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FOREWORD 
. . .  

. I 

This document i s  an Environmental Report on the. Memphis 

Light, Gas and Water Division Indust r ia l  Fuel Gas Demon- 

s t r a t i o n  Plant. T h i s  repor t  was prepared f o r  ~ e m ~ h i s  

Light, Gas and Water Divis.ion f o r  submission. t o  the  

U.S. Department of Energy under Contract ET-77-C-01-2582. 

T h i s  document i s  Volume I of a three-vol ume Env i  ron- 
' R 

mental Report. Volume I consis ts  of the Summary, 

Introduction and the Description of the  Proposed 

Action. Volume I1  cons i s t s  of the Descripti,on of 
the  Existing Environment. Volume I11 contains the  
Environmental Impacts of the  Proposed Action, Miti- 

gating Measures. and A1 t e rna t i  ves t o  the  . Pro'posed 

Action. 
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SECTION S.0 

SUMMARY 

S. 1 INTRODUCTION 
. 

This environmental r epo r t  describes the proposed ac t ion  t o  construct, t e s t  and 

operate a coal gas i f i ca t i on  demonstration p l a n t  i n  Memphis, Tennessee, under 

the co-sponsorship o f  the Memphis Light ,  Gas and Water D i v i s i on  (MLGW) and the 

U. S. Department o f  Energy (DOE). 

, 

The p lan t ,  designated the I ndus t r i a l  Fuel Gas Demonstration P lan t  (IFGDP), 

w i l l  convert h igh-su l fur  eastern bituminous coal i n t o  - approximately.171 - - - -  ...- m i l l i o n  R 

standard cubic f e e t  per  day of environmentally c lean medium-Btu gas having a 

heat ing value o f  300 - + 30 Btu per standard cubic foot .  This gas w i l l  be 

usable by i n d u s t r i a l  customers i n  the Memphis area as combustible fue l  i n  

place of . .natural  gas and fuel o i  1. The IFGDP w i l l  a lso  produce elemental 

s u l f u r  as a commerci'al by-p'roduct. 

The IFGDP w i  11 incorporate a " c r e d i t  generationU system t o  assure re1 i a b i  1 i t y  

o f  gas supply t o  customers. A po r t i on  o f  the i n d u s t r i a l  fue l  gas (IFG) 

produced w i l l  be normally converted i n t o  pipe1 ine  gas having a heating value 

o f  950 Btu per standard cubic f o o t  and a composition near ly i den t i ca l  t o  - - - - - - - - - - - - - - - - -  - R 
natura l  gas,  The " c r e d i t  generationii system w i l l  convert approximately 16.7 - - - -  - - - - - - - -  - - - - -  - - - - - - - - - -  - - - -  - -  R 

million standard cubic f e e t  ger day o f  IFG i n t o  approximately 4.3 m i  11 i o n  - - - - - - - - -  - -  - - - - - - -  , - - - -  C - - - -  R 

standard cubic f e e t  pe r  d q  o f  p i pe l i ne  gas. This p i pe l i ne  gas w i l l  be - - - - - - - - - -  - -  - - - - - -  - R 
suppl ied t o  the Memphis natural-gas d i s t r i b u t i o n  system t o  generate c red i t s  

which can be withdrawn l a t e r  as required. 

Figure S-1 i s  a p i c t o r i a l  schematic o f  the-overall p l an t  showing the major 

mater ia l  inputs t o  the p l a n t  (coal , -steam, a i r )  and the major products and by- 

products (IFG, pipe1 ine  gas, elemental su l fu r ) .  The rates o f  mater ia l  supply 

and production f o r  the p l a n t  under normal condi t ions w i t h  three g a s i f i e r s  

operat ing a t  f u l l  capacity are a lso shown. 

It i s  planned t h a t  the IFGDP w i l l  begin operating i n  1984 f o r  a per iod o f  

demonstration t e s t i n g  t o  b\e fol lowed by commercial operation o f  the p lant .  

The p r o j e c t  l i f e  i s  estimated t o  include 4 years f o r  de ta i led  engineering 



1 0 0  TONS/DAY 
. 4.3,MILLION SCF/DAY R 

MAJOR P I  ANT MATERIAL REQUIREMENTS ( 9 5 0  BTU/SCF) 

CORL - 3158 tons/day 154 M I L L I O t I  iCF /DAY 

WATER - 2.71 mtl1,ion gallons/day (330 t L;T!;/',SI'j 

A I R  - 11.133 tons/day 

MOTE: I h e  product f low ra tes '  a r e  . 
stven  f o r  the case o f  three L25 TONS/DAY 
g s l f f e r s  opera t ing  a t  f u l l  
capact t y .  

. . 

F igure  S-1 . P i c t o r i a l  Schematic of t he  Memphis I n d u s t r i a l  Fuel Gas Demonstration 
P l a n t  Showing Ma te r i a l  Requirements and End Products 



design and:~construction',  2 years f o r  demonstration t e s t i  ng and 20 years f o r  

commercial operat ion o f  the 'p lant .  
. . 

The p l a n t  as proposed w i l l  meet a l l  present ly  appl icable  f edera l ,  s t a t e  and 

loca l  environmental regulat ions.  



S.2 PROJECT BACKGROUND 

I n  1976, the U.S. Department o f  Energy (DOE), which a t  the t ime was the U. S. . 

Energy Research and Development ~ d m i  n i  s t r a t i  on, announced i t  would co-sponsor 

a ser ies  ' o f  coal g a s i f i c a t i o n  demonstrati on p l an t s  t o  encourage t h e  develop- 

ment o f  p r a c t i c a l  technology fo r  convert ing coal i n t o  a useable gaseous f ue l  

as a means .o f  encouraging .the country '  s energy se l f - su f f i c i ency .  A request 

f o r  proposal, RFP E,-(49-'18)-2043, was issued, and MLGW responded w i t h  a pro- 

posal i n  May 1976. 

I n  1977, MLGW and the W. R. Grace Company were selected by DOE t o  conduct a 

design competi t ion. which could lead t o  the  const ruc t ion and operat ion o f  a 

demonstration plant f o r  i n d u s t r i a l  f ue l  gas. The programs are  being conducted 

i n  phases ' w i t h  costs dur ing each phase borne by 'DOE and the pa r t i c i pan t s  i n  

va ry i  ng proport ions.  The i nformation contai  ned i n t h i s  environmental r epo r t  

has been developed and prepared e n t i r e l y  dur ing Phase I o f  the  MLGW program, 
' , _  

which i s  tota1, ly  f inanced by DOE. 

The ove ra l l  need f o r  t h i s .  p ro j ec t  i s  based both on DOE'S ob jec t ives t o  demon- 

s t r a t e  the techn ica l ,  economic and environmental f e a s i b i l i t y  o f  producing 

synthet ic  gas from coal f o r  i n d u s t r i a l  app l ica t ions and on MLGW's des i re  t o  

a l l e v i a t e  the natura l  gas supply shortage i n  the Memphis area. 

Beginning i n  1975, MLGW, as d i s t r i b u t o r  o'f na tura l  gas i n  the Memphis area, 

experienced sharp seasonal cur ta i lments  o f  natura l  gas from i t s  pipe1 i ne  

supp l ie r ,  Texas Gas Transmission Corporation. These seasonal cur ta i lments  

were passed on t o  i n d u s t r i a l  customers under contracts w i t h  them f o r  i n t e r r u p t -  

able supply. Present usage o f  natura l  gas by indus t ry  i s  about 30 percent 

,below 1974 leve ls ,  and pro jec ted supply l eve l s  o f  natura l  gas w i  11 continue t o  

leave a shortage. The curta i lments have hampered the economic development of 

the area. Therefore, MLGW has a c t i v e l y  sought a l te rna te  sources o f  gaseous 

f ue l  f o r  i t s  customers. 



Most indus t r ies  that'have been cur ta i ' led  i n  their:gas usage have switched' t o  

low-su l fur  d i s t i  1 l a t e  fue l  as t h e i r  a1 ternate  energy source, r e s u l t i n g  i n  

increased.dependence on fo re ign  energy resources. These indus t r ies  are po ten t i a l  , 
IFG customers,. Ava i lab i  1 i t y  o f  coal-derived I F G  w i  11, i n  most cases, d i r e c t l y  

d isplace the use o f  f ue l  o i l  and natural  gas, b e n e f i t t i n g  the general economy 

o f  the ' ~ e m ~ h i s  a r e a  as we1 1 as t h a t  o f  the United States i n  the 1 ong run. 



s.3 DESCRIPTION OF THE PROPOSED PLANT SITE'.AND ENVIRONS 
# 

The proposed s i t e  f o r  t he  p l a n t  i s  located approximately 13 k i lometers  (8 

mi les)  west-southwest o f  downtown Memphis, Tennessee and i s  w i t h i n  t h e  l i m i t s  

o f  b o t h  Shelby County and t h e  City o f  Memphis (see Figure S-2). The s i t e  i s  

on a  peninsula extending i n t o  Ldke McKel lar s i t u a t e d  approximately 1.2 k i lometers  

(4000 fee t )  eas t  of t h e  M iss i ss ipp i  River.  The s i t e  boundaries encompass 0.54 

square k i lometer  (134 acres) o f  land. The s i t e  i s  zoned . f o r  heavy indus t ry ,  

b u t  i n d u s t r i a l  a c t i v i t y  i s  c u r r e n t l y  1  i m i t e d  t o  us ing  p a r t s  o f  t h e  area t o  

rece ive  dredged .materi a1 from Lake McKel 1  ar.  

E leva t ion  -- F igure  5-3 i s  an a e r i a l  photograph o f  t h e  s i t e  and surrounding 

area. Much o f  t h e  s i t e  i s  p r e s e n t l y  a t  an e l e v a t i o n  around 62.5 meters (205 

f e e t )  above mean sea l e v e l .  Por t ions  of t h e  s i t e  are  p e r i o d i c a l l y  f looded, 

p a r t i c u l a r l y  f o l l o w i n g  sp r ing  snowmelt i n  t h e  M i s s i s s i p p i  R ive r  basin. As a  

r e s u l t ,  t h e  s i t e  area w i l l  be e levated p r i o r  t o  cons t ruc t i on  o f  t h e  IFGDP t o  

p r o t e c t  i t  from f lood ing.  Embankments r i s i n g  t o  an e l e v a t i o n  o f  71 meters 
t 

(233 f e e t )  above mean sea l e v e l  w i l l  surround t h e  s i t e .  Th is  e l e v a t i o n  

exceeds t h e  U. S. Army Corps o f  Engineers recommendation f o r  t h e  p r o  jec t -des i  gn 

f lood.  The 100-year f l o o d  l e v e l  a t  t h e  s i t e  i s  about 68.5 meters (224.9 fee t )  

above mean sea l e v e l .  The Presidents I s l a n d  i n d u s t r i a l  complex across Lake 

McKel lar i s  b u i l t  a t  an e l e v a t i o n  o f  70.1 meters (230 f e e t )  above mean sea 

l e v e l .  F i l l  ma te r ia l  f o r  t he  purpose of r a i s i n g  t h e  s i t e  w i l l  be obta ined 

from,near-by dredging operat ions i n  t h e  M iss i ss ipp i  R iver  and w i l l  be sandy i n  

composition. 

Socioeconomics -- The s i t e  area i s  located w i t h i n  t h e  three-county Memphis 

Standard ~ e ' t r o p o l  i t a n  S t a t i s t i c a l  Area (SMSA). Th is  i s  a  major and growing 

met ropo l i t an  area w i t h  s t rengths  i n  wholesale and r e t a i l  t rade,  manufacturing, 

serv ices  and government. Land use i s  predominantly urban, al though the re  i s  a  

s i g n i f i c a n t  amount o f  a g r i c u l t u r a l  l and  remaining. A1 1  t!he f a c i l i t i e s  and 

amenit ies o f  ,comparably-sized SMSA's i n  o ther  p a r t s  o f  t he  country are found 

here, e s p e c i a l l y  t r a n s p o r t a t i o n  f a c i l i t i e s ,  educational systems and medical 

and pub1 i c  h e a l t h  f a c i  1  i t i e s .  Housing, cons t ruc t i on  i s  expanding t o  meet 



F igu re  5-2. Proposed S i t e  fo ;  t h e  Memphis I n d u s t r i a l  Fuel Gas ~ e m o n s t r a ~ o n  P l a n t  - 



Figure 5-3. Aerial Photograph of the Region Surrounding the Site of the 
Proposed Memphis Industrial Fuel Gas Demonstration Plant 



1 cu r ren t  and pro jec ted growth. Populat ion i n  the SMSA i s  increasing, as i s  the 

1 '  l o ca l  l a b o r  force.' This assures an adequate pool '  o f  l oca l  workers f o r  construc- 

t i o n  and operat ion o f  the IFGDP. 

Land Use -- The region around the proposed p l a n t  s i t e  i s  r u r a l  i n  nature and 

a lso  zoned f o r  i n d u s t r i a l  use. A l a rge  area (Frank C. Pidgeon I n d u s t r i a l  

Development) being he ld  f o r  f u tu re  development i s  close-by, as i s  the T. E. 

Maxson Wastewater Treatment Faci 1 i t y  and a large e l e c t r i c a l  generating s t a t i o n  

1 (TVA1s A1 l e n  Generating Plant).  The c losest  community development and housing 
I 
I o f  any s i g n i f i c a n t  ex tent  i s  about 5 ki lometers (3 ini les) from the s i t e ,  west 
I 
I o f  F u l l e r  State Park. A po r t i on  o f  the land on Presidents I s land  and i n  the 

I P i  dgeon. Development area' i s  cu r ren t l y  under ag r i cu l t u ra l  production. 

Seismology -- The proposed s i t e  i s  i n  Seismic Risk Zone 3. A regional  earth- 

quake r i s k  study prepared f o r  the Mississippi-Arkansas-Tennessee Council of 

~overnments . indicated t h a t  a seismic event o f  magnitude V I  on the Mercal l  i ~ 
scale . . . .  would occur s i x  times per  one hundred years on the average and would I 
r e s u l t  p r i m a r i l y  from . seismic . events centered near New Madrid, Missouri,  

approximately 165 ki lometers (102 mi les)  north-northeast o f  the s i t e .  This 

study stated: ... the maximum c red ib le  earthquake expected t o  occur i n  the 

[p lan t ]  area w i  11 have a Richter  Magnitude o f .  7.4 , .(epicentral Mercal l  i 1ntensi t y  

of X) and w i l l  have a r e p e t i t i v e  occurrence about every 500 t o  700 years." I 
The IFGDP w i l l  be b u i l t  t o  wi thstand such a r i s k .  

Water Resources -- The two major surface water bodies adjacent t o  the s i t e  

area are the Miss iss ipp i  River and Lake McKellar. Very l i t t l e  surface water 

i s  used f o r  domestic, i n d u s t r i a l  o r  a g r i c u l t u r a l  purposes i n  the Memphis area 

w i t h i n  4.8 k i lometers (3 mi les)  o f  the IFGDP s i t e .  The Memphis pub l i c  water 

system derives i t s  suppl ies from two ar tes ian aqui fers  i d e n t i f i e d  according t o  

t h e i r  depths as the "500-foot" and "1400-foot" sands. A shallow groundwater 

aqu i fe r  ex i s t s  beneath the s i t e  area. 

Water Q u a l i t y  -- Water q u a l i t y  i n  Lake McKellar, the Miss iss ipp i  River and the 

sha l l  ow groundwater aqu i fer  beneath the s i t e  i s '  general l y  good, a1 though i t i s  



poss ib le  t o  d i sce rn .  t h e  accumulated r e s u l t s  o f  urban, i ndus.tr ia1 , and a g r i c u l -  

t u r a l  discharges from t h e  vas t  watershed .area. Some EPA water  qual i t y  c r i t e r i a  

a re  exceeded. Manganese and i r o n  a re  a t  h igh  l e v e l s  i n  l o c a l  water bodies 

du r ing  a1 1  seasons. Thi  s  c o n d i t i o n  i s  most pronounced i n  groundwater, i n d i c a t i n g  

t h a t  n a t u i a l  geochemical sources a re  responsib le.  Heavy meta1.s , n u t r i e n t s  and 

organ ic  1  oadi ng a re ,  general l y  i n  a  1  ow t o  med'i um range, except f o r  phenol , . 

which o f t e n  exceeds c r i t e r i a .  Dur ing t h e  summer months when Lake McKel lar i s  

s t r a t i . f i e d ,  d i sso l ved  oxygen concentrat ions become depleted i n  t he  deeper 

water  1  aye rs .  ~ o ' t t o m  sediments a re  considered t o  be most ly  nonpol 1  u ted  and 

a re  o f  a  h igher  q u a l i t y  i n  t h e  r i v e r  than i n  t he  lake. Groundwater i s  h i g h l y  

b u f f e r e d  and o f  a s i m i l a r  water qual i ty  as the  sur face waters. 

Cl imato logy -- The e x i s t i n g  c l i m a t e  o f  t h e  southwestern Tennessee area i n  t h e  

v i c i n i t y  of.Memphis i s  t y p i c a l  o f  t h e  low-e levat ion  reg ion  o f  t h e  mid-southern 

Un i ted  States. Summers are  genera l l y  warm and humid, w h i l e  w in te rs  a re  gener- 

a l  l y  m i  l d .  R a i n f a l l  i s  abundant and reasonably we1 1  d i s t r i b u t e d  throughout  

t h e  year.  During, most months o f  t h e  year ,  t h e  p r e v a i l i n g  d i r e c t i o n  o f  t he  

wind i s  nor th- to-nor thwest ,  a l though i t  o f t e n  blows toward the  south du r ing  

t h e  w i n t e r  months. 

A i r  Q u a l i t y  -- The e x i s t i n g . a i r  q u a l i t y  a t  t h e  p l a n t  s i t e  meets t h e  Nat iona l  

Ambient A i r  Q u a l i t y  Standards f o r  a l l  p o l l u t a n t s  except ozone. However, t he  

s i t e  i s  c lose  t o  a  p o r t i o n  o f  Shelby County, i . e . ,  Pres idents I s l and ,  t h a t  i s  

p r e s e n t l y  c l a s s i f i e d  as being i n  nonattainment o f  t he  Standards f o r  p a r t i c u l a t e  

mat ter .  

. . 
Noise -- Ambient no ise  l e v e l s  i n  t h e  v i c i n i t y  o f  t h e  p l a n t  s i t e  a re  h igher  

than i n  a  normal r u r a l  environment. I nsec ts  a re  the  most s i g n i f i c a n t  c o n t r i b -  

u t o r  t o  these h igh  leve ' l s ,  w i t h  a d d i t i o n a l  c o n t r i b u t i o n s  from the  nearby TVA 

A l l e n  Generat ing P lan t ,  t he  Maxson Wastewater Treatment F a c i l i t y  and occas iona l l y  

from a i rp lanes  and barges. 

Geology -- Much o,f t h e  s i t e  i s  covered by a  s i l t y  dredge s p o i l  t o  a  depth o f  

0.6 t o  1.5 meters (2 t o  5  f e e t ) .  Beneath t h i s  i s  a  se r ies  o f  l aye rs  cons i s t -  

i n g  o f  sands and grave ls  t o  a  depth o f  about 44 meters (145 fee t ) .  Below t h i s  



i s  a  very dense c lay  ranging i n  thickness from abbut 30 t o  43 meters (100 t o  

140 fee t )  which extends t o  the beginning o f  the so-cal led Memphis o r  "500- 

foo t "  sands. The s i l t y  c lay  i s  essen t i a l l y  impermeable and acts as a  conf in ing 

1  ayer for the Memphis sands. About n i  nety- f  i v e  percent .  o f  the ' d r i i k i  ng water: 

f o r  the C i t y  o f  Memphis comes from these sands, w i t h  the remainder coming from 

the "1400-foot" -sands. 

T e r r e s t r i a l  Ecology -- The s o i l  on the s i t e  i s  p r i m a r i l y  sand w i t h  small 
I 

amounts o f  topso i l .  T e r r e s t r i a l  ecology w i t h i n  3 ki lometers (1.8 miles) i s  

t y p i c a l  o f  the Miss iss ipp i  River f loodpla in .  Vegetation on the s i t e  consists 

mostly o f  (a) successional bottomland f o res t  w i t h  b lack w i l l ow t rees predominat- 

i n g  and (b) meadowland. No p l a n t  species l i s t e d  by the U.S. Department o f  

I n t e r i o r  o r  the s ta te  o f  Tennessee as threatened o r  endangered were observed 

on the s i t e  dur ing the 1978-79 f i e l d  surveys. 

W i  l d l  i fe species, especial l y  b i  rds  and r e p t i  l e s  , are l oca l  l y  abundant i n the 

v i c i n i t y  o f  the s i t e  and include s i x  c l a s s i f i e d  species -- (a) bobcat, l i s t e d  I 

as threatened by the U.S. Department o f  I n t e r i o r ,  (b) marsh hawk and sharp- 

shinned hawk, 1  i s t e d  as threatened by the s ta te  o f  Tennessee, (c) Miss iss ipp i  I 
k i t e ,  l i s t e d  as endangered by the s ta te  o f  Tennessee, and (d) swamp r a b b i t  and 

s i x - l i n e d  racerunner, l i s t e d  as special by the s ta te  o f  Tennessee. As expected 

on a  f loodpla in ,  po r t ions  o f  the l oca l  region are c l a s s i f i e d  as wetland and 

are hab i t a t  f o r  these species. 

Use o f  the s i t e  by wi ld1 i f e  has been 1  im i ted  by the annual l a t e  fa1 1 dredging 

o f  the Memphis harbor channel which deposits muddy water on the s i t e .  Pre- 

vious nearby c l ea r i ng  o f  f l oodp la in  fo res ts  f o r  soybean f i e l d s  and i n d u s t r i a l  

developments along the harbor shorel ine have a lso l i m i t e d  w i l d l i f e  value. 

However, soybean f i e l d s  and meadow vegetat ion provide a  s i g n i f i c a n t  resource 

f o r  nat ive and introduced w i l d l i f e  species, and they supplement f o res t  and 

open water hab i ta t .  

Aquatic Ecology -- Aquatic species i n  the Miss iss ipp i  River near the s i t e  are 

character ized by the followi.ng: the f i s h  .community i s  a  warmwater type domi- 

nated by rough and forage species such as gizzard shad, carpsuckers, bu f f a l o  



and carp; the community o f  b e n t h i c  macroinvertebrates (bottom dwell  i ng organisms) 

i s  poor l y  developed; p lankton ( f r ee - f l oa t i ng  microscopic p lan ts  and animal s) 
\ 

i s  d iverse b u t  r e l a t i v e l y  sparse; per iphyton (attached microscopic p lan ts )  i s  

f a i r l y  d iverse and abundant; and macrophytes ( la rger  aquat ic  p lants)  are  I 
absent. B io log ica l  communities found near the s i t e  are not  unique t o  the 1 
middle ~ i s s i s s ' i p p i  River. 

. Aquatic species i n  Lake McKellar near the s i t e  are cha rac te r i s t i c  o f  warm 

backwaters, w i t h  regu lar  dredging havi ng a f fec ted  some components o f  the eco- 

system.   he f i s h  community i s  a var ied,  warmwater type dominated by rough and 

forage f i s h  such as g izzard and th read f in  shad, although a number o f '  spor t f i sh ,  

e. g. , sauger, largemouth bass and ca t f i sh ,  are present. Lower water v e l o c i t i e s  

a1 low more abundant and diverse bottom dwell  i ng organisms and zooplankton 

(microscopic animals) assemblages than found i n  the M iss iss ipp i  River. However, 

a l l  types o f  vegetat ion are r e s t r i c t e d  by reduced l i g h t  penet ra t ion due t o  

h igh t u r b i d i t y .  

' .. 

No aquat ic  species inc luded on e i t h e r  the U.S. F ish and W i l d l i f e  Service o r  

the  ~ennessee W i  1 d l  i f e  Resource Agency 1 i s t  o f  threatened o r  endangered species 

were encountered i n  Lake McKellar o r  the Miss iss ipp i  River durir ig the 1978-79 
. ,  . 

f i e l d - su r veys ,  nor were any noted i n  o ther  studies reviewed. 
. . 



5.4 DESCRIPTION OF THE PLANT AND PROCESS 

S. 4.1 PLANT DESCRIPTION 

The proposed. placement o f  major p l a n t  f a c i l i t i e s  ,on the s i t e  i s  ind ica ted  i n  1 
the  pre l iminary  p l o t  plan, Figure's-4. Major areas include access roads, 

process and support f a c i l i t i e s ,  coal and ash storage areas and barge unloading 1 
I 

f a c i l i t i e s .  The process and support f a c i l i t i e s  cons is t  o f  coal storage, coal I 
I 

and coke hand1 i ng, coal gas i f i ca t ion ,  gas cleanup, ' cool i ng towers, gas treatment, I 

c r e d i t  generation, wastewater treatment and s o l i d  waste disposal. 

Most of these f a c i l i t i e s  w i l l  be constructed a t  an e levat ion o f  approximately . 

