added t o  amend t h e  f l u i d  

(R iede l  e t  a l .  1980). Massive h y d r a u l i c  f r a c t u r i n g  i s  t h e  te rm 

g e n e r a l l y  used t o  r e f e r  t o  h y d r a u l i c  f r a c t u r i n g  o p e r a t i o n s  t h a t  use 

l a r g e  volumes o f  f r a c t u r e  f l u i d .  A t y p i c a l  massive h y d r a u l i c  

f r a c t u r i n g  o p e r a t i o n  may i n j e c t  over  1000 m (300,000 g a l )  o f  water  

and 500 Mg(1 x l o 6  l b )  o f  sand o r  o t h e r  proppant (R iede l  e t  a l .  1980, 

3 
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U.S. DOE 1979a). The r e s u l t i n g  f r a c t u r e s  may be over 30 m ( 1 0 0 f t )  h igh  

and extend 300 m ( 1 0 0 f t )  h o r i z o n t a l l y  f rom t h e  w e l l  bore. Massive 

h y d r a u l i c  f r a c t u r i n g  requ i res  f a c i l i t i e s  f o r  sand and water storage, 

b lend ing  tanks, and pumping u n i t s .  

Foam f r a c t u r i n g  i s  e s s e n t i a l l y  t h e  same technique as h y d r a u l i c  

f r a c t u r i n g .  Compressed gas and a su r fac tan t ,  o r  foaming agent, are 

added t o  t h e  f r a c t u r e  f l u i d  and i n j e c t e d  under pressure.  The foam 

crea tes  a d d i t i o n a l  pressure f o r  f r a c t u r i n g .  Foam f r a c t u r i n g  has t h e  

advantage o f  us ing  l e s s  water and t a k i n g  a sho r te r  t ime  f o r  w e l l  

c leanout  than hyd rau l i c  f r a c t u r i n g  (Riedel  e t  a l .  1980). 

Chemical exp los ive  f r a c t u r i n g  may i n v o l v e  one of two approaches. 

Borehole "shoot ing,"  which i s  c u r r e n t l y  used i n  Devonian gas shale 

we l ls ,  i nvo l ves  de tonat ion  o f  n i t r o g l y c e r i n  w i t h i n  t h e  w e l l  bore t o  

inc rease w e l l  bore s i z e  and induce smal l  f r a c t u r e s  (Kuuskraa e t  a l .  

1978, P u l l e  e t  a l .  1981). More advanced chemical exp los ive  f r a c t u r i n g  

i nvo l ves  pumping a chemical s l u r r y  i n t o  e x i s t i n g  n a t u r a l  f r a c t u r e s  ( o r  

p r e v i o u s l y  c rea ted  hyd rau l i c  f r a c t u r e s )  and subsequent ly de tonat ing  i t  

(U.S. DOE 1979a). No proppant i s  i n jec ted ,  as the  de tonat ion  generates 

i t s  own proppant f rom fo rmat ion  rubb le  (Riedel  e t  a l .  1980). 

6.2.3 Well Tes t i ng  

A l l  w e l l s  are genera l l y  t e s t e d  f o r  vary ing  per iods  a f t e r  complet ion 

o f  r e s e r v o i r  s t i m u l a t i o n  t o  eva lua te  t h e  produc t ion  capac i t y  and 
success of f r a c t u r i n g .  Usua l l y  gas produced du r ing  t e s t i n g  i s  f l a r e d  
on the  s i t e .  Gas volumes w i l l  vary  depending on t h e  resource and w e l l  

success. Tes t ing  may l a s t  a few days t o  a few weeks. Geopressure 

w e l l s  are t e s t e d  f o r  f l u i d  f l o w  as w e l l  as methane content .  Large 

volumes o f  geopressured b r i n e s  are produced du r ing  f l o w  t e s t i n g  and 

t h e i r  d isposa l  w i l l  p robably  be by i n j e c t i o n .  Methane separated from 

t h e  b r i n e s  du r ing  t e s t i n g  w i l l  p robab ly  be f l a r e d .  On complet ion o f  

t e s t i n g ,  any w e l l s  no t  used f o r  commercial gas produc t ion  are plugged 

and abandoned according t o  state-mandated procedures. 
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6.2.4 Gas Produc t ion  - 
Commercial p r o d u c t i o n  a c t i v i t i e s  r e l a t e d  t o  t h e  development o f  

unconvent ional  gas sources w i l l  be e s s e n t i a l l y  t h e  same as those f o r  

normal commercial gas produc t ion .  The produced gas may c o n t a i n  some 

f l u i d s  (p robab ly  water )  and r e q u i r e  f i e l d  separa t ion  i n t o  t h e  gas and 

l i q u i d  phases. The produced f l u i d  r e q u i r e s  d isposa l .  Compressors may 
be needed t o  t r a n s m i t  t h e  gas from t h e  wel lhead t o  t h e  separators  and 

p i p e l i n e  system. The s i z e  and number o f  compressors r e q u i r e d  w i l l  

depend on s p e c i f i c  r e s e r v o i r  c h a r a c t e r i s t i c s .  I f  t h e  produced gas 

c o n t a i n s  l a r g e  c o n c e n t r a t i o n s  o f  hydrogen s u l f i d e ,  d e s u l f u r i z a t i o n  may 

be needed. Gas p i p e l i n e s  w i l l  l i n k  t h e  p r o d u c t i o n  and market areas. 

E x i s t i n g  p i p e l i n e  systems w i l l  be used whenever poss ib le ;  however, 

severa l  unconvent ional  gas resource areas are  f a r  removed f rom c u r r e n t  

gas-producing r e g i o n s  and are  n o t  served by p i p e 1  ines.  Large-scale 

commercial p r o d u c t i o n  i n  these areas may r e q u i r e  c o n s t r u c t i o n  o f  new 
p i p e l i n e  r igh ts -o f -way.  

An a l t e r n a t i v e  method f o r  g e t t i n g  gas t o  market i n  areas n o t  served 

by p i p e l i n e s  i s  t o  l i q u i f y  t h e  gas f o r  t r a n s p o r t a t i o n  t o  markets. 

L i q u e f a c t i o n  may be achieved b y  a d i a b a t i c  expansion o r  m u l t i s t a g e  

mechanical r e f r i g e r a t i o n  (Bas t ress  1978, U n i v e r s i t y  o f  Oklahoma 1975). 

A p o r t i o n  o f  t h e  produced gas i s  used t o  f u e l  t h e  l i q u e f a c t i o n  p l a n t .  

The energy r e q u i r e d  f o r  l i q u e f a c t i o n  may represent  up t o  20% o f  t h e  

energy i n  t h e  produced gas ( U n i v e r s i t y  of Oklahoma 1975). 

6.2.5 T i g h t  Gas Sands 
The depths o f  t i g h t  gas w e l l s  vary  f r o m  b a s i n  t o  b a s i n  b u t  a re  

u s u a l l y  l e s s  than 3000 m (10,000 f t ) ,  except  f o r  those i n  t h e  Green 

R i v e r  Bas in  o f  Wyoming and Colorado and t h e  Cot ton V a l l e y  Trend i n  

e a s t  Texas, which may be as deep as 3800 m (12,000 f t )  ( R i e d e l  e t  a l .  

1980). Produc t ion  w e l l  spacing i s  a t  approx imate ly  1.5-km ( 1 - m i l e )  

i n t e r v a l s  ( R i e d e l  e t  a l .  1980). Massive h y d r a u l i c  and foam f r a c t u r i n g  

are t h e  usual  f r a c t u r i n g  techniques used. I n  many t i g h t  gas basins,  

t h e  permeable sand s t r a t a  c o n t a i n  l a r g e  volumes o f  connate water, which 
may i n h i b i t  gas p r o d u c t i o n  u n t i l  removed. I n  some cases i t  may t a k e  
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from 3 t o  6 months t o  sweep the water from the well (Kuuskraa e t  a l .  
1978). Disposal of the produced water i s  generally by surface 
evaporation. The stages in recovery of gas from t i g h t  western gas 
sands are as follows: ( 1 )  d r i l l  production well; ( 2 )  f rac ture  

formation; (3 )  clean f rac ture  f l u i d s  from well and t e s t  gas production; 
( 4 )  i n s t a l l  water separators,  gas clean-up equipment, and compressors 
as necessary; and ( 5 )  t ransfer  product  gas t o  col lect ion pipelines.  

6d 

6.2.6 Devonian Gas Shales 
Well depths fo r  shale wells are mostly less  than 2200 m 

(7000 f t ) ( P u l l e  e t  a l .  1981). Current d r i l l i n g  pract ices  make frequent 
use of direct ional  d r i l l i n g  t o  intercept  natural f rac ture  systems. The 
most commonly used method of well stimulation i s  "shooting" with 
ni t roglycer in  charges (Kuuskraa e t  a1 . 1978). Several shale 
development projects  recently used hydraulic and foam f rac tur ing  f o r  
reservoir  stimulation. The stages in gas recovery from Devonian shales 
are the same as those fo r  western t i g h t  sands. 

6.2.7 Coal Seam Methane 
Methane recovery from coal seams i s  in the developmental stage; 

there  are current ly  no commercial projects .  Methane may be recovered 
from minable or unminable coal deposits. Recovery from unminable 
deposits will be e s sen t i a l ly  s imilar  t o  recovery from Devonian shales 
o r  western t i g h t  gas sands. Methane recovery from minable coal seams 
may occur by several methods before or during mining. 

Recovery techniques used before mining include small-diameter 
ver t ical  or direct ional  boreholes d r i l l ed  into the coal seams from the 
surface and horizontal boreholes d r i l l e d  into the coal seams from the 
bottom of ver t ica l  shaf t s  (Ethridge e t  a l .  1980). To drain a l l  the  
methane e f fec t ive ly ,  these techniques must be applied 3 t o  5 years 
pr ior  t o  mining (Ethridge e t  a l .  1980). Gas flows from vert ical  wells 
are low. These wells may be stimulated by hydraulic or foam 
fractur ing,  b u t  there  are  some concerns related t o  mine roof s t a b i l i t y  
where fractur ing i s  employed (Ethridge e t  a l .  1980). Directionally 

0 



144 

d r i l l e d  w e l l s  t h a t  f o l l o w  t h e  coa l  seam produce much b e t t e r  gas f l o w  

r a t e s  than do v e r t i c a l  we l ls ,  bu t  t h e  t h i n  coa l  seams (average 
th ickness  o f  1 t o  2 m) present  a d i f f i c u l t  d r i l l i n g  t a r g e t  (E th r idge  e t  

a l .  1980). Hor i zon ta l  ho les  d r i l l e d  i n t o  t h e  coal  seam f rom sha f t s  

which are d r i l l e d  f rom t h e  sur face  t o  t h e  coa l  seam prov ide  favo rab le  

gas f l o w  ra tes .  The s h a f t s  may l a t e r  be used du r ing  min ing f o r  

v e n t i l a t i o n  (E th r idge  e t  a l .  1980). 

Gas can be produced f rom working mines by d r i l l i n g  a s e r i e s  o f  

smal l  h o r i z o n t a l  boreholes i n t o  t h e  a c t i v e  working face o f  the'  mine. 

V e r t i c a l  boreholes may a l so  be d r i l l e d  i n t o  t h e  "gob" area, t h e  s t r a t a  

above t h e  coal ,  ahead o f  mining. As t h e  area i s  mined, methane i s  

re leased i n t o  t h i s  waste s t r a t a  and drawn o f f  by t h e  we l ls .  

Methane produced f rom the  coa l  seams i s  o f  p i p e l i n e  q u a l i t y ,  bu t  

'Igob" gas may have h igh  concent ra t ions  o f  i n e r t  gases and r e q u i r e  
upgrading. Product gas may be used t o  produce heat o r  generate power 

f o r  min ing equipment, i n j e c t e d  i n t o  p ipe l i nes ,  l i q u i f i e d ,  o r  used t o  

produce ammonia o r  methanol (E th r idge  e t  a l .  1980, Bastress 1978). I n  
many cases, w e l l s  d r i l l e d  i n t o  coa l  seams produce vary ing  q u a n t i t i e s  o f  

water which must be t r e a t e d  be fore  d isposa l .  

6.2.8 Methane f rom Geopressured Aqu i fe rs  

Produc t ion  o f  energy and methane from geopressured aqu i fe rs  remains 

i n  t h e  e a r l y  developmental stage. Techniques f o r  d r i l l i n g  and b r i n e  

produc t ion  are descr ibed i n  U.S. ERDA (1977a) and by U s i b e l l i  e t  a l .  

(1980). B r i e f l y ,  a p roduc t i on  w e l l  i s  d r i l l e d  t o  t h e  geopressured 

zone, and ho t  p ressur ized  b r i n e  i s  produced. The b r i n e  i s  " f lashed"  t o  

atmospheric pressure t o  produce steam f o r  e l e c t r i c a l  generat ion and t o  

separate t h e  methane gas. Recent t e s t  r e s u l t s  i n d i c a t e  b r i n e  

temperatures o f  120 t o  15OOC (250 t o  3OO0F), s a l i n i t i e s  between 10,000 

and 275,000 mg/L and methane contents  below 4.5 m3/m3 o f  b r i n e  

(25 s c f / b b l )  (Samuels 1980, McCoy e t  a l .  1980, Dobson e t  a l .  1980, 

Geoenergy Corp 1980). The b r i n e  f l o w  f rom a s i n g l e  p roduc t ion  w e l l  may 
be on the  order  o f  2000 m3/d (13,000 b b l / d ) .  The most l i k e l y  method 

@ 
f o r  d isposa l  o f  t he  b r i n e  i s  i n j e c t i o n  i n t o  s a l i n e  a q u i f e r s  above the  
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geopressured zone. From one t o  four inject ion wells may be required t o  
dispose of the brine from a s ingle  production well (U.S. E R D A  1977a). 

c13 

6.3 POTENTIALLY SIGNIFICANT ISSUES 
With the possible exception of recovery of methane from 

geopressured aquifers,  unconventional gas recovery projects should not  
have the potential  t o  cause major o r  long-term environmental impacts. 
The primary impacts associated with most unconventional gas recovery 
projects  are re la ted t o  land disturbance, water consumption, and 
short-term a i r  qual i ty  degradation caused by s i t e  preparation, 
d r i l l i n g ,  and reservoir  stimulation a c t i v i t i e s .  There i s  a potential  
f o r  contamination of surface and groundwaters during d r i l l i n g  and 
formation fractur ing and, where applicable, from disposal of produced 
formation waters. The majority of impacts associated with 
unconventional gas projects  will occur during the i n i t i a l  project  
phases of d r i l l i n g ,  reservoir stimulation and well t es t ing .  The time 
interval over which these a c t i v i t i e s  will take place i s  generally 3 t o  
6 months, and i s  short  r e l a t ive  t o  the 20- or 30-year l i f e  of a 
production well. Geopressure projects  have a greater  potential  f o r  
environmental impacts than other unconventional gas projects because 
they will  involve disposal of large quant i t ies  of low qual i ty  brines 
and, in many cases,  may be located in wetlands. Aside from impacts 
d i r ec t ly  re la ted t o  unconventional gas recovery, extensive new major 
gas supply pipelines may be constructed t o  serve new resource regions 
and could, therefore,  a f fec t  large areas o f  land d i s t an t  from the  
actual project  s i t e s .  The following sections discuss s ignif icant  
issues which are most l i ke ly  t o  be associated with unconventional gas 
projects  . 

6.3.1 Land Use 
Land disturbance a t  an unconventional gas project s i t e  i s  minimal 

compared t o  many other energy technologies and i s  limited t o  s i t e  
preparation of dri 11 pads, equipment lay-down areas,  and access roads. 
The degree of disturbance connected with s i t e  preparation will  depend 

0 
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on the t e r r a in  of the s i t e ;  m i n i m u m  disturbance may be expected i n  the  
r e l a t ive ly  f l a t  western t i g h t  gas basins and maximum disturbance i n  
steep Appalachian Devonian shale and coal resource regions (Aerospace 
1981).  Much of the land disturbed i n  the  ear ly  phases of the project 
will  be restored and revegetated a f t e r  d r i l l i n g  and fractur ing are 
completed. The grea tes t  potential  for  land-use conf l ic t s  will  be 
associated w i t h  geopressure projects ,  many of which wi l l  be located i n  
coastal  wetlands, where extensive d i k i n g  and dredging may be required 
for access, s i t e  preparation, and construction of s p i l l  containment 
areas. Also, several geopressure resource areas contain valuable 
agr icul tural  land. 

Many unconventional gas resource regions are not  close t o  major gas 
supply pipelines.  Development of these areas may require construction 
of hundreds of kilometers of large-diameter gas pipelines and many more 
kilometers of smaller product-gathering l ines .  The land-use impacts o f  

construction of the new pipelines will  f a r  exceed the  impacts re la ted 
t o  the unconventional gas projects  themselves. A recent estimate 
reported by Aerospace (1981) indicated tha t  over 5000 km (3100 miles) 
of major gas pipel ines  may be required f o r  extensive commercial 
development of unconventional gas resources. The impacts of 
construction of these pipelines wi l l  be common t o  a l l  major pipelines.  
Up t o  1.5 ha of land i s  disturbed by construction of each kilometer of 
major pipeline ( 6  acres/mile) ,  and the 15-m (50-f t )  right-of-way i s  
kept c l ea r  of t r ee s  and shrubs a f t e r  pipeline burial  (Aerospace 1981). 
All b u t  low in tens i ty  land uses may be prohibited within the 
right-of-way. 

For the project  s i t e  and the sur rounding  area, baseline information 
should describe: 

0 present and planned land use; 

0 present and projected land ownership; 

0 national parks, national monuments, recreation areas, 
exis t ing or  proposed wilderness areas,  and scenic, 
h i s to r i c ,  or archaeologic s i t e s  or landmarks; 
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0 Indian-owned lands and areas sacred t o  l o c a  
t r i b e s ;  

0 t h e  e x i s t e n c e  o f  wet lands and 100-year f l o o d p  
r e l a t i o n  t o  t h e  p r o j e c t ;  and 

I n d i a n  

a i n s  i n  

0 l o c a t i o n  o f  pr ime o r  unique a g r i c u l t u r a l  lands. 

T h i s  b a s e l i n e  i n f o r m a t i o n  should be reviewed t o  determine i f  t h e  

p r o j e c t  may c r e a t e  any land-use c o n f l i c t s  which should be analyzed as 

p o t e n t i  a1 l y  s i g n i f i c a n t  issues.  P a r t i c u l a r l y  f o r  geopressured 

p r o j e c t s ,  t h e  a n a l y s i s  should i n d i c a t e  whether any f l o o d p l a i n s  o r  

wet lands w i l l  be a f f e c t e d  by t h e  p r o j e c t .  Where appropr ia te ,  

c o o r d i n a t i o n  w i t h  t h e  p l a n n i n g  agency r e s p o n s i b l e  f o r  c o a s t a l  resource  

management should be prov ided.  An a n a l y s i s  o f  e f f e c t s  on any pr ime o r  

unique fa rmland should be prov ided.  V i s i b i l i t y  o f  t h e  p r o j e c t  s i t e  

f r o m  any p u b l i c  use areas o r  I n d i a n  sacred areas should be analyzed. A 

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

r o u t e s  f o r  heavy equipment and o t h e r  t r a f f i c  assoc ia ted  w i t h  t h e  

p r o j e c t .  The p o s s i b i l i t y  o f  adverse e f f e c t s  f r o m  increased t r a f f i c  on 

roads through s e n s i t i v e  land-use areas (e.g., I n d i a n  lands o r  

r e c r e a t i o n  areas) should be addressed. A d d i t i o n a l l y ,  i f  t h e  p r o j e c t  

w i l l  r e q u i r e  c o n s t r u c t i o n  o f  new gas supply  p i p e l i n e  r igh ts -o f -way,  t h e  

a n a l y s i s  should s t a t e  approx imate ly  how many k i l o m e t e r s  o f  . p i p e l i n e  

w i l l  be cons t ruc ted ,  i n d i c a t e  t h e  probable l o c a t i o n  o f  t h e  p i p e l i n e s ,  
and d iscuss  impacts o f  t h e  p i p e l i n e s  on l a n d  uses a long the  rou te .  

6.3.2 Induced S e i s m i c i t y  and Subsidence 

Two types  o f  g e o l o g i c a l l y  r e l a t e d  impacts, induced s e i s m i c i t y  and 

subsidence, may be issues  f o r  some unconvent ional  gas p r o j e c t s .  They 

are most l i k e l y  t o  be assoc ia ted  w i t h  geopressured methane p r o j e c t s ,  

which i n v o l v e  long- term wi thdrawal  and i n j e c t i o n  o f  l a r g e  volumes o f  

f l u i d .  A l though se ismic events  have been demonstrated t o  r e s u l t  f r o m  

deep i n j e c t i o n  o f  l a r g e  volumes o f  f l u i d  under h i g h  pressure  i n  

Colorado (Evans 1976, R a l e i g h  1971), t h e  volumes o f  f l u i d s  i n j e c t e d  

d u r i n g  massive h y d r a u l i c  f r a c t u r i n g  are  one t o  t h r e e  orders  o f  



148 

n 

magnitude less  than those tha t  tr iggered the seismic events. Because 
cos ts  are high, inject ion of geopressured brines i s  unlikely t o  occur 
a t  high pressures (Usibel l i  e t  a l .  1980). Seismicity may also be 
induced by withdrawal of large volumes of f lu ids ,  t r iggering a sudden  
release of s t r e s s  along nearby f a u l t s  (Aerospace 1981). Only 
geopressured methane projects  wi 11 involve long-term withdrawal of 
large f lu id  volumes. The Gulf Coast area i s  aseismic (Algermissen 
1968),  b u t  the poss ib i l i t y  of induced seismicity along some of the  
exis t ing growth f a u l t s  in the area cannot be completely ruled o u t .  

Subsidence has been demonstrated t o  be caused by withdrawal of 
f l u ids  in several regions of the world, including withdrawal of 
geothermal f l u i d  a t  Wairakei , New Zealand, groundwater in  the  Houston 
area, and hydrocarbons a t  Wilmington, California (Viets e t  a l .  1979, 
Usibell i  e t  a l .  1980). Subsidence could occur a t  any unconventional 
gas project  tha t  withdraws large volumes of gas, b u t  i t  i s  most l ike ly  
t o  occur a t  geopressured projects  where thousands of cubic meters of 
brine may be withdrawn each day. Both  natural and man-caused 
subsidence i s  already occurring in the Gulf area and may be accelerated 
by project a c t i v i t i e s  in areas surrounding geopressure projects. 

Subsidence in the  areas of low r e l i e f  in the Gulf Coast region 
could cause s igni f icant  environmental damage by a l te r ing  drainage 
pat terns ,  reversing flow regimes in es tuar ies ,  causing intrusion of 
saltwater into freshwater systems, and increasing the poss ib i l i t y  and 
extent of flooding during severe storms and hurricanes (Usibel l i  e t  a l .  
1980). Subsidence can also cause damage t o  man-made s t ruc tures  (Viets 
e t  a l .  1979). Many geopressure research projects  t ha t  are current ly  
planned or i n  operation include monitoring networks t o  detect 
subsidence resu l t ing  from project  operations. 

For 
analysis 

e 

0 

a l l  projects ,  b u t  espec ia l ly  f o r  geopressured projects ,  the 
should include: 

an estimate of the volume of f l u i d  expected t o  be 
withdrawn from the production we l l ( s ) ;  

an estimate of the volume of f lu id  t o  be injected a t  each 
inject ion well and the expected pressure of inject ion;  
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0 t h e  l o c a t i o n  o f  major  f a u l t s  i n  t h e  p r o j e c t  area and an 
a n a l y s i s  o f  t h e  l i k e l i h o o d  o f  p r o j e c t  o p e r a t i o n s  causing 
induced s e i s m i c i t y  a long these f a u l t s ;  

0 an a n a l y s i s  o f  t h e  p r o b a b i l i t y  and magnitude o f  
subsidence t h a t  migh t  be caused by p r o j e c t  operat ions,  
and an e s t i m a t e  o f  t h e  impact o f  such subsidence on l o c a l  
ecosystems o r  man-made s t r u c t u r e s ;  and 

0 a d e s c r i p t i o n  o f  e x i s t i n g  se ismic and subsidence 
m o n i t o r i n g  networks o f  any planned se ismic o r  subsidence 
m o n i t o r i n g  planned t h a t  i s  p a r t  o f  t h e  proposed p r o j e c t .  

6.3.3 A i r  Q u a l i t y  

Impacts on a i r  q u a l i t y  f rom most unconvent ional  gas p r o j e c t s  should 

be l o c a l i z e d  and p r i m a r i l y  c o n f i n e d  t o  t h e  i n i t i a l  3- t o  6-month t i m e  

i n t e r v a l  o f  s i t e  p repara t ion ,  d r i l l i n g ,  r e s e r v o i r  s t i m u l a t i o n ,  and w e l l  

t e s t i n g .  The major  atmospher ic p o l l u t a n t s  w i l l  be f u g i t i v e  dus t  f rom 

d i s t u r b e d  areas, exhaust emissions f rom d i e s e l  engines, and emissions 

f r o m  f l a r i n g  o f  produced gas t h a t  may occur d u r i n g  w e l l  t e s t  

a c t i v i t i e s .  O f  t h e  t h r e e  sources, emissions f r o m  t h e  l a r g e  [7500 t o  

11,000 W (1000 t o  1500 hp) ]  d i e s e l  engines used t o  power t h e  d r i l l  r i g ,  

t h e  pumps, and t h e  compressors necessary f o r  f r a c t u r i n g  o p e r a t i o n s  w i l l  
be t h e  l a r g e s t  source o f  p o l l u t a n t s .  The exhaust emissions w i l l  
c o n t a i n  s u l f u r  ox ides,  n i t r o g e n  oxides, p a r t i c u l a t e s ,  hydrocarbons, 

carbon monoxide, and aldehydes. Operat ion o f  t h e  severa l  l a r g e  d i e s e l  

engines r e q u i r e d  f o r  massive h y d r a u l i c  f r a c t u r i n g  may exceed ambient 
s tandards f o r  some o f  these p o l l u t a n t s  w i t h i n  a r a d i u s  o f  a few 

k i l o m e t e r s  o f  t h e  p r o j e c t  s i t e  f o r  t h e  few weeks d u r a t i o n  o f  t h e  

f r a c t u r i n g  o p e r a t i o n  ( R i e d e l  e t  a l .  1980). 
Dur ing p r o j e c t  opera t ions ,  p o s s i b l e  sources o f  atmospher ic 

p o l l u t a n t s  would be l i m i t e d  t o  emissions f r o m  equipment such as 

compressors and pumps t h a t  may be r e q u i r e d  t o  process t h e  gas. The 

c h a r a c t e r i s t i c s  and q u a n t i t y  o f  these emissions w i l l  depend on whether 

t h e  equipment i s  powered by e l e c t r i c i t y ,  p roduc t  gas, o r  d i e s e l  f u e l .  

I f  H2S removal f rom t h e  p r o d u c t  gas i s  requi red,  t h e r e  may a l s o  be 

s u l f u r  emissions f r o m  t h e  t rea tment  f a c i l i t y .  
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I n  a d d i t i o n  t o  background i n f o r m a t i o n ,  t h e  f o l l o w i n g  i n f o r m a t i o n  

should be descr ibed and discussed: 

0 a n t i c i p a t e d  measures t o  be used f o r  c o n t r o l  o f  f u g i t i v e  
dus t  emissions; 

0 t h e  number o f  d i e s e l  engines t o  be used d u r i n g  d r i l l i n g  
and r e s e r v o i r  s t i m u l a t i o n  a c t i v i t i e s ,  an es t imate  o f  t h e  
emissions f r o m  t h e  engines, and d e s c r i p t i o n s  o f  t h e  
emiss ion c o n t r o l s  used on t h e  engines; 

0 an a n a l y s i s  o f  t h e  p o t e n t i a l  f o r  t h e  d i e s e l  emissions o r  
f u g i t i v e  d u s t  f rom s i t e  p r e p a r a t i o n  t o  cause ambient a i r  
q u a l i t y  s tandards t o  be exceeded, w i t h  p a r t i c u l a r  
r e f e r e n c e  t o  any Class I areas which may be a f fec ted ;  and 

0 a d e s c r i p t i o n  o f  atmospheric emissions a n t i c i p a t e d  d u r i n g  
p r o j e c t  o p e r a t i o n s  f rom any gas-handl ing and gas-c leaning 
equipment t o  be used and a d e s c r i p t i o n  o f  t h e  e f f e c t  o f  
these emiss ions on surrounding a i r  q u a l i t y .  

6.3.4 Water Use 
D r i  11 i n g  and r e s e r v o i r  f r a c t u r i n g  a t  unconvent ional  gas p r o j e c t s  

a r e  w a t e r - i n t e n s i v e  opera t ions .  Well  d r i l l i n g  may r e q u i r e  f rom 750 t o  
2250 m’ (0.5 t o  2 a c r e - f t )  o f  water  over  a 30- t o  45-d i n t e r v a l  (U.S. 

ERDA 1977b, Aerospace 1981). Massive h y d r a u l i c  f r a c t u r i n g  can r e q u i r e  

up t o  2000 m3 (500,000 g a l )  o f  water over  a 1-week p e r i o d  ( R i e d e l  e t  

a l .  1980). A v a i l a b i l i t y  o f  water f o r  unconvent ional  gas p r o j e c t s  i s  

expected t o  be a s i g n i f i c a n t  i s s u e  o n l y  i n  t h e  case o f  western t i g h t  

gas p r o j e c t s  t h a t  w i l l  be l o c a t e d  i n  a r i d  r e g i o n s  o f  t h e  West. A 

r e c e n t  s tudy  r e p o r t e d  i n  R iede l  e t  a l .  (1980) i n d i c a t e d  t h a t  e x t e n s i v e  

commercial development o f  western t i g h t  gas sands may r e q u i r e  between 

1 x 10 and 2 x l o 6  m3 (800 and 1600 a c r e - f t )  o f  water p e r  year .  

The water  used i n  d r i l l i n g  and f r a c t u r i n g  must be r e l a t i v e l y  low i n  

d i s s o l v e d  s a l t s  t o  p revent  adverse r e a c t i o n s  w i t h  c l a y s  t h a t  might  

r e s u l t  i n  s w e l l i n g  and lowered p r o d u c t i o n  r a t e s  (R iede l  e t  a l .  1980). 
Groundwater i n  many o f  t h e  western bas ins  i s  t o o  s a l i n e  f o r  use and 

l o c a l  s u r f a c e  waters  may have i n s u f f i c i e n t  f l o w s  t o  p r o v i d e  f o r  a l l  

water requi rements a t  a t i g h t  gas p r o j e c t  (R iede l  e t  a l .  1980). 

6 
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Abundant water o f  s u f f i c i e n t  q u a l i t y  should be a v a i l a b l e  i n  t h e  eas tern  

Devonian sha le  and c o a l  resource areas and i n  t h e  geopressured reg ions  

o f  t h e  G u l f  Coast. 

The a n a l y s i s  should i n c l u d e  t h e  f o l l o w i n g ,  p a r t i c u l a r l y  f o r  t i g h t  

6d 

gas p r o j e c t s :  

0 b e s t  es t imates  o f  q u a n t i t i e s  o f  water r e q u i r e d  f o r  
v a r i o u s  p r o j e c t  opera t ions ,  and sources o f  water 
a v a i l a b l e  f o r  p r o j e c t  development; 

Q f o r  p r o j e c t s  u s i n g  groundwater resources, e v a l u a t i o n  o f  
t h e  e f f e c t s  on and i n t e r r e l a t i o n s h i p s  w i t h  surrounding 
groundwater uses; and 

0 f o r  p r o j e c t s  u s i n g  s u r f a c e  water resources, documentation 
o f  t h e  a v a i l a b i l i t y  o f  adequate water r i g h t s  o r  
e n t i t l e m e n t s ,  q u a n t i f i c a t i o n  o f  a v a i l a b l e  y i e l d s  f r o m  
s u r f a c e  water  sources, and p o t e n t i a l  adverse impacts t o  
downs t r e  am water users . 

6.3.5 Water Q u a l i t y  

Unconvent ional  gas p r o j e c t s  can a f f e c t  water q u a l i t y  by r e l e a s e  o f  

sediments f r o m  l a n d  d i s t u r b e d  by s i t e  p repara t ion ,  by a c c i d e n t a l  

r e l e a s e  of d r i l l i n g  muds o r  f r a c t u r i n g  f l u i d s  i n t o  s u r f a c e  o r  ground 

waters, o r  by a c c i d e n t a l  r e l e a s e  o r  r o u t i n e  d i s p o s a l  o f  produced 

fo rmat ion  waters.  For  most unconvent' ional gas p r o j e c t s ,  sedimentat ion 

f r o m  s i t e  p r e p a r a t i o n  may be t h e  l a r g e s t  r o u t i n e  source o f  water 

q u a l i t y  degradat ion.  The p o t e n t i a l  f o r  e r o s i o n  and sedimentat ion w i l l  
be t h e  g r e a t e s t  f o r  Devonian sha le  and coal-bed methane p r o j e c t s  i n  t h e  

s teep areas o f  Appalachia, and t h e  l e a s t  f o r  t i g h t  gas p r o j e c t s  i n  t h e  

a r i d  West. S i t e  p r e p a r a t i o n  a t  some geopressure p r o j e c t s  may r e q u i r e  

dredging i n  f reshwater  and c o a s t a l  wetlands, which w i l l  cause l o c a l i z e d  

increases i n  suspended sediments and c o u l d  m o b i l i z e  t o x i c  p e s t i c i d e s ,  

h e r b i c i d e s ,  and heavy meta ls  t h a t  have accumulated i n  bot tom sediment. 

Acc identa l  r e l e a s e  o f  d r i l l i n g  muds and f r a c t u r i n g  f l u i d s  c o u l d  

degrade s u r f a c e  and groundwater q u a l i t y .  C o n s t i t u e n t s  p r e s e n t  i n  

d r i l l i n g  muds and f r a c t u r i n g  f l u i d s  w i l l  v a r y  accord ing t o  t h e  

requi rements o f  each p r o j e c t .  Simple d r i l l i n g  muds u s u a l l y  c o n t a i n  
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only bentonite c lays  and possibly caus t ic  soda, b u t  some poten t ia l ly  
tox ic  chemicals may be added t o  the muds (Aerospace 1981, MITRE 1981). 
Likewise, simple hydraulic f rac tur ing  f l u i d s  may contain primarily 
potassium chloride,  b u t  complex f l u i d s  may contain metal-based foaming 
agents, petroleum condensates, sulfonates ,  e lec t ro ly tes ,  and acids 
(Aerospace 1981). Chemical explosive f rac tur ing  f l u i d s  may contain 
nitrate-based explosives and several other chemicals. Dri l l ing muds 
could enter  near-surface aquifers  by seepage from unlined reserve 
pits. Fracturing f l u i d s ,  w h i c h  may be injected a t  pressures in excess 
of 80 MPa (12,000 ps i ) ,  could poten t ia l ly  migrate t o  potable aquifers 
from improperly cased wells or  unsuspected f r a c t u r e s  connecting the  
t a r g e t  formation w i t h  the aquifer (Aerospace 1981). S p i l l s  of d r i l l i n g  
muds and f rac tur ing  f l u i d s  on the order o f  several cubic meters could 
be possible from overflow of reserve p i t s  or holding tanks or rupture 
o f  s u r f a c e  p i p i n g .  

Many unconventional gas projects  will  involve product ion of varying 
amounts of water present i n  the gas-beari ng formation. Water produced 
from t i g h t  gas formations may be h i g h  in dissolved s a l t s  and may 
possibly contain some hydrocarbon residuals .  Water produced from 
eastern coal seams may be a lka l ine  or  acidic  and may contain dissolved 
s a l t s  ranging i n  concentration from about 1,000 mg/L t o  150,000 mg/L 
(Ethridge e t  a l .  1980). Disposal a l t e r n a t i v e s  f o r  produced water range 
from surface evaporation in the western t i g h t  gas basins t o  treatment 
and disposal i n t o  surface waters in much of the eastern shale  and coal 
resource areas. 