71 meters (233 fee t )  above mean sea leve l .  Short-term ash storage and long- 

term coal storage w i l l  be a t  an e levat ion o f  approximately 68.6 meters (225 

feet3. Long-term ash storage w i l l  s t a r t  a t  an e levat ion o f  64 t o  68.6 meters 

(210 t o  225) f e e t  above mean sea l eve l  and w i l l  be surrounded by a levee a t  

the 71 meter mean sea l eve l  e levat ion.  These elevat ions w i l l  . . be a t ta ined  by 

f i l l i n g  the s i t e  w i t h  a sandy mater ia l  hydrau l i c l y  dredged and deposited on 

the s i t e .  . The e x t e r i o r  o f  the elevated area w i  11' be covered w i t h  , r i p - r ap  

where necessary. 

Several o f f - s i t e  f a c i  1 i t i e s  associated w i t h  the IFGDP w i  11 be constructed. 

These include water supply and wastewater discharge p i p e l  i nes, e l e c t r i c -  

transmission l ines, . te lephone l i nes ,  a natura l  gas p i pe l i ne  and an IFG d i s t r i b u -  

t i o n  system. Most o f  these o f f - s i t e  f a c i l i t i e s  w i l l  be constructed along 

e x i s t i n g  rights-of-way. 

S. 4.2 PROCESS DESCRIPTION , 

The IFGDP w i l l  produce i n d u s t r i a l  fue l  gas (IFG) and pipe1 ine  gas as i t s  main 

products. A l l  waste products w i l l  be t rea ted  o r  handled so t h a t  they may be 

.disposed o f  w i thout  s i g n i f i c a n t  environmental impact. 
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The ove ra l l  process consumes coal,  atmospheric oxygen and water (steam) i n  a 

g a s i f i e r  a t  h igh temperature. Figure S-5 i s  a s i m p l i f i e d  ' f l ow  diagram t h a t  

shows the major process un i t s ,  t h e i r  in terconnect ions and the major i npu t  and 

output  materi  a1 s .. , 

Crushed coal ,  oxygen and steam are combined i n  a g a s i f i e r  a t  h igh temperature 

t o  form the  "raw" f ue l  gas. The g a s i f i e r  i s  a f lu id ized-bed u n i t  us ing the  

U - G A S ~ ~  process developed by the  I n s t i t u t e  o f  Gas Technology. Gas from the 

g a s i f i e r  i s  processed by coo l ing  and scrubbing t o  remove pa r t i cu l a tes  and 

water so lub le  mater ia l .  A f t e r  scrubbing, the gas i s  compressed and t r ea ted  t o  

remove unwanted gases. Hydrogen su l f i de ,  r e s u l t i n g  from s u l f u r  i n  the i npu t  

coal,  and a p o r t i o n  o f  the carbon d iox ide are removed. Cleaned IFG then f lows 

t o  the IFG d i s t r i b u t i o n  'p ipe l ine  and t o  the C red i t  Generation u n i t ,  where it 

i s  processed t o  p i p e l i n e  gas q u a l i t y  t h a t  i s  comparable t o  natura l  gas. 

Su l f u r  compounds removed dur ing Gas Treatment are  converted t o  elemental 

s u l f u r  which i s  recovered f o r  sa le  as a by-product. 

A p o r t i o n  o f  the steam f o r  the g a s i f i e r  and other process u n i t s  i s  produced i n  

the  Steam Generation u n i t  by burning coal. Pa r t i cu l a te  matter  and s u l f u r  

d iox ide from burning coal are reduced t o  acceptable l eve l s  p r i o r  t o  being 

d i  scharged i "to  the atmosphere. Other gaseous streams contai  n i  ng p a r t i  cu l  a te  

-matter and s u l f u r  compounds are a lso t rea ted  t o  acceptable l eve l s  before emis- 

si.on. s able S-1 gives the emission r a t e  and composition o f  the major gases 

released t o  the atmosphere under the condi t ions o f  maximum p l a n t  operat ions 

w i t h  f ou r  g a s i f i e r s  operat ing a t  75 percent capacity. ' Normally, the p l a n t  

operates w i t h  three g a s i f i e r s  running a t  100 percent capacity, and the emissions 

w i l l . b e  lower' than shown. Table S-1 includes gaseous emissions from other  

process u n i t s  no t  shown i n  Figure S-5. 

Wastewater from various process u n i t s  and r a i n f a l l  co l l ec ted  a t  the IFGDP s i t e  

i s  t rea ted  before being discharged t o  the Miss iss ipp i  River. This treatment 

i nc l  udes removal o f  suspended p a r t i c u l a t e  matter ,  organic materi  a1 s (i nc l  udi  ng 

o i l s )  and metals such as chromium and zinc. Sani tary sewage i s  piped t o  the 

nearby Maxson Wastewater Treatment F a c i l i t y .  Composition and f l ow ra tes  f o r  

the wastewater stream are given i n  Table S-2. 





\ TABLE S-1 

MAJOR GASEOUS EMISSIONS FROM THE MEMPHIS INDUSTRIAL FUEL GAS DEMONSTRATION PLANT 

T a i l  Gas T rea t i ng  
Vent Gas 

Stack Gas t o  
Atmosphere 

Cool i ng Tower 
Evaporat ion 

F l a r e  
F lue  Gas Const i tuents  

N i t rogen (N2) 

Carbon D iox ide  (C02) 

Water Vapor (H20) 

' Oxygen (02) 
Hydrogen (H2) 

Less than 0.001 R 

Less than 0.01 

Less than 0.01 
- - 

S u l f u r  D iox ide  (SO2) 
Cn 

I 
-I 

P a r t i c u l a t e s  
u Ni t rogen  Oxides (NOx) 

Ammoni a (NH.3) 

Less than 0.01 

Less than 0.01 
- - 

Hydrocarbons (as Methane, CH4) 

Carbon Monoxide (CO) 20 

10 ppm max 

2 

0.1 

Hydrogen S u l f i d e  (H2S) 

Carbonyl Sul f. ide (COS) 

Carbon D i S u l f i d e  (CS,) 

Ozone (03) - - Less than 0.1. - - - - Z A  
o m 

. . < < 
5 z 
crm 

TOTAL 52,748 1 b/hr  733,588 1 b j h r  .. 459,500 1 b/hr  77,355 I b / h r  qo. 
d 

. ID 
u I * Emission r a t e s  'g iven i n .  terms o f  pounds per  hour f o r  maximum p l a n t  opera t ion  ( i - e . ,  f o u r  g a s i f i e r s  rD 

runn ing  a t  75 percent  capacity).. 



,. . 

. I 

TABLE S-2 

COMPOSITION OF WASTEWATER EMISSION FROM THE 

MEMPHIS INDUSTRIAL FUEL GAS DEMONSTRATION PLANT 

Flow, . lb / t i r  
pH 

Const i tuents ( m i  11 igrams/l  i t e r )  

TDS 
TSS 
COD 
TOC 
BOD5 
O i l  & Grease 
Phenol 
NH3-N 
CN- 
SCN- 
H2S 
Ag 
As 
Be 
C d 
C r  
Mg 
N i 
Pb 
Sb 
S e 
T 1 
Z n 
Others 

P r i o r i t y  Organics (0.5 ' ! 

* ~ b b r e v i  a t i ons  a re  TDS ( t o t a l  d isso lved so l  i d s )  , 
TSS ( t o t a l  suspended so l  i ds ) ,  COD (chemical 
oxygen demand), BOC5 ( f i ve-day b i o l o g i c a l  
oxygen demand), and TOC ( t o t a l  organic carbon). 



So l i d  wastes generated by the IFGDP. include ash from the Coal Gas i f i ca t ion  and 

Steam Generation un i t s ,  . s l  "dge f r o m  the removal o f  s u l f u r  d ioxide from Steam 

Generation u n i t  gases'and,sludge from the Wastewater Treatment u n i t .  So l id  

wastes are stored on t h e  IFGDP s i t e ,  which has provis ions f o r  up t o  4 years 

product ion o f  ash i n .  a short-term disposal area and s u f f i c i e n t  add i t iona l  

space f o r  storage o f  16 more years prodbction i f  necessary i n  a long-term 

disposal area. Should markets f o r  g a s i f i e r  ash and sulfur-removal sludge be 

developed, these mater ia ls  w i l l  be so ld  and removed from the IFGDP p l a n t  s i t e .  

. . 



S. 5  PLANT ENVIRONMENTAL IMPACTS 

Some environmental impacts t o  the p l a n t  area are expected t o  occur as a  r e s u l t  

o f  both the const ruct ion and operation phases o f  the p,roject.  The fo l low ing  

i s  a  summary o f  the impacts expected a f t e r  the planned m i t i g a t i n g  measures are 

implemented. 

S. 5.1 CONSTRUCTION ' 

S i t e  Bui 1  dup -- const ruct ion phase impacts are expected t o  be m i  nimal . E l  eva- 

t i o n  o f ' t h e  s i t e  w i t h  dredged mater ia l  from the Miss iss ipp i  River i s  not .ex-  

pected t o  cons t i tu te  a  long-term adverse physiographic o r  geological impact. 

The design and placement o f  the embankment w i l l  conform w i t h  the f l ood  con t ro l  

ob jec t ives o f  the U.S. Army Corps o f  Engineers and not  pose an addi t iona l  

problem t o  nearby areas. 

. . 

T e r r e s t r i a l  Ecology -- Construct ion w i  11 temporar i .1~ d i s t u rb  about 75 hectares 

(185 acres). A l i t t l e  over 20 hectares (49 acres) w i l l  be allowed t o  r e tu rn  

t o  preconstruct ion vegetation. About 28 hectares (69 acres) o f  low t o  medium 

q u a l i t y  wetla,nd w i l l  be removed, resu l t i ng .  i n  on ly  minor impact since the area 

i s  f looded na tu ra l l y  every year and por t ions are a lso used. as a  wasting area 

f o r  dredge spoi ls .  . 

Mobile w i l d l i f e  inc lud ing  b i r ds  and large mammals w i l l  be displaced from the 

s i t e  peninsula dur ing p l an t  const ruct ion and from p ipe l i ne  co r r ido rs  dur ing 

pipe1 ine  i n s t a l  l a t i o n .  A recovery by these populat ions t o  approximately 95 

percent o f  basel ine leve ls  dur ing operat ion i s  expected as por t ions o f  the 

disturbed land develop i n t o  successional fo res t .  Selected species w i l l  be 

a f fec ted  t o  a  greater o r  lesser ex tent  depending on t h e i r  s e n s i t i v i t y  t o  

d i  sturb'ance, food' preference and speci es-speci f i c behavior. 

Species populat ions o f  special concern t h a t  are w i t h i n  3 ki lometers (1.8 

miles) o f  the s i t e  center 1  i s t e d  as threatened by the U. S. F ish and Wild1 i f e  

Service o r  as endangered by the Tennessee W i l d l i f e  Resources Agency ( f o r  



example, the bobcat and the Miss iss ipp i  k i t e )  w i  11 dec l ine -dur ing construct ion 

and recover dur ing operation as food becomes more ava i lab le  on disturbed land. 

Nesting' hab i t a t  o f  threatened and endangered species wi 11 not  be disturbed by 

s i t e  a .c t iv i  t i e s .  

Water Q u a l i t y  -- The bui ldup phase o f  construct ion w i l l  increase the t o t a l  

d issolved so l ids  concentrat ion i n  the surface runo f f  from the s i t e .  However, 

t h i s  add i t i on  i s  not  expected t o  s i g n i f i c a n t l y  increase the overa l l  t o t a l  

d issolved so l ids  concentrat ion i n  Lake McKellar. A ho ld ing pond, used t o  

a l low suspended so l ids  i n  the runo f f  t o  s e t t l e ,  may a l low seepage i n t o  the 

shallow groundwater aqu i fe r  beneath the s i t e .  However, due t o  the poor qua1 i t y  

o f  t h i s  aqu i fe r  and the f a c t  t h a t  i t  i s  not  used f o r  dr ink ing,  no adverse 

impacts are.expected. 

Aquatic Ecology -- Dredging i n  the Miss iss ipp i  ~ i v e r  w i  11 p o t e n t i a l l y  d i s t u rb  

a large'volume o f  bottom sediment, but  i s  not  expected t o  add any s i gn i f i can t  

long-term impact, since the sediment i s  o f  a sandy nature. The dredging may 

temporar i ly  increase t o t a l  d issolved so l ids  content and may a f f e c t  areas o f  

bottom hab i t a t  and bottom-dwelling organisms. However, the sandy areas t o  be 

disturbed are poor hab i ta ts  f o r  organisms and have been subject  t o  previous 

dredging. Rapid reco lon izat ion o f  the area by organisms should f o l  1 ow reestab- 

l ishment o f  the hab i t a t  a f t e r  dredging. 

Two small areas o f  Lake McKellar w i l l  be dredged for :  (1) i n s t a l l a t i o n  o f  the 

product IFG and water pipe1 ines and (2) o f  the barge unloading 

area.' Since the areas a f fec ted  are small and the lake sediments do not  release 

substant ia l  amounts o f  t race elements o r  organic mater ia ls  on disturbance, 

only a minor and temporary water q u a l i t y  impact i s  expected. Rapid recoloniza- 

t i o n  by a f fec ted  organisms i s  expected. S t a b i l i z a t i o n  o f  s i t e  shorel ines w i t h  

r i p - rap  where necessary w i l l  destroy some e x i s t i n g  soft-bottom habi ta ts  and 

produce new rocky bottoms, bu t  these areas may be su i tab le  f o r  many inver te-  

brates,  as wel l  as the spawning o f  channel ca t f i sh ,  sauger and perhaps whi te 

bass. 



A i r  Q u a l i t y  -- During the const ruct ion phase, po ten t i a l  a i r  q u a l i t y  impacts 

are associated w i t h  t r a f f i c  movement, equipment exhaust and f u g i t i v e  dust from 

debris. Par t icu la tes from t r a f f i c  movement and debr is are expected t o  cause 

negl i gi d l  e  impacts since debris w i  11 be regu la r l y  removed and roadways w i  11 be 

e i t h e r  paved o r  watered down. Equipment exhaust i s  not  expected t o  impact the 

ambient p o l l u t a n t  l eve l s  since most emissions are expected from d iese l  construc- 

t i o n  vehicles. 

Noise -- V i r t u a l l y  a l l  noise associated w i t h  const ruct ion w i l l  be inaudib le  a t  

no ise .sens i t i ve  locat ions w i t h i n  a  3.2 k i lometer (2 mi le)  radius o f  the p l a n t  - 
s i t e .  Any additionaq noise audible a t  these locat ions w i l l  be bare ly  percept ib le  

t o  - the human ear . '  A l l  equipment t o  be used dur ing construct ion and operation 

. w i l l  meet Occupational Safety and Health Administrat ion spec i f i ca t ions  f o r  

noise. As a  resu l t ,  oe i ther  workers nor wi ld1 i f e  are expected t o  be adversely 

impacted. 

. . 

Land 'use - - :const ruct ion . . o f  the p i pe l i ne  d i s t r i b u t i o i  system f o r  the product 

IFG ' w i l l  take place mainly i n  i n d u s t r i a l  areas along e x i s t i n g  road r i gh t s -o f -  

way and i s  not  expected t o  a f f e c t  any res i den t i a l  o r  recreat iona l  areas. No 

adverse land use, c u l t u r a l . o r  v i sua l  impacts 'are expected. The cur rent  indus- 

t r i a l  nature o f  the neighboring area w i l l  not  be a f fec ted  by development. 

- Socioeconomics -- Work on. the s i , te i s  expected to.. cause several socioeconomic 

impacts. . . The const ruct ion per iod w i  11 increase vehicular  t r a f f i c  by approxi- 

mately 1000 vehic les per day along Mi tche l l  Road. T r a f f i c  noise through 

' F u l l e r  State Par.k and the nearby community w i l l  increase a t  t r ave l  t imes, bu t  

th i -s i s  a  small f r a c t i o n  '(about 18 percent) o f  the present t r a f f i c  f low on the 

road. It i s  expected t o  have only a  small impact since the t r a f f i c  w i l1 ,occur  

dur ing the .work week .when use o f  F u l l e r  park i s  low. Schools along the route  

w i l l  be unaffected since t r a f f i c  w i l l  occur before school begins i n  the morning 

and a f t e r  dismissal i n  the afternoon. A1 so, ' the d i r ec t i on  o f  t r a f f i c  f low . in  

the morning and afternoon w i l l  general ly  be opposite tcj t h a t  o f  most residents 

t r a v e l l i n g  t o  work i n  the greater Memphis area. Several m i t i ga t i ng  measures, 

s'uch as staggered work hours, car pool i ng , use o f  a1 ternate  routes and del i very 



o f  much equipment by barge w i l l  reduce the per iod ic  t r a f f i c  noise l eve l s  i n  

the  communi ty .  

Construct ion w i l l  generate on-s i te  employment o f  u p ' t o  703'workers and secondary 

employment o f  570 workers i n  the Memphis economy. Purchases are expected t o  

con t r ibu te  about $70 m i l l i o n  t o  the area. 

T e r r e s t r i a l  Ecology -- Plant  operat ion i s  no t  expected t o  cause any adverse . 

impacts t o  e i t h e r  vegetat ion o r  w i l d l i f e .  Disturbances r e s u l t i n g  from veh ic le  

exhaust fumes, f u g i t i v e  dust, veh ic le  movements and human disturbance w i l l  

continue, bu t  t h e i r  e f f e c t s  should be minor. Gaseous and p a r t i c u l a t e  emissions 

w i l l  be very low from the p lan t .  Cooling. tower d r i f t  and stack e f f l u e n t s  w i l l  

cause some depos i t ion  o f  d issolved so l ids  and pa r t i cu l a tes ,  bu t  the low deposi- 

t i o n  ra tes  should not  a f f e c t  the s o i l .  . ,. 

. . .  . . 
Water ~ u a l  i ty and Aquatic Ecol o g l  - -  The discharge o f  wastewater e f f  1 uent t o  

the Miss iss ipp i  River . w i l l  cause on ly  minor impacts t o  the water q u a l i t y  and 

aquat ic  ecology i n  the 1 ocal area adjacent t o  the o u t f a l l .  The f 1 ow o f  the 

r i v e r  w i l l  . r ap i d l y  ' d i l i t e  the concentrat ions i n  the  discharge, thereby 1 i m i t i n g  

the  amount o f  downstream distance over which Tennessee o r  EPA C r i t e r i a  w i l l  be 

exceeded t o  less  than 50 meters (164 fee t )  i n  most cases, even under 20-year . 

low f l ow condi t ions.  

Although mercury and cyanide concentrat ions i n  the  discharge plume exceed EPA 

C r i t e r i a  f o r  f i sh .and  aquatic l i f e ,  the ambient concentrat ion o f  these species 

i n  the r i v e r . a l r e a d y  exceeds these C r i t e r i a  dur ing the highest  seasons. 

Dr ink ing water standards are s t i l l  met. S i g n f i c i a n t  bioaccumulation o f  mercury 

i n  f i s h  and e f f e c t s  on human consumers o f  f i s h  i s  un l i ke ly .  

, 
Barge movement and coal s p i l l a g e , i n  Lake McKellar could have some p o t e n t i a l  

impact under condi t ions o f  thermal s t r a t i f i ca t i on ' .  L i ke l y  e f f e c t s  o f  barge 

movement would be d i s rup t i on  o f  the thermal gradient  which i s  a bene f i t .  Coal 



sp i1 lage:can. re lease t r a c e  elements from the  coal deposits.  These impacts are 

considered t o  be minor. 

Surface water r u n o f f  du r ing  opera t ion  w i l l  be c o l l e c t e d  i n  a s e t t l i n g  bas in  , 
and re leased as ' p a r t  o f  t h e  t o t a l  e f f l u e n t  t o  t h e  M i s s i s s i p p i  .River .  Any 
impact i s  expected t o  be minor. 

Ashes and scrubber sludges w i l l  be p laced i n  the  proposed short - term and long- 

term disposal  s i t e .  The s i t e s  w i l l  be 1 i ned  as necessary w i t h  an impermeable 

p l a s t i c  1 i n e r .  Leaching t e s t s  conduct& on ash representa t ive  o f  t h a t  t o  be 

produced by t h e  p l a n t  i n d i c a t e  i t  i s  h i g h l y  r e s i s t e n t  t o  leaching and would 

n o t  be c l a s s i f i e d  as. a t o x i c ' m a t e r i a l  under the  proposed (December 1978) 

regu la t i ons  o f  t h e  Resource Conservation and Recovery Act. No degradation o f  

loca' l  water - qual i ty  resources should occur from d ispos ing o f  these wastes on 

t h e  p l a n t  s i t e .  p o t e n t i a l  leachates cou ld  en te r  on l y  t h e  shal low a q u i f e r  

below t h e  s i t e ,  which i s  no t  used f o r  human consumption. Under t h e  s i t e ,  t h e  

"500-foot" sand a q u i f e r  t h a t  serves as t h e  main water supply f o r  t he  City o f  

~ e m ~ h i  s i s  separated from t h e  s h a l l  ow a q u i f e r  b y  a t h i c k  1 ayer o f  impermeable 

c l a y  va ry ing  i n  th ickness from about 30 t o  43 meters (100 t o . 1 4 0  fee t ) .  This 

w i l l  prec lude any leachate from f l ow ing  i n t o  the  "500-foot" sand. 

Coal storage areas are  expected t o  cause noadverse impacts due t o  r u n o f f  

s ince a l l  coal  p i l e  r u n o f f  w i l l  be c o l l e c t e d ' a n d  t r e a t e d  before  discharge. 

Th is  w i l1 ,min imize  any water q u a l i t y  impact. 

A i r  Q u a l i t y  -- There are  expected t o  be no adverse e f f e c t s  o f  gaseous emissions 

from t h e  p l a n t  on t h e  a i r  qual i t y  o f  t h e  surrounding area. Atmospheric d i 6 e r -  

s i o n  modeling o f  p l a n t  emissions i nd i ca tes  t h a t  i n  most cases, t h e  maximum 

p o l l u t a n t  concentrat ions a t  ground l e v e l  from t h e  p l a n t  w i l l  be about 2.0 t o  

5.0 k i lometers . (1 .2  t o  3 mi les)  no r th  o f  t he  proposed s i t e ,  which places i t  on 

t h e  un inhab i ted  p o r t i o n s  o f  'pres idents I s 1  and. 



For normal p l a n t  operation, the highest  s u l f u r  d ioxide concentrat ions f o r  the 

annual , 24.-hour and 3-hour averaging times are we1 1 be1 ow ha1 f the Prevention 

o f  S ign i f i can t  be te r i o ra t i on  Class 11 Increments which apply t o  new sources i n  

attainment areas. Furthermore, when sul  f u r  d iox ide concentrat ions from the 

IFGDP are added to, the maximum s u l f u r  d iox ide concentrations observed by TVA 

monitors i n  the v ic i ,n i ty  o f  the p lant ,  t o t a l  s u l f u r  d iox ide  concentrat ions are 

s t i  11 ' below the National Ambient A i r  Qua1 i ty  Standards (NAAQS). S im i l a r l y  , 
annual n i t rogen d iox ide concentrat ions from the IFDGP combined w i t h  e x i s t i n g  

sources are we l l  below the Standards. 

For both p a r t i c u l a t e  matter and carbon monoxide, the observed concentrat ions 

expected from the p l a n t  are below U.S. EPA l eve l s  o f  s ign i f icance i n  the 

present nonattainment are.as (Presidents I s l and  and metropol i tan Memphis, 

respect ively) .  The best  avai 1 able cont ro l  pract ices w i  1 1 be used t o  m i  nimi ze 

f u g i t i v e  emissions so t h a t  the a i r  q u a l i t y  impacts w i l l  be minimized. 
.- ., - - 

Noise .-- V i r t .ua l l y  , a l l  noise associated w i t h  operation o f  the IFGDP w i l l  be 

bare ly  percept ib le  a t  a l l  noise sens i t i ve  locat ions w i t h i n  a 3.2 k i lometer (2 

mi le)  radius o f  the p l a n t  s i t e .  

Socioeconomics -- Operation o f  the IFGDP i s  not  expected t o  cause any adverse 

land use, c u l t u r a l  o r  v isua l  impacts, a1 though there w i  11 be some socioeconokc 

impacts. Operation w i l l  cause an increase i n  vehicular  t r a f f i c  o f  approximately 

400 vehic les per day through F u l l e r  State Park and the ad jo in ing community. 

This i s  expected t o  have only a minor impact since i t  i s  less than 10 percent # 

o f  the cur rent  t r a f f i c  f low, and the t r a f f i c ' w i l l  occur dur ing the work week 

a t  times when use o f  the park i s  a t  a minimum. . Use of ' a l te rna te  access routes 

through the neighboring community w i l l  .be encouraged. Schools are expected t o  

be unaffected since the t r a f f i c  w i l l  occur before school begins i n  the morning 

and a f t e r  dismissal i n  the afternoons. 

p l an t  operation w i l l  generate ins ide  ,employment o f  about 270 workers and 

secondary employment o f  about 580 workers i n  the Memphis economy. Annual 

payments i n  l i e u  o f  taxes could be pa id  t o  the general funds o f  the C i t y  o f  

Memphi s. 



S.6 ALTERNATIVES TO THE PROPOSED PROJECT 

MLGW has i d e n t i f i e d  and ' eval uated a number o f  a1 t e r n a t i  ve means w i t h i n  i t s  

sphere o f  inf lwence t o  f u l f i  11 the need f o r  increased gas energy i n  the Memphis 
.' 

.area.. Addi t iona l ly ,  a l te rna t i ves  deal ing w i t h  the gas i f i ca t i on  process, 

p r o j e c t  locat ion,  p r o j e c t  size, e f f l u e n t  con t ro l  processes and p l a n t  water 

sources have been considered. 

A1 t e rha t i ve  Solut ions t o  MLGW' s Long-Term Natural Gas shortage -- The f o l  1 owing 

a l t e rna t i ves  were considered: 

o No ac t i on  

o Conservation . . 

o .  Addi t iona l  purchase and product ion o f  natura l  gas 

o . D i r ec t  coal .use by indus t ry  
. e 

o Cogenerati on/Steam production . . 

o Coal g a s i f i c a t i o n  . . . . 

While a program i nvo l v i ng  several p o s i t i v e  act ions i s  required t o  resolve a 

shortage problem o f  the present magnitude, production o f  IFG by coal gas i f i ca -  

t i o n  is ,cons idered ,an a t t r a c t i v e  means t o  help resolve the natural  gas shortage 

i n  a major way because it: 

o Depends upon coal,  a widely ava i lab le  domestic resource t h a t  can be 

readi  l y  t ransported t o  the Memphis area. 

o Produces a gaseous product t h a t  present i n d u s t r i a l  users o f  natural  

gas can eas i l y  adapt to .  
l 

o Provides energy costs t h a t  compare favorably t o  pro jec ted (mid- 

1980's) costs o f  natura l  % .  gas and low-su l fur  d i s t i l l a t e  o i l .  

o Can generate s u f f i c i e n t  'gaseous energy t o  supply a s i g n i f i c a n t  

'por t ion o f  Memphis i ndustryl s energy needs. 
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o Increases the  long-term economic s t a b i l i t y  and growth p o t e n t i a l  o f  

t h e  Memphis 'area. 

o Provides the  oppor tun i t y  t o  demonstrate a domestical ly-based technology 

t h a t  can reduce the  coun t r y ' s  dependence on f o r e i g n  o i l .  

Coal G a s i f i c a t i o n  -- Various coal  g a s i f i c a t i o n  processes were evaluated 

p r i o r  t o  t he .  i n i t l a 1  stages o f  t h i s  p r o j e c t .  These inc luded f ixed-bed g a s i f i e r s ,  

entrained-bed g a s i f i e r s  and f l u id i zed -bed  g a s i f i e r s  w i t h  var ious  opera t ing  

pressures. The I n s t i t u t e  o f  Gas Technology's U - G A S ~ ~  process was judged t o  be 

the  most appropr ia te  f o r  t he  needs o f  DOE and MLGW on t h i s  p r o j e c t .  It i s  

app l i cab le  t o  h i g h - s u l f u r  bi tuminous coals having a h igh  Free Swel l ing  Index 

and can produce a f u e l  gas a t  an e levated pressure w i t h  the  des i red  heat ing  

value. - A  

P r o j e c t  Locat ion -- F ive  candidate s i t e s  i n  Shelby County were i d e n t i f i e d  by 

MLGW and evaluated on a s e t  o f  c r i t e r i a  t h a t  inc luded economic, environmental, 

soc ia l  and engineer ing considerat ions.  Ratings f o r  t he  environmental accepta- 

b i l i t y  o f  us ing  each s i t e  f o r  the  p l a n t  were developed. 'Relat ive economic 

cos ts  f o r  each s i t e  were a l so  computed and compared., Considerat ions were 

g iven t o  recent  Execut ive Orders cover ing  the  cons t ruc t i on  o f  federa l  p r o j e c t s  

i n  f l o o d p l a i n s  and on wetlands. The A1 l e n  S i t e  was chosen as the  most p r a c t i c a b l e  

s i t e  among t h e  f i v e  candidates based on a l l  the  f a c t o r s  included. 

P r o j e c t  Size -- Based upon the  p ro jec ted  market i n  Shelby County f o r  IFG and 

t h e  investment c o s t  f o r  t he  p l a n t ,  t he  p l a n t ' s  design capac i ty  o f  approximately R 
9 

- - - - -  
50 x 10 Btu  per  day was determined as bes t  t o  a l l o w  MLGW t o  economical ly and 

r e l i a b l y  supply the  IFG market demand i n  Shelby County beginning i n  1984. 

Cool ing System -- Mechanical d r a f t  coo l i ng  towers were considered t o  be t h e  

most economical and environmental l y  compatible cool  i ng system w i t h  the  ava i  1 ab le  

c o o l i n g  water resources and the  heat r e j e c t i o n  r a t e  o f  the  IFGDP. 



A l t e rna t i ve  P lan t  Water Source -- The City o f  Memphis water d i sb r i bu t i on  

system can e a s i l y  accommodate the needs o f  the IFGDP and was considered t o  be 

the  most des i rab le  water supply source f o r  the p lant .  The economic cos t  and 

environmental- impact o f  withdrawing water from the Miss iss ipp i  River, which 

would requ i re  the  const ruc t ion and operat ion of a treatment system, i s  no t  

j u s t i f i a b l e .  

1 

/ 

i 





SECTION 1.0 ' 

INTRODUCTION 

The Memphis L ight ,  Gas'and Water 'D iv is ion (MLGW), i n  co-sponsorship w i t h  the 

U.S. Department o f  Energy (DOE), proposes t o  construct ,  t e s t  and operate a  

coal g a s i f i c a t i o n  demonstration p l a n t  i n  Memphis, ~ e n n e ~ s e e .  The overa l l  ob- 

j e c t i v e  o f  t h i s  cooperat ive venture i s  t o  demonstrate the techn ica l ,  economic 

and environmental f e a s i b i l i t y  o f  convert ing agglomerating, h igh -su l fu r  bitum- 
. . 

inous coal t o  a  clean-burning medium-Btu i n d u s t r i a l  f u e l  'gas by the U-GAS TM 

process and t o  use t h i s  gas . i n  a  commercial app l ica t ion.  

Construct ion and operat ion o f  the p l a n t  w i l l :  (1) advance the s t a te  o f  the 

a r t  i n  the f i e l d  o f  i n d u s t r i a l  f ue l  gas product ion from coal ,  (2) permi t  

de ta i l ed  eva luat ion o f  the  costs. and bene f i t s  of .  the  expanded technology and 

(3) a1 low f u r t h e r  i d e n t i f i c a t i o n .  o f  environmental and soc ia l  impacts and 

regional  and nat iona l  economic benef i ts .  ~ o n ' s t r u c t i o n  and operat ion a c t i v i -  
. . 

t i e s  are considered t o  be the primary ac t ion  o f  t h i s  p r o j e c t  and are the 

subject  o f  t h i s  environmental repor t .  

The f o l  lowing. sect ions o f  the .introduction provide a  b r i e f  desc r ip t ion  o f  the 

proposed p l an t ,  exp la in  the background o f  the p r o j e c t  and discuss the need f o r  

the  p lan t .  

1.1 BRIEF DESCRIPTION OF THE INDUSTRIAL FUEL GAS DEMONSTRATION PLANT 

S i t e  -- 'The proposed p l a n t  s i t e  i s  on a  peninsula. o f  .land located near the - 
confluence o f  the M iss iss ipp j  River and Lake McKellar, w i t h i n  both Shelby 

County and the '  c i t y  boundaries o f  Memphis (see. Figure 1-.I). The 134-acre s i t e  

i s  approximately 13 k i lometers (8 mi les)  west.southwest o f  downtown Memphis. 

 h he land i s  owned by MLGW, bu t  the Tennessee Val l e y  Au thor i t y  (TVA)  cu r ren t l y  

holds r i g h t s ' f o r  ash disposal on p a r t  o f  the area. As o f  August 1979, MLGW 

and TVA were i n  the f ina1,s tages o f  nego t ia t ing  a  release on t h i s  easement. 

The northern boundary of the s i t e  i s  Lake McKel l a r ,  p rov id ing  easy access t o  ' 

t he  Miss iss ipp i  River, which 1  i es  approximately 1.2 k i lometers (0.7 mi le)  t o  

the  west. The southern channel border ing the s i t e  i s  used as a  barge-turning 

basin. 
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Figure 1 - 1 .  Proposed Site f o r  the Memphis Industrial Fuel Gas Demonstrat'ion Plant 
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The s i t e  will be elevated with clean f i l l  material Prom a 'sand bar in the 
Mississippi River to  a height of 71 meters (233 fee t )  above mean sea level 
(msl) t o  protect the plant from periodic flooding. This location was selected 

as the best practicable s i t e  i n  Shelby County f o r  the plant considering a l l  
environmental, economic, social and time schedule factors .  Chapter 381 of the 
Private Acts of 1939, S ta te  of Tennessee, r e s t r i c t s  construction by MLGW as a 
municipal f a c i l i t y  to  Shelby County. 

Plant Description -- The industrial  fuel gas demonstration plant (IFGDP) will 
produce approximately M 1  million standard cubic f ee t  per day of medium-Btu R 

gas having a heating value of 300 2 30 B t u  per standard cubic foot ( s c f ) .  A 

portion of t h i s  output will be used fo r  the "credi t  system" which ~111-bg R 

high1 ighted i n  subsequgnL payagrqhs. Fol lowing a work phase to  complete - - ------  R 

detailed design and construction, the IFGDP will begin operating in 1984 for  
demonstration test ing,  which will be followed by commercial operation. The 
project l i f e  i s  estimated to include 4 years for  engineering and construction, 

2 years f o r  demonstration testing and 20 years for  commercial operation. 

/ 
The engineering and design data contained i'n this environmental report repre- 
sent the information avai.lable as of August 1979. The description i s  consistent 
with the conceptual design produced by Foster Wheeler Energy Corporation, the 
plant designers. I t  i s  recognized tha t  detai.led design ef for t s  scheduled to  
begin i n  1980 could change some of the information presented here. In any 
case, however, the IFGDP will be designed, constructed and operated to meet 
a1 1 appl icabl e environmental permits and laws. 

The IFGDP will u t i l i z e  3158 tons per day of high-sulfur eastern bituminous 
coal to produce i t s  industrial fuel gas ( IFG). This coal will be transported 
by barge to  the plant s i t e .  The plant design i s  based on washed Kentucky 
No. 9 coal, which i s  available in substantial commercial quantit ies,  b u t  other 
eastern bituminous coals could also be used. Sufficient reserves of eastern 
bituminous coal are already developed that  no new mine i s  specif ical ly  required 

to  supply th is  project. The product IFG will be transported by pipe1 ine 
beneath Lake McKel l a r  into a separate and independent piping network' tha t  will 

supply a number of industrial  customers. This network will be placed along 



e x i s t i n g  rights-of-way. Approximately 100 tons  per  day o f  l i q u i d  elemental 

s u l f u r  w i l l  a lso  be produced f o r  sa le  as a  by-product from the p lan t .  
! 

water requiremehts f o r  the p r o j e c t  w i l l  be m e t  by de' l iver ies from the Memphis 
. . 

c i t y  water  su'pp'ly system, which has both ample reserves and capaci ty t o  meet 
. 

t he  needs o f  the p iant .  

Process Descr ip t ion -- .The IFGDP w i l l  use the I n s t i t u t e  o f  Gas Technology's 

(IGT) U - G A S ~ ~  coal g a s i f i c a t i o n  process t o  generate the medi um-Btu f ue l  gas. 

'Th is  process i s  -a  second-gerieration coal g a s i f i c a t i o n  process t h a t  uses a  

s i  ngl  e-stage, f 1  uidized-bed reactor  incorporat ing simp1 e con t ro l  , re1 i a b l  e  

operat ion and a b i l i t y  t o  use coal f ines.  The U - G A S ~ ~  process has evolved from 

years o f  coa l - u t i l i , za t i on  research and development. A p i l o t  p l a n t  was con- 

s t ruc ted i n  Chicago, I l l i n o i s ,  i n  1973 t o  support development and t e s t i n g  o f  

t h i s  process. Since ea r l y  1974, the u n i t  has been operated f o r  over 5600 

hours f o r  a  va r i e t y  o f  technical  p ro jec ts  and purposes.- However, dur ing 1978 

and 1979, the p i l o t  p l an t  was operated i n  d i r e c t  suppor t .o f . the  present p ro jec t .  

Sized coal '  i s  fed through a ser ies o f  l ock  hoppers t o  the g a s i f i e r  where i t  i s  

f l u i d i z e d  by a  f l ow o f  oxygen gas and steam,. A po r t i on  o f  the coal ' i s  ox id ized 

t o  provide'some o f  the heat required f o r  react ion,  whi le  the remainder i s  

converted t o  "raw" gas. The process uses elevated pressure (90 pounds per 

square inch absolute) f l  u i d i  zed-bed, agglomerating ash, g a s i f i e r  operating a t  

1875'F. This temperature i s  s u f f i c i e n t l y  h igh t o .  cause the ash t o  sof ten and , 
agglomerate. The u n i t  contains conical  i n t e rna l s  near i t s  bottom. Softened 

ash i s  agglomerated w i t h i n  the g a s i f i e r  i n t o  small s o l i d  p e l l e t s  and is,removed 

from the bottom o f  the g a s i f i e r  'and quenched. 

~ r o v i ' s i o n s  'have been made on-s i te  f o r  storage ,of  the i n i t i a l  4 years'  produc- 

t i o n  o f  ash from the g a s i f i e r  i n .  an envi ronme'ntal l y  safe manner. S u f f i c i e n t  

area' i s  a lso provided on-s i te  f o r  storage o f  an add i t iona l  16 yea.rsl production 

o f  ash. This la rger  area w i l l  be t rea ted  as required t o  provide f o r  storage 

o f  the ash i n  an environmentally acceptable manner. However, i t  i s  possib le 

t h a t  the ash produced by the p l a n t  may eventual ly  be so ld  f o r  some commercial. 



purpose. I f  f u tu re  demands should requ i re  expansion o f  the p lant ,  a  po r t i on  

o f  the long-term ash storage area could be used f o r  t h i s  purpose. 

The hot, raw gas emerging from the g a s i f i e r  i s  subjected t o  a  ser ies  o f  cool- 

ing,  cleanup and p u r i f i c a t i o n  steps designed t o  remove s u l f u r  and other i m -  

p u r i t i e s  from the gas stream. Commercially ava i lab le  gas treatment equipment 

i s  used. The composition o f  the f i n a l  product gas i s  approximately 42 percent 

hydrogen (Hz), 34 percent carbon monoxide (CO) , 18 percent carbon d iox ide 

(CO*), 5 'p&rcent methane (CH4) and 1  percent n i t rogen ( N 2 )  The gas wi 11 be 

usable by indus t r ies  i n  the Memphis area as a  combustible fue l .  

Cred i t  System -- I n  order t o  increase the .a t t rac t i veness  o f  t h i s  f ue l  gas t o  

po ten t i a l  i n d u s t r i a l  customers, the r e l i a b i l i t y  o f  supply must be ensured, 

even dur ing periods o f  p l an t  shut-down f o r  r epa i r  o r  maintenance. The p l a n t  

i s  designed t o  enhance re1 i a b i  1  i t y  by the use o f  modular g a s i f i e r  t r a i n s  and 

several back-up systems, but  it i s  not  cos t -e f fec t i ve  t o  b u i l d  complete redun- 

dancy i n t o  the p lant .  For the present p ro jec t ,  r e l i a b i l i t y  i s  o f  special 

concern because only one p lant ,  ra ther  than several independent p lan ts  as 

would be the case f o r  an already-developed system, w i l l  be ava i lab le  t o  produce 

gas f o r ,  customers. Therefore, the IFGDP w i  11 a1 so incorporate a  " c r e d i t  

system" t o  assure customers o f  a  continuous f ue l  supply. During operation, 

from 10 t o  30 percent o f  the product gas from the IFGDP w i l l  be methanated t o  . 
natura l  gas qua1 i t y  and introduced i n t o  the e x i s t i n g  ~emp'his gas system, 

thereby accruing "c red i t s "  against periods o f  t ime when the p l a n t  i s  not  

operating. During these periods, the "credi ted" natural  gas w i  11 be withdrawn, 

adjusted w i t h  a i r  t o  the proper medium-Btu heating value and d i s t r i b u t e d  t o  

the i n d u s t r i a l  customers. 

Economic Factors -- The f a c i l i t y  w i l l  be constructed a t  a  cap i t a l  cost  o f  

about $200 m i l l i o n  based on 1979 do l la rs .  The on-s i te  const ruct ion work force 

w i l l  cons is t  o f  about 310 m i l l i o n  job s i t e  hours over 36 months, w i t h  a  peak 

leve l  o f  about 703 workers. This w i l l  represent a  pay ro l l  o f  over $50 m i  11 ion.  

The vast  ma jo r i t y  o f  the workers required t o  b u i l d  the p l a n t  are expected t o  

come from the Memphis area work force. The c a p a b i l i t i e s  and s k i l l s  required 

are present ly  avai 1  able i n  s u f f i c i e n t  numbers from the metropol i tan  area. 



The annual operat ing s t a f f  f o r  the ,IFGDP w i l l  be about 270 persons, invo lv ing  

an annual pay ro l l  ,,of $6.4 m i  11 ion. While many o f  these workers are expected 

t o  be drawn from the Memphis area, the spec ia l ized requirements o f  some jobs 

are 1 i k e l y . t o  resu l t  i n  about 25 percent o f  the operat ing s t a f f  coming from 

outs ide the. area. 

Under Shelby County law, rea l  property owned by governments i s  exempt from 

property taxat ion.  - Fol lowing completion o f  the demonstration t e s t i n g  period, 



1.2 PROJECT BACKGROUND' ' . ' 

I n  1976, the U. S. Department o f  Energy (DOE), which .at  t h a t  t ime was the U. S .  

Energy Research and Development Administ rat ion,  announced t h a t  i t  would co- 

sponsor a ser i ,es o f  coal g a s i f i c a t i o n  demonstration p l an t s  t o  encourage the  

development o f  p r a c t i c a l  techno1 ogy f o r  convert ing coal i n t o  a usable gaseous 

fueF as a means o f  encouraging the count ry 's  energy se l f - su f f i c iency .  A 

request f o r  proposal, RFP E-(49-18)-2043, was issued, and MLGW submitted a 

responding proposal i n  May 1976.. 

To perform t h i s  work, MLGW establ ished an i n d u s t r i a l  team w i t h  the  f o l l ow ing  

members and  responsi b i  1 i ti es: 

o MLGW -- Memphis L igh t ,  Gas and Water D iv i s ion ,  .Memphis, Tennessee. 

The prime cont rac tor  and d i s t r i b u t o r  o f  the i n d u s t r i a l  

f ue l  gas. 

o FWEC -- Foster Wheeler Energy ,Corporation, L iv ingston,  New Jersey. 

The .engineer-construct ion manager. 

o IGT -- I n s t i t u t e  o f  Gas Technology, Chicago, I l l i n o i s .  The 

process developer. 

o DRC ' -- Del ta  Ref in ing Company, Memphis, Tennessee. To provide 

operat ing experience. 

1n 1977, MLGW and W. R. Grace Company were selected by DOE from among the 

proposals received t o  conduct a design compet i t ion t ha t . cou ld  lead t o  the 

const ruc t ion and operat ion o f  a demonstration p l a n t  f o r  i n d u s t r i a l  f ue l  gas. 

Contracts were negot iated w i t h  both p a r t i e s  i n  l a t e  1977. MLGW's work was 

ca r r i ed  forward under con t rac t  ET-77-C-01-2582. The MLGW and Grace cont rac ts  

spec i fy  t h a t  the work . i s  t o  be conducted i n  three phases. Phase I costs are 

f inanced e n t i r e l y  by DOE. Costs f o r  Phases I1  and I 1 1  are t o  be shared by DOE 

and the i n d u s t r i a l  partner.  



The phases are: 

. . o 'phase I' -- Program Development and Conceptual ' ~ e s i ~ n  
o Phase I1 -- Demonstration P lant  F ina l  Design, Procurement 

/ 
. . and Construct ion 

o . Phase 1.11 -- Demonstration P lant  0peratio.n 

The MLGW p l a n t  i s  intended t o  produce i n d u s t r i a l  f ue l  gas ii Memphis, Tennes- 

see,' wh i le  the Grace p l a n t  i s  intended f o r  ammonia product ion i n  Baskett,  

Kentucky. 

The i nformation contai  ned i n t h i s  environmental r epo r t  has been developed a n d  

. prepared e n t i r e l y  dur ing Phase I o f  the MLGW program. 



1.3 NEED FOR ACTION 

The proposed p ro j ec t .  i s  a j o i n t  venture between DOE and MLGW. Each p a r t i c i -  

pant has i t s  own ob jec t ives and needs which the  proposed IFGDP w i l l  meet. 

The overa l l  need f o r  t h i s  p r o j e c t  i s  based p r i m a r i l y  on: (1) DOE'S  ob jec t ives 

t o  demonstrate the techn ica l ,  economic and environmental f e a s i b i l i t y  o f  pro- 

ducing synthet ic  gas from coal f o r  i n d u s t r i a l  app l ica t ions,  and (2) MLGW's re- 

qu'irements t o  br idge the gap between customer demand and natura l  gas supply i n  

the  Memphis area and t o  provide a r e l i a b l e  energy supply i n '  support o f  the 

s tab i  1 ity and growth o f  the l oca l  economy. This dual need f o r  the proposed 

ac t i on  provides strong ra t i ona le  f o r  1 oca t i  ng a medi u m - ~ t u  coal g a s i f i c a t i o n  

p l a n t  i n  the. Memphis ar(ea. 

The nat iona l  energy po l  i c y  o f  the United States involves the encouragement o f  

energy se l f - su f f i c i ency  f o r  the country. This includes reducing our dependence 

on fo re ign  o i l  and developing technologies based on nat iona l  energy resources 

t h a t  can replace requirements f o r  imported o i l .  I ndus t r ies  and u t i l i t i e s  

using o i l  and natura l  gas as f ue l  sources are being encouraged t o  convert t o  

coal and other abundant fue ls .  The increase i n  the  natura l  gas supply cu r ren t l y  

being experienced by the Uni ted States, which s t a r t ed  i n  1978, has slowed the 

conversion away from natura l  gas. However, t h i s  i s  expected t o  be on ly  a 

t r ans i en t  c i  rcumstance. The avai 1 abi  1 i t y  of natura l  gas i s  expected t o  continue 

i t s  long-term dec l ine i n  s u p p l y a f t e r  the  next  f e w  years. 

I n  the meantime the nat ion i s  pursuing a vigorous research and development 

program t o  demonstrate p r a c t i c a l  a l t e r n a t i v e  technologies f o r  producing energy 

from more abundant resources i n  ways t h a t - a r e  t echn i ca l l y  and economically 

. ,promising as wel l  as environmental ly acceptable. One o f  DOE 'S '  prime goals i s  

the development o f  energy-related technologies t h a t  make use o f  domestic coal 

resources and have the c a p a b i l i t y  o f  reducing our o i l  needs. ' The proposed 

IFGDP i s  aimed a t  meeting these object ives.  Coal g a s i f i c a t i o n  i s  one o f  the , , 

techniques t h a t  a1 lows use o f  coal f o r  i n d u s t r i a l  app l i ca t ion  w i t h  lower 

environmental impact than other methods o f  using coal such as e l e c t r i c  power 

generat ion i n  c o a l - f i  red bo i l e r s .  



DOE.has a lso recen t l y  expressed i n t e r e s t  the development o f  processes f o r '  

the  product ion o f  1  i q u i d  synthet ic  f ue l s  ("syn.fuels") from coal. Th is  objec- 

t i v e  can be g rea t l y  enhanced by the commercial demonstration of'medium-Btu, gas 

product ion i n  Memphis. ' The techno1 ogy f o r  1  arge-scal e  production. o f  IFG' i s  a  

major requ i red processing step i n  the product ion o f  synthet ic  gasol ine from 

coal v i a  the " i n d i r e c t "  1  iquefact ion process scheme. A1 so, " d i r ec t "  1  iquefac- 

t i o n  technologies requ i re  char g a s i f i c a t i o n  f o r  hydrogen gas production, and 

t h i s  step, too, i s  medium-Btu gas i f i ca t i on .  Moreover, the development of 

other advanced energy technologies, such ds f ue l  c e l l  power p l an t s  running on 

coal-der ived f ue l ,  a l so  depend on t h i s  g a s i f i c a t i o n  technology. 

MLGW' s  need f o r  t h i s  p r o j e c t  i s  t o  a s s i s t  r eso lu t i on  o f  a  natura l  gas supply 

and demand imbalance which ex i s t s  i n  the Memphis area and t o  support a  s tab le  

and growing i n d u s t r i a l  base. MLGW has been in te res ted  f o r  some t ime i n  acquir -  

i n g  an energy source a1 t e rna t i ve  t o  natura l  gas f o r  selected i n d u s t r i a l  custo- 

mers. These i n d u s t r i a l  customers use natura l  $as mostly f o r  generat ing steam 

and as gaseous fue l .  The i r  needs, therefore, .  do no t  necessari l y  requ i  r e  

natura l  gas bu t  could be met by o ther  clean-burning fue ls .  Use o f  medium-.~tu 

gas w i l l ,  i n  e f f ec t ,  a l low MLGW t o  preserve natura l  gas f o r  h igher p r i o r i t y  

usages and hence have the e f f e c t  of 'extend.ing natura l  gas suppl ies i n  the best  

i n t e res t s  o f  t he  Uni ted States. 