Disposal and handling of geopressured brines will  be the  most 
s ign i f icant  issue associated w i t h  geopressured methane projects ,  not 
only because of the  enormous quant i ty  of brines involved, b u t  because 
many of the projects  are  l i k e l y  t o  be located near economically and 
ecologically important wetlands. One geopressure well may produce 
between 1600 and 6000 m (10,000 and 50,000 bbl) of brine each day, 
or between 12 x lo6 and 60 x lo6 m3 (10,000 and 50,000 acre- f t )  
of brine over a 20-year operating l i fe t ime (Usibel l i  e t  a l .  1980). 
Several production wells may be located a t  one project.  Potential  

3 
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impacts  t o  sur face  waters w i l l  depend on t h e  volume o f  b r i n e  t h a t  may 

be re leased t o  s u r f a c e  systems and on t h e  thermal and chemical 

c h a r a c t e r i s t i c s  o f  t h e  b r i n e s .  The temperature o f  geopressured b r i n e s  

may range between 120 and 15OOC (250 and 300°F). The b r i n e s  may 

e x h i b i t  s a l i n i t i e s  rang ing  f r o m  10,000 t o  275,000 mg/L and may c o n t a i n  

e n v i r o n m e n t a l l y  damaging c o n c e n t r a t i o n s  o f  boron, ammonia, f l u o r i d e s ,  

c h l o r i d e s ,  i r o n ,  z inc ,  lead, and p o s s i b l y  o t h e r  heavy meta ls  ( U s i b e l l i  

e t  a l .  1980, U.S. DOE 1981). 

A t  most geopressure p r o j e c t s ,  t h e  b r i n e s  w i l l  n o t  e n t e r  s u r f a c e  

waters  d u r i n g  normal opera t ions .  The most l i k e l y  d isposa l  method w i l l  

be i n j e c t i o n  i n t o  s a l i n e  a q u i f e r s  above t h e  geopressured zone ( U s i b e l l i  

e t  a l .  1980). Dur ing emergency o r  upset c o n d i t i o n s ,  such as those t h a t  

might  r e s u l t  f r o m  a w e l l  b lowout o r  major  p i p e  r u p t u r e ,  however, 

geopressured b r i n e s  c o u l d  e n t e r  s u r f a c e  waters.  About 16,000 m3 

(100,000 b b l )  o f  f l u i d  might  be re leased due t o  a p i p e  rup ture ,  and 

over  80,000 m3 (500,000 b b l )  might  be re leased w i t h i n  a few days 

d u r i n g  a w e l l  b lowout ( U s i b e l l i  e t  a l .  1980). Because pressures are 

h i g h  and s i g n i f i c a n t  q u a n t i t i e s  o f  gas are present ,  w e l l  b lowouts a t  

geopressured w e l l s  a r e  more l i k e l y  t o  occur  than a t  o t h e r  types  o f  

w e l l s  (U.S. ERDA 1977a, Rehm and Goins 1978). M i t i g a t i o n  o f  a c c i d e n t a l  

r e l e a s e  o f  geopressured b r i n e s  i s  bes t  achieved w i t h  adequate blowout 

c o n t r o l  and a s p i l l  c o n t r o l  and counter-measure program. 

The a n a l y s i s  should c o n t a i n  i n f o r m a t i o n  about ambient water q u a l i t y  
f o r  a l l  ground and su r face  water systems which may be a f fec t ed  by 

p r o j e c t  a c t i v i t i e s .  A p p l i c a b l e  water  q u a l i t y  standards should a l s o  be 

inc luded.  To address p o t e n t i a l  e f f e c t s  on water q u a l i t y  adequately,  

t h e  f o l l o w i n g  i n f o r m a t i o n  should be prov ided f o r  a l l  unconvent ional  gas 

p r o j e c t s :  

0 an e s t i m a t e  o f  t h e  amount o f  e r o s i o n  and sed imenta t ion  
t h a t  may occur  as a r e s u l t  o f  s i t e  p r e p a r a t i o n  and 
p i p e l i n e  c o n s t r u c t i o n  and an a n a l y s i s  o f  e f f e c t s  on l o c a l  
water q u a l i t y ;  

0 a d e s c r i p t i o n  o f  e r o s i o n  and sed imenta t ion  c o n t r o l  
measures ; 
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0 a d e s c r i p t i o n  o f  any dredging a n t i c i p a t e d  and an a n a l y s i s  
o f  e f f e c t s  on l o c a l  water  q u a l i t y ;  

0 a d e s c r i p t i o n  o f  c o n s t i t u e n t s  expected t o  be present  i n  
d r i l l i n g  muds and i n  f o r m a t i o n  f r a c t u r i n g  f l u i d s ;  and 

0 d e s c r i p t i o n s  o f  t h e  methods t h a t  w i l l  be used t o  ensure 
t h a t  these m a t e r i a l s  w i l l  n o t  e n t e r  sur face  o r  
groundwaters, i n c l u d i n g  d e t a i l s  about c o n s t r u c t i o n  and 
l i n i n g  o f  reserve  p i t s  and h o l d i n g  ponds, and any d i k i n g  
around w e l l  pads t o  c o n t a i n  s p i l l s  and r u n o f f .  

For  o t h e r  than geopressured p r o j e c t s  t h e  f o l l o w i n g  i n f o r m a t i o n  

should be prov ided:  

0 an e s t i m a t e  o f  t h e  amount and chemical  composi t ion ( i f  
known) o f  any f o r m a t i o n  water  t h a t  may be produced along 
w i t h  t h e  p r o d u c t  gas and, i f  poss ib le ,  an e s t i m a t e  o f  t h e  
t i m e  i n t e r v a l  over  which these waters  may be produced; and 

0 a d e s c r i p t i o n  o f  t h e  d i s p o s a l  a l t e r n a t i v e s  be ing  
considered f o r  t h e  produced water, w i t h  an a n a l y s i s  o f  
p o t e n t i  a1 e f f e c t s  on s u r f  ace and groundwater systems f rom 
t h i s  d i  sposal  . 

For  geopressured p r o j e c t s  s p e c i f i c a l l y ,  t h e  f o l l o w i n g  i n f o r m a t i o n  

should be prov ided:  

0 a d e s c r i p t i o n  o f  t h e  expected chemical  c o n s t i t u e n t s  and 
t h e i r  c o n c e n t r a t i o n s  i n  t h e  b r i n e s ,  and an e s t i m a t e  o f  
t h e  s u r f a c e  b r i n e  temperature;  

0 an e s t i m a t e  o f  t h e  amount o f  b r i n e  t h a t  may be produced 
d a i l y  d u r i n g  normal o p e r a t i o n s  and t h e  a n t i c i p a t e d  
d i s p o s a l  method; 

a i n f o r m a t i o n  about t h e  water  q u a l i t y  o f  t h e  r e c e i v i n g  
a q u i f e r  and t h e  a n t i c i p a t e d  depth, pressure,  and r a t e  o f  
i n j e c t i o n  w e l l s  r e q u i r e d  f o r  each p r o d u c t i o n  w e l l ,  i f  
d i s p o s a l  w i l l  be by i n j e c t i o n , ;  

0 worst-case es t imates  o f  t h e  volume o f  b r i n e s  which may be 
re leased t o  s u r f a c e  waters  d u r i n g  upset c o n d i t i o n s ,  
i n c l u d i n g  a major  p i p e  r u p t u r e ,  f a i l u r e  o f  a h o l d i n g  
pond, and a w e l l  b lowout;  
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0 an a n a l y s i s  o f  e f f e c t s  on water q u a l i t y  o f  t h e  r e c e i v i n g  
system f r o m  t h e  a c c i d e n t a l  r e l e a s e s  descr ibed above; and 

0 a d e t a i l e d  s p i l l  c o n t r o l  and countermeasure p l a n  i n c l u d i n g  
clean-up methods i n  t h e  event  o f  an a c c i d e n t a l  r e l e a s e  o f  
b r i n e s .  

For  a l l  p r o j e c t s ,  a l i s t  o f  a l l  s u r f a c e  d ischarge o r  i n j e c t i o n  

p e r m i t s  should a l s o  be prov ided,  a long w i t h  a p p l i c a b l e  water q u a l i t y  

l i m i t a t i o n s .  I n f o r m a t i o n  about a n t i c i p a t e d  s u r f a c e  and groundwater 

m o n i t o r i n g  programs b e f o r e  and a f t e r  p r o j e c t  o p e r a t i o n s  should be 

inc luded.  

6.3.6 Impacts on B i o t a  

Unconvent ional  gas p r o j e c t s  w i l l  d i s t u r b  some t e r r e s t r i a l  w i l d l i f e  

h a b i t a t ,  b u t  t h e  amount o f  h a b i t a t  t h a t  w i l l  be a f f e c t e d  w i l l  be smal l  

compared t o  t h a t  d i s t u r b e d  by o t h e r  energy techno log ies  i n v o l v i n g  

m i n i n g  and c o n s t r u c t i o n  o f  l a r g e  permanent f a c i l i t i e s .  T i g h t  gas and 

geopressured methane p r o j e c t s  are those most 1 i k e l y  t o  a f f e c t  v a l u a b l e  

w i l d l i f e  h a b i t a t .  The western t i g h t  gas bas ins  c o n t a i n  severa l  

w i l d l i f e  species t h a t  are s e n s i t i v e  t o  human presence and c o u l d  be 

adverse ly  a f f e c t e d  by t h e  n o i s e  l e v e l s  and increased human a c t i v i t y  

assoc ia ted  w i t h  gas recovery.  Geopressured methane p r o j e c t s  c o u l d  

d i r e c t l y  o r  i n d i r e c t l y  a f f e c t  impor tan t  w i l d l i f e  h a b i t a t  i n  f reshwater ,  

b rack ish ,  and s a l t w a t e r  marshes o f  t h e  G u l f  Coast area. 
P o t e n t i a l  impac ts  on a q u a t i c  b i o t a  may r e s u l t  f r o m  p o i n t  o r  

non-point  e f f l u e n t s  f rom unconvent ional  gas p r o j e c t s .  Increased 

e r o s i o n  and sed imenta t ion  may r e s u l t  i n  e l e v a t e d  suspended s o l i d s  

concent ra t ions ,  thereby  adverse ly  a f f e c t i n g  a q u a t i c  b i o t a .  Consumptive 

water w i thdrawals  may a l t e r  ins t ream h a b i t a t  c o n d i t i o n s .  Dredging a t  

geopressure p r o j e c t s  may a l t e r  a q u a t i c  h a b i t a t s ,  inc rease suspended 

s o l i d s ,  and m o b i l i z e  t o x i c  m a t e r i a l s  t h a t  have accumulated i n  t h e  

bot tom sediments. D r i l l i n g  muds, f r a c t u r i n g  f l u i d s ,  for rnat ion waters, 

o r  geopressured b r i n e s  may be re leased i n t o  s u r f a c e  waters d u r i n g  

normal opera t ions  o r  as a r e s u l t  o f  an acc ident .  These m a t e r i a l s  c o u l d  
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c o n t a i n  a v a r i e t y  o f  p o t e n t i a l l y  t o x i c  substances i n  c u r r e n t l y  unknown 

c o n c e n t r a t i o n s  t h a t  c o u l d  adverse ly  a f f e c t  a q u a t i c  b i o t a  downstream o f  

t h e  re lease.  

Using genera l  b a s e l i n e  i n f o r m a t i o n  on t h e  a f f e c t e d  environment, 

o n s i t e  i n v e n t o r y  d a t a  ( t h e  t y p e  and e x t e n t  determined d u r i n g  e a r l y  

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

should : 

e 

0 

e 

e 

e 

I n  

descr ibe  t h e  t e r r e s t r i a l  and a q u a t i c  h a b i t a t s  t h a t  w i l l  
be d i s t u r b e d  by a l l  p r o j e c t  a c t i v i t i e s ,  w i t h  spec ia l  
a t t e n t i o n  t o  h a b i t a t  f o r  any endangered, threatened, 
r a r e ,  o r  o t h e r w i s e  p r o t e c t e d  p l a n t  and animal species; 

es t imate  t h e  number o f  hec tares  o f  each t y p e  o f  h a b i t a t  
t h a t  w i l l  be d i s t u r b e d  by p r o j e c t  a c t i v i t i e s ;  

p resent  a r e c l a m a t i o n  p l a n  f o r  a l l  d i s t u r b e d  areas, a long 
w i t h  an e v a l u a t i o n  o f  t h e  l i k e l y  success o f  rec lamat ion;  

p r o v i d e  i n f o r m a t i o n  about t h e  c o n s t i t u e n t s  and t h e i r  
c o n c e n t r a t i o n s  i n  d r i l l i n g  muds, f r a c t u r i n g  f l u i d s ,  
f o r m a t i o n  waters, and geopressured br ines ,  and, where 
p o s s i b l e ,  e v a l u a t e  t h e  t o x i c i t y  o f  these c o n s t i t u e n t s  t o  
t a r g e t  spec ies o f  aquat ic  b i o t a ;  and 

i n c l u d e  i n f o r m a t i o n  f r o m  i n i t i a l  c o n t a c t s  w i t h  s t a t e  and 
f e d e r a l  f i s h  and w i l d l i f e  agencies and conserva t ion  
personnel  ( f o r m a l  c o n s u l t a t i o n  w i t h  t h e  U.S. F i s h  and 
W i l d l i f e  S e r v i c e  i n  r e l a t i o n  t o  t h e  s t a t u s  o f  f e d e r a l l y  
l i s t e d  th rea tened and endangered species i s  t h e  
r e s p o n s i b i l i t y  o f  t h e  f e d e r a l  a c t i o n  agency). 

a d d i t i o n  t o  e f f e c t s  on b i o t a  f rom a c t i v i t i e s  d i r e c t l y  r e l a t e d  t o  

t h e  unconvent ional  gas p r o j e c t ,  c o n s t r u c t i o n  o f  new major  gas supp ly  

p i p e l i n e s  c o u l d  a f f e c t  hundreds o f  hec tares  o f  w i l d l i f e  h a b i t a t  f a r  

removed f r o m  t h e  p r o j e c t  s i t e .  I f  c o n s t r u c t i o n  o f  s i g n i f i c a n t  new 

p i p e l i n e s  w i l l  be d i r e c t l y  assoc ia ted  w i t h  t h e  p r o j e c t ,  t h e  f o l l o w i n g  

i n f o r m a t i o n  should be prov ided:  

0 a d e s c r i p t i o n  o f  t h e  t e r r e s t r i a l  and a q u a t i c  h a b i t a t s  
t h a t  migh t  be a f f e c t e d  by p i p e l i n e  c o n s t r u c t i o n ,  pay ing 
p a r t i c u l a r  a t t e n t i o n  t o  h a b i t a t  f o r  r a r e ,  endangered, 
threatened,  o r  o t h e r w i s e  p r o t e c t e d  p l a n t  and animal 
spec i es ; 
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0 an e s t i m a t e  o f  t h e  p o t e n t i a l  e f f e c t  on these h a b i t a t s  
f r o m  p i p e l i n e  c o n s t r u c t i o n ;  and 

0 a rec lamat ion  and management p l a n  f o r  t h e  p i p e l i n e  
c o r r i d o r ,  i n c l u d i n g  t h e  method and f requency o f  removal 
o f  t r e e s  and shrubby v e g e t a t i o n  f rom t h e  p i p e l i n e  
r igh t -o f -way.  

6.3.7 Noise 

Dur ing  t h e  i n i t i a l  3- t o  6-month p e r i o d  o f  p r o j e c t  a c t i v i t i e s ,  h i g h  

n o i s e  l e v e l s  w i l l  be associated w i t h  d r i l l i n g  and o p e r a t i o n  o f  l a r g e  

d i e s e l  engines d u r i n g  s i t e  p r e p a r a t i o n  and f o r m a t i o n  f r a c t u r i n g .  

Dur ing  t h i s  t i m e  n o i s e  l e v e l s  f rom d r i l l i n g  may be about ‘85 t o  90 dB(A) 

a t  15 m (50 f t )  f r o m  t h e  w e l l ,  a t t e n u a t i n g  t o  50 t o  55 dB(A) a t  800 m, 

and n o i s e  l e v e l s  f rom l a r g e  d i e s e l  engines may be i n  excess o f  

100 dB(A) a t  15 m (50 f t ) ,  a t t e n u a t i n g  t o  over 65 dB(A) a t  800 m (0.5 

m i l e )  f r o m  t h e  p r o j e c t  s i t e  (U.S. DOE 1979b, R iede l  e t  a l .  1980). 

Noise c o u l d  be a worker h e a l t h  and s a f e t y  i s s u e  ( S e c t i o n  6.3.9) and 

would become an env i ronmenta l  i ssue i n  cases where t h e  p r o j e c t  may be 

l o c a t e d  near residences, p u b l i c  use areas, w i lderness  areas, o r  h a b i t a t  

f o r  s e n s i t i v e  w i l d l i f e  species. Est imates o f  t h e  l e v e l  o f  no ise  

produced by p r o j e c t  a c t i v i t i e s  should be suppl ied.  D e t a i l s  about n o i s e  

c o n t r o l  measures should be s u p p l i e d  where appropr ia te .  I n f o r m a t i o n  on 

t h e  l e v e l  o f  s e n s i t i v i t y  and t h e  d i s t a n c e  t o  nearby s e n s i t i v e  r e c e p t o r s  

(e.g. , r e c r e a t i o n a l  areas, backpacking t r a i l s ,  o r  r e s i d e n t i a l  areas) 

should a l s o  be prov ided.  

6.3.8 Socioeconomics 

Unconvent ional  gas p r o j e c t s  are n o t  expected t o  c r e a t e  s i g n i f i c a n t  

adverse socioeconomic impacts because t h e y  w i l l  n o t  i n v o l v e  i n - m i g r a t i o n  

o f  a l a r g e  work f o r c e .  The l a r g e s t  work f o r c e  w i l l  be p resent  d u r i n g  

d r i l l i n g  and f r a c t u r i n g  o p e r a t i o n s  and w i l l  c o n s i s t  o f  about 25 people 

f o r  each w e l l .  These workers i n  most cases w i l l  n o t  be f r o m  t h e  l o c a l  

areas, as they  are u s u a l l y  s u p p l i e d  by t h e  c o n t r a c t i n g  companies t h a t  

s p e c i a l i z e  i n  d r i l l i n g  serv ices .  Most o f  these workers are l i k e l y  t o  

be housed i n  mote ls  o r  r e n t a l  housing. They may c r e a t e  some s t r a i n  on 



158 

69 t h e  a v a i l a b i l i t y  o f  such housing a t  p r o j e c t s  l o c a t e d  i n  areas remote 

f r o m  l a r g e r  communities, b u t  t h e  work f o r c e  should be n o t  so l a r g e  nor  

t h e  d u r a t i o n  o f  t h e i r  s t a y  so long as t o  c r e a t e  any adverse "boomtown" 

e f f e c t s .  The o p e r a t i o n a l  work f o r c e  a t  most unconvent ional  gas 

p r o j e c t s  w i l l  be s m a l l e r  than t h a t  p resent  d u r i n g  d r i l l i n g  and w i l l  

p robab ly  be drawn f r o m  t h e  l o c a l  p o p u l a t i o n .  