A v a i l a b i l i t y . o f  IFG w i l l  enable indus t ry  i n  Memphis t o  r e l y  on energy needed 

t o  mainta in cur rent  operat ions and t o  grow. Most i ndus t r ies  i d e n t i f i e d  as 

po ten t i a l  IFG customers have been c u r t a i l e d  from natura l  gas and are using 

low-su l fur  d i s t i l l a t e  f ue l  as t h e i r  energy source,-e i ther f u l l -  o r  par t - t ime,  

resu l  ti ng 'i n .i ncreased dependence on fo re ign  energy resources. Avai 1  abi  1  i t y  

o f  coal-der ived IFG w i l l ,  i n  most cases, d i rec t l y .  d isplace the use o f  fue l  

o i l ,  as we l l  as natura l  gas. 

The remainder o f  t h i s  sect ion presents deta i  1  s  o f  MLGW's need f o r  the proposed 

act ion.  Further d e t a i l s  o f  D O E ' S  ob jec t i ves  can be obtained from D O E ' S  Foss i l  

Energy Program Plan, DOE/ET-0087, March 1979. 



1.3.1 "LGW NATURAL GAS SUPPLY AND DEMAND IMBALANCE 

MLGW, as d i s t r i b u t o r  o f  na tura l  gas i n  the  Memphis area, has experienced 

.seasonal cur ta i lments  o f  natura l  gas from i t s  p i p e l i n e  supp l ie r ,  Texas Gas 

Transmiss.ion Corporat ion, s ince 1975. These.  seasonal cur ta i lments  have been 

passed on. t o  i n d u s t r i a l  customers under con t rac t  f o r  i n t e r r u p t i b l e  supply. On 

occasion, MLGW has a l so  had t o  c u r t a i l  commercial customers. From A p r i l  

1974 u n t i  1 mid-1979, gas-main extensions were r e s t r i c t e d  f o r  a1 1 gas customers. 

Therefore, MLGW has a c t i v e l y  sought a l t e r n a t e  sources o f  gaseous fue'l f o r  i t s  

customers. The recent '  avai l a b i  1 i ty o f  add i t i ona l  suppl ies i s  viewed as on ly  

a temporary s o l u t i o n  t o  the  problem. Long-term so lu t i ons  are s t i l l  required.  

~ e m ~ h i  s has a d i v e r s i f i e d  i n d u s t r i a l  economy. Major i n d u s t r i a l  categor ies 

inc lude chemicals , o i  1 r e f i n i n g ,  wood products, farm machinery , heavy manufac- 

t u r i  ng, foods, beverages, paper and rubber products, pharmaceutical s, soybean 

and co t ton  b i  1 d e r i v a t i v e s  and f e r t i  1 i ze rs .  , . Manufactur ing f i rms  numbered 9550 

i n  1975 and employed 63,700 people. Memphis. a l so  has a s t rong commercial 

sector .  N a t i o n a l l y ,  i t  ranked eighteenth in-:1972 as a wholesale and d i s t r i b u -  

t i o n  center ;  sales. volume was we l l  over $7 b . i l  l i o n .  

Table 1-1 presents h i s t o r i c a l  in format ion on use o f  na tu ra l  gas i n  the  Memphis 

area f o r  b o t h . i n d u s t r i a 1  and t o t a l  customers. It can be noted t h a t  i n d u s t r i a l  , -  

consumption o f .  gas peaked i n  1974, the  year before cur ta i lments  began, and 

t h a t  i n d u s t r i a l  c.ustomers .have borne ' the heaviest  burden' i n  the  supply l oss  

because t h e i r  consumption decrease accounts f o r  v i  r t u a l  l y  the  e n t i  r e  decrease 
. . 

i n  gas use s ince 1974. , 

The increases i n  gas supply' t o  the  i n d u s t r i a l  and t o t a l  sectors brought about 

by decontrol o f  gas p r i ces  a r e  evident  i n  Table 1-1 by comparing the  1977 and 

1978 usage data.   his i s  commonly r e f e r r e d  to '  as the, "gas bubble" because the  

increased suppl i e s  are' no t  expected t o  1 a s t  l ndef i n'i t e l y .  These a d d i t i o n a l  

suppl i e s  have no t  s i g n i , f i c a n t l y  a1 l e v i a t e d  the  long-term reduct ion  i n  i n d u s t r i a l  ' .  
. . 

a l locat ion .exper ienced since 1974. .In addi t ' ion,  the  suppl ies have not  al lowed 

f o r  any growth from the 1974 f igures;  



TABLE 1-1 

. Year - 
'1 968 

1969 

1970 

1971 

1972 

1973 . 

1974' 

1975 

1976 

1977 

1978 

* MLGW data' 

ANNUAL NATURAL GAS USE I N  MEMPHIS* 

(mcf > 

I n d u s t r i  a1 

35,538,824 

38,036,892 

37,672,941 

To ta l  

93,676,358 

93,465,695 

92,703,430 

90,374,996 

93,087,422 



Some understanding o f  the ex tent  o f  the supply shortage can be obtained from 

the  f o l l ow ing  analysis.  .By assuming an unrestra ined 2.5 percent  per year - 
i n d u s t r i a l  growth r a t e  from the 1973 supply f igures,  based on the average 

yea r l y  h i s t o r i c a l  growth o f  nonagr icu l tura l  employment i n  the Memphis area, 

the  1978 supply would have been 45,257,971 mcf ,* which i s  subs tan t i a l l y  over 

the  actual  supply f i gu res  (27,619,463 mcf) f o r  1978. A summary o f  these 
3 

f i gu res  fo l lows:  

,Gas Supply 
(mcf) 

1973 Actual Supply t o  Indust ry  40,001,452 

1978 Projected Supply t o  Indust ry  
(based on 2-1/2 percent unrestra ined growth) 45,257,971 

1978 Actual Supply t o  Indust ry  27,619,463 

Estimated Supply S h o r t f a l l  t o ' I n d u s t r y  f o r  1978 17,638,508 

The est imated supply s h o r t f a l l  o f  near ly 18 m i l  1 i o n  mcf i n  1978 represents an 

energy demand requirement t h a t  i ndus t ry  i n  the Memphis area .has had t o  s a t i s f y  

by t u rn i ng  t o  other sources. As a r e s u l t ,  many i n d u s t r i a l  customers have 

turned t o  f ue l  o i l ,  which has increased the demand f o r  fo re ign  o i l .  

Figure 1-2 por t rays  the overa l l  gas supply and demand s i t u a t i o n  f o r  MLGW 

through 1980. By t h a t  year, ove ra l l  supply i s  expected t o  be around 75 b i l -  

l i o n  cubic f e e t  per  year, wh i le  unconstrained demand, based on an assumed 

annual grow.th- r a t e  o f  2-1/2 percent, could r i s e  t o  near ly  120 b i l l i o n  cubic 

feet .  Beyond 1980, the Texas Gas Transmission Corporat ion foresees decreases 

i n  i t s .  a b i l i t y  t o  supply gas t o .  the Memphis area. 

A t  the present t ime, MLGW has once again begun t o  accept new gas customers o f  

a l l  types, r es i den t i a l ,  commercial and i n d u s t r i a l .  However, new i n d u s t r i a l  

customers are being given no guarantee o f  f u t u re  supply. No curta i lments are 

expected f o r  the 1979-80 heat ing season, except those t h a t  are weather-re1 ated 

due t o  the system?s d a i l y  a l l oca t ions  from the i n t e r s t a t e  p ipe l ine .  

* mcf = thousand cubic f e e t  



Figure 1-2.  MLGW Natural Gas Supp lyand  Estimated Demand 



MLGW has several ac t i ve  programs underway i n  the  Memphis area (some i n  con- 

j unc t i on  w i t h  TVA) t o  promote energy co'nservation, e f f i c i e n t  energy u t i  1 iza-  

t i o n  o r  use o f  other energy sources. These programs inc lude the fo l lowing: .  

o Home i n s u l a t i o n  

o Solar water heat ing 

o E l e c t r i c  heat pump f inanc ing p l an  

o Consumer education 

I n  August 1977, MLGW took possession o f  the r i g h t s  and p roper t ies  known as the 

Bayou Gal ion Gas F i e l d  located near Monroe, Louisiana. This ac t i on  was taken 

t o  improve the supply c a p a b i l i t i e s  f o r  i n d u s t r i a l  customers and t o  supplement 

gas purchases on the spot market t h a t  ML& had prev ious ly  made. The 18,000- 

acre f i e l d  i s  on ly  p a r t i a l l y  developed now, and i t  i s  expected t h a t  product ion 

l e v e l s  can be increased w i t h  time. 

MLGW has purchased supplemental gas and promoted conservation as a means o f  

decreasing the long-term sugply and demand imbalance. However, most o f  the 

s h o r t f a l l  t o  date has been br idged by cur ta i lment  o f  l o w - p r i o r i t y  i n d u s t r i a l  

users. This method i s  e f f e c t i v e  i n  c o n t r o l l i n g  demand, bu t  i n  the long run i s  

incons is tent  w i t h  MLGW' s responsi b i  1 i t y  t o  the communi t y .  

Natural gas demand i n  the Memphis area i s  expected t o  continue t o  grow through 

the 19801s, based on pro jec ted growth o f  the real. gross nat iona l  product, and 

business a c t i v i t y  i n  the Memphis area. Nonagricul t u r a l  employment, i n  the 

Memphi s metropol i tan  . area . has experienced an average 'annual h i s t o r i c a l  growth 

r a t e  o f  2.5 percent, slowed on ly  by the recession and l ack  o f  energy from 1974 

t o  1976. Continuing ac t ions w i l l  be requ i red t o  assure t h a t  Memphis has 

s u f f i c i e n t  energy resources ava i lab le  t o  mainta in i t s  present i n d u s t r i a l  base 

and a t t r a c t  new indust ry .  



1.3.2 RELATIONSHIP OF PROPOSED PROJECT TO MLGW AND DOE GOALS 

Production o f  IFG by the proposed p r o j e c t  w i l l  :. 1 

o Demonstrate the U - G A S ~ ~  coal g a s i f i c a t i o n  process i n  terms o f  

techno1 ogy , economics .and environmental compati b i  1 i ty  

o Be consistent  w i t h  the Fuel Use Act o f  1978 and the National Energy 

Act  o f  1978 by p rov id ing  an a l t e rna t i ve  f ue l ,  which i s  not  dependent 

on fo re ign  o i l  o r  domestic natura l  gas, t o  indus t ry  i n  the Memphis 

area 

o . Displace the use o f  natura l  gas and low-su l fur  fuel o i l  by Memphis 

i ndustry 

o Bene f i t  the general economy o f  the Memphis area by supplying ex i s t -  

i n g  indust ry  and promoting i n d u s t r i a l  growth through access t o  a 

re1 i abl e 1 ong-term energy source 

o D i ve rs i f y  MLGW's energy base, because i t would be based on coal,  an 
I 

ample, i ndependent, noncurtai 1 able source. 

o Protect  l oca l  jobs and indust r ies ,  because i t  would be a loca l  

undertaking not  subject  t o  curta i lments associated..with i n t e r s t a t e  

natural  gas 

o Increase domestic energy u t i l i z a t i o n  i n  the Shelby County area and 

displace imported fue l  o i l .  

o Provide addi t iona l  work and income i n  the Memphis area 

As p a r t  o f  i t s  overa l l  energy supply r espons ib i l i t i e s ,  MLGW i s  a lso a c t i v e l y  

seeking a l te rna te  sources o f  natura l  gas supply and i s  encouraging measures t o  

. conserve ava i lab le  supplies. The IFG from the proposed p ro j ec t  w i l l  have the 



. . 
. . 

. . 

effect  o f  resolving a major p a r t  . . o f  the present imbalance between 

natural  gas supply and possible demand. 



Few po ten t i a l  IFG customers i n  the Memphis area have the physical ,  economic 

and/or technical  c a p a b i l i t y  t o  convert d i r e c t l y  t o  coal f o r  t h e i r  energy 

needs. I n  add i t ion,  there are regu la tory  const ra in ts  t h a t  pose f u r t he r  prob- 

lems t o  po ten t i a l  coal users. These po ten t i a l  customers, then, w i l l  continue 

t o  r e l y  on natura l  gas and f ue l  o i l  f o r  t h e i r  operations unless there i s  a 

. . suit.ab1.e a l t e r n a t i v e  t h a t  can provide a r e l i a b l e ,  long-term energy supply. . 

Reliance on e i t h e r  natura l  gas, which i s  subject  t o  po ten t i a l  a v a i l a b i l i t y  and 

cur ta i lment  problems over t he  long-term, o r  f ue l  o i l ,  much o f  which comes from 

imported sources, poses supply concerns f o r  the future.  A l te rna t i ve  energy 

resources f o r  Memphis and f o r  the United States must c l e a r l y  be developed and 

proven. Fa i l u re  t o  expedi t ious ly  provide IFG i n  the Memphis area w i l l ,  there- 
I 

fore,  r e s u l t  i n  greater f ue l  o i l  use, the, poss ib le  suspension o f  business 

a c t i v i t y  by some industries i n  the, event o f  curta i lments and/or the lack  of 

re1 i a b l e  energy a v a i l a b i l i t y  f o r  s t imu la t ing  the growth o f  the Memphis economy. 
. . .  





SECTION 2.0 

DESCRIPTION OF THE PROPOSED ACTION 

This sec t ion  provides a d e t a i l e d  desc r ip t i on  o f  the  proposed I n d u s t r i a l  Fuel 

Gas Demonstration P lan t  (IFGDP). Discussions o f  the  p l a n t  l oca t ion ,  layout ,  

const ruc t ion  program, g a s i f i c a t i o n  process, f a u l t  and f a i l u r e  analys is,  hea l th  

and sa fe ty  program, tox i co logy  program and..decommissioning are presented i n  

. t h e  f o l l o w i n g  sections. ~ e t a i l s  o f  p l a n t  design, const ruc t ion .  and operat ion 

repor ted i n  t h i s  document are those o f  the  P h a s e 1  conceptual design as o f  

. . August. 1979. Detai 3 s  .may be changed and/or r e f i n e d  as a r e s u l t  o f  the  f i n a l  

design work o f  Phase 11, which i s  expected to'.begi.n i n  1980. I n  many places, 

numerical values are repor ted , i n  met r ic  ' u n i t s  fo l lowed . i n  parentheses by U. S. 

equivalents.  . . 

2.1 PROJECT LOCATION 

The proposed p l a n t  s i t e  i s  1 ocated a p p ~ o x i ~ a ~ e l y  13 k i  1 ometers (8 m i  1  es) west- 

southwest o f  dowritown ~emphis ,  Tennessee. The l o c a t i o n  o f  the  p l a n t  i n  r e l a t i o n  

t o  the  c i t y  i s  i nd ica ted  i n  Figure 2-1. The s i t e  . i s  w i t h i n  both the  Shelby 
, . . . 

County and ~ e m ~ h i s  c i t y  l i m i t s .  

A more d e t a i l e d  map o f  the  s i t e  v i c i n i t y ,  i nc lud ing  the  p l a n t  s i ' te  study area, 

i s  .presented i n  Figure 2-2. The area i s  on  a peninsula extending i n t o  Lake 

McKel l a r ,  man-made lake formed when a channel o f  the  M iss i ss ipp i  R iver  was . 

c losed by the  U. S. Army Corps o f  ~ n ~ i ' n e e r s  (U. S. COE). Presidents Is land,  

an i n d u s t r i a l  and agricu1,tural area, i s  t o  the  n o r t h  across the  lake. The 

westerri boundary o f  the  p l a n t  s i t e  l i e s  1.2 k i lometers (4000 feet)  east  o f  

the  ~i s s i  ss ipp i  River. The southern boundary cons is ts  o f  the  shore1 i ne along 
. . 

a  barge-turn i  ng bas in  , i n  Lake McKel l a r .  Important nearby f a c i  1 i t i e s  i nc l  ude 

the TVA A l l e n  Generating P lant  and the T. E. Maxson Wastewater Treatment F a c i l i t y .  

The area which was studied f o r  t h i s  r e p o r t  measures 1158 meters (3800 fee t )  

along the no r th  and south boundaries and 564 meters (1850 fee t )  along the east 

and west boundaries, encompassing 0.65 square k i lometer  (162 acres). The 
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e x i s t i n g  e leva t ion  o f  the  s i t e  i s  61 t o  62.5 meters (200 t o  205 fee t )  above 

mean sea l eve l  (msl). Port ions .o f  the s i t e  are f requent ly  f looded, p a r t i c u l a r l y  

fo l l ow ing  sp r ing  snowmel t i n  the Miss iss ipp i  River basin. Several levees have 

been constructed on the s i t e  a t  an e leva t ion  o f  62.5 t o  64 meteis (205 t o  210 

fee t )  above mean sea ' 1  eve1 , b u t  are unable t o  con t ro l  any s i g n i f i c a n t  f lood ing.  

This po ten t i a l  f o r  f l ood ing  necessitates the bui ldup of the s i t e  t o  an e levat ion 

o f  71 meters (233 fee t )  above mean sea l e v e l  t o  accommodate the p ro j ec t .  

  his e leva t ion  exceeds the  U. S. Army Corps. o f  Engineers recommendation f o r  

the p r o j e c t  design f lood.  

The proposed p l a n t  s i t e  i s  located e n t i r e l y  w i t h i n  the study area, measuring 

960 meters (3150 f ee t )  along the nor th  and south boundaries and 564 meters 

(1850 fee t )  along the east and west boundaries. The s i t e  encompasses 0.54 

square k i lometer (134 acres) and i s  ou t l i ned  i n  Figure 2-3. 

For the  most pa r t ,  the surface s o i l  a t  the s i t e  'consists o f  sand and gravel.  

A surface l aye r  o f  clayey s i l t  i s  located i n  the southwestern por t ion.  This 

s i l t  i s  a  r e s u l t  o f  the depos i t ion  o f  dredge spo i l  dur ing annual U. S. Army 

Corps o f  ~ n g i n e e r s .  dredging operat ions i n  Lake ~ c ~ e l  l a r .  Vegetation on the 

s i t e  cons is ts  p r imar i  l y  o f  successional bottomland forest. and meadowland. 
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2.2 PLANT DESCRIPTION 

Locations o f  a1 1 f a c i  1 i t i e s  required f o r  the IFGDP a r e  discussed i n  t h i s  

section. The p r o j e c t  consists o f  ' the elevated p l a n t  s i t e  and access road, 

barge unloading area and o f f - s i t e - u t i l  i t i e s .  . U t i l i t i e s  include pipe1 ines fo r  

product  i n d u s t r i a l  fue'l gas (IFG) , natura l  gas, water supply, san i tary  sewage 

and wastewater as we1 1 as power and telephone 1 ines. De ta i l s  o f  f a c i l i t i e s  

'and layout  are those o f  the Phase I conceptual design as o f  August 1979. De- 

t a i  1 s may be changed and/or r e f i ned  as .a r e s u l t  of f i n a l  design work o f  Phase 

11, which i s  expected t o  begin i n  1980. 

2.2.1 PLANT'LAYOUT 

. Th i s  sect ion presents a descr ip t ion o f  the layout o f  a l l  p l a n t  f a c i l i t i e s ,  

i nc lud ing  access roads, process f a c i  1 i ti es, storage areas, barge unloading 

f a c i l i t i e s ,  o f f - s i t e  f a c i l i t i e s  . . and the IFG d i s t r i b u t i o n  system. 

. . . . 

Access t o  the s i t e  w i l l  be made along a pub1 i c  road which w i  11 extend west 

from the A1 l en  .Generating P lant  on top o f  an e x i s t i n g  levee. The road w i l l  

curve nor th  . . a t  the T. E. Maxson Wastewater Treatment Faci 1 i t y  discharge channel 

and extend nor th  along the western p l a n t  s i t e  boundary. The access road w i l l  

be elevated t o  ' the p r o j e c t  design e levat ion (Section 2.2.2) and w i  11 provide 

rou t i ng  f o r  power and telephone 1 ines and water, natura l  gas and sewer pipe1 ines. 

The l focat ion of t h i s  road i s  ind icated i n  Figure 2-4. 

2.2.1.2 PROCESS AND SUPPORT FACILITIES 

A p l o t  p lan '  d e t a i l i n g  the loca t ion  o f  a l l  process and cont ro l  f a c i l i t i e s  and 

a l l  storage areas. f o r  the IFGDP i s  presented i n  Figure 2-5. A de ta i led  engi- 

neering. descr ip t ion o f  each process i s  i n  Section 2.4. 

Severaq support f a c i l i t i e s  w i l l  be located along the western p l a n t  s i t e  

boundary. These w i  11 i ncl  ude an admin is t ra t ion bui  1 ding, a labora to ry / f i  r s t  



. . . .. 
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Figure 2-4. Location o f  Access Road 
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a i d  fac i  1 i t y ,  a warehouse and maintenance bu i ld ing,  a f i rehouse and parking 

areas. The main e l e c t r i c  substat ion w i l l  a lso  be s i tua ted  i n  t h i s  area. For 

secur i t y  purposes, a fence w i l l  surround ' the  e n t i r e  p l a n t  s i t e ,  ui t h  secur i t y  

gates . . a t  a l l  entrances t o  the p lant .  

The p l a n t  contains fou r  g a s i f i e r  un i ts .  Normal operat ion o f  the p l a n t  . involves 

using three o f  the g a s i f i e r s  a t  100 percent capacity w i t h  one g a s i f i e r  i n  
. . reserve. The p l a n t  can a lso operate w i t h  fou r  u n i t s  running a t  75 percent 

capacity. Under these condi t ions,  the p l a n t  generates i t s  maximum environmental 

emissions. 

A l l  Coal Gasi f icat ion'  process f a c i l i t i e s  w i l l  be located east o f  the f a c i l  i- 

t i e s  described above, along a north-south .roadway. These f a c i l i t i e s  include 

Coal /Coke Receiving and   an dl i ng , Coal Gas i f ica t ion,  Gas ~ ' o o l  i ng and Scrubbing, 

Gas ~ompress i  on, Gas Treatment, ~ c r u b b i  ng Water and Sour Water S t r ipp ing  , 
s u l f u r  Recovery, Tai 1 Gas Treatment, A i r  Plant, Raw Water Storage, Steam 

Generators, Cool i ng Towers, Cred i t  Generation, Wastewater Treatment and Flare.  

2.2.1.3 STORAGE AREAS 

Short-term (4-year) and long-term (16-year) ash storage a r e a s ' w i l l  be provided. 

Scrubber s l  udge w i  1 1 a1 so be stored i n these' areas. Short-term. (14-day) and 

long-term (90-day) coal storage areas w i l l  be located i n  the southeastern 

quarter ,  o f  the s i t e .  The loca t ion  o f  these areas i s  ind icated i n  Figure 2-5. 

Leaching studies on ash from the IGT p i l o t . p l a n t  have ind icated t h a t  the ash 

produced by the U - G A S ~ ~  process can be c l a s s i f i e d  as nontoxic. MLGW desires 

eventual ly  t o  make the ash ava i lab le  f o r  some commercial purpose and w i l l  keep 

, the ,ash separate from the scrubber sludge dur ing the f i r s t  4 years o f  operation. 

Add i t i ona l l y ,  sludge from Flue Gas Desul fur iza t ion w i l l  be stored i n  a separate 

sect ion o f  the Ash Treatment and storage area. 

The 'short-'term ash storage area and the short-  .and long-term coal storage 

areas w i l l  be l i n e d  w i t h  a commercially ava i lab le  p l a s t i c ,  which w i l l  prevent 



I any leachate from stored mater ia l  s  from reaching the  groundwater. The long- 

term ash storage area w i l l  be unused dur ing the  f i r s t  4 years o f  operat ion and 

w i l l  be covered w i t h  grass. A t  t h e  end of t h a t  per iod,  i f  a buyer f o r  the  ash 

has no t  been found, the  long-term storage area w i l l  a l so  be used f o r  ash as 

: we1 1 as scrubber sl.udge. ; 

2.2.1.4 BARGE UNLOADING FACILITIES 

Barge unloading f a c i  1 i t i e s  w i  11 be s i t u a t e d  a1 ong the  southern boundary o f  the  

s i t e  (Figure 2-5). Mooring f a c i l i t i e s  w i l l  be on the south bank o f  the  s i t e .  

The unloadi,ng f a c i l i t i e s  cons is t  o f  unloading equipment and a covered conveyor 

which w i l l  be used t,o d e l i v e r  coal from a barge unloading p l a t f o r m  t o  the l i v e '  

coal p i l e .  Ajso, f a c i l i t i e s  w i  11 be constructed t o  enable the  t r a n s p o r t a t i o n  

o f  l a rge  loads from barges t o  the  p lan t .  These temporary f a c i l i t i e s  may n o t  

be co-located w i t h  the  coal barge unloading system. 

2.2.1.5 OFF-SITE FACILITIES 
1 

Locations o f  a l l  o f f - s i t e  f a c i l i t i e s ,  w i t h  the  exception of the  IFG d i s t r i b u t i o n  

system, are described i n  t h i s  sect ion.  The f a c i l i t i e s  inc lude a l l  water 

supply and.wastewater discharge, natura l  gas and IFG p i p e l i n e s  and the  e l e c t r i c  

t ransmission l i n e .  

2.2; 1.5.1 WATER SUPPLY PIPELINES 

Water w i l l  be suppl ied t o  the  IFGDP from the Memphis municipal water supply 

system. Two p i p e l i n e  routes w i l l '  b e  used f o r  the  water supply, as i s  i nd ica ted  

i n  F igure .2-6 . .  Each p i p e l i n e  w i l l  have independen.t capac i ty  t o  supply the  

p l a n t  t o  a r a t e  o f  4 m i l l i o n  gal.lons per day and w i l l  t i e  i n t o  e x i s t i n g  dead 

ends i n  . the Memphis d i s t r i b u t i o n  system. A de ta i  l e d  descr ipt io 'n o f  f lows 

requ i red f o r  the  p l a n t  i s  presented i n  Sect ion 2.4.5.16.1. 
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Figure 2-6. Location of Off-Si t e  Water, Wastewater and Sanitary Sewer Pipe1 i nes 
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I One water p i p e l i n e  w i l l  connect t o  an e x i s t i n g  l i n e  on Presidents I s l and  and 

I w i l l  f o l l ow  the  r ight-of-way t o  be used f o r  the IFG p i pe l i ne  (discussed i n  

I d e t a i l  i n  (Section 2.2.1.5.5). This l i n e  w i l l .  have a diameter o f  41 centimeters 

I (16 inches) and w i l l  be able t o  ca r r y  a maximum f low o f  3700 ga l lons per 

I minute. The.other p i p e l i n e . w i l 1  connectyto a l i n e  a t  the A l l en  Generating 

I P lant  and w i l l  extend along the access road t o  the s i t e .  I t  w i l l  have a 

diameter o f  41 centimeters (16 inches) and w i l l  c a r r y  a maximum f low o f  2200 

ga l lons per minute. These capac i t ies  are ample f o r  p l a n t  requirements. 

2.2.1.5.2 WASTEWATER DISCHARGE PIPELINES 

A san i ta ry  sewer pipe1 i ne  w i  11 extend from the p l a n t  t o  the T. E. Maxson 

. . Wastewater Treatment F a c i l i t y .  This p i p e l j n e  w i l l  be 20 centimeters (8 inches) 

i n  diameter and w i l l  a l so  extend along the  access road, as i s  i nd ica ted  i n  

Figure 2-6. A1 1 other wastewater, i nc l  ud i  ng process wastewater and r a i  n f a l  1 

r uno f f  from process un i t s ,  w i l l  be t rea ted  on-s i te  and discharged through a 46 

centimeter (18 inch) p i p e l i n e  i n t o  the M iss iss ipp i  River. The l oca t i on  o f  

t h i s  pipe1 i ne  . i s  i nd ica ted .  i n  Figure 2-6. An ana lys is  o f  wastewater f lows i s  

provided i n  Section 2.4.5.13. 

The wastewater p i p e l i n e  w i l l  be placed i n  a dredged t rench extending t o  a 

submerged o u t f a l l .  The o u t f a l l  w i l l  be located 1.8 meters below the 20-year 

low water reference plane i.n the Miss iss ipp i  River (as spec i f i ed  by Appendix 

4A, Figure 4A-1) and 1.8 meters from the low flow. shorel ine. The water l i n e  . 

w i  11 discharge i n t o  the r i v e r  a t  a downward angle i n  the v e r t i c a l  plane o f  45 

degrees. ' 

2.2.1.5.3 TRANSMISSION LINE 

E l e c t r i c i t y  w i l l  be provided t o  the p l a n t  from the  TVA system. The expected 

power usage du r i  ng operat i  on i s  45 megawatts. An overhead 161 - k i  1 ovol t trans- 

mission l i n e  w i t h  a capaci ty o f  100 megavolt-ampere w i l l  extend along the 

access road from the A l l en  Generating P lant  t o  the main substat ion on the 

s i t e ,  . as . ind icated i n  Figure 2-7. Telephone l i n e s  w i l l  a lso  reach the p l a n t  

by a r ou t i ng  along the access road: 
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Figure 2-7. Location of Transmission Line and Natural Gas Pipeline 



2.2'. 1.5.4 NATURAL GAS PIPELINE . 
Pipe1 i n e  qua1 i t y  gas w i  11 be generated a t  the proposed IFGDP from a p o r t i o n  of 

the p l a n t  IFG output  and fed i n t o  a natura l  gas p i p e l i n e  operated by MLGW. 

The purpose o f  t h i s  generat ion i s  t o  create c r e d i t s  i n  the natura l  gas system 

so t h a t  whenever the IFGDP undergoes maintenance and repa i r  operat ions, natura l  

gas may be with.drawn from the c i t y  system, adjusted and d i s t r i b u t e d  t o  IFG 

users t o  assure re1 i a b i l ' i t y  o f  supply. This Cred i t  Generation system i s  des- 

c r ibed  i n  more.detai1 i n  Section 2.4.5.11. 

Figure 2-7 shows t h e  loca t ions  o f  the e x i s t i n g  natura l  gas p i p e l i n e  and the 

proposed extension requ i red t o  connect t o  the IFGDP. The p i pe l i ne  w i l l  be 

approximately41 ce'ntimeters (16 inches) i n  diameter and v i  11 be b u i l t  on an 

easement. This p i p e l i n e  w i l l  be bur ied 1.5 meters (5 fee t )  underground. Back 

f i l l i n g , w i l l . b e  accomplished using prev ious ly  removed t opso i l  a t  the top  of 

the f i l . 1  so' t h a t  crop growth can be continued. 

2.2.,1.5.5 IFG PIPELINE 

A conceptual IFG d i s t r i b u t i o n  system developed by MLGW i s  presented i n  Figure 

2-8. F ina l  system design w i l l  be completed a f t e r  a l l  IFG customers have been 

The conceptual d i s t r i b u t i o n  system i s  41.9 k i lometers (26 mi les)  i n  length.  

It extends nor th  from the p l a n t  across Lake McKellar t o  Presidents Is land,  

and along the i s l and  t o  channel Avenue. A 9.1 meter by 1920.2 meter (30 f e e t  

by 6300 fee t )  r ight-of-way must be. obtained along t h a t  route. This r ou t i ng  

w i l l  be a common co r r i do r  w i t h  the c i t y  water p ipe l ine .  Both the IFG d i s t r i -  

but ion and water p ipe l ines  w i l l  be constructed i n  the same t ime period. On 

Presidents Is land,  the p i pe l i ne  w i l l  extend east along the south shore then 

nor th  along the b u i l t  up area t o  an e x i s t i n g  c i t y  s t ree t .  The remainder o f  

the d i s t r i b u t i o n  system w i l l '  f o l l ow  e x i s t i n g  c i t y  s t ree ts ,  as i s  shown i n  

Figure 2-8. As a r e s u l t ,  no f u r t h e r  r ights-of-way need be obtained. 

An engineering desc r ip t ion  o f  the' IFG d i s t r i b u t i o n  system i s  provided i n  

Section 2.2.3. 
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2.2.2 SITE TOPOGRAPHY A 

The U.S.' Army Corps o f  Engineers has determined t h a t  t h e  requ i red  p r o j e c t  

f l o o d  e l e v a t i o n  f o r  t he  IFGDP i s  70.9 meters (232.8 f e e t )  above mean sea 

l e v e l .  Th is  e l e v a t i o n  i s  h igher  than t h e  100,-year f l o o d  l e v e l ,  which has 

b e i n  determined t o  be 68.6 meters (225 f e e t )  above mean sea l e v e l .   he 
p r o j e c t  design e l e v a t i o n  w i l l  be 71 meters (233 f e e t )  above mean sea l e v e l ,  

which complies w i t h  U.S. COE recommendations. 

The e l e v a t i o n  o f  t he  s i t e ' i s  c u r r e n t l y  61 t o  62.5 meters (200 t o  205 f e e t )  

above mean sea l e v e l .  The s i t e  wi  11 be b u i  1 t up t o  the  p r o j e c t  design eleva- 

t i o n  us ing  f i l l i n g  procedures descr ibed i n  Sect ion  2.3.1.1.4. 

A l l  process and support f a c i l i t i e s ,  w i t h  t h e  except ion o f  t h e  shor t - te rm ash 

storage area, t he  long-term coal  storage area and t h e  long-term ash d isposa l  

area w i l l  be cons t ruc ted  a t  t he  design e leva t i on .  The shor t - term ash storage 

and long-term coal  s torage areas w i l l  be cons t ruc ted  a t  t h e  68.6 meter (225 

f e e t )  e l e v a t i o n  and w i l l  be surrounded by a levee w i t h  a t o p  e l e v a t i o n  o f  71 ' 

meters (233 f e e t ) .  The. long-term ash d isposal  area w i  11 be r a i s e d  t o  an 

e l e v a t i o n  o f  64 t o  68.6 meters (210 t o  225 f e e t )  above mean sea l e v e l  and 

w i l l  a l so  be surrounded by a levee a t  t h e  71 meter mean sea l e v e l  e l -evat ion.  

The banks surrounding t h e  Wastewater Treatment ponds may be a t  an e l e v a t i o n  

o f  71.9 meters (236 f e e t )  above mean sea l e v e l .  

2.2.3 IFG DISTRIBUTION SYSTEM 

Th is  sec t i on  presents an engineer ing d e s c r i p t i o n  o f  t h e  IFG d i s t r i b u t i o n  

system, e x i s t i n g  underground l i n e s  and est imated cos ts  o f  cons t ruc t ion .  

2.2.3.1 ENGINEERING DESCRIPTION 

The IFG d i s t r i b u t i o n  system w i l l  be operated as a one pressure system between 

the  l i m i t s  o f  150 pounds pe r  square i n c h  gage a t  t he  p l a n t  t o  approximately 

80 pounds per  square i n c h  gage a t  t he  lowest p o i n t .  A pressure drop o f  2.9 



. . .  

pounds pe r  square i n c h  per  ' m i  l e  o f  gas t r a n s p o r t  w i  11 occur. Pressure reduc- 

t i o n  w i l l  occur a t  each customer's meter ing f a c i 1 i t i . e ~ .  The system can de- 

I l i v e r  50 b i l l i o n  B t u  p e r  day o f  p roduct  IFG. The system w i l l  be p ro tec ted  

I : 'from over-pressure a t  t h e  o u t l e t  o f  . the  compressor a t  t he  p l a n t  and a t  i n d i -  

~. 
v i dua l  customer' s f a c i  1 i t i e s .  NO gas ' w i  11 be vented t o  t h e  atmosphere unless 

t h e  r e l . i e f  va l ve  i s '  forcedl to. operate a t  abnormal ly h igh  pressure. 
. . 

. . 
I 

The gas w i l l  be odor ized a t  t h e  p l a n t  by a v a r i a b l e  speed pump w i t h  t h e  out-  
I p u t  p r o p o r t i o n a l  t o  t h e  f 1 ow. Thiophane (Tetrahydrothiophene o r  THT) w i  11 

. be used as t h e  odorant. Odor iz ing  i s  a normal procedure t o  f a c i l i t a , t e  

d e t e c t i o n  o f  any p i p e l i n e  . leaks.  Coated welded s t e e l  p i p e  and cathodic 

p r o t e c t i o n  w i l l  be used f o r  co r ros ion  c o n t r o l .  

An access .road w i  11 be cons t ruc ted  w i t h i n  the ,  r i gh t -o f -way .  between Channel 

Avenue and Lake McKel l a r  on Presidents 1 s l a n d  ( s e e ~ i g u r e  2-8). It w i  11 be 
. . 

9.1 . . meters ,(30 f e e t )  i n  w id th  and w i l l  a l l o w  f o r  easy access t o  t h e  p ipe l ine . .  

No access. roads w i l l  b e  necessary f o r  t h e  remainder o f  t he  d i s t r i b u t i o n  
. . 

system, s ince  t h e  systeh fo l l ows  c i t y  s t ree ts .  

2.2.3.2 EXISTING LINES 

A l l  s t r e e t s  i n  t he  present.Memphis d i s t r i b u t i o n  system.conta in e x i s t i n g  gas, 

water and sewer l i n e s .  Approximately 50 percent  con ta in  underground e l e c t r i c  

1 ines.  A minimum clearance of 0.9 meter  (3 f e e t )  f o r  1 ines  and 0.3 

meter (1 f o o t )  f o r  c ross ing  l i n e s  w i l l  be maintained between e x i s t i n g  l i n e s  

and the  1FG'pipel. ine. 

2.2.3.3 PIPELINE COSTS 

Table 2-1 presents est imated t o t a l  d i s t r i b u t i o n  system mate r ia l  and l a b o r  

cos ts  on a d o l l a r  pe r  m i l e  bas is  f o r  t he  IFG p i p e l i n e .  E s t i m a t e d ' t o t a l  cos t  

o f  t he  pipe1 i n e  wi l .1 be $9.62 m i l l i o n .  Ma te r i a l  c o s t s  w i  11 be $7.22 m i l  1 ion ,  

and l abo r  cos ts  w i l l  be $2.40 m i l l i o n ,  based on 1978 d o l l a r s .  



TABLE 2-1 

1 ESTIMATED PIPE MATERIAL AND LABOR COST 

I (1 978 Do1 1 ars) 

Pipe .Diameter Length Total Mater ia l  Total Labor 
(inches) ( m i  1 es) Cost Cost 

3 0 3.78 1,613,000 498,000 

TOTALS $7, $25,000 $2,403,000 



2.3 CONSTRUCTION PROGRAM DESCRIPTION 

I .  

Th is  sec t i on  presents a  summary o f  t he  c o n s t r u c t i o n  program f o r  t h e  IFGDP. A 

b r i e f  d e s c r i p t i o n  o f  each cons t ruc t i on  a c t i v i t y  and measures t o  be taken t o  

reduce the  environmental impact o f  t h e  a c t i v i t y  a re  prov ided a long w i t h  a  

I ' 
d i scuss ion  o f  t h e  cons t ruc t i on  l abo r  f o r c e  and c o n s t r u c t i o n  expenditures. 

D e t a i l s  on c o n s t r u c t i o n  are  those o f  t h e  Phase I conceptual design as o f  

August 1979. 'Detai  1  s. may be .changed and/or r e f i n e d  as a  r e s u l t  o f  t he  f i n a l  

I' des ign work o f  Phase 11, which i s  expected t o  beg in  i n  1980. 

2.3.1 CONSTRUCTION ACTIVITIES 

Major, a c t i v i t i q s  . . du r i ng  co.nstruct ion o f  t h e  IFGDP w i l l  c o n s i s t  o f  s i t e  prepara- 

t i o n ,  fo i lowed by the  cons t ruc t i on  o f  foundations, warehouses and shops, 

underground p ip ing ,  and e l e c t r i c a l  systems, barge,unloading f a c i l i t i e s ,  on -s i t e  
. . 

1 .  f a c i l i t i e s  and t h e  IFG d i s t r i b u t i o n  system. S i t e  p repa ra t i on  inc ludes  the  . 
c o n s t r u c t i o n  o f  t he  access road and cons t ruc t i on  f a c i l i t i e s ,  s i t e  c lea r ing ,  

s i t e  bu i l dup  and s i t e  grading. A l l  major cons t ruc t i on  a c t i v i t i e s  are  descr ibed 

I , i n .  t h e  f o l l o w i n g  sect ions.  - 

2.3.1.1 SITE PREPARATION 

,The f o l 1 o w i n g . i ~  a  b r i e f  d e s c r i p t i o n  o f  a l l  cons t ruc t i on  a c t i v i t i e s  t o  be 

performed du r ing  s i t e  preparat ion.  

\ 

2.3.1.1.1 ACCESS ROAD 

1 Access t o  the  cons t ruc t i on  s i t e  w i l l  be made a long an e x i s t i n g  road which 

extends a long the  top  o f  the  levee west o f  t he  A l l e n  Generat ing P l a n t  t o  t he  

T .  E .  Maxson Wastewater Treatment Faci 1  i t y  d i scha rge  canal , I then n o r t h  t o  the  

s i t e  (F igure 2-4). The road w i  11 r e q u i r e  temporary m o d i f i c a t i o n  i n  order .  t o  

t r a n s p o r t  heavy earthmovi ng equipment onto t h e  s i t e .  These mod i f i ca t i ons  w i  11 

i nc lude  widening and l e v e l i n g .  Dur ing s i t e  f i l l i n g  (Sect ion 2.3.1.1.4) t he  



access road w i l l  be e levated t o  71 meters (233 fee t ) .  A1 1  permanent modif ica- 

t i o n s  t o  t h e  road w i l l  be made a t  t h a t  t ime. Th is  access road . .w i l l  'provide 

t h e  r ight-of -way f o r  a l l  u t i l i t i e s  e n t e r i n g  and leav ing  t h e  s i t e  from t h e  

south. 
. . 

2.3.1.1.2 CONSTRUCTION FACILITIES 

Construct ion f a c i  1  i t i e s  requ i red  du r ing  s i t e  prepara t ion  w i  11 be s e t  up on 

ex i s t i ng :  b u i  1  tup  are&, i nCl ud i  ng t h e  access r o a d  and areas' n e a r  t h e  A1 1  en 

Generat ing P l a n t  and t h e  T.. E. Maxson Wastewater Treatment F a c i l i t y .  

Water w i l l  be t rucked t o  t h e  s i t e  u n t i l  permanent p i p e l i n e  f a c i l i t i e s  a re  

I ava i lab le .  The maximum potab le  and cons t ruc t i on  process water demand du r ing  

I con 's t ruct ion w i l l  be.approximately 14,000 ga l lons  per  day, o f  which 25 percent  ~ wi  11 be f o r  personnel use and t h e  remainder f o r  const ruc t ion .  

1 .  Dur ing s i t e  preparat ion,  temporary s a n i t a r y  f a c i l i t i e s  w i l l  be used, c o n s i s t i n g  

I o f  po r tab le  t o i l e t s  t h a t  use chemicals o r  small volumes o f  water. These ~ w i l l  be emptied by a  pumper tank  t r u c k  and discharged t o  the  Memphis sewage 

I t reatment  system. 

A temporary e l e c t r i c  t ransmission l i n e  w i l l  d e l i v e r  e l e c t r i c i t y  t o  the  con- 

~ s t r u c t i o n '  f a c i l i t i e s . .  The l o c a t i o n  o f  t h i s  l i n e  i s  i d e n t i c a l  t o  t h a t  o f  t he  

permanent l i n e  along t h e  access road and i s  shown , i n  F igure 2-7. Th is  l i n e  

w i l l  have a, capac i ty  o f  1200 k i lovol t -amperes.  

~ l l  cons t ruc t i on  debr is  w i l l  be c o l l e c t e d  and removed t o  an approved s a n i t a r y  

l a n d f i l l .  Containers w i l l  be located i n  several areas on the  s i t e  t o  be 

' used as c o l l e c t i o n  po in ts .  

1 2.3.1.1.3 SITE CLEARING 

The p l a n t  s i t e  w i l l  be c leared o f  a l l  vegetat ion. The con t rac t  f o r  c l e a r i n g  

the  s i t e  w i l l  r e q u i r e  t h e  con t rac to r  t o  s e l l  t o  t h e  maximum extent  poss ib le  

wood t h a t  i s  salvaged. S l a s h w i l l  be chipped and so ld  t o  .the maximum extent  

possibl 'e r a t h e r  than burned. 
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2.3.1.1.4 SITE BUILDUP 

S i t e  bu i l dup  w i l l  i n v o l v e  r a i s i n g  the  e l e v a t i o n  o f  t he  s i t e  t o  the  p r o j e c t  

design e l e v a t i o n  us ing  dredged ma te r ia l  obta ined from t h e  ~ i s s i s s i ~ p i  River.  

DREDGING OPERATIONS 

F i l l  w i l l  be obta ined from t h e  M i s s i s s i p p i  River .  The most probable dredging 

l o c a t i o n  i s  t he  western s ide  o f  t he  barge channel i n  t he  v i c i n i t y  o f  r i v e r  

m i l e  725. It may a l s o  be poss ib le  t o  dredge t h e  eas tern  s ide  o f  t he  r i v e r  

near t he  same r i v e r  mi le .  The number o f  dredge -barges and the  amount o f  r i v e r  

t r a f f i c  w i l l  be used t o  determine exact  l oca t i ons .  On the  western s ide  o f  t h e  j 
channel, poss ib le  dredge l o c a t i o n s  extend south from t h e  v i c i n i t y  o f  r i v e r  

m i l e  725. Use o f  t he  eastern s ide  o f  t he  r i v e r  south o f  t h a t  m i l e  may be 

r e s t r i c t e d  because o f  t he  p r o x i m i t y  t o  t h e  e x i s t i n g  revetment and the  barge 

channel. The l o c a t i o n  o f  these areas i s  i n d i c a t e d  i n  F igure  2-9. 

Based upon prev ious dredging experience i n  t he  area, i t  may be poss ib le  t o  

o b t a i n  t h e  requ i red  6 m i l l i o n  (approximate) cubic yards o f  f i l l  w i thou t  moving 

the  dredge barge(s). However, i f  barge movement i s ' r e q u i r e d ,  a  t o t a l  impacted 

area o f  no more than 0.15 square k i l ome te r  (0.06 square m i l e )  w i l l  be impacted. 

(The t o t a l  dredged area w i l l  n o t  exceed 0.5 m i l e  i n  l e n g t h  and 200 yards i n  

width) .  

The dredged ma te r ia l  w i l l  be pumped t o  t h e  s i t e  through a  61- t o  76-cent imeter 

(24- t o  30-inch) f l . e x i b l e  discharge p ipe.  The dredge p i p e l i n e  rou te  i s  shown 

i n  Fi.gure 2,-9. Whi le c ross ing  the  r i v e r ,  the  p ipe1 i n e  w i l l .  be .anchored onto 

the  r i v e r b e d  t o  avo id  o b s t r u c t i o n  o f  r i v e r  t r a f f i c  and t o  prevent  any movement 

upstream o r  downstream. The l eng th  o f  t h e  submerged p i p e l i n e  w i l l  be approxi -  

mately 1.25 k i lometers .  Upon leav ing  the  M iss i ss ipp i  River ,  t h e  p i p e l i n e  w i l l  

go over land f o l l o w i n g  e i t h e r  t h e  sewage t reatment  p l a n t  o u t f a l l  channel , o r  t h e  

rou te  o f  t h e  wastewater p i p e l i n e  o r  w i l l  poss ib l y  f l o a t  ou t  o f  t he  barge chan- 

ne l  a long the  Lake McKel lar shore l ine .  These l o c a t i o n s  are  i n d i c a t e d  i n  

F igure  2-9. 
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Figure 2-9. Location of Dredg'ing Operations 



Up t o  th;ee dredgers w i l l  operate approximately 22 hours per  day du r ing  dredg- 

i n g  operat ions,  which a re  est imated t o  l a s t  f o r  250 calendar days. The exact  

number and s i z e  o f  dredgers i s  dependent on t h e  con t rac to r  involved.  Three 

24-inch, one t o  two 27-inch o r  one 30-inch dredger may be used, each r e s u l t i n g  - 
i n  t he  same schedule. 

SITE FILLING 

%. . . 

. . 
Deta i  1 s o f  ' s i t e  f i  11 i n g  are  dependent on d e t a i  1 s t o  be agreed upon between 

t h e  con t rac to r  and MLGW. Fo l lowing a re  two possi'ble methods o f  s i t e  f i  11 ing.  

Dredge ma te r ia l  w i l l  f i r s t  be pumped onto the  eas t  end o f  t h e  s i t e .  Th i s  

ma te r i a l  w i l l  be used t o  b u i l d  a temporary d i ke  around a smal l  area, most 

probably i n  t h e  l o c a t i o n  o f  the  ash d isposal  area (F igure 2-5). Add i t i ona l  

dredge ma te r ia l  w i l l  then be deposi ted and a l lowed t o  d r a i n  through a w e i r  

i n t o  Lake McKellar. Subsequently, more dredge ma te r ia l  w i l l  be p laced on 

the  c e n t r a l  and western p o r t i o n s  o f  t he  s i t e  t o  accomplish the  s i t e  bu i l dup  

Any s i l t  t h a t  does n o t  s e t t l e  w i l l  f l o w  i n t o  Lake McKel lar.  Because o f  the  

h igh  sand content  o f  t h i s  f i l l ,  l i t t l e  s i l t  i s  expected. 

Dur ing the  bu i ldup,  a se r ies  o f  temporary d ikes w i l l  be constructed.  This  

w i  11 a1 low the  pumping o f  dredged ma te r ia l  i n t o  t h e  tempora r i l y  d iked areas 

f o r  drainage simultaneous w i t h  placement o f  d ra ined ma te r ia l  on t h e  s i t e .  

The f i l l  t o  be used f o r  t he  process and Steam Generat ion u n i t s  and the  l i v e  

coal  p i l e  w i l l  be compacted t o  95 percent  o f  ~ o d i f i e d  Proc tor  Densi ty  (ASTM 

D 1557). The v i b r a t o r y  compaction method w i l l  be used. A l l  o the r  f i l l  w i l l  

be.p laced by the.dredge discharge p ipe  and spread by bu l ldozers .  Adequate 

compaction w i  1 1 ,be achieved by water drainage downward du r ing  the  f i 11 i ng 

opera t i  on. 