To address socioeconomic c o n s i d e r a t i o n s  f o r  a1 1 types  o f  

unconvent ional  gas p r o j e c t s ,  t h e  f o l l o w i n g  i n f o r m a t i o n  should be 

prov ided : 

e t h e  number o f  workers expected t o  be i n v o l v e d  i n  each 
phase o f  p r o j e c t  a c t i v i t y ,  and an e s t i m a t e  o f  what 
percentage o f  them are  expected t o  be nonlocal ;  

0 p lans  f o r  p r o v i d i n g  housing f o r  t h e  workers; and 

0 a d e t e r m i n a t i o n  o f  t h e  adequacy o f  housing supply, 
munic i p a l  and community serv ices ,  and t r a n s p o r t  a t  i o n  
networks i n  these communit ies t o  suppor t  t h e  i n - m i g r a t i n g  
workers . 

6.3.9 H e a l t h  and S a f e t y  
The h e a l t h  and s a f e t y  i ssues  r e l a t e d  t o  most aspects o f  

unconvent ional  gas techno logy  are  i d e n t i c a l  t o  those assoc ia ted  w i t h  

convent iona l  gas w e l l  d r i l l i n g  and produc t ion .  A d d i t i o n a l l y ,  h e a l t h  

and s a f e t y  i ssues  r e l a t e d  t o  geopressure p r o j e c t s  w i l l  be i d e n t i c a l  t o  

those assoc ia ted  w i t h  geothermal d r i l l i n g  and o p e r a t i n g  technology. A 

summary o f  t h e  issues  f o l l o w s :  

e mechanical i n j u r y  f r o m  s e t t i n g  casing, adding and 
removing d r i l l  s t r i n g ,  r i g  assembly, and maintenance and 
equipment f a i l u r e ;  

e exposure t o  s i q n i f i c a n t  n o i s e  l e v e l s  d u r i n q  d r i l l i n q ,  
pumping opera t ions ,  and v e n t i n g  o f  gas and f f u i d s  (MITRE 
1981); 

0 exposure t o  h i g h  c o n c e n t r a t i o n s  o f  exhaust emissions 
( p a r t i c u l a r l y  carbon monoxide) f rom d i e s e l  machinery used 
t o  power d r i l l  r i g  and compressors (U.S. DOE 1979a, 
R iede l  e t  a l .  1980, U.S. EPA 1979, NRC 1981); 



159 

0 exposure t o  p o t e n t i a l l y  harmfu l  chemicals ( i n c l u d i n g  
p o t e n t i a l  carc inogens)  p resent  i n  d r i l l i n g  muds and 
f r a c t u r i n g  f l u i d s  (U.S. DOE 1979c, MITRE 1981); 

0 p o t e n t i a l  hazard associated w i t h  a c c i d e n t a l  m i x i n g  o r  
improper h a n d l i n g  aboveground o f  chemical  e x p l o s i v e  
s l u r r y  used i n  chemical e x p l o s i v e  f r a c t u r i n g  o p e r a t i o n s  
(U.S. DOE 1979a); 

0 exposure t o  r a d i a t i o n  f rom gamma e m i t t e r  ( l g 2 1 r )  added 
t o  f r a c t u r i n g  sand (R iede l  e t  a l .  1980; I C R P  1959); 

0 occurrence o f  w e l l  blowouts, which c o u l d  r e s u l t  i n  f i r e  
o r  u n c o n t r o l l e d  r e l e a s e  o f  l a r g e  q u a n t i t i e s  o f  h o t  f l u i d  
i n  geopressure w e l l s  ( t h e  combinat ion o f  d i s s o l v e d  gas 
and h i g h  pressures inc rease t h e  p o t e n t i a l  f o r  b lowouts i n  
geopressure p r o j e c t s ) ;  and 

0 f o r  geopressure p r o j e c t s ,  t h e  hazards o f  h a n d l i n g  l a r g e  
q u a n t i t i e s  o f  h o t  and c h e m i c a l l y  complex b r i n e s  t h a t  may 
c o n t a i n  h i g h  c o n c e n t r a t i o n s  o f  ammonia, boron, and t r a c e  
meta ls  ( t h e  pressures i n v o l v e d  w i t h  geopressure o p e r a t i o n  
inc rease t h e  p o t e n t i a l  f o r  s p i l l s  due t o  p i p e  r u p t u r e  o r  
o t h e r  equipment f a i  1 u r e )  . 

The issues  descr ibed above should be eva lua ted  i n  d e t a i l  

a p p r o p r i a t e  t o  t h e  t y p e  and scope o f  t h e  unconvent ional  gas p r o j e c t  

under c o n s i d e r a t i o n .  A d d i t i o n a l l y ,  an env i ronmenta l  a n a l y s i s  should 

p resent  p lans  f o r  m o n i t o r i n g  worker environments, accompl ishing r e g u l a r  

maintenance and i n s p e c t i o n s  o f  a l l  equipment and f a c i l i t i e s ,  and use o f  

p r o t e c t i v e  c l o t h i n g  and equipment as necessary. Plans should be 
developed f o r  compliance w i t h  e x i s t i n g  N a t i o n a l  I n s t i t u t e  f o r  

Occupat ional  H e a l t h  and S a f e t y  and Occupat ional  S a f e t y  and Hea l th  

A d m i n i s t r a t i o n  r e g u l a t i o n s ,  as appropr ia te .  

There are some unique s a f e t y  concerns r e l a t e d  t o  p r o j e c t s  i n v o l v i n g  

methane f r o m  minable c o a l  seams. Mine o p e r a t o r s  a re  concerned t h a t  

f r a c t u r i n g  o p e r a t i o n s  t o  inc rease gas f low may damage t h e  o v e r l y i n g  

rock  s t r a t a  t h a t  comprise t h e  r o o f  o f  t h e  mine, thereby  i n c r e a s i n g  t h e  

p o t e n t i a l  f o r  cave- ins.  Min ing  i n t o  a d e g a s i f i c a t i o n  boreho le  can 

suddenly r e l e a s e  l a r g e  q u a n t i t i e s  o f  methane t h a t  may have accumulated 

i n  t h e  boreho le  f o l l o w i n g  gas recovery  opera t ions .  T h i s  methane 
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re leased i n t o  t h e  mine c o u l d  c r e a t e  a p o t e n t i a l l y  e x p l o s i v e  atmosphere 

( E t h r i d g e  e t  a l .  1980). Also, t h e r e  i s  cons iderab le  r e s i s t a n c e  f r o m  

mine opera tors  and miners t o  methane recovery  i n  an a c t i v e  mine because 

of t h e  p o t e n t i a l  f o r  a c c i d e n t a l  r e l e a s e  o f  l a r g e  q u a n t i t i e s  o f  gas i n t o  

t h e  mine f rom equipment o r  p i p e l i n e  f a i l u r e  ( E t h r i d g e  e t  a l .  1980). 

These p o t e n t i  a1 hazards should be addressed f o r  p r o j e c t s  r e c o v e r i n g  

methane f rom minable coa l ,  and t h e  methods t o  be used t o  ensure mine 

s a f e t y  should be descr ibed i n  d e t a i l .  
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7. FUEL ETHANOL 

R. D ick inson Roopl 

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

The resources a v a i l a b l e  f o r  p r o d u c t i o n  o f  f u e l  a l c o h o l  are q u i t e  

v a r i e d  and n o t  e a s i l y  q u a n t i f i e d .  Feedstocks s u i t a b l e  f o r  f e r m e n t a t i o n  

(Tab le  15) i n c l u d e  s t a r c h  crops, sugar crops, c e l l u l o s i c  m a t e r i a l ,  and 

some wastes. The feeds tocks  most r e a d i l y  conver ted t o  ethanol  a re  

s t a r c h  crops ( e s p e c i a l l y  corn)  and sugar crops (e.g., sugar beets ) .  

A l though t h e  q u a n t i t i e s  o f  such c rop  feedstocks which a r e  produced are 
w e l l  documented (USDA 1978), t h e  p o r t i o n  t h a t  migh t  be economical ly  

a v a i l a b l e  f o r  e thano l  p r o d u c t i o n  i s  dependent on many unknown f a c t o r s  

such as t h e  f l u c t u a t i n g  demands f o r  f u e l  and food. Table 16 g i v e s  

es t imates  o f  p o t e n t i a l  e thanol  p r o d u c t i o n  based on a v a i l a b i  1 i t y  o f  

v a r i o u s  crops and wastes. 

Whi le  processes f o r  f e r m e n t a t i o n  o f  c e l l u l o s i c  feeds tocks  e x i s t ,  

these have g e n e r a l l y  n o t  been proven on a commercial scale.  It i s  n o t  

known whether l i g n i n - c o n t a i n i n g  c e l l u l o s i c  m a t e r i a l  (e.g. f o r e s t r y  

r e s i d u e s )  w i l l  be s u i t a b l e  f o r  fe rmenta t ion .  Thus, cons iderab le  

s p e c u l a t i o n  i s  i n v o l v e d  i n  a t tempts  t o  q u a n t i f y  t h e  p o t e n t i a l  resource  

base o f  c e l l u l o s i c  m a t e r i a l .  The a v a i l a b l i t y  o f  biomass feeds tocks  

s u i t a b l e  f o r  l a r g e - s c a l e  p r o d u c t i o n  o f  e thano l  i s  cons idered i n  d e t a i l  
by Braunstein et al. (1981). 

Land i s  t h e  most b a s i c  resource  a f f e c t i n g  t h e  a v a i l a b i l i t y  o f  
feedstock f o r  e thanol  p roduc t ion ,  and almost 90% o f  t h e  U n i t e d  S t a t e s '  

936 x l o 6  ha produces some s o r t  o f  biomass t h a t  i s  commerc ia l ly  

used. Approx imate ly  20% of t h e  U.S. area i s  devoted t o  growing crops 

(SCS 1977), w i t h  t h e  g r e a t e s t  area devoted t o  corn,  wheat, hay, 
soybeans, sorghum gra in ,  and o a t s  ( i n  o r d e r  o f  d e c l i n i n g  importance) 

1Energy D i v i s i o n ,  ORNL. 



Tab le  15. Feedstock advantages and disadvantages [ m o d i f i e d  from Table IV-1, SEIDB ( 1 9 8 0 ) l  

Type o f  
feeds tock  

Process ing  
needed b e f o r e  
fe rment  a t  i on 

P r  i nc i pa 1 
advantage(s) 

P r  i nc i p a l  
d i sadvan tage(s )  

S ta rch  c rops :  
Gra ins  (e.g., corn,  
wheat, sorghum, b a r l e y  

Tubers (e.g., po ta toes ,  
sweet po ta toes )  

Sugar c rops  (e.g., sugar 
beets,  sweet sorghum, 
sugarcane, fodder  beet ,  
J e r u s a l  um a r t i c h o k e )  

C e l l u l o s i c :  
Crop res idues  (eg., 
c o r n  s tove r ,  wheat 
s t raw  

Forages (e.g., a l f a l f a ,  
Sudan grass,  f o r a g e  
sorghum 

has tes  (e.g, d i s t r e s s e d  
g ra ins ,  c u l l  f r u i t s  and 
vegetab les ,  g r a i n  dust,  
and whey 

M i l l i n g ,  l i q u e f a c t i o n  1. 
and s a c c h a r i f i c a t i o n  

2. 

.. 
3 .  

M i l l i n g  t o  e x t r a c t  sugar 1. 

2. 

3. 

M i l l i n g  and h y d r o l y s i s  1. 
o f  t h e  c e l l u l o s e  l i nkages  

2. 

V a r i a b l e  1. 

Storage techn iques  a re  
we1 1 developed 

C u l t i v a t i o n  p r a c t i c e s  a r e  
widespread except f o r  sorghum 

L ives tock  feed  by-produc t  i s  
r e l a t i v e l y  h igh  i n  p r o t e i n  

P r e p a r a t i o n  i s  m in ima l  

High y i e l d s  o f  e thano l  
pe r  h e c a t r e  

Crop coproducts have 
va lue  as f u e l ,  l i v e s t o c k  
feed o r  s o i  1 amendment 

Use i n v o l v e s  no i n t e g r a t i o n  
w i t h  t h e  l i v e s t o c k  feed  
market 

A v a i l a b i l i t y  i s  widespread 

Low c o s t  

P r e p a r a t i o n  i nvo lves  
a d d i t i o n a l  equipment, 
l abo r ,  and energy c o s t s  

1. 

2. 

3. 

1. 

2 .  

3. 

1. 

2. 

D i f f i c u l t y  o f  s to rage  may l i m i t  
year-round use o f  s i  ng le  feeds tock  

Storage may r e s u l t  i n  l o s s  o f  sugar 

C u l t i v a t i o n  p r a c t i c e s  a re  no t  wide- m 
spread, e s p e c i a l l y  w i t h  "nonconven- m 
t i  ona l  " c rops  

No commerc ia l l y  c o s t - e f f e c t i v e  
process e x i s t s  f o r  h y d r o l y s i s  o f  
t h e  l i n k a g e s  

C o l l e c t i o n  o f  d i f f u s e  m a t e r i a l s  

E r o s i o n  f rom removing res idues  

A 

L i m i t e d  a v a i l a b i  1 i t y  

D i s t i l l e r s  d r i e d  g r a i n  f rom a f l a -  
t o x i  n-contami nated g r a i n  i s  no t  
s u i t a h l e  as animal f eed  
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Table 16. Biomass availability for ethanol production 
[million L/year (million gal/year)] 

Biomass feedstock 
Currently Potenti a1 ly 
avai 1 ab1 ea avai 1 ab1 eb 

Cheese whey 
Citrus waste 
Other food wastes 
Corn 
Grain sorghum 
Sugar cane 
Wheat 
Municipal sol id waste 
Total 

341 (90) 
795 (210) 
568 (150) 
681 (180) 
114 (30) 

- 

- 
2,500 (660) 

341 (90) 
795 (210) 
568 (150) 

6,280 (1,660) 
1,060 (280) 
568 (150) 

4,280 (1,130) 
4,160 (1,100) 
18,050 (4,700) 

aAvailable biomass that can be converted to ethanol with present 
technologies, without changing set-aside and diversion policies. 

bAvailable biomass if all set-aside and diverted lands (but no 
new or marginal lands) are brought into production and sugar 
surpluses and 50% municipal solid wastes are used with current 
technologies t o  make ethanol. No agricultural or wood residues 
or sweet sorghum potentials are included. 

SOURCE: Muller Associates, Inc. 1981. 
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(USDA 1978). Crop p r o d u c t i o n  i n  t h e  U n i t e d  States,  a l t hough  most 

concen t ra ted  i n  t h e  Midwest, i s  w i d e l y  d i s t r i b u t e d  th roughou t  t h e  

coun t ry .  Because c r o p  feeds tocks  s u i t a b l e  f o r  f e r m e n t a t i o n  v a r y  and 

c rop  p r o d u c t i o n  i s  w i d e l y  d i s t r i b u t e d ,  e thano l  p r o d u c t i o n  f a c i l i t i e s  

c o u l d  be l o c a t e d  i n  most p a r t s  o f  t h e  U n i t e d  States,  except p o s s i b l y  

d e s e r t  o r  mountain areas. 

7.2 TECHNOLOGY OVERVIEW 
The techno logy  o f  a l c o h o l  p r o d u c t i o n  f rom g r a i n  and sugar c rops  has 

been w e l l  e s t a b l i s h e d  by  y e a r s  o f  exper ience i n  t h e  beverage i n d u s t r y .  

P r o d u c t i o n  o f  f u e l  a l coho l ,  however, a l l o w s  t h e  use o f  a w ide r  v a r i e t y  

o f  feedstocks,  because t a s t e  and a b s o l u t e  p u r i t y  o f  t h e  p roduc t  a r e  o f  

l i t t l e  importance. C e l l u l o s i c  feeds tocks  (e.g., c rop  res idues ,  f o r a g e  

grasses, and wood) a l s o  l e n d  themselves t o  a l c o h o l  p roduc t i on ,  b u t  a 

commercial process f o r  h y d r o l y s i s  t o  produce fe rmen tab le  m a t e r i a l s  f r o m  

c e l l u l o s i c s  has n o t  y e t  been proven. The d i s c u s s i o n  here w i l l  f o c u s  
p r i m a r i l y  on use o f  sugar o r  s t a r c h  m a t e r i a l s  because t h e y  a re  t h e  most 

l i k e l y  t o  be used i n  t h e  near  term. A b r i e f  overv iew o f  f u e l  a l c o h o l  

p r o d u c t i o n  i s  g i v e n  below as genera l  background f o r  persons u n f a m i l i a r  

w i t h  t h e  technology.  More d e t a i l e d  d e s c r i p t i o n s  o f  a l c o h o l  p r o d u c t i o n  

t e r m i n o l o g y  can be found i n  o t h e r  documents (USDA 1980, S E I D B  1980, 

Elmore e t  a l .  1982). 

7.2.1 A lcoho l  P r o d u c t i o n  Process 

( F i g .  12 ) :  

P r o d u c t i o n  o f  f u e l  a l c o h o l  i n v o l v e s  t h e  f o l l o w i n g  b a s i c  s teps  

0 f eeds tock  p r e p a r a t i o n  (e.g., m i l l i n g ) ,  

0 p r e - t r e a t m e n t  (e.g. , cook ing  and enzyme d i g e s t i o n )  , 

0 f e rmen t  a t  i on , 

0 d i s t i l l a t i o n ,  

0 dehydrat ion,  and 

0 by-product  recovery.  
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The basic process may be modified to some extent, depending on the 
feedstock involved. Corn or other grains are most commonly used, 
although sugar crops and a variety of food processing wastes can be 
readily employed in existing commercial processes. 

Feedstock preparation and pre-treatment produce a solution of 
simple sugars for fermentation. The initial steps of this process, 
collectively known as liquefaction, involve milling the grain, adding 
water to form a slurry, cooking to release starch from plant cells and 
to provide an optimum temperature for hydrolysis, and adding enzymes or 
acids that convert starch to complex sugars (dextrins). Liquefaction 
is followed by saccharification, the conversion of complex sugars to 
simple sugars such as glucose, which is accomplished by lowering the 
temperature, adjusting the pH, and adding additional enzymes. The mash 
produced by this process is suitable for fermentation. 

Fermentation, the conversion of sugars to ethanol and C02, i s  

carried out by yeasts of the genus Saccharomyces. To produce a maximum 
quantity of alcohol, the strain of yeast is carefully selected and the 
mash or "beer" i s  adjusted to optimum conditions of sugar concentration 
(10 to 22%), pH (3.0 to 5.0), and temperature (27 to 3 2 ° C ) .  The rate 
of fermentation varies with the sugar concentration and the initial 
concentration of yeast cells. 

Distillation separates the ethanol from the "beer" by taking 
advantage o f  the ethanol's lower boiling temperature compared to that 
of water. Fermented mash is fed into a stripping column or beer still 
(Fig. 12) which is heated with steam. Ethanol and some water evaporate 
and leave the top of the column as vapor, while the remaining liquid 
(stillage) leaves the bottom o f  the column. The vapors enter a 
rectifying column in which counter-current flow further separates the 
alcohol from the water. The vapor from the rectifying column (Fig. 12) 
is condensed and part of the product is recycled to the top of the 
rectifying column. The product i s  an azeotropic mixture of about 95% 
ethanol and 5% water. This mixture has a constant boiling temperature 
and cannot be separated by simple distillation. 
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Dehydrat ion o f  t h e  azeotrope can be accomplished by e i t h e r  a 

t e r t i a r y  d i s t i l l a t i o n  o r  use o f  a mo lecu la r  s ieve.  I n  t e r t i a r y  

d i s t i l l a t i o n ,  a t h i r d  l i q u i d  (benzene, e ther ,  gaso l ine ,  e thy lene 

g l y c o l ,  o r  some o t h e r  s o l v e n t )  i s  added t o  t h e  azeotrope t o  change t h e  

b o i l i n g  c h a r a c t e r i s t i c s  and a l l o w  s e p a r a t i o n  o f  anhydrous ethanol .  

Mo lecu la r  s ieves  remove t h e  water f r o m  190 p r o o f  a lcoho l  by s e l e c t i v e l y  

adsorb ing i t  t o  some m a t e r i a l .  T h i s  m a t e r i a l  then t y p i c a l l y  r e q u i r e s  

h igh- temperature r e g e n e r a t i o n  t o  remove t h e  water. 

I n  some cases, t h e  s t i l l a g e  f rom a lcoho l  p r o d u c t i o n  can y i e l d  

marketable by-products.  I f  corn  i s  used as t h e  feedstock,  t h e  s t i l l a g e  

w i l l  c o n t a i n  t h e  p r o t e i n  o r i g i n a l l y  p resent  i n  t h e  c o r n  p l u s  p r o t e i n  

produced by t h e  yeast .  Unprocessed s t i l l a g e  ( i .e . ,  whole s t i l l a g e )  

t y p i c a l l y  has o n l y  a 6 t o  8% s o l i d s  c o n t e n t  (Anthony 1979). I t  can be 

f e d  d i r e c t l y  t o  l i v e s t o c k ,  b u t  i t  s p o i l s  very  q u i c k l y  and cannot be 
s t o r e d  f o r  more than a few days. S o l i d s  can be removed f rom s t i l l a g e  

by pass ing i t  through separa tors  o r  dewater ing presses, y i e l d i n g  t h i n  

and t h i c k  s t i l l a g e  r e s p e c t i v e l y .  To recover  a d r i e d  product ,  t h i n  

s t i l l a g e  i s  concent ra ted  i n  evapora tors  t o  a syrup o f  25% s o l i d s  

c o n t e n t  t h a t  can then be added t o  t h e  t h i c k  s t i l l a g e  and d r i e d  t o  fo rm 

d i s t i l l e r s  d r i e d  g r a i n s  w i t h  s o l u b l e s  (DDGS),  hav ing a 10 t o  12% 

m o i s t u r e  conten t .  

7.2.2 Raw M a t e r i a l s  

The raw m a t e r i a l s  needed f o r  e thano l  p r o d u c t i o n  i n c l u d e  feedstock,  

water, ac ids  o r  enzymes, and y e a s t  c u l t u r e s .  The feedstock f o r  a lcoho l  
p r o d u c t i o n  i s  an impor tan t  determinant  o f  process design, f a c i l i t y  

s i t i n g ,  and economics. P o t e n t i a l  convent iona l  feeds tocks  i n c l u d e  ( 1 )  

sugar crops, ( 2 )  s t a r c h  crops, ( 3 )  c e l l u l o s i c  m a t e r i a l s ,  and ( 4 )  waste 

m a t e r i a l s  such as d i s t r e s s e d  gra ins ,  g r a i n  e l e v a t o r  dust,  and whey f rom 

cheese manufactur ing.  Advantages and disadvantages o f  v a r i o u s  

feeds tocks  are  summarized i n  Table 15. 

The amount o f  water  needed v a r i e s  w i t h  t h e  system design and may 

range f rom 50 t o  240 L water/L e thano l  (ASTM 1969). Water i s  used i n  

severa l  s teps o f  t h e  p r o d u c t i o n  process and f o r  c o o l i n g ,  b o i l e r  feed 
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c3 and make-up, and washing. Relatively high quality water is required 
for certain steps in the production process (McKee and Wolf 1963), 
including 1 i quef act ion, saccharification , and fermentation. Water that 
meets the drinking water standard of 500 mg/L total dissolved solids is 
suitable for many boilers, but in some cases water softening to remove 
dissolved solids may be necessary. 

The enzymes and yeast cultures needed for alcohol production are 
typically obtained from commercial suppliers, but large or experimental 
ethanol production plants may include facilities for enzyme production 
or for culturing necessary microorganisms. 

7.2.3 Energy Sources 
In the past, natural gas and oil have been the major fuels used to 

fire boilers that provide process heat for cooking, fermentation, 
distillation, and drying of by-products. Because the major' reason for 
developing an alcohol fuels industry is t o  reduce dependence on scarce 
and imported fuels, current developers of alcohol facilities are 
considering a wide range of alternative energy sources. Fuels that may 
be used to fire boilers include coal, wood, bagasse (processed 
sugarcane) , crop residues, and municipal sol id wastes. Another 
possible fuel, biogas (methane), could be produced by anaerobic 
digestion of manure generated in feedlot operations. Close integration 
o f  distilleries and feedlots could result in high energy efficiency. 
Feeding whole stillage produced in alcohol production to livestock 
avoids the high energy costs o f  drying the stillage. Also, anaerobic 
digestion of feedlot manure solves a disposal problem and could reduce 
some of the nuisance caused by feedlot odor. 

Low-temperature heat is adequate for many of the process steps in 
ethanol production. Cooking, fermentation, and by-product drying can 
all be accomplished at temperatures below 100OC. Ethanol production 
facilities could therefore utilize unconventional energy sources, such 
as geothermal energy, solar energy, or waste heat from electricity 
generation, petroleum refining, or other sources to meet all or part of 
their energy requirements. 
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7.2.4 Economic F a c t o r s  

A f u l l  d i s c u s s i o n  of t h e  economics o f  e thanol  p r o d u c t i o n  i s  c l e a r l y  

beyond t h e  scope o f  t h i s  document. However, severa l  economic issues 

have a d i r e c t  bear ing  on t h e  environment and should t h e r e f o r e  be 

considered. 

Two economic f a c t o r s  w i l l  i n f l u e n c e  t h e  s i z e  o f  a l c o h o l  p r o d u c t i o n  

f a c i l i t i e s .  Economies o f  s c a l e  w i l l  promote s e l e c t i o n  o f  l a r g e r  

p l a n t s .  P l a n t  s i z e s  o f  39 x l o 6  t o  113 x l o 6  L/year  (10  x l o 6  t o  

30 x 10 g a l / y e a r )  a re  favored by many e s t a b l i s h e d  eng ineer ing  des ign 

f i r m s  i n  o r d e r  t o  c a p t u r e  t h e  b e n e f i t s  o f  process re f inements  such as 

cont inuous cooking and fermentat ion.  I n  c o n t r a s t ,  many developers w i l l  
choose s m a l l e r  p l a n t  s i z e s  [e .g. ,  4 x l o 6  t o  11 x l o 6  L/year  

( 1  x l o 6  t o  3 x l o 6  g a l / y e a r )  o r  s m a l l e r ]  t o  achieve i n t e g r a t i o n  

w i t h  fa rm opera t ions .  Such an approach c o u l d  produce cos t -sav ings  

through use of l o c a l l y  produced feedstock and l o c a l  d i s t r i b u t i o n  o f  

whole s t i l l a g e .  

A t h i r d  economic f a c t o r  t o  be considered i s  t h e  need t o  make t h e  

produc t  a c c e s s i b l e  t o  markets. The o u t p u t  o f  s m a l l e r  p l a n t s  may be 

t a r g e t e d  t o  on-farm use, w h i l e  t h e  l o c a t i o n  o f  l a r g e r  u n i t s  w i l l  depend 
on l o c a t i o n  o f  end use, t h e  sources of feedstock, and t h e  a v a i l a b i l i t y  

o f  t r a n s p o r t a t i o n .  

The h a n d l i n g  o f  s t i l l a g e  i s  v i t a l  t o  t h e  economics o f  p l a n t  

opera t ion .  For  p r o j e c t s  u s i n g  c o r n  as t h e  feedstock,  revenues f rom 
by-product  s a l e s  a re  e s s e n t i a l  t o  p r o f i t a b l e  opera t ion .  Furthermore, 

un less  s t i l l a g e  can be u t i l i z e d  i n  some manner, d isposa l  c o s t s  w i l l  be 

i ncurred. 

Other i m p o r t a n t  economic c o n s i d e r a t i o n s  t h a t  w i l l  be o f  concern 

r e l a t e  t o  t h e  l a r g e  volumes o f  water  t h a t  a re  used and d ischarged and 

t h e  a v a i l a b i l i t y  of a l t e r n a t i v e  energy sources f o r  t h e  p l a n t  ( i n c l u d i n g  

cogenera t ion) .  F i n a l l y ,  market f a c t o r s  r e l a t e d  t o  user  demand and 

acceptance must be considered. 

6 
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63 
7.3 POTENTIALLY SIGNIFICANT ISSUES 

Fuel  e thanol  p r o d u c t i o n  f a c i l i t i e s  are o f t e n  smal l  i n  s c a l e  

compared t o  many energy i n s t a l l a t i o n s ,  and environmental  impacts 

associated w i t h  c o n s t r u c t i o n  and o p e r a t i o n  o f  such f a c i l i t i e s  are 

n o r m a l l y  o f  l i m i t e d  ex ten t .  P o t e n t i a l l y  s i g n i f i c a n t  issues t h a t  should 

commonly be considered are  i d e n t i f i e d  and discussed i n  t h e  f o l l o w i n g  

sec t ions .  I n  cases where p r o j e c t s  i n c l u d e  l a r g e  feedstock produc t ion  

w i t h  such p r o d u c t i o n  impacts associated opera t ions ,  env i ronmenta l  

should a l s o  be addressed. 

7.3.1 Land Use 

The p o t e n t i a l  f o r  s i g n  f i c a n t  1 and-use conf  i c t s  a t  a f u e l  e thanol  

p r o d u c t i o n  f a c i l i t y  w i l l  depend t o  a l a r g e  e x t e n t  on t h e  c u r r e n t  use o f  

t h e  s i t e  and i t s  immediate v i c i n i t y  and on t h e  t y p e  o f  o p e r a t i o n  be ing  

proposed. I f  t h e  proposed f a c i l i t y  i s  an expansion o f  an e x i s t i n g  
o p e r a t i o n  (e.g., a f e e d l o t  o r  a m u n i c i p a l  waste d i s p o s a l  p l a n t ) ,  t h e r e  

may be min imal  c o n f l i c t ,  and e x i s t i n g  problems, such as odor, may 

a c t u a l l y  be a l l e v i a t e d .  On t h e  o t h e r  hand, an e n t i r e l y  new e thano l  

p r o d u c t i o n  f a c i l i t y  proposed f o r  l o c a t i o n  i n  an urban area may c r e a t e  

numerous land-use c o n f l i c t s  assoc ia ted  w i t h  zoning r e s t r i c t i o n s ,  

t r a f f i c  congest ion,  odor f r o m  feedstock s to rage areas, e t c .  

I n  r u r a l  areas, one o f  t h e  most l i k e l y  land-use c o n f l i c t s  t o  a r i s e  

i s  t h e  s i t i n g  o f  a proposed f a c i l i t y  on h i g h - q u a l i t y  farmland o r  w i t h i n  

a 100-yr f l o o d p l a i n .  Federa l  land-use p o l i c y  s t a t e s  t h e  goa ls  o f  

p r e s e r v i n g  pr ime and unique farmlands (CEQ 1976, CEQ 1980), and 

Execut ive  Orders 11988 and 11990 (1977a,b) i n s t r u c t  f e d e r a l  agencies 

whenever p o s s i b l e  t o  avo id  t a k i n g  a c t i o n s  t h a t  would a f f e c t  f l o o d p l a i n s  

and wet lands. S t a t e  and l o c a l  land-use p o l i c i e s  may invoke s i m i l a r  

r e s t r i c t i o n s .  Issues  such as s i t i n g  a f a c i l i t y  on pr ime farmlands o r  

on a f l o o d p l a i n  may n o t  appear t o  be s i g n i f i c a n t  f o r  an i n d i v i d u a l  

p r o j e c t  b u t  may become h i g h l y  s i g n i f i c a n t  when considered i n  t h e  

c o n t e x t  o f  o t h e r  developments w i t h i n  t h e  reg ion .  

Background i n f o r m a t i o n  on t h e  s i t e  and t h e  r e g i o n  should be 

c a r e f u l l y  eva lua ted  t o  i d e n t i f y  p o s s i b l e  land-use c o n f l i c t s .  For  any 
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land-use c o n f l i c t  i d e n t i f i e d ,  t h e  f o l l o w i n g  i n f o r m a t i o n  should be 

prov ided : 

0 i d e n t i f i c a t i o n  o f  t h e  p o t e n t i a l  land-use c o n f l i c t ;  

0 a d e t a i l e d  d e s c r i p t i o n  o f  c u r r e n t  land-use and zoning o r  
o t h e r  land-use r e s t r i c t i o n s  r e l e v a n t  t o  t h e  i s s u e  under 
c o n s i d e r a t i o n ;  

0 an e v a l u a t i o n  o f  unique va lues associated w i t h  c u r r e n t  
land-use (e.g., pr ime farmland, ex tens ive  wet land areas, 
o r  h i s t o r i c  s i t e s ) ;  

0 a d e t a i l e d  e v a l u a t i o n  o f  t h e  impacts on l a n d  use and 
m i t i g a t i o n  measures t o  be a p p l i e d  f o r  t h e  proposed 
p r o j e c t ;  and 

0 cumula t ive  impacts o f  development on t h e  l a n d  use i n  
q u e s t i o n  f o r  t h e  e n t i r e  reg ion .  

7.3.2 Atmospheric Emissions 

Atmospheric emissions from f u e l  e thanol  p r o d u c t i o n  may o r i g i n a t e  

e i t h e r  f r o m  t h e  p r o d u c t i o n  process i t s e l f  ( i n c l u d i n g  t h e  storage, 

handl ing,  and i n i t i a l  p rocess ing  o f  t h e  feeds tock)  o r  f r o m  t h e  power 

p l a n t  used t o  generate process heat.  The l a r g e s t  q u a n t i t i e s  o f  

atmospher ic emissions are l i k e l y  t o  be re leased d u r i n g  t h e  p r o d u c t i o n  

o f  process heat.  

The types  o f  emissions t h a t  are re leased d u r i n g  t h e  p r o d u c t i o n  
process i n c l u d e  p a r t i c u l a t e s ,  s u l f u r  d iox ide ,  hydrocarbons, carbon 

monoxide, carbon d iox ide ,  d r y i n g  chemicals (e.g., e t h y l  e t h e r ) ,  and 
n i t r o g e n  ox ides.  O f  these emissions, p a r t i c u l a t e s  and carbon d i o x i d e  

account f o r  t h e  b u l k  o f  t h e  m a t e r i a l s  emi t ted .  P a r t i c u l a t e  emissions 

a r i s e  m a i n l y  f r o m  d u s t  t h a t  i s  generated d u r i n g  t h e  h a n d l i n g  o f  g r a i n  

and u s u a l l y  a re  r e a d i l y  c o n t r o l l e d  by t h e  use o f  cyc lones o r  

baghouses. Large volumes o f  carbon d i o x i d e  produced d u r i n g  

f e r m e n t a t i o n  a r e  u s u a l l y  vented t o  t h e  atmosphere b u t  c o u l d  be captured  

and s o l d  as a by-product.  

Power p l a n t  o p e r a t i o n s  w i l l  most l i k e l y  r e l e a s e  t h e  l a r g e s t  

q u a n t i t i e s  o f  emissions f rom t h e  f a c i l i t y  and w i l l  p robab ly  be s u b j e c t  
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t o  b e s t  a v a i l a b l e  c o n t r o l  t echno logy  (BACT) o r  l owes t  ach ievab le  

emiss ion r a t e  (LAER) r e s t r i c t i o n s  i n  t h e  p e r m i t t i n g  process. C o n t r o l  

o f  s u l f u r  d i o x i d e  and p a r t i c u l a t e s  u s i n g  f l u e - g a s  d e s u l f u r i z a t i o n  

systems and 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 ,  r e s p e c t i v e l y ,  w i l l  be r e q u i r e d  

f o r  c o a l  p l a n t s  and f o r  some o t h e r  f u e l s .  N i t r o g e n  o x i d e  emissions may 

be h i g h  f o r  c o a l  p l a n t s  and f o r  biomass f u e l s  and may p resen t  a problem 

because t h e  techno logy  f o r  NOx c o n t r o l  i s  n o t  w e l l  advanced. 