An a l t e r n a t e  method o f  s i t e  f i l l  i n g  would be t o  c l e a r  t he  s i t e  and prov ide  

temporary. d i k i n g  around the  e n t i r e  s i t e  t o  a p r e s e n t l y  undetermined e l e v a t i o n  

no greater  than 71 meters (233 f e e t )  above sea l e v e l .  Th is  d i ke  would probably 



. . 

be cons t ruc ted  o f  a  combination o f  ma te r i a l s '  from the  s i t e  and some dredge 

f i l l .  A we i r  would be loca ted on the  n o r t h  s ide  l ead ing  t o  Lake McKel lar.  The 

dredger would then f i l l  the  s i t e  genera l l y  from south t o  nor th.  Water would 

r i s e  i n s i d e  t h e  d i k e  and over f low t h e  w e i r  t o  t h e  lake. The e n t i r e  s i t e  would 

serve a s ' a  sedimentat ion pond. S i l t  t h a t  does n o t  s e t t l e  i n  t he  f i l l  would 

even tua l l y  over f low i n t o  the  lake.  

The s p e c i f i c  method o f  f i 11 i ng w i  11 be dependent on the  con t rac to r  se lected,  

equipment avai  1  able,  con t rac tua l  terms and o the r  .considerat ions. The end 

r e s u l t ,  however, w i l l  be the  same. . 

The s i t e  w i l l  be f i l l e d  t o  an e l e v a t i o n  o f  71 meters (233 f e e t )  above mean sea 

l e v e l  f o r  t he  process and support f a c i l i t i e s  and the  l i v e  coal  p i l e .  The 

remainder o f  t h e  s i t e  w i l l  be b u i l t  t o  t he  e leva t i ons  descr ibed i n  Sect ion 

2.2.2. 

Grading and d i t c h i n g s w i l l  be prov ided du r ing  cons t ruc t i on  t o  convey r a i n f a l l  

r u n o f f  t o  a  h o l d i n g  pond i n  the  nor theas tern  end o f  t he  s i t e .  The r u n o f f  

d i v e r s i o n  w i l l  serve as a  method o f  e ros ion  c o n t r o l .  The water w i l l  then be 

a1 lowed t o  f l o w  i n t o  Lake McKel l a r .  &f t h e  a1 t e r n a t e  scheme i s  used, r a i n f a l l  

would f l o w  through t h e  we i r  t o  t h e  lake. 

A l l  roadways and cons t ruc t i on  areas w i l l  be sprink1,ed w i t h  water  as necessary 

t o  minimize f u g i t i v e  dust.  - 

2.3.1.1.5, SITE GRADING 

S i t e  g rad ing  w i l l  begin as s i t e  bu i l dup  nears complet ion o r  as soon as poss ib le  

the rea f te r .  The s i t e  w i l l  be graded t o  above p r o j e c t  f l o o d  l e v e l  t o  an eleva- 

t i o n  o f  71 meters (233 f e e t )  above mean sea l e v e l  . fo r  t he  process and Steam 

Generat ion u n i t s  and f o r  the  l i v e  coal  p i l e .  Other process and storage abeas 

(see Sect ion 2.2.2) w i l l  be graded t o  an e l e v a t i o n  o f  68.6 meters (225 f e e t )  

and w i l l  be surrounded by a  levee a t  t he  71 meters above mean sea l e v e l  eleva- 

t i o n .  



A1 1 roadways and cons t ruc t i on  areas w i  11 be s p r i n k l e d  w i t h  water as requ i red  

t o  minimize f u g i t i v e  dus t  concentrat ions.  Rip-rap w i l l  be p laced on t h e  out-  

side slopes . o f  t he  p l a n t  s i t e  and access road where requ i red  t o  reduce any 

eros ion  caused by wave a c t i o n  a long the  shore. A l l  open areas where no con- 

s t r u c t i o n  w i l l  occur (such as'  t h e  i n s i d e  of t h e  d i k e  and t h e  long-term ash 

d isposal  area) w i l l  be 'seeded w i t h  grass t o  p revent  e ros ion  due t o  r a i n f a l l  

r u n o f f .  

2.3.1 .. 2 FOUNDATIONS 

The c o n s t r u c t i o n  o f  foundations w i  11 occur s imul taneously w i t h  s i t e  grading. 

A l l  s t r u c t u r e s  w i l l  be supported on spread f o o t i n g s  w i t h  an a l lowab le  n e t  

s o i l  bear ing  value o f  3000 pounds pe r  square foo t .  To compensate f o r  t h e  

f a c t  t h a t  t he  s i t e  i s  l oca ted  i n  Zone 3 o f  t h e  U.S. Seismic Risk Map (as d i s -  

cussed i n  Sect ion  3.2.5 and 3.11), a f a c t o r  o f  sa fe ty  w i l l  be incorpora ted  

so t h a t  t h e  n e t  s o i l  bear ing  value w i l l  increase t o  a maximum o f  4000 pounds 

p e r  square foo t .  S o i l  l i q u e f a c t i o n  du r ing  seismic a c t i v i t y  i s  a l s o  discussed 

i n  Sect ion  3.11.4. 

The minimum foundat ion depth w i l l  be about 1 meter (3 f e e t )  below f i n a l  grade 

t o  ensure f r o s t  p r o t e c t i o n  and t o  p rov ide  f o r  adequate confinement o f  t h e  

bear ing  s o i l s .  The minimum foundat ion w i d t h  w i l l  be about 0.5 meter (18 inches) 

f o r  cont inuous foo t ings  and 24 inches f o r  i n d i v i d u a l  foot ings. '  The bottom 

o f  t h e  f o o t i n g s  w i l l  be compacted t o  d e n s i t i e s  equ iva len t  t o  95 percent  o f  

t h e  ~ o d i  f i e d  Proc tor  dens i ty  (ASTM speci f i c a t i o n  0-1 557). The f o o t i  ng excava- 

t i o n s  w i l l  .not extend below the  groundwater tab le .  The cons t ruc t i on  o f  founda- 

t i o n s  w i l l  begin approximately 2 t o  6 months f o l l o w i n g  complet ion o f  t h e  f i l l i n g  

o r  as soon as poss ib le .  

The foundat ion design c r i t e r i a  mentioned above are  considered p r e l i m i n a r y  

and a re  sub jec t  t o  change pending f u r t h e r  s o i l s  i n v e s t i g a t i o n s  du r ing  Phase 

I1 o f  t h i s  p r o j e c t .  It may be necessary t o  use p i l e s  f o r  t he  g a s i f i e r  s t ruc -  

t u r e  and l i v e  coal  p i l e  s t ruc tu re .  A l l  changes, as w e l l  as the  above speci-  

f i c a t i  ons , wi  11 be i n  accordance w i t h  the  A C I  318 "Bui 1 d ing  Code Requirements 

f o r  Reinforced Concrete. I' 



Various temporary construct ion shops, warehouses and a u x i l i a r y  bu i ld ings  w i l l  

be con.structed i n  the locat ions shown i n  Figure 2-10. A concrete batch p l a n t  

and a mater ia ls  t e s t i n g  laboratory  w i l l  also,be located i n  t h i s  area. These 

temporary f a c i  1 i t i e s  w i  11 be prefabr icated corrugated metal s t ruc tures o r  

t r a i l e r s .  Approximately 9 acres are ava i lab le  f o r  these f a c i l i t i e s .  

The permanent warehouse and mai ntenance bu i  1 d i  ng , 1 aboratory/f  i r s t  a i d  bu i  1 d ing 

and f irehouse w i l l  be constructed a t  t h i s  t ime and w i  11 be i n  use dur ing the 

remainder o f  the construct ion program. The secur i t y  fence. w i l l  a lso be con- 

s t ruc ted along the 71 meter (233 fee t )  'elevation. The l oca t i on  o f  these 

. f a c i l i . t i e s  i s  also. ind icated i n  Figure 2-10. 

2.3.1.4 UNDERGROUND P I P I N G  AND ELECTRICAL SYSTEM 
. . 

. . . . 

F,ol lowing s i t e  grading, and concurrent w i t h  the const ruct ion o f  warehouses and 
. . 

shops, . . the, e l e c t r i c  tkan&ission 1 ine, main substation, water supply pipe1 ines, 

san i tary  sewage 1 i ne ,and wastewater discharge pipe1 i ne  w i  11 be constructed. 

The loca t ion  o f  these s t ruc tures i s  ind icated i n  Figures 2-6 and 2-7. 

. . 

During the remainder o f  the construct ion program,, the san i tary  sewer system 

w i  11 cons is t  o f  both a standard f l ush  t o i l e t  systeni and por tab le  t o i l e t s  t h a t  

use chemicals o r  small volumes o f  water. When the water supply and wastewater 

discharge p ipeshave been i .nstal led,  the temporary,and permanent f a c i l i t i e s  

shown i n  Figure 2-10 w i l l  use f l u s h  t o i l e t s .  Portable f a c i l i t i e s  w i l l  remain 

a t  various locat ions on ' the  s i t e .  B 
. . 

,. Potable and construct ion process water w i l l  be provided through the Memphis 

municipal 'system t o  the s i t e  when a1 1 hookups t o  'the. e x i s t i n g  1 ines have been 

completed. The tops o f  the water 'supply pipe1 ines, ' san i tary  sewage 1 i ne and 

wastewater discharge p i pe l i ne  w i l l  be 0,9 meter (3 fee t )  below the surface t o  

p ro tec t  against po ten t ia l  freezing. 
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2.3.1.5 . BARGE UNLOADING FACILITIES 

Much' o f  t he  equipment . to  be used du r ing  permanent f a c i l i t i e s  c o n s t r u c t i o n  w i l l  

be t ranspor ted  t o  t h e  s i t e  by barge. Maximizing barge de l  i v e r y  w i l l  reduce 

t h e  amount o f  cons t ruc t i on  t r a f f i c  on c i t y  s t ree ts .  As a r e s u l t ,  t h e  barge 

unloading f a c i  1 i t i e s  w i  11 be cons t ruc ted  concu r ren t l y  w i t h  s i t e  g rad ing  and 

i n s t a l  l a t i o n  o f  warehouses, shops, underground p i p i n g  and t h e  e l e c t r i c a l  

t ransmiss ion system. 

Dredging a'nd f i l l i n g  may occur a long t h e  n o r t h  bank o f  t he  channel i n  o rder  t o  

p rov ide  a un i fo rm bank, as shown i n  F igure  2-5. The maximum a n t i c i p a t e d  

dredging i s  approximately 1160 meters (3800 f e e t )  i n  length,  15.2 meters (50 

f e e t )  , in  w id th  and 2 meters (6 f e e t )  i n  depth. A l l  dredged m a t e r i a l  f rom t h e  

.un load ing  channel wi.11 be disposed o f  i n  t h e  e x i s t i n g  dredge s p o i l  area a t  t h e  

eastern end o f  t he  peninsula,  and a1 1 f i  11 m a t e r i d  w i  11 be obta ined from 

dredging operat ions descr ibed i n  Sect ion  2.3.1.1.4. 

Mooring s t a t i o n s . w i l 1  be.l.ocated south o f  t h e  s i t e  (F igure 2-5). Each s t a t i o n  

w i l l  be made up o f  one t o  f o u r  separa te ly  d r i v e n  p i l e s .  Barge mounted p i l e  ' 

d r i v i n g  equipment w i l l  be used f o r  t h i s  a c t i v i t y .  The main support  deck f o r  

t he  barge unloader w i l l  be p i l e  supported. 

2.3.1.6 ON-SITE FACILITIES 

The equipment f o r  a l l  c o n t r o l  f a c i l i t i e s  w i l l  be s e t  i n  p lace  and the  s t r u c t u r a l  

s t e e l  erected. A l l  vessels i n  t h e  g a s i f i c a t i o n  process (Gas i f i e rs ;  Steam 

Generators ; A i  r P lan t ;  Gas Cool i ng , Scrubbi ng , Compression and Treatment 

f a c i  1 i t i e s ;  and S u l f u r  Recovery Ta i  1 Gas 'Treatment f a c i  1 i t i e s )  w i  11 be erected,  

as w e l l  as the  Cool ing Towers, F l a r e  Stack, s torage tanks and C r e d i t  Generat ion 

f a c i l i t i e s .  A l l  above-ground p i p i n g  and e l e c t r i c a l  equipment w i l l  be i n s t a l l e d .  

The Wastewater Treatment f a c i  1 i t i e s  w i  11 be constructed,  *and t h e  shor t - te rm 

ash storage pond w i l l  be 1 ined. A l l  i ns t rumenta t ion  w i l l  be i n s t a l  led. The 

f a c i l i t i e s  w i l l  be painted,  i n s u l a t e d  and f i r ep roo fed ,  and the  f a c i l i t y  w i l l  

be ready f o r  p reopera t iona l  t e s t i n g .  



Dur i  ng cons t ruc t ion ,  wastewater and r a i  n f a l  1 r u n o f f  wi  11 be s to red  i n t h e  

long-term ash d isposa l  area, as mentioned i n  Sect ion 2.3.1.1.4. Suspended 

p a r t i c u l a t e s ,  wi  11 be a1 lowed t o  s e t t l e  out.  The water w i l l  then be a1 lowed 

t o  f l o w  t o  Lake ' M c ~ e l l a r .  
\ 

A1 1 cons t ruc t i on  equipment w i  11 meet OSHA-speci f i ed no ise  standards. 
. . 

The sec t i on  o f  t h e  IFG d i s t r i b u t i o n  system under Lake McKel lar w i l l  be i n s t a l l e d  

by dredging i n  a r igh t -o f -way across t h e  l ake  (F igure 2-8). The p i p e l i n e  

w i l l  be anchored w i t h  concrete weights a t  s p e c i f i e d  i n t e r v a l s  t o  counterac t  

buoyancy. The t o p  o f  t h e  p i p e  w i l l  be a t  a maximum e l e v a t i o n  o f  about 47 

meters (155 f e e t )  above mean sea l e v e l ,  which conforms t o  U.S. Army Corps o f  

Engineers requirements. The dredge s p o i l  w i l l  be discharged t o  an e x i s t i n g  

f i l l  area near t o  t h e  p l a n t  s i t e .  A 9.1 meter (30- foot)  wide r igh t -o f -way 

, w i l l  be obta ined bo th  across Lake McKel lar and on President  I s l a n d  where the  

p ipe1 i n e  i s  n o t  l oca ted  i n  s t r e e t  r ights-of -way.  . c ross ing  Lake McKel l a r  w i l l  

r e q u i r e  dredgi'ng a l eng th  o f  approximately 270 meters (885 f e e t )  t o  a depth 

o f  approximately 1.5 meter (5 f e e t )  below t h e  l a k e  bed. The maximum w id th  

o f  dredging f o r  bo th  the  IFG and c i t y - w a t e r  p i p e l i n e s  i s  3 meters (10 fee t ) .  

The water p i p e l i n e  has .a diameter o f  40.6 cent imeters (16 inches) and t h e  

IFG p i p e l i n e  has a diameter o f  76 cent imeters (30 inches) o r  less .  

Coated welded s t e e l  gas p ipe  w i l l  be used i n  the  cons t ruc t i on  o f  t he  d i s t r i b u -  

t i o n  system. For q u a l i t y  assurance, each weld w i l l  be inspected and/or x-rayed. 

The top  o f  t he  p i p e  w i l l  be Aocated a t  a minimum o f  about 1.1 meters (3.5 

f e e t )  below the  ground surface. The e x i s t i n g  storage area a t  t he  MLGW se rv i ce  

center  w i l l  be.used as a s tag ing  and warehouse area f o r  cons t ruc t ion .  - 

2.3.2 CONSTRUCTION TERMINATION 

Upon commencement o f  operat ion,  t he  cons t ruc t i on  program w i l l  be terminated. 

This  w i l l  i nc lude landscaping and the<removal  o f  a l l  temporary f a c i l i t i e s .  

The temporary f a c i  1 i t i e s  w i  11 be demo1 ished o r  re loca ted  by t h e i r  owners. 



Landscaping wi l l . i .nc. lude f i n i s h  grading, t o p s o i l i n g  with reclaimed t opso i l ,  

f e r t i l i z i n g  and p lant ing.  

2.3.3 CONSTRUCTION SCHEDULE 

A const ruc t ion ' a c t i v i t y  schedule i s  provided i n  Table 2-2. Construct ion i s  

scheduled t o  begin on October 1  , 1980 w i t h  the commencement o f .  s i t e  prepara- 

t i on .and  w i l l  cequire 45 months t o  complete. This schedule may be reduced by  

6 months . if . s i t e  grading and const ruc t ion o f  warehouses and shops can occur 

simultaneously w i t h  s i t e  f i . l l i n g .  

2.3.4 CONSTRUCTION LABOR FORCE 

The const ruc t ion 1  abor force,  d i v ided  i n t o  1  abor categories, i s  summarized on 

a  quar te r l y  basis i n  Table 2-3. The maximum number o f  workers f o r  any quar ter  

i s  expected t o  be 703. These workers are expected t o  be ava i lab le  from the 

Memphis area. This w i l l  minimize the need f o r  temporary housing due t o  the 

const ruc t ion program. Add i t i ona l l y ,  the const ruc t ion manager w i l l  mainta in 

approximately 40 people on-s i te  throughout the const ruc t ion period, a  number 

o f  whom are expected t o  move t o  the area f o r  the durat ion. 

2.3.5 CONSTRUCTION EQUIPMENT , 
I 

I 
A summary o f  vehic les . to  be used dur ing const ruc t ion a c t i v i t i e s ,  inc ludi .ng the 

. . 

t ime per iod i n  which each w i l l  be used, the  number requ i red and the d a i l y  
I 

operat ing t ime o f  each i s  provided in.  Table 2-4: 

The t o t a l  estimated cap i t a l  cost  over a  4-year pe r iod  f o r  the IFGDP i s  $200 

m i  11 i on  ( i n  1979 do1 l a r s ) .  An i temized breakdown o f  these costs i s  presented 

i n  Table 2-5. 



Construct ion A c t i v i t v  

TABLE 2-2 

CONSTRUCTION ACTIVITY SCHEDULE. 

~ o n t h s  A f t e r  
Go- Ahead 

S i t e  Preparat ion 

A: Access Roads 1 

B. Construct ion F a c i l i t i e s  1 

C. S i t e  F i l l i n g  . . . 1  t o  9 

D. s i t e  Grading . 10 t o  15 

Foundations 

Warehouses and Shops 

Underground P ip ing and E l e c t r i c a l  

~ a r g e  Unloading Faci 1 i t i e s  

S t ruc tu ra l  Steel Erect ion 

Equipment Se t t i ng  

Gas i f i ca t i on  St ruc ture  Erect ion 

A i r  P lan t  Erect ion 

Above Ground P ip ing and E l e c t r i c a l  ' 22 t o  42 

Instrumentat ion 31 t o  45 .. 

I nsu la t ion ,  .F i reproof ing,  Pa in t ing.  36 t o  45 

Preoperat ional Test 

IFG D i s t r i b u t i o n  System 

Schedule . . . .  . 

Oct. 1, 1980 t o  Oct. 31, 1980 

Oct. 1, 1980 t d  dct .  31, 1980 

Oct. 1, 1980 t o  June 30, 1981 

Ju l y  1 , 1981 t o  Dec. '31 , 1981 

Sept. 1,.1981 t o  June 30, 1982 

Sept. 1 , 1981 t o  June 30,  1982 

Sept. 1 , 1981 t o  June 30, 1982 

Sept. 1, 1981 t o  Aug. 31, 1982 

Jan. 1, 1982 t o  Sept. 30, 1982 

Jan. 1, 1982 t o  Sept.. 30, 1983 

Aug. 1, 1982 t o  Sept. 30, 1983 

Aug. 1, 1982 t o  June 30, 1983 

Aug. 1, 1982 t o  March 31, 1984 

~ ~ r i  1 1, 1983' t o  June 30, 1984 

Sept. 1 , 1983 t o  June 30, 1984 

March 1 , 1984 t o  June 30, 1984 

Ju ly  1, 1983 t o  June 30, 1984 



TABLE 2-3 

CONSTRUCT1,ON LABOR FORCE . . 

Number o f .  Fo r  kers  (Average)-, , ' 

. \ . , '  

Pe r i od  S i t e  ~ u i  l d u p  
. . (Qua r te r )  T o t a l  , P i p e f  i t t e r s  E l e c t r i c i a n s : .  I r o n  Workers ~ o i  l e rmake rs  Laborers  ' Labor'ers 



TABLE 2-4 

CONSTRUCTION VEHICLES 

Type 

Pickup 1/2 Ton 

M. Duty Tractor  

H. D L J ~ ~  .Tractor . 

Dredgers 

5 0  Ton Crawler ' ~ r a n ~ e  .' 

B u l l  dozers 

Graders 

Front-End Loader 

80 Ton Crawler Crane 

125 Ton Crawler Crane 

150 Ton Crawler Crane 

,200 Ton Crawler Crane 

25 Ton Truck drane 

45 Ton Hydraul ic  Crane 

. c he,r ry Picker 
I . ! .  - 

Welding packs 

600 CFM A i r .  ~ o m ~ r e s s o r s  

Time Period 

1981 t o  1984 

1981 t o  1984 

1981 t o  1984 

1980 t o  1981 

1980 t o  1981' 

1980 t o  1981 

i980 t o  1981 

1981, t o  1983 

1982 .to 1983 

1982 t o  1983 

1982 t o  1983 

1982 t o  1983 

1981 t o  1983 

Number 
Requi red 

Da i l y  Oper- 
a t i n g  Time 
(hr) 



TABLE. 2-5 . 

TOTAL ESTIMATED CONSTRUCTION COSTS 

(1979 Do1 l a r s )  . 

Estimated 
Cost 

($ m i l l i o n )  

1 . o  

$200 m i  11 i o n  



A 1  1  major c o n s t r u c t i ~ n  subcontracts (general  construct ion,  mecllanical , e l e c t r i  

c a l ,  e t c .  ) . w i l l  be b i d  on a compet i t ive basis.   ward o f  these subcontracts - 
w i l l .  be made t o  the  lowest responsive and b e s t  qua1 i f i e d  .b idder .  



. . 

2.4 PROCESS DESCRIPTION 

The process sequence f o r  the  IFGDP, i n c l u d i n g  a1 1' p l a n t  i n p u t  and ou tpu t  . . 

.streams, i s  descr ibed i n  d e t a i l  i n  Sect ions 2.4.1, 2.4.2 and 2.4.3. A v a r i e t y  

o f  gaseous, l i q u i d  and s o l i d  p l a n t  emissions are generated i n  t he  p l a n t .  The 

nature  and f a t e  o f  these emissions i s  descr ibed i n  Sect ion 2.4.4. A d e t a i l e d  

process d e s c r i p t i o n  f o r  t he  15 major sec t ions  o f  t h e  p l a n t ,  i n c l u d i n g  mass 

balances, i s  g iven i n  S e c t i 0 n 2 . ~ . 5 .  A summary o f  p l a n t  ma te r i a l  balances i s  

.g iven i n  s e c t i o n  2.4.6. A1 1 ma te r ia l  balance i n fo rma t ion  presented i n  Sect ions 

2,4.1 through 2.4.6 r e f l e c t  normal p l a n t  operat ions du r ing  which th ree  of.  t h e  

f o u r  g a s i f i e r s .  i n  t he  p l a n t  a re  opera t ing  a t  100 percent  capac i ty .  It i s  a l s o  

poss ib le  f o r  a l l  f o u r  g a s i f i e r s  t o  operate a t  75 percent  capac i ty ,  termed 
) 

"maximum .operat ion. . . I' This  mode o f  opera t ion  . r e s u l t s  i n  h igher  gaseous emission 

ra tes  than the  normal mode o f  opera t ion . .  Therefore, t he  more conservat ive 
I 

I 

"maximum operat ion"  emission r a t e s  a re  used i n  Sect ion  2.4.4 t o  descr ibe p l a n t  I 
i 

emissions. I 
I 

. . 

D e t a i l s  o f  t h e  proce.ss d e s c r i p t i o n  repor ted  i n  t h i s ,  sec t i on  a re  those o f  t he '  

Phase I conceptual design as o f  August 1979. Process d e t a i l s  may be changed 

and/or r e f i n e d  as a r e s u l t  o f  the. f i n a l  process design work o f  Phase 11, which 

i s  expected . . t o  begin i n  1980. 

Coal g a s i f i c a t i o n  i nvo l ves  the  incomplete combustion o f  coal  w i t h  oxygen i n  

t h e  presence o f  steam. Several d i f f e r e n t  chemical reac t i ons  occur t h a t  i n -  

f luence the  nature o f  t h e  product .  These reac t i ons  are  d i r e c t e d  t o  op t im ize  

the  des i red ,product  q u a l i t y  and y i e l d  based on opera t ing  temperature, pressure 

and residence time. 

The raw product  gas produced du r ing  g a s i f i c a t i o n  cons i s t s  p r i m a r i l y  o f  hydrogen 

(Hz), carbon monoxide (CO) ,  carbon d iox ide  (Cop) and methane (CH4), i n  a d d i t i o n  

t o  small e r  amounts o f  inorgan ic  ma te r i a l  s, such as ammonia (NH3), hydrogen 

s u l f i d e  (H2S) and hydrogen cyanide (HCN). Some organic ma te r i a l s  may be 

produced, such as phenols, t a r s  and o i l s  du r ing  abnormal opera t ing  cond i t ions .  

This  raw gas rece ives  f u r t h e r  processing t o  upgrade product  q u a l i t y  and t o  

reduce l e v e l s  o f  contaminat ion. For low- and medium-Btu gas product ion,  

f u r t h e r  processing cons i s t s  p r i m a r i l y  of gas c o o l i n g  and scrubbing f o r  the  
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removal o f  en t ra ined so l  i d s  and water so lub le  contaminants and gas t r e a t i n g  

f o r  t he  removal o f  hydrogen s u l f i d e  and c,arbon d iox ide ,  which a re  a c i d  gases. 

To produce a high-Btu gas, f u r t h e r  processing a l s o  inc ludes  carbon monoxide 

s h i f t i n g  (which conver ts  carbon monoxide and water t o  hydrogen and carbon 

d iox ide) ,  carbon d iox ide  removal and methanation. Methanation increases. the  

methane content  o f  t he  product  gas w h i l e  reducing t h e  carbon monoxide and 

hydrogen content  according t o  the  f o l l o w i n g  reac t i on :  

The o v e r a l l  g a s i f i c a t i o n  process consumes p r i m a r i l y  coa l ,  oxygen and water and 

produces an envi ronmental ly  acceptable f u e l  gas as the  main product.  S u l f u r  i s  

a by-product. A v a r i e t y  o f  envi ronmental ly  s i g n i f i c a n t  gaseous, 1 i q u i d  and 

so l  i d  e f f l u e n t s  a re  a1 so generated which must rece i ve  a t t e n t i o n  and c o n t r o l .  

2.4.1 SUMMARY OF THE PROCESS 

I 

The IFGDP w i l l  produce - 46.3 - b i l l i o n  Btu  per  day o f  medium-Btu f u e l  gas and R 

4.1 b i l l  i o n  Btu  per  day o f  high-Btu (950 B tu  per  standard cub ic  f o o t )  p i p e l i n e  

gas. Approximately 154 m i l l i o n  standard cubic f e e t  per  day o f  medium-Btu f u e l  

gas a t  300 2 30 Btu  per  standard cubic f o o t  w i l l  be, - - - - - - - - - - - - -  a v a i l a b l e  f o r  d i s t r i b u t i o n  R 

foil owi ng c r e d i t  genera t i  on. To ta l  p l a n t  mater i  a1 requ i  rements i n c l  ude 31'58 - - - -  - - - - - - - - -  R 

tons per  day o f  bi tuminous coa l ,  - 11,133 - tons per  day o f  a i r ,  2.71 m i l l i o n  R 

ga l l ons  per  day o f  water and 45 megawatts' o f  e l e c t r i c i t y .  Ove ra l l ,  t h e  IFGDP' s 

thermal e f f i c i e n c y  i s  68.0 percent,  as ca l cu la ted  by d i v i d i n g  t h e  Btu  ou tput  

f rom.both  the  i n d u s t r i a l  fue l  gas (IFG) and p i p e l i n e  gas by the  B tu  i n p u t  t o  

t he  p l a n t  (coal p l u s  purchased e l e c t r i c i t y ) .  

The I n s t i t u t e  o f  Gas Technology's U - G A S ~ ~  Process i s  used t o  generate t h e  f u e l  

gas. i n  t h e  p l a n t .  This  system employs a f 1 uidized-bed, oxygen-steam g a s i f i c a t i o n  

process opera t ing  under cond i t i ons  t h a t  promote the  fo rmat ion  o f  ash aggl om- 

era tes  i n  t he  lower p a r t  of t he  bed. The f u e l  g a s $ w i l l  be d i s t r i b u t e d  v i a  a 

p i p e l  i ne system a f t e r  cleanup and p u r i f i c a t i o n .  

F igure  2-11 i s  a s i m p l i f i e d  b lock  f l o w  diagram o f  t he  IFGDP which shows 

the  process sequence and p l a n t  i n p u t  and output  streams. The f u n c t i o n  and 
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corresponding number o f  each p ' lant  sec t i on  i s  summarized . i n  Table 2-6. A 
I 
1 d e t a i l e d  d e s c r i p t i o n  o f  these p l a n t  sect ions i s  provided i n  Sect ion 2.4.5. 

coal  ; oxygen and steam are reac ted a t  h i g h  temperature i n  t h e  g a s i f i e r ,  and 

coal  d e v o l a t i  1  i z a t i o n ,  conbust ion and b a s i f  i c a t i o n  reac t i ons  take place. Raw 

gas from the' g a s i f i e r  i s  processed by. cool  ing ,  fo l lowed by scrubbing t o  remove 

p a r t i c u l a t e s  and water so lub le  ma te r ia l .  F i n a l l y ,  i t  i s  t r e a t e d  f o r  a c i d  gas 

removal p r i o r  t o  discharge t o  t h e  IFG p i p e l i n e  d i s t r i b u t i o n  system. A s l ips t ream 

c o n s i s t i n g  o f  approximately 10 percent  o f  t h i s  f u e l  gas i s  methanated t o  

p i p e l i n e  q u a l i t y  gas ( i .e . ,  950 Btu  pe r  standard cubic f o o t )  and i s  discharged . 
as a  " c r e d i t "  t o  the  Memphis na tu ra l  ' gas d i s t r i b u t i o n  system a t  a  pressure o f  

300 pounds p e r  square i n c h  gage. Dur ing per iods when the  p l a n t  i s  no t  opera t ing  

because o f  . .  maintenance . o r  r e p a i r  operat ions, t h i s  na tu ra l .gas  " c r e d i t "  i s  

withdrawn from the  na tu ra l  gas pipe1 i n e  and i s  d i l u t e d  w i t h  a i r  o r  n i t rogen  t o  

medium-Btu q u a l i t y  f o r  d i s t r i b u t i o n  t o  IFG customers. 

Wastewaters produced dur ing  processing are t r e a t e d  p r i o r  t o  reuse o r  discharge 

t o  the  M iss i ss ipp i  River.  Acid gases removed dur ing  Gas Treatment are  e i t h e r  

rou ted t o  t h e  i n c i n e r a t o r  o r  t r e a t e d  f o r  s u l f u r  recovery. Ashes from the  

G a s i f i c a t i o n  and Steam Generation u n i t s  are dewatered and t rucked t o  o n - s i t e  

s o l i d  waste d isposal  areas. Sludges from Wastewater Treatment and Flue Gas 

D e s u l f u r i z a t i o n  are dewatered and a l so  sent t o  the  on -s i te  s o l i d  waste d isposal  

areas. 

2.4.2 FEEDSTOCKS 

The pr imary p l a n t  feedstocks inc lude coal/coke, water, a i r ,  a  v a r i e t y  o f  

supplementary chemical s  and c a t a l y s t s  and e l e c t r i c i t y .  Deta i  1  s  regarding 

these commodi.ties ' f o l  low. 

Sized coke, 1/4 i n c h ' b y  0, i s  received i n  the  p l a n t  v i a  t rucks  p r i o r  t o  i n ' i -  

t i a l  s ta r tup .  The chemical ana lys is  f o r  t he  coke i s  g iven i n  Table 2-7. 



TABLE 2-6 

Section Name , 

A i  r separation 

Coal/Coke Receiving 
and Hand1 i ng 

Coal /Coke Prepara- 
t i o n  and Feeding 

. . 
'Coal Gasif . icat i$n 

. . 

Ash. Treatment 

Gas Cooling and 
Scrubbing 

Gas Compression 

Gas ~ r e a t m e n t  
. . 

Sour Water S t r ipp ing  

Section 
Number Section Function 

Separates oxygen from a i r  f o r  use 
i n  gas i f i ca t i on  and separates 
n i t rogen f o r  p l a n t  n i t rogen needs. 

Receives coal/coke from , the p l a n t  
ba t te ry  l i m i t s  and t ransports 
coal/coke t o  respect ive storage 
p i l e s  o r  t o  Coal/Coke Preparation. 

Pulverizes and drys coal/coke . . 

and feeds the s ized coal/coke t o  
the' gas i f i e rs .  

Gasi f ies coal t o  y i 'e ld  a raw pro- 
duct .gas. 

Dewaters g a s i f i e r  and steam gen- 
e ra t ion  bottom ashes and trans- 
por ts  t h i s  ash t o  a storage p i l e .  

Cools raw product gas and scrubs 
out  f i nes  and water soluble con- 
s t i t uen t s  t o  y i e l d  a cooled/ 
scrubbed gas. 

Compresses cooled/scrubbed gas 
as' required f o r  Gas Treatment. 

,360 Removes'acid gases from the com- 
pressed 'gas t o  produce the Indus- 
t r i a l  Fuel Gas ( I F G )  product. 

,370 St r i ps  dissol'ved gases from con- 
densates.generated dur ing Gas 
Cooling and Scrubbing, Gas Compres- 
s ion and Gas Treatment. 



TABLE 2-6 (Conti  nued) 

Sect ion  Name 
Sect ion  
Number Sect ion  Funct ion 

Su.1 f u r  Recovery/Tai 1' 380/390 Recovers s u l f u r  as a l i q u i d  pro-  
I Gas Treatment duc t  from the  hydrogen su l  f i de 

r i c h  gas stream generated i n  Gas 
Treatment. 

C r e d i t  ~ e n e r ' a t i o n  220 Processes'a s l i p  stream o f  IFG 
. from,Gas Treatment by CO s h i f t i n g  
and methanation t o  produce a p ipe-  
1 i n e  qua1 i t y  gas. 

F l a r e  

U t i  1 i t i e s  

I .  

Wastewater Treatment 440 

Cool ing Tower 

F a c i l i t i e s  

Burns a p i l o t  charge o f  IFG i n  
readiness t o  rece i ve  gas d i s -  
charges from var ious  p l a n t  u n i t s  
i n  t h e  event o f  an emergency shut- 
down. 

Three pr imary  func t i ons  are: (1) 
receives,  s to res  and d i s t r i b u t e s  
c i t y  water t o  p l a n t  users and 
prepares bo'i l e r  feed water,  (2) 
generates steam f o r  g a s i f i c a t i o n  ' 

and o the r  process users.and 
scrubs b o i l e r  f l u e  gas f o r  SO2 
removal and (3) i n c i  nerates 
p a r t ?  c u l  a t e  and process gas 
streams p r i o r  t o  t h e i r  discharge 
from the  p l a n t  stack. 

Treats process and nonprocess 
wastewaters p r i o r  t o  t h e i r  reuse 
o r  discharge t o  t h e  M i s s i s s i p p i  
River .  

Provides process c o o l i n g  water 
t o  f u l  f i  11. a1 1 process wet coo l -  
i n g  needs. . 

Provides suppor t ing  f a c i l i t i e s  
such as e l e c t r i c  power d i s t r i bu ;  
t i o n ,  bui . ld ings,  maintenance, 
docks and f i r e  p ro tec t i on .  



TABLE .2-7 

ANALYSIS OF COKE USED FOR STARTUP OF THE IFGDP 

U l t ima te  

Mois tu re  
Ash 
Carbon 
Hydrogen 
N i t rogen 
S u l f u r  
Oxygen 

Proximate 

As Received 
w t  (%I 

Moi st.ure 15.0 
Ash 9.3 
V o l a t i l e s  2.6 
'Fixed Carbon . 73.1 

As Dr ied  
w t  (%I 

MF* 
w t  (%> 

Bu lk  Densi ty  I b / c f  48 5 0 - - 

HHV** B tu / l b  10,958 12,569 12,891 

Hardgrove Grind- 
a b i l i t y  Index 

* Moisture Free 

** Higher Heating Value 

Note: Coke has been obta inab le  i n  t he  proper  s i z e  range 
o f  1/4" by'O f o r  feed t o  the  g a s i f i e r .  Th is  s i z e  
range does no t  r e q u i r e  coke crushing, and the  a v a i l -  
a b i l i t y  i s  expected t o  be good: 



Coke - i s  f e d  t o  the  gas i f i e ' r s  du r ing  s t a r t u p  operat ion.  Once the  i n i t i a l  

' s ta r tup  p e r i o d  i s .  complete, t h e  p r o p o r t i o n  o f  coke t o  coal  i s  decreased by 20 

percent  increments u n t i l  t h e  charge t o  the  g a s i f i e r s  i s  complete ly  coal .  

The p l a n t  design i s  based on washed Kentucky No. 9 bi tuminous coal  us,ed a t  a 

I . '  . . r a t e  o f  3158 tons per  day. Coal w i l l  be rece ived by barge from t h e  Miss is -  

I s i p p i  River.  The c h a r a c t e r i s t i c s  o f  Kentucky No. 9 coal  a re  g iven i n  Tables 

2-8, 2-9 and 2-10. 

2.4.2.2 WATER 

! 
I 

\ P l a n t  raw water i s  requ i red  a t  a r a t e  o f  approximately 2.71 m i l  1  i o n  ga l l ons  

pe r  day. This  water w i l l  be obta ined from the  Memphis L igh t ,  Gas and Water 

System. Chemical ana lys i s  f o r  water obta ined from the  Davis Pumping S t a t i o n  

i s  g iven i n  Table 2-11. 

2.4.2.3 A I R  

The a i r  i n p u t  t o  t h e  p l a n t  amounts t o  11,133 tons pe r  day. Most o f  t h i s  a i r  

(8055 tons  pe r  day) i s  supp l ied  t o  the  cryogenic u n i t  f o r  oxygen and n i t r o g e n  

product ion.  Pressur ized oxygen produced i n  t h i s  u n i t  i s  used i n  t he  g a s i f i e r s  

f o r  t he  g a s i f i c a t i o n  o f  coal ,  and a smal l  amount i s  used f o r  ozonat ion i n  

Wastewater Treatment. N i t rogen i s  used t o  p rov ide  several  p l a n t  needs ( i . e . ,  

p r e s s u r i z a t i o n  o f  t he  coal  l o c k  hoppers and ins t rumenta t ion  use). The b u l k  o f  

t he  n i t rogen,  however, i s  vented t o  the  atmosphere., 

The remaining a i r  requirements are  f o r  t h e  steam b o i l e r  (2105 tons per  day) 

and f o r  o the r  process users. 

2.,4.2: 4 CHEMICALS AND CATALYSTS I . 

Chemical - ( i nc lud ing  na tu ra l  gas) and c a t a l y s t  requirements o f  t he  IFGDP are  
\ 

summarized i n  Table 2-12. 



TABLE 2-8 

ANALYSIS OF DESIGN BASIS BITUMINOUS COAL FOR THE IFGDP 

(Based on washed Kentucky No. 9)  

As Received As Dr ied  
2  i n .  x  O 1/4 i n .  x  0  MF* MAF** 

U l t ima te  W t  (%) W t  (%) W t  (%) W t  (%) 

Mo is tu re  :. . 11.0 2.50 - - - - 
Ash 12.0 13.15 13.48 - - 
Carbon 61.1 66: 93 68.64 79.36 

Hydrogen 
N i t rogen 
Ch lor ine  
S u l f u r  
Oxygen 

Prox i  mate 

Moisture 
Ash 
Vol a t i  1  es 
Fixed Carbon 

~ u l  k Densi ty  
l ,b/cf  42 44.4 - - - - 

Hardgrove Grind- 
a b i l i t y  Index 58 

* Moisture f r e e  

** Moisture and ash f r e e  

-f Minimum s u l f u r  content  o f  coal  on an "as received" bas is  i s  
2. percent ,  which i s  equ iva len t  t o  3.63 percent  on an MAF bas is .  

-f-f Higher heat ing  value 

A Free swel l  i ng index 



TABLE 2-3 

SIZE CLASSIFICATION OF KENTUCKY 

'NO. 9 COAL USED I N  THE IFGDP 

Coal As Received From Mine; 2 i n .  x 0 

Approximate Coal S i ze  

Reta i  ned 

+ 2 i n .  
+ 1 1/2 , 
+ 1 1/4 
+ 1 
+ 3/4 
+ 1/2 
+ 1/4 
+ 1/8 
+ 10 Mesh 
+ 100 Mesh 
- 100 Mesh 

Microns 

50,800 
38,100 
32,000 
25,400 
i9,ooo 
12,700 
6,350 
3,175 
2,000 

149 , - - 

Cum. w t  (%) 

2.56 
9.84 

12.79 
19.90 
28.56 
40.94 
59.18 
72.32 
78.50 
96.20 

100.00 

Coal Feed To G a s i f i e r  

~ ~ ~ r o x i m a t e  Coal Si.ze* 

Retained 

+ 1 / 2 i n .  
+ 4 Mesh 
+ 6 
+ 12 
+ 40 
+ 70 
+ 140 
+ 200 
+ 270 
- 270 

Microns 

6,350 
4,760 
3,360 
1 ,680 

420 
21 0 
105 
74 
5 3 - - 

Cum. w t  (%) 

1.8 
12.4 
32.1 
58.6 
84.4 
90.8 
94.2 
95.1 
96.5 

100.0 

* S p e c i f i c a t i o n  + 1/2 in, - < 2% - 100 Mesh - < 10% 



TABLE 2-10 

TYPICAL ANALYSIS OF ASH I N  KENTUCKY NO. 9 COAL 

. . 

Minera l  Analys is  o f  Ash 

S i l i c a ,  Si02 
A1 umi nay AL2O3 
Tita'r i ia, T i02  

F e r r i c  Oxide, Fe203 
Lime, CaO 
Magnesia, MgO 
Potassi um Oxide, K20 
Sodium Oxide, Na20 

Sul f u r '  T r i  o x i  de , SO3 
Phos. Pentoxide, P205 
St ron t ium Oxide, S r O  
Barium Oxide, BaO 
Manganese Oxide, Mn304 
Undetermi ned 

Percent 
I g n i t e d  Basis (%l 

' ~ l  kal  i e s  as Na20, Dry Coal Basis = 
- . 0.'18 

S i l i c a  Value . :A - - 66.41 
Base: Ac id .  Rat io  - 0.38 

.Add i t iona l  Ash Agglomerate P rope r t i es  

Bu lk  Densi ty  -- ,l b/c f  (dry)  
1 . .  

76 . 

-- 1 b / c f  ( w i t h  10%' moisture)  75 
F l u i d  ~ e d  D e n s i t y @  3.3 f t / s e c  65 
Complete F l u i d i z a t i o n  V e l o c i t y  3.3 
Apparent Dens i ty  l b / c f  140 

Screen Ana lys is  

USS* - Carbon (%) Ash (%) 

* U.S. standard s ieve 

** Remaining i n  t he  pan 
. .  , 



CHARACTERISTICS OF WATER SUPPLIED BY THE MLGW SYSTEM 

(Based on Water from the  Davis Pumping S ta t i on )  

C h a r a c t e r i s t i c  (mg/l , except pH) 

P H  

A1 k a l  i n i  t y  , (as CaC03) 

To ta l  Hardness, (as CaC03) 

Calcium Hardness, (as CaC03)' 

Magnesium Hardness, (as CaC03) 

I r o n  (Fe) 

Manganese (Mn) 

Sodium and Potassium, (as Na) 

F luo r ide  (F) 

S u l f a t e  (SO4) 

Ch lor ide  ( C l )  

N i t r a t e  (NO3) 

S i  1  i c a  (SiOp) 

Dissolved So l i ds  

* Ca lcu la ted  on the  b a s i s  o f  ma in ta in ing  e l e c t r o -  
neu t ra l  i ty  



-- 

- .  

TABLE 2-12 ' 

SUPPLEMENTARY MATERIAL REQUIREMENTS OF 'THE IFGDP 

.Chemicals 
Required P l a n t  Sect ions 

Natura l  Gas 
Phosphate 
Sel ex01 Sol ven t  
Sodium Carbonate 
,Potassium Carbonate 
S u l f u r i c  Ac id  
Caust ic  (50%) 
A m i  ne 
Hydrazi  ne 
Corros ion I n h i b i t o r  
Dispersant  
Ch lo r i ne  
Ac t i va ted  Carbon 
Hydrated Lime 
Polymer 

L 

Phosphoric Ac id  (50%) 
Soda Ash 

Ca ta l ys t s  Required 

v a r i  ous 
430 
360 
390 
220 
450 
440 
430 
430 
430 
450 
450 
440 
440 
440 
440 
440 

Rhon'e' Progi  1' Type CR 380 
C a t a l y s t  

.N-25 American Cyanami d 390 
Methanat i  on C a t a l y s t  220 
United-G-3/C 12-3 220 
United-C7-2 I 220 

* Standard cub ic  f e e t  

Annual ' Requirements (1 b) 

3,801 ,600k 
6,006 \ 

40,590 
197,670 
45,210. 

447,480 
11,880 

9 9 
4,290 

42,900 
23,100 
29,700 

.100,000 
9,036', 060 

1,320 
6,660 

712,800 
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2.4.2.5 ELECTRICTTY 

E l e c t r i c a l  power w i l l  be purchased from MLGW a t  161 k i l o v o l t s  and w i l l  be 

transformed t o  lower vol tages f o r  economical i n - p l a n t  d i s t r i b u t i o n .  The 

e l e c t r i c a l  i n p u t  t o  t he  p l a n t  du r ing  normal p l a n t  opera t ion  i s  45 megawatts. 
I 

2.4.3 PRODUCTS AND BY-PRODUCTS SPECIFICATIONS 

I n  a d d i t i o n  t o  the  i n d u s t r i a l  f u e l  gas main product ,  t he  p l a n t  a l so  pr'oduces 

l i q u i d  s u l f u r  and p i p e l i n e  q u a l i t y  gas. Spec i f i ca t i ons  f o r  these outputs 

fo l l ow .  

2.4.3.1 PRODUCT FUEL GAS 

Product I.FG gas i s  - - - - - - - - - - - - -  a v a i l a b l e  f o r  d i s t r i b u t i o n  a t  a  r a t e  o f  approximately 154 R 
m i l l i o n  standard cubic f e e t  per  day, w i t h  a  heat ing  value o f  300 + 30 B tu  pe r  

standard cubic foo t . .  The est imated composit ion o f  product  gas i s :  

Component 

2 
CO 

C02 

CH4 

2  

H2° 
cos 

Mole (%) 

41.5 

34.1 

17.9 

I 

The f o l l o w i n g  s p e c i f i c a t i o n s  a t  t he  p l a n t  boundary were es tab l ished f o r  t he  

product  IFG du r ing  the  Phase I Pre l  im inary  Engineering Design e f f o r t :  

Pressure 150 p s i g  

Temperature 80 t o  120°F 

Heat ing Value (HHV) To be se lec ted  w i t h i n  a l lowab le  

range o f  270 t o  330 Btu  per  s c f  

"arts per  m i l l i o n  by volume 

2-49 
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Sul fur. Content H2S 0.5 g r a i n  per  100 s c f ,  maximum 

To ta l  S 5 g ra ins  per  100 s c f ,  maximum 

Water Dew Po in t  a t  
150 p s i g  15OF, maximum 

These s p e c i f i c a t i o n s  were communicated t o  t h e  ~ e p a r t m e n t  o f  Energy du r ing  Phase I. 

Phase I1  Engineering ~ e s i g n ,  scheduled t o  commence i n  1980, w i  11 i nc lude  more 
.. . 

d e t a i l e d .  t r a d e - o f f  s tud ies  on design a1 t e r n a t i v e s  which may change these s p e c i f i -  

cat ions.  For example, t he  present  na tu ra l  gas supply c o n t r a c t  between MLGW and 

the  Texas Gas Transmission Corporat ion s p e c i f i e s  s u l f u r  content  ( f o r  H2S) as 1  

g r a i n  pe r  100 standard cubic foo t  and t o t a l  s u l f u r  content  as 20 g ra ins  pe r  100 

standard cubic foo t .  I n  any event, t he  p l a n t  w i l l  use Best Ava i l ab le  Cont ro l  

Technology on emisssions i n t o  the  environment. 

2.4.3.2 SULFUR I 

~ p p r o x i m a t e l y  100 tons per  day o f  l i q u i d  s u l f u r  i s  produced i n  the  s u l f u r  

, recovery uni. t .  The product  i s  s o l d  as l i q u i d  and t ranspor ted  from the  p l a n t  

s i t e  by tank  t ruck .  Product ion s p e c i f i c a t i o n s  f o r  t h i s  s u l f u r  are: 
I 

Temperature 

S p e c i f i c  Grav i t y  

Molecular Weight 

290°F 

1.78 

32.064 (Elemental S) , 

2.4.3.3 PIPELINE QUALITY GAS 

P i p e l i n e  q u a l i t y  gas ' i s  produced i n  C r e d i t  Generat ion a t  a  r a t e  o f  approximately 

4.3 - m i l l i o n  standard cubic f e e t  per  day. The est imated composit ion o f  t h i s  R 

stream i s :  

Component 

CH4 

2  

2 
co2 . ,  

H20 . 

co 

, 
Mole (percent) 

93.6 

3.5 
. . 

2.3 .. 