A l l  t h e  i n f o r m a t i o n  gathered on atmospher ic emissions f o r  b o t h  t h e  

p e r i o d s  o f  c o n s t r u c t i o n  and o p e r a t i o n s  should be reviewed, and an 

e v a l u a t i o n  o f  t h e  types, l e v e l s ,  and impacts o f  these emissions should 

be presented. The f o l l o w i n g  i n f o r m a t i o n  should be presented o r  

re ferenced:  

0 

0 

0 

0 

0 

0 

7.3.3 

t y p e s  and q u a n t i t i e s  o f  f u e l s  t o  be used; 

a n t i c i p a t e d  t y p e s  and l e v e l s  o f  emissions (shown 
s e p a r a t e l y  f o r  t h e  p r o d u c t i o n  process and t h e  power 
p l a n t ) ;  

p e r m i t  requ i remen ts  t h a t  l i m i t  emiss ion l e v e l s  and t h e  
t y p e s  o f  p o l l u t i o n  c o n t r o l  equipment t h a t  can be used; 

i d e n t i f i c a t i o n  o f  u n c e r t a i n t i e s  assoc ia ted  w i t h  emiss ion 
l e v e l s  such as spo rad ic  episodes o f  h i g h  emiss ion l e v e l s  
r e s u l t i n g  f r o m  p o o r l y  c o n t r o l l e d  combustion; 

d e s c r i p t i o n  and a n a l y s i s  o f  emiss ions assoc ia ted  w i t h  t h e  
use o f  nove l  energy sources (e.g., m u n i c i p a l  s o l i d  
wastes);  and 

t y p e s  o f  p o l l u t i o n  c o n t r o l  equipment (e.g., baghouses, 
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  f l u e  gas d e s u l f u r i z a t i o n  
equipment) t h a t  w i l l  be used t o  c o n t r o l  s p e c i f i c  t y p e s  o f  
emissions. 

S t i l l a g e  Use o r  D isposa l  

S t i l l a g e  c o n s i s t s  o f  unfermentable s o l i d s  d e r i v e d  f r o m  seve ra l  

s teps  i n  t h e  p r o d u c t i o n  process. A f u e l  e thano l  p l a n t  w i l l  produce 

l a r g e  q u a n t i t i e s  o f  s t i l l a g e  t h a t  must be e i t h e r  used as a by-product  

o r  handled as a waste d i s p o s a l  problem. P o t e n t i a l  uses f o r  s t i l l a g e  

i n c l u d e  ( 1 )  f e e d i n g  i t  as i s  t o  l i v e s t o c k ,  ( 2 )  d r y i n g  i t  t o  produce 

@ 
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distillers' dried grains (DDG) or other by-products, which can then be 
used as a livestock feed, and (3) applying it as an amendment to 
agricultural soils. These potential uses of stillage are limited by 
(1) the nutritive value of the stillage (i.e., the nutritive value 
varies with the type of feedstock used); (2) the short storage life of 
unprocessed, whole stillage; (3) the requirements for and availability 
of energy for drying; and (4) the market demand for the by-product 
produced. 

Wet-milling is an elaborate and sophisticated feedstock processing 
technique that produces a wide variety of by-products including corn 
sweetener, oil, fiber, and high protein animal feed. The wet-milling 
of corn may be adopted by large-scale facilities to allow them to shift 
from production of alcohol to production of corn syrup products as the 
market demands. Use of this process may confer greater economic 
stability on the industry, but also increases capital and processing 
costs. By producing a greater variety of by-products, the amount of 
stillage produced may be reduced. 

If stillage marketing should not prove to be feasible for economic 
or other reasons, disposal of large amounts of stillage may be required 
(Sect. 7.3.4). Potential issues associated with waste disposal include 
odor problems, soil acidification from land spreading, pollution of 
surface and groundwaters, and overloading of municipal wastewater 
systems. Although adequate technology exists to control problems that 
may arise i n  stillage handling, economic factors may preclude universal 
application of this technology. 

The environmental analysis should include the following information: 

0 data on the types and quantities of stillage that will be 
produced ; 

0 plans for using the stillage as a by-product (including 
the types of by-products being produced, requirements for 
processing, handling, and storing the by-products, and 
the market available for the by-products); 
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a p lans  f o r  d i s p o s i n g  o f  s t i l l a g e  t h a t  cannot be marketed, 
i n c l u d i n g  cont ingency p l a n s  f o r  d i s p o s i n g  o f  s p o i l e d  o r  
excess s t i l l a g e  i f  normal avenues f o r  marke t ing  are  
unavai 1 able; and 

a impacts assoc ia ted  w i t h  t h e  storage, handl ing,  t r a n s p o r t ,  
and d i s p o s a l  o f  s t i l l a g e .  

7.3.4 Waste Water Discharges 

Miscel laneous l i q u i d  wastes produced i n  a lcoho l  p r o d u c t i o n  i n c l u d e  

domestic sewage, wash water f rom equipment c leaning,  and occasional  bad 

batches o f  mash. I n  a d d i t i o n ,  i f  i t  i s  necessary t o  d ispose o f  l a r g e  

amounts o f  s t i l l a g e  (Sect .  7.3.3), t h i s  s t i l l a g e  w i l l  become a major  
waste stream. 

Whi le  most wastewaters can be handled c o n v e n t i o n a l l y  ( i . e .  , 
discharged t o  sewers, s e p t i c  tanks,  o r  d r a i n  f i e l d s ) ,  a s p o i l e d  batch 
would c o n t a i n  even g r e a t e r  b iochemica l  oxygen demand (BOD)  load ings  

than an equal  volume o f  s t i l l a g e .  Disposal  methods such as lagooning 

or l and  spreading would then be r e q u i r e d .  Unused s t i l l a g e  and 

wastewaters may be mixed t o  form a s i n g l e  waste stream. Other sources 

of waste f r o m  a f u e l  e thano l  o p e r a t i o n  t h a t  should be considered 

i n c l u d e  r u n o f f  f rom s to rage and waste d isposa l  areas (e.g., coa l  

s to rage p i l e s  o r  ash d i s p o s a l  areas) .  

The wastewaters r e s u l t i n g  f rom e thano l  p r o d u c t i o n  w i l l  v a r y  w i t h  

t h e  feeds tock  and t h e  by-product  recovery  p r a c t i c e s  used. Raw waste 

streams may i n c l u d e  whole s t i l l a g e ,  t h i n  s t i l l a g e  l e f t  a f t e r  dewater ing 

t h e  wet d i s t i l l e r ' s  g ra ins ,  and condensate from evaporators .  P a r t i a l l y  

t r e a t e d  s t i l l a g e  e f f l u e n t s  w i l l  a l s o  be added t o  t h e  waste stream. 

Wastewaters f r o m  f e r m e n t a t i o n  can have very  h i g h  l e v e l s  o f  BOD, 

a c i d i t y ,  and suspended s o l i d s  (Chadwick and Schroeder 1973, Brown e t  

a l .  1976). Wastewater streams may be generated by s t i l l a g e  dewater ing,  

by-product  d ry ing ,  o r  o t h e r  processes. These streams may be r e c y c l e d  

and used f o r  mash p r e p a r a t i o n  i n  some opera t ions  b u t  o therw ise  would 

r e q u i r e  d i s p o s a l .  High BOD l e v e l s  f rom d i s s o l v e d  organ ic  m a t t e r  such 

as t r a c e s  o f  e thano l  and a c e t i c  a c i d  would occur i n  these streams. The 

condensate f r o m  evapora tors  may c o n t a i n  v o l a t i l e  o rgan ic  m a t t e r  and 
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have a BOD i n  excess o f  5000 mg/L (Winston 1980). The p r i n c i p a l  

methods a v a i l a b l e  f o r  t r e a t i n g  such waste streams i n c l u d e  anaerobic 

d i g e s t i o n ,  aerob ic  t reatment ,  and l a n d  spreading (Sect.  7.3.3). 

7.3.4.1 Anaerboic d i g e s t i o n  
Anaerboic d i g e s t i o n  i s  f e a s i b l e  f o r  wastewaters t h a t  have v e r y  

l a r g e  ( g r e a t e r  than 5000 mg/L) oxygen demands (Joyce e t  a l .  1977). As 

w i t h  d i g e s t i o n  o f  sewage sludge, methane can be economical ly  generated 

f r o m  these wastewaters. About 25 volumes o f  gas are  produced f o r  every 

volume o f  wastewater t r e a t e d ,  a l though l a r g e  tanks  are  needed due t o  

t h e  l o n g  r e t e n t i o n  t imes (8-40 d)  (Joyce e t  a l .  1977). Anaerobic 

d i g e s t i o n  can a l s o  be accomplished i n  lagoons, b u t  t h i s  p r a c t i c e  
r e q u i r e s  a s i z a b l e  commitment o f  l a n d  and may i n v o l v e  odor problems. 

A l though t h e  e f f l u e n t  f r o m  d i g e s t i o n  has a s i g n i f i c a n t l y  reduced BOD, 
i t  i s  s t i l l  t o o  h i g h  f o r  d ischarge t o  streams o r  m u n i c i p a l  sewers, and 

l a n d  t r e a t m e n t  o r  f u r t h e r  aerob ic  t rea tment  i s  r e q u i r e d .  

7.3.4.2 Aerob ic  t rea tment  

Most wastewaters f r o m  beverage d i s t i l l e r i e s  a re  t r e a t e d  a e r o b i c a l l y  

u s i n g  lagoons, a c t i v a t e d  s ludge processes, t r i c k l i n g  f i l t e r s ,  and o t h e r  
s tandard procedures. D i s t i l l e r y  wastewaters a re  r e a d i l y  degradable, 

a l though p r o v i d i n g  s u f f i c i e n t  oxygen can be d i f f i c u l t  f o r  h i g h  s t r e n g t h  

wastewaters. 

7.3.4.3 Land spreading 

S t i l l a g e  and d i s t i l l e r y  wastewaters can be d isposed o f  b y  l a n d  
spreadi  ng where 1 and i s  avai  1 a b l e  (Chadwick and Schroeder 1973). 

S t i l l a g e  can be a v a l u a b l e  s o i l  amendment s i n c e  i t  adds h i g h  l e v e l s  o f  

o rgan ic  m a t t e r  and potassium. It c o n t a i n s  l i t t l e  n i t r o g e n ,  however, 

and i t s  use may increase n i t r o g e n  f e r t i l i z e r  requirements.  Severe odor 

problems can r e s u l t  f rom l a n d  spreading (Winston 1980). Use o f  a 

s ludge plow t h a t  i n j e c t s  m a t e r i a l  15-30 cm (6-12 i n )  below t h e  s u r f a c e  

has been suggested t o  min imize  odor problems. 
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S t i l l a g e  w i t h  a low pH can be s u c c e s s f u l l y  a p p l i e d  t o  s o i l s  when 

l imestone i s  added t o  n e u t r a l i z e  excess a c i d i t y  (Winston 1980). Lack 

o f  n e u t r a l i z a t i o n  o f  low pH l i q u i d  e f f l u e n t s  may, however, i n h i b i t  t h e  

growth o f  crops and s o i l  organisms. N e u t r a l i z a t i o n  t o  a pH o f  6 t o  8 

min imizes adverse d i s p o s a l  e f f e c t s  as w e l l  as cor ros iveness  t o  process 
equipment (U.S. EPA 1980). 

The f o l l o w i n g  i n f o r m a t i o n  should be prov ided:  

0 i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  wastewater streams; 

0 p lans  f o r  t rea tment  o f  wastewater streams, i n c l u d i n g  
cont ingency p l a n s  f o r  d i s p o s a l  o f  s p o i l e d  batches; 

0 d e s c r i p t i o n  o f  t h e  e x i s t i n g  c o n d i t i o n  o f  t h e  r e c e i v i n g  
system based on an expansion o f  general  b a s e l i n e  
i n f o r m a t i o n ;  and 

0 an a n a l y s i s  o f  t h e  impacts on t h e  r e c e i v i n g  system and 
any o t h e r  a f f e c t e d  l a n d  o r  water  body. 

7.3.5 Socioeconomics 

The t y p e  and s e v e r i t y  o f  immediate socioeconomic impacts w i l l  be 

r e l a t e d  d i r e c t l y  t o  t h e  s i z e  o f  t h e  work f o r c e  r e q u i r e d  f o r  

c o n s t r u c t i o n  and o p e r a t i o n  and t h e  a v a i l a b l e  pool  o f  workers. The most 

s i g n i f i c a n t  impacts  should be a n t i c i p a t e d  f o r  l a r g e  f a c i l i t i e s  l o c a t e d  

i n  r u r a l  areas where t h e  a v a i l a b l e  l a b o r  f o r c e  i s  smal l  and s e r v i c e s  t o  

suppor t  in-moving workers and t h e i r  f a m i l i e s  a re  l i m i t e d .  For  

1 arge-scal  e f a c i  1 i t  i es , where s i g n i f i c a n t  s o c i  oeconomi c impacts  may 

occur, t h e  f o l l o w i n g  p o i n t s  should be addressed: 

0 impacts on serv ices ,  such as p o l i c e  and f i r e  p r o t e c t i o n ,  
educat ion,  housing, medica l  care, and e s p e c i a l l y  water 
and sewage f a c i l i t i e s ;  

0 t h e  community's a b i l i t y ,  th rough a i d  f rom t h e  p r o j e c t ' s  
proponents, t a x a t i o n ,  grants ,  o r  o t h e r  mechanisms, t o  
m i t i g a t e  any adverse impacts; and 

0 i n  cases where t h e  i n t r u s i o n  c r e a t e s  "boomtown" 
c o n d i t i o n s ,  changes i n  t h e  economic and p o l i t i c a l  base o f  
t h e  area, as w e l l  as e f f e c t s  on such f a c t o r s  as 
l i f e s t y l e ,  mental  h e a l t h  and cr ime. 
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I n  a d d i t i o n ,  some n o t e  should be taken o f  t h e  l e g a l  requi rements 
f o r  e thano l  p roduc t ion ,  i n c l u d i n g  t h e  Bureau o f  A lcohol ,  Tobacco, and 

F i rearms a l c o h o l  f u e l  producers (AFP) permi t .  S e c u r i t y  measures t o  

p revent  i l l e g a l  uses o f  e thano l  produced should a l s o  be considered. 

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

As w i t h  any i n d u s t r i a l  o r  fa rm opera t ion ,  e thanol  p r o d u c t i o n  

i n v o l v e s  r i s k s  and hazards t o  h e a l t h  and safety.  These are  c a t e g o r i z e d  

somewhat a r b i t r a r i l y  as m a t e r i a l  hazards and process hazards. I n  

genera l  t h e  hazards o f  e thano l  p r o d u c t i o n  are  r e l a t i v e l y  minor,  

e s p e c i a l l y  when compared t o  1 arge i n d u s t r i a l  o p e r a t i o n s  such as 

produc ing  s y n f u e l s  f rom coa ls .  

M a t e r i  a1 s and compounds t h a t  may be hazardous i n c l u d e  ethanol  , 
denaturants ,  dehydra t ing  agents, chemicals f o r  a d j u s t i n g  pH, and g r a i n  

dust .  Many o f  these substances c a r r y  t h e  r i s k  o f  f i r e  o r  explos ion,  

w h i l e  some are  t o x i c  o r  d e t r i m e n t a l  t o  human h e a l t h .  

Tab le  17 p r o v i d e s  hazard d a t a  on severa l  o r g a n i c  compounds t h a t  may 

be used. F l a s h  p o i n t ,  vapor pressure,  and lower  f l a m m a b i l i t y  l i m i t  

i n d i c a t e  f i r e  r i s k .  E ther  i s  t h e  most a v a i l a b l e  v o l a t i l e  m a t e r i a l ,  b u t  

e ther ,  benzene, and g a s o l i n e  a l l  have h i g h  e x p l o s i v e  p o t e n t i a l .  E t h y l  

and methy l  a l c o h o l s  i n v o l v e  s i g n i f i c a n t  r i s k s  o f  f i r e ,  b u t  t h e y  are  
somewhat l e s s  e x p l o s i v e  than e ther ,  benzene, and gasol ine.  E thy lene 
g l y c o l ,  which i s  commonly used as a n t i f r e e z e ,  i s  nonflammable and l e s s  

t o x i c  than t h e  o t h e r  m a t e r i a l s .  The ' I th resho ld  l i m i t  va lues"  r e f e r  t o  
a i r b o r n e  c o n c e n t r a t i o n s  and r e p r e s e n t  l e v e l s  b e l i e v e d  t o  be s a f e  f o r  

occupat iona l  exposure. A l though t h e  compounds l i s t e d  i n  Table 17 v a r y  

i n  t h e i r  t o x i c i t y ,  a l l  except  e t h y l e n e  g l y c o l  can cause p o i s o n i n g  and 

death th rough i n h a l a t i o n  o f  t h e  vapors a t  h i g h  concent ra t ions .  

Symptoms r e s u l t i n g  f r o m  h i g h  exposures i n c l u d e  drowsiness, d izz iness ,  

s tupor ,  and unconsciousness. Chronic  exposure can a l s o  be d e t r i m e n t a l  , 
e s p e c i a l l y  w i t h  benzene, a suspected human carcinogen. 

The chemicals used t o  a d j u s t  pH i n c l u d e  sodium hydrox ide  and 

s u l f u r i c  ac id .  I n  concent ra ted  fo rm these substances are  c a u s t i c .  

Contact  w i t h  s k i n  can cause burns, w h i l e  i n h a l a t i o n  o f  vapors o r  m i s t  



Table 17. C h a r a c t e r i s t i c s  of chemical substances p o s s i b l y  handled i n  e thano l  p r o d u c t i o n  

Lower 
f l a m m a b i l i t y  

1 i m i t a  Threshold 
F lash  p o i n t a  Vapor pressurea ( X  volume 1 i m i  t v a l  ueb T o x i c i t y  

(PPm) r a t  i ngC Compou nd Uses O C  (mm Hg a t  25°C) i n  a i r )  

E t h y l  
a l coho l  

Methyl  
a l coho l  

E t  hy 1 e ne 

E t h y l  

g l y c o l  

e t h e r  

Benzene 

Gasol i ned 
(n-octane) 

Motor f u e l  18 (95%) 

De na tu ra  n t  , 12 

14 (100%) 

motor f u e l  

Dehydra t ing  116 
agent 

agent 
Dehydra t i  ng -40 

Dehydrat i nq -1 1 

Dehydra t ing  13 

agent 

agent 
denaturan t  

50 

125 

0.06 a t  
20°C 

439 a t  
2O0C 

100 

10.5 a t  
2O0C 

3.28 1000 Moderately 
t o x i c  

6.72 200 Moderat e 1 y 
t o x i c  

- 

1.9 

1.35 

100 S1 i g h t l y  
t o x i c  

400 Moderate 1 y N 
t o x i c  

A 
aJ 

25 Moderately 
t o x i c  

0.96 500d -d 

aData from: P a t t y  (1963). 

bData from: F a i r c h i l d  (1977). 

‘Based on o r a l  t o x i c i t y  t o  r a t s  

dGasol ine i s  a complex and v a r i a b l e  m i x t u r e  o f  a l i p h a t i c  and aromat ic hydrocarbons. 

( F a i r c h i l d  1977). 

Data f o r  n-octane i n d i c a t e  
f l a m m a b i l i t y ,  w h i l e  t o x i c o l o g i c a l  c h a r a c t e r i s t i c s  a re  dependent o n  conten t  of aromat ics,  e s p e c i a l l y  benzene. 
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can damage lungs. Proper equ pment and h a n d l i n g  procedures are  

r e q u i r e d  f o r  s a f e  use. Small f e r m e n t a t i o n  o p e r a t i o n s  can use more 

d i l u t e  reagents,  such as a s l u r r y  o f  hydra ted  l ime, t o  a d j u s t  pH. 

Repor ts  o f  p a r t i c u l a t e  emissions f rom h a n d l i n g  g r a i n  f rom e l e v a t o r  

o p e r a t i o n s  and f rom d r y i n g  spent g r a i n  range f rom 1.5 t o  2.5 kg/Mg 

g r a i n  handled, r e s p e c t i v e l y  (U.S. EPA 1977). Assuming t h a t  2.7 kg o f  

g r a i n  are needed t o  produce a l i t e r  o f  a lcoho l  (2.5 ga l /bu) ,  t o t a l  

p a r t i c u l a t e  emissions c o u l d  equal  10.7 g/L o f  a lcoho l  produced. 

F u g i t i v e  emissions f r o m  p r o d u c t i o n  and h a n d l i n g  o f  a l c o h o l  migh t  

equal as much as 0.25% o f  t h e  volume produced. Such emissions would be 

g r e a t e r  i f  e thano l  and g a s o l i n e  are mixed a t  t h e  p r o d u c t i o n  s i t e .  

Ethanol  p r o d u c t i o n  w i l l  generate r i s k s  f rom t h e  r o u t i n e  h a n d l i n g  of 

p o t e n t i a l l y  hazardous m a t e r i a l s  and use o f  steam f o r  heat.  Table 18 
l i s t s  hazards and a p p r o p r i a t e  p recaut ions .  An a d d i t i o n a l  hazard i s  t h e  

concept ion  b y  workers t h a t  " i t ' s  o n l y  e thano l "  because t h e y  d r i n k  

e thano l .  T h i s  f a m i l i a r i t y  w i t h  e thano l  r e s u l t s  i n  worker f a i l u r e  t o  

r e a l i z e  t h a t  i t  i s  t o x i c  and should be handled w i t h  care  (Segnar 1981). 

The env i ronmenta l  a n a l y s i s  should i n c l u d e  t h e  f o l l o w i n g  i n f o r m a t i o n  

and a n a l y s i s  i n  t h e  h e a l t h  and s a f e t y  s e c t i o n :  

0 i d e n t i f i c a t i o n  of m a t e r i a l  and process hazards assoc ia ted  
w i t h  t h e  proposed p r o j e c t ;  

0 e v a l u a t i o n  o f  t h e  degree o f  r i s k ;  and 

0 p l a n s  f o r  c o n t r o l l i n g  and m i n i m i z i n g  t h e  r i s k s  o f  
exposure and acc idents .  
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Table 18. Ethanol  p l a n t  hazards (SEIDB 1980) 

Hazards Precaut ions 

Overpressur i  z a t  ion;  
e x p l o s i o n  o f  b o i l e r  

Contact  burns f r o m  
steam l i n e s  

I g n i t i o n  o f  e thano l  
leaks/fumes o r  g r a i n  
d u s t  

R e g u l a r l y  m a i n t a i n  and check s a f e t y  
b o i l e r  "pop" va lves  t h a t  are s e t  t o  
r e l i e v e  pressure  when it exceeds t h e  
maximum s a f e  pressure o f  t h e  b o i l e r  o r  
d e l i v e r y  l i n e s .  

S t r i c t l y  adher t o  b o i l e r  m a n u f a c t u r e r ' s  
o p e r a t i n g  procedure. 

I f  b o i l e r  p ressure  exceeds 1.4 x l o 5  Pa 
(20 p s i ) ,  r e q u i r e  ASME b o i l e r  opera tor  
at tendance d u r i n g  b o i l e r  opera t ion .  

I n s u l a t e  a l l  steam d e l i v e r y  l i n e s .  

I f  e l e c t r i c  pump motors a re  used, use 
f u l l y  enc losed exp los ion-proo f  motors. 

(Opt ion)  Use h y d r a u l i c  pump d r i v e s ;  main 
h y d r a u l i c  pump and r e s e r v o i r  should be 
p h y s i c a l l y  i s o l a t e d  f rom e thano l  tanks,  
dehydra t ion  sec t ion ,  d i s t  i 1 1 a t  i on 
columns and condenser. 

F u l l y  ground a l l  equipment t o  p revent  
s t a t i c  e l e c t r i c i t y  bu i ld -up .  

Never smoke o r  s t r i k e  matches around 
e thano l  tanks,  dehydra t ion  sec t ion ,  
d i s t i l l a t i o n  columns, o r  condenser. 

Never use meta l  g r inders ,  c u t t i n g  
torches,  welders, etc. ,  around systems 
o r  equipment c o n t a i n i n g  e thano l .  F l u s h  
and vent  a l l  vessels  p r i o r  t o  per fo rming  
any o f  these opera t ions .  
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Table 18. (continued) 

Hazards Precautions 

Scalding from steam 
gasket leaks 

Handling acids/bases 

Suffocation 

Place baffles around flanges t o  direct  
steam j e t s  away from operating areas. 

(Option) Use welded jo in ts  i n  a l l  steam 
delivery l ines.  

Never breathe the fumes of concentrated 
acids or bases. 

Never store concentrated acids in carbon 
s teel  containers. 

Mix or d i lu te  acids and bases slowly, 
allow heat of mixing to  dissipate.  

Immediately flush skin exposed t o  acid 
o r  base with copious quantit ies o f  water. 

Wear goggles whenever handling concen- 
t ra ted acids or bases; f lush eyes w i t h  
water and immediately ca l l  physician i f  
any gets i n  eyes. 

Do n o t  store acids o r  bases over work 
areas or equipment. 

Do n o t  carry acids or bases in open 
buckets. 

Select proper materials o f  construction 
fo r  a l l  acid or base storage containers, 
delivery a i d s ,  valves, e tc .  

Never enter the grain b i n s ,  fermenters, 
beer well, or s t i l l age  tanks unless they 
are properly vented. 
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APPENDIX A 

DESCRIPTION OF THE AFFECTED ENVIRONMENT 

The assessment of project-re1 ated environmental impacts must be 
based in part on baseline data that describe site conditions before any 
project activities are initiated. Baseline information for the site 
and its immediate vicinity is often readily available from land owners 
and government agencies involved with resource management (e.g., U.S. 

Fish and Wildlife Service, Soil Conservation Service, and the 
Environmental Protection Agency). Often a general description of a 
site can be developed on the basis of such existing information plus a 
visit to the site to confirm that the available information is relevant 
to the site under consideration. 

A major concern of government agencies in assembling a baseline 
description is to avoid the needless collection of  detailed site data 
which will not affect the final decision on whether or not to approve 
the project. To determine what information is necessary, the general 
categories of environmental concerns summarized in Table A.l should be 
reviewed for each project. The amount of detail needed for each 
category will vary with the type of project, the characteristics of the 
site, the anticipated environmental impacts, and the type of decision 
that is being considered. For example, if the agency decision is on 
final project approval and the information will be used as a basis for 
an environmental impact statement, more specific information may be 
needed than if the decision is to determine whether significant impacts 
are likely to occur and the information will be used as a basis for an 
environmental assessment. 

At the minimum, the affected environment section should present a 
general description of the major environmental features of the site and 
a more detailed description of those features that are likely to be 
affected by project activities. A well-prepared section on the 
affected environment will provide the necessary background for the 
section on potentially significant issues and will assist in focusing 
the latter section on the evaluation of impacts. 



Tab le  A . l .  I n f o r m a t i o n  needed f o r  d e s c r i b i n g  t h e  e x i s t i n g  environment o f  t he  s i t e  and i t s  sur round ings  

Poss ib le  sources o f  i n f o r m a t i o n  Type o f  i n f o r m a t i o n  Category 

1 .  

2. 

3. 

4. 

5. 

Land use and zon ing  Maps and t a b l e s  showing p resen t  l and  use on the  s i t e  and 
su r round ing  area; l and  ownership;  r e g i o n a l ,  s t a t e ,  and 
l o c a l  land-use p lans  and c o n t r o l s  p e r t i n e n t  t o  t h e  s i t e  
and su r round ing  area. 

F loodp la ins  and 
wet lands  

Prime and unique 
fa rmlands  

C u l t u r a l  and 
a e s t h e t i c  resources  

Geoloqy 

6. T e r r e s t r i a l  and 
aqua t i c  eco logy  

7. Endangered and 
th rea tened  spec i e s  

Maps showing t h e  l o c a t i o n s  o f  t h e  100- and 500-year 
f l o o d p l a i n s  and o n s i t e  wet lands :  t a b l e  showing o n s i t e  
a rea  (hec ta res )  f o r  each f l o o d p l a i n  o r  wet land;  d e s c r i p -  
t i o n  o f  each o n s i t e  wet land,  i n c l u d i n g  dominant f e a t u r e s  
and abundance o f  each wet land type. 

S o i l s  map o f  t h e  s i t e ;  d e s c r i p t i o n  o f  o m i t e  s o i l  
t ype ;  a rea  ( h e c t a r e s )  o f  s o i l  on t h e  s i t e  t h a t  i s  
c l a s s i f i e d  as pr ime o r  un ique fa rmland.  

L o c a t i o n  and d e s c r i p t i o n  o f  c u l t u r a l  and a e s t h e t i c  
resources  on o r  i n  t h e  v i c i n i t y  o f  t h e  s i t e ,  i n c l u d i n g  
h i s t o r i c  and a rchaeo log ica l  s i t e s ,  I n d i a n  t r i b a l  
resources ,  scen ic ,  and o t h e r  aes the t i c  resources .  

Geo log ica l  bedrock,  and su r face  fo rma t ions ;  topography; 
l o c a t i o n  and d e s c r i p t i o n  o f  p o t e n t i a l  geo' logic hazards, 
i n c l u d i n g  c o n s i d e r a t i o n  o f  s lope s t a b i l i t y ,  mass move- 
ment, f a u l t s ,  subsidence, se t t l emen t ,  l i q u e f a c t i o n ,  and 
v o l c a n i c  a c t i v i t y ;  economica l l y  recove rab le  energy and 
m i n e r a l  resources .  

Map and d e s c r i p t i o n  o f  v e g e t a t i o n  types  o n  t h e  s i t e ;  
w i l d l i f e  spec ies  and h a b i t a t s ;  presence o f  ra re ,  unique, 
o r  impor tan t  e c o l o g i c a l  communit ies o r  h a b i t a t s ;  d e s c r i p -  
t i o n  o f  aqua t i c  h a b i t a t  t ypes  and aqua t i c  spec ies  present  
i n  water  bod ies .  

L i s t s  and d e s c r i p t i o n s  o f  f e d e r a l  and s t a t e  endangered, 
th rea tened,  r a r e ,  and p r o t e c t e d  spec ies  and t h e i r  c r i t -  
i c a l  h a b i t a t  p resent  i n  the  r e g i o n  o f  t he  s i t e ;  observa- 
t i o n s  and r e p o r t s  o f  such spec ies  and h a b i t a t s  on  the  
s i t e  o r  on  o t h e r  areas t o  be  a f f e c t e d  by t h e  p r o j e c t .  
Formal c o n s u l t a t i o n  w i th  t h e  U.S. F i s h  and W i l d l i f e  
Se rv i ce  i s  t h e  r e s p o n s i b i l i t y  o f  t he  f e d e r a l  a c t i o n  
agency; an a p p l i c a n t ,  however, shou ld  p rov ide  any 
i n f o r m a t i o n  ob ta ined  f rom i n i t i a l  con tac ts ,  i n c l u d i n g  
cop ies  o f  any correspondence concern ing  t h e  p r o j e c t .  

S ta te ,  r e g i o n a l ,  and l o c a l  p l a n n i n g  comniss ions ;  s t a t e  agencies,  
such as Departments o f  Conserva t ion ,  F i s h  and Game, and Parks;  
f e d e r a l  agencies,  such as U.S. Geo log ica l  Survey, S o i l  Conserva- 
t i o n  Serv ice ,  Bureau o f  Land Management, F o r e s t  Serv ice ;  o n s i t e  
obse rva t i ons .  

FEMA F lood Insurance Rate  Maps and F lood  Hazard Boundary Maps; 
USGS topograph ic  maps; county  s o i l  surveys ;  U.S. F i s h  and Wi ld -  
l i f e  Se rv i ce  N a t i o n a l  Wet lands Inven to ry ;  o n s i t e  obse rva t i ons .  

U.S. S o i l  Conserva t ion  S e r v i c e  - c o n t a c t  s t a t e  s o i l  conserva-  
t i o n i s t  and l o c a l  s o i l  c o n s e r v a t i o n  o f f i c e ;  s t a t e  a g r i c u l t u r a l  
c o l l e g e s .  

S t a t e  h i s t o r i c  p r e s e r v a t i o n  o f f i c e ;  N a t i o n a l  R e g i s t e r  o f  
H i s t o r i c  Places; Na t iona l  R e g i s t e r  o f  N a t u r a l  Landmarks; U . S .  
Bureau o f  I n d i a n  A f f a i r s ;  l o c a l  t r i b a l  headquar te rs ;  o n s i t e  
ob ser  v a t  i o ns . 
U.S. Geo log ica l  Survey n a t i o n a l  d i s t r i b u t i o n  cen te r ,  Reston, 
V i r g i n i a ;  USGS d e p o s i t o r i e s  of  p u b l i c a t i o n s  a t  s t a t e  land g ran t  
u n i v e r s i t i e s ;  s t a t e  g e o l o g i s t ;  USGS topograph ic  and land-use 
maps; o n s i t e  obse rva t i ons .  

--1 

Lo 
0 

E c o l o g i s t s  and o t h e r  b i o l o g i s t s  a t  l o c a l  and s t a t e  c o l l e g e s  and 
u n i v e r s i t i e s ;  p r i v a t e  e n v i r o m e n t a l  and c o n s e r v a t i o n  o rgan iza -  
t i o n s ;  s t a t e  f i s h  and game and c o n s e r v a t i o n  agencies;  o n s i t e  
obse rva t i ons ,  U . S .  F i s h  and W i l d l i f e  Se rv i ce  h a b i t a t  e v a l u a t i o n  
procedures .  

Federa l  l i s t  o f  endangered and th rea tened  species,  pub l i shed  
a n n u a l l y  and updated as needed i n  the  Federa l  Reg is te r ;  s t a t e  
l i s t s  o f  endangered and th rea tened  s p e c i e s , e n e r a l  l y  pub l i shed  
by s t a t e  departments o f  f i s h  and game or conserva t i on ;  l o c a l  
chapters  o f  o r g a n i z a t i o n s  concerned w i t h  e n v i r o n e n t  and conser -  
v a t i o n  (e.g., t h e  Na t iona l  Audubon Soc ie ty  o r  t he  Na t iona l  Wi ld -  
l i f e  Federa t i on ) .  



Table A . l .  Cont inued 

Category Type o f  i n f o r m a t i o n  Poss ib le  sources of i n f o r m a t i o n  

8. Groundwater 

9. Sur face  water 

D e s c r i p t i o n  o f  groundwater resources  t h a t  migh t  be 
a f f e c t e d  by t h e  p r o j e c t ,  i n c l u d i n g  a q u i f e r  c h a r a c t e r i s -  
t i c s ,  f l o w  system c h a r a c t e r i s t i c s ,  compet ing  water  use 
and a v a i l a b i l i t y ,  water q u a l i t y ,  and d e s i g n a t i o n  o f  any 
so le -source  a q u i f e r .  

D e s c r i p t i o n  o f  sur face  water  f e a t u r e s  t h a t  w i l l  be 
a f f e c t e d  by t h e  p r o j e c t ;  a map showing t h e  d ra inage  p a t -  
t e r n  o f  t he  s i t e  and i t s  sur round ings  and o n s i t e  water 
bod ies ;  d a t a  on  water  a v a i l a b i l i t y  and water  q u a l i t y  o f  
a f f e c t e d  water bod ies .  

10. C l imate  and a i r  C l i m a t i c  parameters,  such as, average tempera tures ,  
q u a l i t y  r e l a t i v e  humid i ty ,  p r e c i p i t a t i o n ,  wind d i r e c t i o n  and 

speed, w ind  s t a b i l i t y  c lasses ,  m i x i n g  he igh ts ,  f o g  occur -  
rence, and me teo ro log i ca l  extremes (e.g., t o rnado  o r  h u r -  
r i c a n e  f requency) ;  i d e n t i f i c a t i o n  o f  a i r  q u a l i t y  c o n t r o l  
reg ions  i n  wh ich  t h e  s i t e  i s  l oca ted  and those  a f f e c t e d  by 
emiss ions  f rom the  f a c i l i t y ;  d e s c r i p t i o n  o f  t he  a t ta inmen t  
o r  nonat ta inment  s t a t u s  f o r  t h e  c r i t e r i a  p o l l u t a n t s ;  
d e s c r i p t i o n  o f  p resent  ambient a i r  q u a l i t y ;  S t a t e  Imp le-  
men ta t i on  P l a n  (S IP)  r e s t r i c t i o n s ;  l o c a t i o n  o f  any Class 1 
area  (nondegradat ion  areas, e.g., w i l de rness  areas o r  
n a t i o n a l  p a r k s )  a f f e c t e d  by p r o j e c t  emiss ions ;  d i s c u s s i o n  
o f  t r e n d s  i n  p o l l u t a n t  l e v e l s  over t i m e  where d a t a  on a i r  
q u a l i t y  i s  r e a d i l y  a v a i l a b l e .  

11. Noise E x i s t i n g  ambient background no ise  l e v e l s  on  t h e  s i t e  and 
i n  the  v i c i n i t y ;  ma jor  e x i s t i n g  o r  planned no ise  sources 
and s e n s i t i v e  receptors .  

12. Socioeconomics D e f i n i t i o n  o f  socioeconomic impact r e g i o n ;  c u r r e n t  and 
p r o j e c t e d  p o p u l a t i o n  and r e l e v a n t  demographic cha r -  
a c t e r i s t i c s ;  l o c a l  government revenues, expend i tu res ,  and 
revenue-shar i  ng arrangements; c u r r e n t  and p r o j e c t e d  hous- 
i ng capac i t y ;  c u r r e n t  and planned p u b l i c  s e r v i c e  c a p a c i t y  
(water ,  sewer, t r a n s p o r t a t i o n ,  p o l i c e ,  f i r e ,  hea l th ,  educa- 
t i o n ,  and we l fa re )  ; economic s t r u c t u r e  and l a b o r  f o r c e  
c h a r a c t e r i s t i c s ;  l o c a l  government c h a r a c t e r i s t i c s ;  l o c a l  
o r g a n i z a t i o n s  and i n t e r e s t  groups; s o c i a l  s t r u c t u r e  and 
l i f e  s t y l e s ;  l o c a l  support  o r  o p p o s i t i o n  t o  t h e  proposed 
p r o j e c t .  

U.S. Geo log ica l  Survey; U.S. Env i ronmenta l  P r o t e c t i o n  Agency; 
de legated  s t a t e  agencies f o r  a d m i n i s t e r i n g  E P A  p e r m i t  programs; 
s t a t e  geo log ica l  survey ;  g e o l o g i s t s  and h y d r o l o g i s t s  a t  l o c a l  
and s t a t e  co l l eges  and u n i v e r s i t i e s ;  N a t i o n a l  Waterwel l  Assoc ia -  
t i o n .  

USGS topograph ic  maps; a e r i a l  photographs; comprehensive d a t a  
bases such as Water Resources Abs t rac ts ,  WATSTORE, NAWDEX, and 
STORET; s t a t e  and f e d e r a l  agencies r e s p o n s i b l e  f o r  p e r m i t t i n g ,  
i n c l u d i n g  U.S. Env i ronmenta l  P r o t e c t i o n  Agency, U.S. Army Corps 
o f  Engineers,  and de legated  s t a t e  agencies;  o n s i t e  obse rva t i ons .  

Na t iona l  Weather S e r v i c e  o r  Federa l  A v i a t i o n  A d m i n i s t r a t i o n  
s t a t i o n s ;  Na t iona l  C l i m a t i c  Center,  A s h e v i l l e ,  Nor th  Caro l i na ;  
l o c a l  a i r p o r t s ;  U.S. Env i ron iwn ta l  P r o t e c t i o n  Agency o r  s t a t e  
agency de legated  t o  admin i s te r  a i r  q u a l i t y  pe rm i t s ;  o t h e r  
i n d u s t r i a l  o r  research  f a c i l i t i e s  t h a t  c o l l e c t  c l i m a t i c  o r  a i r  
q u a l i t y  da ta .  

Ons i te  measurements; c o n t a c t s  w i t h  l o c a l  and s t a t e  agencies;  
examinat ion  o f  a rea  maps. 

U.S. Bureau o f  Census p u b l i c a t i o n s ;  p e r t i n e n t  government and 
p r i v a t e  r e p o r t s ;  academic r e p o r t s  - e s p e c i a l l y  by l o c a l  
i n s t i t u t i o n s ;  l o c a l  newspapers; i n t e r v i e w s  w i t h  government 
o f f i c i a l s ,  researchers ,  and i n t e r e s t e d  p a r t i e s ;  i n s p e c t i o n  o f  
t h e  s i t e  and reg ion .  
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APPENDIX B 

OUTLINE FOR AN ENVIRONMENTAL ANALYSIS 

T h i s  appendix descr ibes  one way o f  o r g a n i z i n g  an env i ronmenta l  

a n a l y s i s  b e i n g  prepared f o r  submission t o  a government agency. Many 

agencies have s p e c i f i c  fo rmat  and i n f o r m a t i o n  requirements.  The 

o r g a n i z a t i o n  presented here i s  g e n e r a l l y  compat ib le  w i t h  these types  o f  

requi rements.  The amount o f  i n f o r m a t i o n  t h a t  should be i n c l u d e d  i n  

each s e c t i o n  descr ibed below w i l l  depend on t h e  t y p e  and s i z e  o f  t h e  

p r o j e c t  and t h e  s i g n i f i c a n c e  o f  t h e  a n t i c i p a t e d  env i ronmenta l  impacts. 

B . l  SUMMARY 

A summary o f  t h e  i n f o r m a t i o n  conta ined i n  t h e  environmental  

a n a l y s i s  should i n c l u d e  a b r i e f  d e s c r i p t i o n  o f :  

0 t h e  t y p e  o f  p r o j e c t ,  

0 t h e  processes t o  be used, 

0 p r i n c i p a l  emissions and discharges, 

0 major  f e a t u r e s  o f  t h e  s i t e  and o t h e r  a f f e c t e d  areas, 

0 t h e  impacts t h a t  have been i d e n t i f i e d ,  and 

0 p lans  f o r  m i t i g a t i o n  and mon i to r ing .  

6.2 DESCRIPTION OF THE PROPOSED PROJECT 

T h i s  s e c t i o n  should p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  on t h e  p h y s i c a l  

p l a n t ,  t h e  process, and t h e  waste streams (atmospher ic  emissions, 

l i q u i d  e f f l u e n t s ,  and s o l i d  wastes) t o  e v a l u a t e  t h e  environmental ,  

hea l th ,  s a f e t y ,  and socioeconomic impacts o f  t h e  proposed p r o j e c t .  

Both o n s i t e  and o f f s i t e  f a c i l i t i e s  and a c t i v i t i e s  should be descr ibed.  

B.2.1 Purpose and Need 

The env i ronmenta l  a n a l y s i s  should d iscuss  t h e  purpose o f  t h e  

p r o j e c t ,  t h e  types  o f  p roduc ts  and by-products  produced, and t h e  
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in tended market f o r  t h e  product .  The t y p e  o f  government involvement 

should be c l e a r l y  s ta ted ,  and, i n  cases where an a p p l i c a n t  i s  seeking 

f i n a n c i a l  suppor t  o r  approval  , a l t e r n a t i v e s  a v a i l a b l e  i f  no suppor t  

were t o  be p r o v i d e d  should be discussed. 

B.2.2 S i t e  D e s c r i p t i o n  and L o c a t i o n  

The l o c a t i o n  o f  t h e  s i t e  and i t s  geographic c o n t e x t  should be 

descr ibed.  A genera l  map a t  t h e  s t a t e  and/or r e g i o n a l  l e v e l  showing 

t h e  l o c a t i o n  o f  t h e  s i t e  and o t h e r  a f f e c t e d  areas should be prov ided.  

Also, U n i t e d  S t a t e s  Geo log ica l  Survey (USGS) topograph ic  quadrangle 
maps ( p r e f e r a b l y  7.5 min. s c a l e )  should be inc luded showing t h e  

boundar ies o f  t h e  s i t e  and o t h e r  a f f e c t e d  areas. 

B.2.3 P l a n t  D e s c r i p t i o n  and S i t e  P lan  
The env i ronmenta l  a n a l y s i s  s h o u l d  d e s c r i b e  t h e  f a c i l i t i e s  t h a t  are 

planned f o r  t h e  proposed p r o j e c t .  I n  a d d i t i o n  t o  t h e  proposed 

f a c i l i t i e s ,  e x i s t i n g  f a c i l i t i e s  on t h e  s i t e ,  o f f s i t e  a n c i l l a r y  

f a c i l i t i e s  t h a t  w i l l  be r e q u i r e d  by t h e  proposed p r o j e c t ,  and 

f a c i l i t i e s  t h a t  are i n c l u d e d  i n  any p l a n s  f o r  f u t u r e  expansion should 

be descr ibed.  For  example, t h e  f o l l o w i n g  types  o f  f a c i l i t i e s  should be 

descr ibed f o r  a p r o j e c t  t h a t  i n c l u d e s  s u r f a c e  mining, separat ion,  and 

upgrading opera t ions :  

0 w e l l  f i e l d  o r  s u r f a c e  mine; 

0 s e p a r a t i o n  f a c i l i t i e s ;  

0 f l u i d  coker; 

0 n i t r o g e n  generator ;  

0 amine p l a n t ;  

0 hydrogen p l a n t ;  

0 h y d r o t r e a t e r  s ; 

0 Claus p l a n t ;  
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e steam and power genera t ion  p l a n t ;  

e r e l i e f  and blowdown system; 

e tankage and i n t e r c o n n e c t i n g  p i p i n g ;  

0 raw and c o o l i n g  water d i s t r i b u t i o n  systems; 

e c o o l i n g  towers and r e c y c l e  water  f a c i l i t i e s ;  

e t r a n s m i s s i o n  l i n e s ,  p i p e l i n e s ,  access roads, and r a i l  
spurs; 

0 ash h a n d l i n g  and d isposa l  f a c i l i t i e s ;  

0 s e t t l i n g  ponds and o t h e r  waste d isposa l  f a c i l i t i e s ;  

e sewage t rea tment  f a c i l i t i e s ;  and 

e f i r e  p r o t e c t i o n  f a c i l i t i e s .  

A s i t e  p l a n  should be p r o v i d e d  showing t h e  l a y o u t  o f  proposed 

f a c i l i t i e s  assoc ia ted  w i t h  c o n s t r u c t i o n  and opera t ion .  

B.2.4 C o n s t r u c t i o n  

Resources needed f o r  c o n s t r u c t i n g  t h e  proposed p r o j e c t  should be 

descr ibed,  i n c l u d i n g  requi rements f o r  land, m a t e r i a l s ,  water, l a b o r  

supply,  and community s e r v i c e s  (e.g. , water t rea tment  f a c i l i t i e s ,  

s a n i t a r y  l a n d f i l l s ,  and roads) .  A d iagram o f  t h e  s i t e  showing t h e  

l o c a t i o n  o f  a l l  c o n s t r u c t i o n  a c t i v i t i e s  (e.g., lay-down areas o r  
c o n s t r u c t i o n  waste d i s p o s a l  s i t e s )  and a proposed schedule showing t h e  

major phases o f  c o n s t r u c t i o n  should be prov ided.  

B.2.5 Ouera t ion  

A d e s c r i p t i o n  should be i n c l u d e d  o f  m a t e r i a l s ,  energy, and 

manpower r e q u i r e d  by t h e  proposed p r o j e c t ;  t h e  process f l o w ;  and t h e  

products,  by-products,  and waste streams produced by f a c i l i t y  

opera t ions .  
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B.2.5.1 Resources 
Resources needed for plant operation should be described, 

including: 

0 sources, amounts, and transportation of feedstocks; 

0 energy sources, water, and other materials (e.g., 
catalysts or injection fluids); 

0 labor requirements disaggregated by craft; 

labor availability and use; and 

0 availability of community services. 

8.2.5.2 Plant design and process flow 
The basic plant design and process flow should be described, 

giving an overview of the entire operation and emphasizing those steps 
in the process where inputs are required and effluents generated. 
Options available for such process steps as pollution abatement or well 
injection should be described briefly. Process flow diagrams should be 
i ncl uded. 

B.2.5.3 Wastes and effluents 
Solid, liquid, and gaseous effluents and wastes should be 

characterized in terms of their composition and the quantities 
produced. Special emphasis should be given to toxic and hazardous 
substances. Plans for treatment and/or disposal should be described. 

B.2.5.4 Schedule of operations 
A schedule of operations that includes both the initial shakedown 

period and normal operations should be provided. Any future plans for 
expanding or reducing operations should be discussed. 

B.2.5.5 Planned mitigation and monitoring 

programs that are part of the proposed project should be described. 
Mitigation measures (including reclamation plans) and monitoring 
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T h i s  s e c t i o n  shou ld  c o l l a t e  and summarize s p e c i f i c  m i t i g a t i o n  measures 

and m o n i t o r i n g  programs t h a t  have been developed f o r  each p o t e n t i a l l y  

s i g n i f i c a n t  i s s u e  and should a l s o  i n c l u d e  a l i s t  o f  s tandard  good 

management p r a c t i c e s  t h a t  w i l l  be implemented. Planned m i t i g a t i o n  

measures t h a t  w i l l  be implemented t o  m in im ize  o r  avo id  adverse impacts 

d u r i n g  c o n s t r u c t i o n ,  ope ra t i on ,  and decommissioning should be 

descr ibed.  I n  a d d i t i o n ,  a m o n i t o r i n g  program should be presented 

showing t h e  l o c a t i o n  o f  m o n i t o r i n g  s t a t i o n s  and t h e  t ypes  and 

f r e q u e n c i e s  o f  d a t a  t o  be c o l l e c t e d  f o r  each phase o f  p r o j e c t  a c t i v i t y  

( i  .e. , p r e c o n s t r u c t i o n ,  c o n s t r u c t i o n ,  ope ra t i on ,  and decommissioning). 

The env i ronmenta l  a n a l y s i s  should i n d i c a t e  how t h e  m o n i t o r i n g  programs 

d u r i n g  c o n s t r u c t i o n  and o p e r a t i o n  a re  r e l a t e d  and how t h e y  d i f f e r .  A 

d i s c u s s i o n  shou ld  a l s o  be i n c l u d e d  o f  how t h e  m o n i t o r i n g  d a t a  w i l l  be 

eva lua ted  and used and how p e r m i t  m o n i t o r i n g  requi rements w i l l  be 

i n t e g r a t e d  i n t o  t h e  o v e r a l l  program. 

6.2.6 P e r m i t s  and Approvals  

An env i ronmenta l  a n a l y s i s  should l i s t ,  descr ibe,  and d i scuss  t h e  
s t a t u s  o f  pe rm i t s ,  1 icenses, and approvals  r e q u i r e d  by  f e d e r a l  , s t a t e ,  

r e g i o n a l ,  and l o c a l  agencies and I n d i a n  t r i b e s .  A l i s t  o f  agencies and 

persons c o n t a c t e d  should a l s o  be prov ided.  

B.3. ALTERNATIVES 

Comparison o f  t h e  env i ronmenta l  impacts assoc ia ted  w i t h  p r o j e c t  
a l t e r n a t i v e s ,  i n c l u d i n g  t h e  proposed p r o j e c t ,  i s  u s u a l l y  an impor tan t  

p a r t  o f  an env i ronmenta l  a n a l y s i s .  The range o f  a l t e r n a t i v e s  t o  be 

cons ide red  and t h e  e x t e n t  o f  t h e  analyses r e q u i r e d  depend t o  some 

e x t e n t  on p r e v i o u s l y  conducted s t u d i e s  t h a t  may i n c l u d e  g e n e r i c  o r  

programmatic a l t e r n a t i v e s  such as t h e  use o f  a l t e r n a t i v e  energy 

resources. I f  such s t u d i e s  a re  a v a i l a b l e ,  t h e y  may be i n c o r p o r a t e d  by 

r e f e r e n c e  i n t o  t h e  env i ronmenta l  a n a l y s i s .  

The a n a l y s i s  o f  a l t e r n a t i v e s  should d i scuss  those  a l t e r n a t i v e s  

considered d u r i n g  p r o j e c t  p l a n n i n g  ( i n c l u d i n g  t h e  n o - a c t i o n  

a l t e r n a t i v e ) ,  t h e  env i ronmenta l  impacts assoc ia ted  w i t h  each 
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a l t e r n a t i v e ,  and t h e  s e l e c t i o n  process used t o  choose t h e  proposed s i t e  

and process design. 

B.4. THE AFFECTED ENVIRONMENT 
T h i s  s e c t i o n  o f  an env i ronmenta l  a n a l y s i s  should descr ibe  t h e  

environment o f  t h e  s i t e  and t h e  r e g i o n  i n  s u f f i c i e n t  d e t a i l  t o  p r o v i d e  

an overv iew o f  t h e  environment t h a t '  w i l l  be a f f e c t e d  by t h e  proposed 

p r o j e c t  and genera l  background i n f o r m a t i o n  f o r  e v a l u a t i n g  p o t e n t i a l l y  

s i g n i f i c a n t  environmental  impacts (Appendix A). The i n f o r m a t i o n  

prepared f o r  t h i s  s e c t i o n  should a l s o  be used t o  ensure t h a t  a l l  

p o t e n t i a l  env i ronmenta l  impacts have been i d e n t i f i e d  and adequately 

evaluated.  

B.5. POTENTIALLY SIGNIFICANT ISSUES 

Each p o t e n t i a l l y  s i g n i f i c a n t  i s s u e  t h a t  has been determined t o  be 
r e l e v a n t  t o  a p a r t i c u l a r  p r o j e c t  should be d iscussed i n  d e t a i l  i n  t h i s  

sec t ion .  B a s e l i n e  i n f o r m a t i o n  should be presented i n  s u f f i c i e n t  

d e t a i l  t o  p e r m i t  an independent e v a l u a t i o n  o f  t h e  s i g n i f i c a n c e  o f  
p r o j e c t - r e l a t e d  impacts by t h e  agency t o  which t h e  environmental  

a n a l y s i s  i s  submi t ted.  An a n a l y s i s  o f  impacts should be presented, 

i n c l u d i n g  an e v a l u a t i o n  o f  t h e i r  s i g n i f i c a n c e  and a d i s c u s s i o n  o f  

m i t i g a t i o n  measures planned f o r  m i n i m i z i n g  adverse e f f e c t s .  Methods 

used i n  c o l l e c t i n g  and ana lyz ing  t h e  d a t a  should be descr ibed.  Lengthy 

d iscuss ions  o f  methodology should be r e l e g a t e d  t o  an appendix. Data 

summaries are g e n e r a l l y  a p p r o p r i a t e  f o r  t h i s  sec t ion ,  b u t  t h e  a c t u a l  

d a t a  should be e i t h e r  i n c o r p o r a t e d  i n t o  an appendix o r  assembled i n  a 

separate document t h a t  can be made a v a i l a b l e  on reques t  f o r  agency 

review. 