Q -  6 

(300 P P ~ V )  

(28 ppmv) 



The p i p e l i n e  q u a l i t y  gas meets t h e  f o l l o w i n g  s p e c i f i c a t i o n s  a t  t h e  p l a n t  

boundary: 

Pressure 300 p s i g  

Temperature 1 20°F 

Minimum Gross Heat ing Value (Dry Basis) 950 B tu  per  s c f  

Maximum CO Content 0.5 percent  volume 

Water Dew Po in t  a t  300 p s i g  15OF 

The product  gas i s  odor ized from 0.5 t o  1 pound odorant  pe r  m i l l i o n  standard 

cubic f e e t  and metered before  be ing  del. ivered. 

2.4.4 SUMMARY OF ENVIRONMENTAL EMISSIONS 

,As descr ibed l a t e r  i n  Sect ions 2.4.5.1 through 2.4.5.15, a v a r i e t y  o f  envi ron-  

men ta l l y  s i g n i f i c a n t  gaseous, l i q u i d  and s o l i d  emiss.ions a re  generated by t h e  

IFGDP. Most o f  these'emiss ions r e s u l t  w h i l e  processing a number o f  in te rmed ia te  

process streams. In te rmed ia te  process streams a re  d i s t i ngu i shed  here as being 

envi ronmental ly  s i g n i f i c a n t  streams generated w i t h i n  the  p l a n t  which r e q u i r e  

f u r t h e r  proces.sing be fore  being discharged as an emission. Since these i n t e r -  , 
mediate streams in f l uence  the  nature o f  p l a n t  emissions, t h e  d iscuss ion  o f  p l a n t  

emissions w i l l  i nc lude  a rev iew o f  c o n t r i b u t i n g  in te rmed ia te  process.streams. 

P lan t  emissions and important  in te rmed ia te  process streams are  summarized i n  

Table 2-13, which shows the  source, nature and f a t e  o f  each stream. These 

i nc lude  19 gaseous, 21 l i q u i d  and 7 s o l i d  streams t h a t  are e i t h e r  important  

in te rmed ia te  process e f f l u e n t  streams ' o r  p l a n t  environmental emissions. As 

noted by a s t e r i s k s  ' i n  Table 2-13, p l a n t  environmental emissions comprise 10 

gaseous, 6 l i q u i d  and 5 s o l i d  streams. Table 2-13 a l so  i n d i c a t e s  o the r  minor 

emissions t h a t  a re  t r e a t e d  by Best Avai l a b l e  Contro l  Techno1 ogy (BACT) be fore  

discharge t o  t h e  environment. 

The major p l a n t  emissions are  generated i n  f i v e  p l a n t  sect ions which inc lude:  

(1) T a i l  Gas Treatment (Sect ion 390), (2) Steam Genera t i odF lue  Gas D e s u l f u r i -  

zat ion/Vent  Gas I n c i n e r a t i o n  (Sect ion 430), (3) Cool ing Tower (Sect ion 450), 

(4) Wastewater ~ r e a t m e n t  (Sect ion 440), and (5) Ash Treatment (Sect ion 420). 

The l o c a t i o n  o f  these sect ions i n  t he  p l a n t  p l o t  p l a n  i s  shown i n  ~ i g u r e  2-12. 



TABLE 2- 13 

S U W R Y  OF THE 'SOURCE AND - .  FATE OF GASEOUS, LI.QUID AND SOLID EFFLUENTS FROM THE IFGDP 

. .  . Gaseous Effluents/Emisslons . . LIquid Effluents/Emissions . Solid Effluent/Emissions 
Section Section Stream Stream '. Stream Stream Stream . Stream . 
l k m e r  Name Ndlrp Fate - .  - . F a r e  - Name - Fate , 

310 Air Separat'on, air compressor waste gas * condensed moisture Sec 

- 450 

410 ioal/Coke Receiving coal pi le runoff, Sec 
and Hand1 irig 440 

326 Coal/Coke Prepara- ' ' dryer mil 1 flue gas Sec 
tion a d  Feeding 430 

coke drye; vent gas * 
coal silo vent gas ' * 
feed hopper vent gas Sec 

430 

330 Coal Gasification fines 'silo vent gas Sec . - .. . . 
430 

1 340' Gas Cooling and sour slurry water Sec 
Scrubbing .. . 370 

350 Gas 'Com>ression sour water 
i Sec 

370 
- .  . . . -  - . --. - - 

' 360 Gas Treament Cop vent gas Sec . : . . sour condensate ' Sec. . 
!l 430 370 

agglomerate slurry See. 
' 420 

Sel ex01 solvent II 
blowdown 

370 .Sour Water Strip- sour water stripper gas Sec . stripped wastewater Sec 
ping 380 440 

383 Sulfur Rec~very " tail gas. Sec 
390 

Cop vent gas Sec 
430 

. . . . . . . . 
' 3 

3% Tail  as Treatment vent gas ** Besvon-Stretfwd'. ' * 
blowdown solution . 

sulfur separatton 
vent 96s 

:j:r.s?';:.i ficr?:, j:m: rrissions to the envfmnment are Indicated by an asterisk. The fate of intermediate process effluents Is also 
---. - - -  $ , . - : - = : a 3  2;. i n s  ~lib:ier :orrespondir.g'to the plant section to which each stream Is transported. - A :G:=:e ss:er:sk indicates these,envirtnmental emissions which have been processed by best available control'technologies before 

' ' disOarge to environment. . . .  . . .  
I 

(Continued) 



TABLE 2- 13 (Continued) 

Gaseous Effluents/Emissions . . . Liquid Effluents/Emisslons co l  solid Effluents/Emissions 
. . S t r e a m  Stream Stream Stream . . Stream S:rem 
. .  Name - Fate. :.. . - Name .Fate Name Fate. 

Section Section . 
Nurrber - .  Nane 

220 Credit Generation Cop off gas Sec. . . . .. process condensate Sec consumed catalysts * 
430 440 

rich gas dryer vent gas Benfield blowdown ' . 

i air dryer vent gas 

420 Ash Treatmznt . . ash pile runoff . . Sec 
440 

ash and solid waste ** 

430 '. Steam Generation/ . . coal/coke fines vent. ** neutral tzation water Sec 
Flue Gas Desul- 440 

bottom bsh slurry S u  
424 

furization 

filtrate 

fly ash silo vent ** . demineral izer backwash Sec 
and carbon filter . 450 

rinse 

boiler. scrubber flue gas ** boiler blowdown Sec 
- 450 

flue gas. scrubbing ** 
sludge 

plant stack gas spent service water Sec 
440 

Incineration incinerator off gas ** 
MO . Wastewater 

Treatment . 
effluent holding . R* 

discharge 
sludges 

slop oil * 
450 Cooling Tower evaporatlon drift * 

blowdown Sec 
440 

460 Flare off gas 

Miscellaneous storm water Sec 
440 

rani tary wastewater t 

--- 
* Ibnsig~~ificznt plant emissions to the environment are Indtcated by an astertsk. The fate of intermediate process effluents Is also 

-. indicated by the number corresponding to the plant section to which each stream is transported. 

, '* A doub!c asterisk indicates these environmental emissions which have been processed by best aval lable control technologies before 
discnar~e to environment. 

i io municipal sanitary sewer for treatment in wastewater treatment facility. 
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The gaseous ,' 1 i qu id ,  and s o l  i d  environmental emissions from t h e  IFGDP inc lude:  

(1) emissions from t h e  p l a n t  sec t ions  l i s t e d  above, (2) p l a n t  f u g i t i v e  emissions 

and (3) emissions du r ing  s ta r tup ,  .shutdown and emergency operat ion.  D,e ta i l s .  

regard ing  t h e  source, magnitude, nature and f a t e  o f  these emissions fo l l ow .  

I n fo rma t ion  prov ided below f o r  major environmental emissions a re  based on t h e  

maximum p l a n t  ope ra t i ng  cond i t i ons  ( i .e : ,  f o u r  g a s i f i e r s  ope ra t i ng  a t  75 

percent  capaci ty) .  Minor emissions i n d i c a t e d  i n  Table 2-13, which are  t r e a t e d  

by BACT, are  n o t  discussed. 

2.4.4.1 GASEOUS EMISSIONS 

Environmental l y  s i g n i f i c a n t  emi,ssions wi  11 ,be . ~ r o c e s s e d  . by BACT du r ing  normal 

opera t ion  , o f  t h e  IFGDP. Major gaseous emissions are: 

0 vent  gas from. Tai  1 Gas ~ r e a t m e n t  (G-1 1 ) 

0 , .  B o i l e r  scrubber f l u e  gas from Flue Gas D e s u l f u r i z a t i o n  . . (G-15) 

o O f f  gas from I n c i n e r a t i o n  (G-16) . . 

0 
. . 

Stack gas t o  atmosphere (G-19) 

o Evaporat ion from Cool ing Tower (G-17) 

o F lue  gas from t h e  p l a n t  .F lare (G-18) 

The c h a r a c t e r i s t i c s  o f  these emissions are  summarized i n  Table 2-14. The 

source o f  each o f  these streams i s  discussed below. 

2.4.4.1.. 1  TAIL GAS TREATMENT (SECTION 390) 

E f f l u e n t s  and emissions from the  T a i l  Gas Treatment system, are  shown i n  F igure  

2-13 and are  summarized i n    able 2-15. This  system receives t a i l  gas from 

S u l f u r  Re'covery (Sect ion 380) and removes nea r l y  a1 1 s u l f u r  compounds before  

the .gas  i s  vented t o  the  atmosphere. The major emission from t h i s  system i s  

t he  carbon d i o x i d e - r i c h  S t r e t f o r d  absorber-ox id izer  vent  .gas (G-1 1 ) , a s l i p  

stream o f  which goes f i r s t  t o  Wastewater Treatment and i s  used t o  recarbonate 

l ime- t rea ted ,  c l a r i f i e d  wastewater. Other emissions inc lude:  (1) evaporated 

water and a i r  from the  S t r e t f o r d  s o l u t i o n  s u l f u r  separa t ion  u n i t  and (2) a i r  



, TABLE 2-14 

GASEOUS EMISSIONS FROM THE IFGDP 

Gaseous Emission Characterist ics (Stream Constituents Are Given i n  .Units o f  l b /h r )  

T a i l  Gas Treament Flue Gas Oesulfurtzatton'.  . lnctnerat ton Stack Gas to  Cooling ~ b e r  F lare 
Vent Gas Flue 68s Of f  Gas Amsphere ** Eva~ora t lon  F lue  Gas 

. . Stream Desijnation: G-15 . --- G-11 --- 6-16 . G-12 6-17 G-18 

- 
Stream Constituents 

N2 

C02 

"2O 

O2 . 

"2 

U)2 ' 

Par t icu lates 

NH3 

Hydrocarbon (as CH4) 

to 

Cs2 
Ozone 

0.1 --- 
Less than 0.1 

76.210 

60 

459,509 1.045 

40 

--- 
Less than O.Wl 

Less than 0 . a '  

Less than 0.W 

--- 
Less than 0.01 

Less than 0.01 

--.- l ess  thsn 0.1 

--- 

Totals 52.748 462,594 270.974 733.588 459,500 77.355 

Stack E x i t  Temp. O F  225 
StacC.Exit Veloc7t-y. f t /sec 120 
Stack Diameter. inches 16.9 
Stack t ieight. f ee t  100 
* X  Coordinate, f e e t  R50 
'Y Coordinete, f e e t  1 .OOO 

' The coordinate o r i g i n  (X=O, Y=O) i s  located a t  the southwest corner o f  
tha plan: s i te .  The Y d i rec t ion  i s  d f r e c t i y  nor th and the X d l rec t ton  

-. - i s  d i r e c t l y  east 

Haxi- level  o f  operation.(four.gasifiers a t  75 percent capacity) 
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STRETFORD' : 
SOLUTION TO: 

STORAGE 
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F igu re  2-1 3. E f f l u e n t s  and Emissions f rom t h e  IFGDP Beavon-St re t fo rd  Ta i  1 Gas Treatment System 
(Sec t ion  390) 



., ,' 

TABLE 2-15 

EFFLUENTS AND EMISSIONS FROM THE TAIL GAS 

TREATMENT SYSTEM (SECTION 390) 

Emissions ( Ib/hr)  
Vent Gas Sulfur  S e ~ a r a t i o n  Eva~orated 

. , t o  Atmosphere Vent  as Water 
Stream Designation G-11 G-12 G-12 

Stream Constituents 

H * 
co 

2 

O 2 ,  

H2S . . 

' S O 2  . . 

cos 
cs2 
CH4 1 . '  
S 

TOTAL 

. . .  31,800 

-10 ppm max 



and evaporated water r e s u l t i n g  from an i n t e rna l  coo l ing  system. These streams 

are shown as stream G-12 i n  Table 2-15. However, these streams are not  a n t i c i -  

pated t o  be environmental ly s i gn i f i can t ,  since t h e i r  composition i s  essent ia l  l y  

equivalent  t o  a i r ,  w i t h  a h igh moisture content. 

2.4.4.1.2 ' STEAM GENERATION/FLUE GAS DESULFURIZATION (SECTION 430)' 

E f f  1 uents and emissions ' from the Steam Generation/Fl ue Gas Desul f u r i z a t i o n  

system .are shown i n  Figure 2-14. Gaseous emissions inc lude the  coal/coke 

f i nes  vent;' f l y ' a s h  s i l o  vent and f l u e  gas from Fiue Gas Desu l fur iza t ion.  The 

coal /coke f i nes  . stream i s transported from coal preparat ion t o  f i nes  feeding 

by a stream o f  n i t rogen,  and the vent gas i s  no t  expected t o  represent a 

s i g n i f i c a n t  emission. The composition o f  the  f l y  ash s i l o  vent and desu l fur ized 

f l u e  gas streams i s  shown i n  Table 2-14. 

'2.4.4.1.. 3 INCINERATION (SECTION 430) 
. , 

. . 

E f f l uen ts  . . and emission) o f  I nc i ne ra t i on  are shown, i n  Figure 2-15. This f i g u r e  

shows t h a t  s i x  process gas streams are i n c i n e r a t e d  p r i o r  t o  being discharged. 

These streams include: 

o Tai 1 gas from Su l fu r  Recovery (G-9) 

o Acid gas from Su l fu r  Recovery (G-10) 

o Fines s i l o  vent gas"from Coal ~ a s i f i x a t i o n  (G-6) 

o Feed hopper vent gas from Coal Preparat ion and. Feeding (G-5) 

o C02 vent gas from Gas Treatment (6-7) 

o C02 o f f  gas from Cred i t  Generation (G-13) 

Streams G-9, G-10 and G-6 are not  normally routed t o  the inc ine ra to r ,  bu t  are 

released t o  i nc i ne ra t i on  i n  the case o f  emergency shutdown. The compositions 

o f  streams G-5, G-7 and Gr13 are summarized i n  Table 2-16. 

S u f f i c i e n t  IFG i s  burned i n  the i nc i ne ra to r  t o  heat the gases i n  the i nc i ne ra to r  

t o  15009F t o  ensure dest ruc t ion o f  a1 1 odorous compounds. This hot  gas stream , 
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TABLE 2-16 

EFFLUENTS AND EMISSIONS-FROM INCINERATION (SECTION 430) 
- .  

,mi s,si ons 
' Inputs,  I t j / h r  l b / h r  

S u l f u r  S u l f u r  Coal Gasi f .  
Recovery Recovery S i l o  Vent Feed Hopper C02 C02 I n c i n e r a t i o n  
T a i l  Gas Vent Gas Gas Vent Vent O f f  Gas O f f  Gas 

Stream Designat ion G-9 G-10 6-6 G-5 6-7 6-1 3 G-16 

Stream Const i tuents  \ 

02. 

C02 
H *'S 

. . SO2 

cos. 
cs2 
CH4 
NH 

EIO, 

P a r t i c u l a t e s  

TOTAL ( I b s l h r )  NNF* NNF* NNF* 

*Normally no f l o w  



i s  rou ted  t o  t h e  stack 'where i t  j o i n s  the  scrubbed f l ~ e . ~ a s  l e a v i n g  the  b o i l e r  

f l u e  gas scrubber.   his provides the  reheat  requ i red  t o  o b t a i n  a p lume r i s e .  

It i s  poss ib le  f o r  t h e  th ree  gaseous emissions normal ly  discharged t o  t h e  

i n c i n e r a t o r  t o  vary  and t o  drop t o  zero a t  .times. When t h i s  occurs, on l y  

s u f f i c i e n t  IFG w i l l '  be burned i n  the  i n c i n e r a t o r  t o  heat  t h e  scrubbed b o i l e r  

f 1 ue gas t o  ,275OF. 

2.4.4.1.4 COOLING TOWER (SECTION 450) 

E f f l u e n t s  and emissions from the  p l a n t  c o o l i n g  tower are.shown i n  F igure  2-16. 

The gaseous emission from t h i s  system i s  t he  c o o l i n g  tower evaporat ion. 

Th is  stream r e s u l t s  from evaporat ion o f  ' r e c i r c u l a t i n g  c o o l i n g  water as i t  

fa1 1s through t h e  c o o l i n g  tower. Although o n l y  2.6 percent  o f  t he  c i r c u l a t i n g  

water i s  evaporated, t h e  h igh  volume o f  c i r c u l a t i n g  water leads t o  an evapora- 

t i o n  r a t e  o f  459,500 pou.nds per  hour as shown i n  Table 2-14. 

Cool ing tower evaporat ion i s  d i s t i ngu i shed  from d r i f t  losses,  which r e s u l t  

. . from entrainment o f  w a t e r . i n t o  the  countercur ren t  a i r  f low.  Un l i ke  d r i f t  
' 

l oss ,  t h e  evapora t ion  stream leaves behind d i s s o l l e d  so l  i d s .  Cool i n g  water 

may con ta in  water so lub le  gases (e. g. , carbon d iox ide ,  .hydrogen' s u l f i d e  and 

ammonia), which are  d i sso l ved  as a r e s u l t  o f  poss ib le  leaks i n  coo l i ng  water 

process heat exchangers. ~ h e s e  gases are  evaporated a long w i t h  the  predominant 

water stream. A we1 1 mainta ined p l a n t  minimizes sources o f  leakage. 

2.4.4.1 .5 FLARE (SECTION 460) 

The composit ion o f  emissions from the  p l a n t  F l a r e  i s  shown i n  Table 2-14. 

This  emissi6n r e f l e c t s  normal opera t ion  i n  which na tu ra l  gas alone i s  u t i l i z e d  

by the  F la re .  Emissions from the  F l a r e  du r ing  emergency opera t ion  would be 

much more s i g n i f i c a n t  s ince several process gas streams would be re leased t o  

the  F l a r e  under emergency cond i t ions .  
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2.4.4.1 :6. PLANT. FUGITIVE EMISSIONS 

r 

F u g i t i v e  p a r t i c u l a t e  emissions are  expected t o  occur a t  var ious  p o i n t s  i n  

t he  coal  and ash hand l ing  and storage systems. To minimize these emissions, 

. .  . . . dus t  c o l l e c t i o n  systems c o n s i s t i n g  o f  f a b r i c  f i l t e r s . ,  blowers and adequate 
hoodi ng .and d u c t i  ng .a re  provided. These systems are  prov ided a t  t h e  barge 

unloading area, t h e  d r i e d  coal  s i l o  and the  d r i e d  coke s i l o .  A l l  f a b r i c  

f . i l t e r s  a re  designed w i t h  automatic reverse j e t  bag c lean ing  us ing  n i t rogen  

as a c lean ing  medium t o  minimize f i r e  and explos ion.hazards.  

A wet dus t  suppression system i s  inc luded i n  the'  coal  l i v e  s torage p i l e  un- 

l oad ing  system t o  c o n d i t i o n  t h e  ma te r ia l  so t h a t  s t o c k p i l i n g  can be accom- 

p l i s h e d  w i t h o u t  dust ing.  The dus t  suppression system cons i s t s  . . o f  a  b lend ing  

and p r o p o r t i o n i n g  system t o  p r o p e r l y  mix t h e  'dust  c o n t r o l  compounds w i t h  

water. It a l s o  inc ludes  a p i p i n g  d i s t r i b u t i o n  system, pumps and i n j e c t i o n  

nozzles. 

. . . . . . 

Dust suppreksi on i n t h e  c o a l ,  dead s torage p i  1  e i s accompl i shed by sprayi  ng a 

chemical b i n d e r ' o n  the  sur face of t he  p i l e .  chemical b inders,  i n  general,  

a r e  a b lend o f  syn the t i c ,  long-chain organic polymers i n  a water base, devel-  

oped t o  p rov ide  an e f f e c t i v e ,  economical s o l u t i o n  f o r  p r o t e c t i n g  outdoor 

s tockp i l es .  The a p p l i c a t i o n  o f  these b inders  on the  sur face o f  t h e  ma te r ia l  

c rea tes  a t h i n  c r u s t  t h a t  i s  tough, durable and h i g h l y  r e s i s t a n t  t o  wind and 

r a i n .  

2.4.4.1.7 EMISSIONS DURING ABNORMAL CONDITIONS 

I 

Emissions du r ing  abnormal opera t ing  cond i t i ons  are  summarized i n  Table 2-17. 

This  t a b l e  shows t h a t  t h e  f a t e  o f  emissions du r ing  abnormal opera t ion  i s  

e i t h e r  F la re  o r  I n c i n e r a t i o n .  

/ 

The composit ion o f  t he  g a s i f i e r  s t a r t u p  e f f l u e n t  w i l l  va ry  from t h a t  o f  ex- 

hausted h o t  a i r  t o  t h a t  o f  o f f - spec i  f i c a t i o n  product  gas, w h i l e  t he  composi- 

t i o n  o f  g a s i f i e r  shutdown e f f l u e n t  w i  11 vary from t h a t  o f  p roduct  gas t o  



TABLE 2-17. 

SUMMARY OF 'GASEOUS .EMISSIONS DURING ABNORMAL, OPERATING CONDITIONS ; 

. . 

Condi t ions Source Flow Rate Temperature (OF) U l t ima te  Fate 

: G a s i f i e r  .Star tup '  Eff 1 uent 'f rom s t a r t  50,000 scfm' (Spent Hot A i r )  2 0 0 t o 3 0 0  . F l a r e  : 
up g a s i f i e r  - ' . 45,000 scfm (Of f  .Spec i f i ca t i on . .  . . 

Product Gas) 
. . 

G a s i f i e r  Shutdown E f f l u e n t  'from shut- 45,000 scfm Product Gas) 
. . t 200 t o  300 F l a r e  

. .down. gasi  f i.er . - 50,000 sc'fm . Exhausted Steam) . 
- 50,000 scfm ( ~ k a t e d  Ni t rogen) 

D ivers ion  of  as . E f f l u e n t  from a l l  on- 150,000 Scfm 200 t o  300 F l a r e  . . 
f rom P i p e l i n e  , . l i n e  g a s i f i e r s  . 

SRU* Startup/Shut- Feed gas t o  S u l f u r  
down and D ive rs ion  Recovery 

6,200 scfm 110 I n c i n e r a t o r  

"SRU r e f e r s  t o  t h e  s u l f u r  recovery unit ,  



exhausted steam t o  n i t rogen  purge gas. The d i v e r s i o n  o f  gas from the  p ipe-  

l i n e  w i l l  cons is t  e n t i r e l y  o f  product  gas. These streams are  a l l  sent t o  

t h e  p l a n t  f 1 are. Abnormal ope ra t i  on i n  Sul f u r  Recovery - 1 eads t o  d i  scharge 

o f  feed gas t o .  t h e  p l a n t  i n c i n e r a t i o n  system.' Th is  gas w i l l  c o n s i s t  p r i m a r i l y  

o f  carbon d iox ide  and hydrogen sul f ide. .  . . 

Dur i  ng emergency cond i t ions ,  a1 1 process emissions from t h e  sa fe ty  valves 

exce'pt those from A i r  Separat ion w i l l  discharge i n t o  t h e  f l a r e  system. O f  

t he  discharges from A i r  Separation, a i r  w i  11 be vented l o c a l l y  w h i l e  n i t rogen  

and oxygen streams w i l l  f l o w  t o  t h e  a i r  p l a n t  vent  stack. 

A f te r  be ing combusted i n  t h e  f l a r e ,  t h e  gases are converted t o  products o f  

combustion: ( i .e . ,  carbon d iox ide ,  water and s u l f u r  d iox ide) ,  and some NOx 

may be.formed. This. i s  t he  accepted, proven, manner f o r  d isposal  o f  gaseous 

streams d u r i  ng abnormal operat ions. 

2.4.4.2 LIQUID EFFLUENTS , 

As shown i n  Table 2-13, the  major p l a n t  l i q u i d  e f f l u e n t s  are  generated i n  

Wastewater Treatment (Sect ion 440) and t h e  Cool ing Tower (Sect ion 450). I n  

add i t i on ,  o ther  p o t e n t i a l  l i q u i d  e f f l u e n t s  may be generated i n  Gas Treatment 

(Sect ion 360), T a i l  Gas Treatment (Sect ion 390) and C r e d i t  Generation (Sect ion 

220). 

From Table 2-13, p l a n t  l i q u i d  e f f l u e n t s  are: 
l 

o Treated wastewater t o  M iss i ss ipp i  River  (L-15) 

o 'Coo l i ng  t o w e r d r i f t  losses (L-17) 

. . 
o Recovered o i l  (L-1'6) 

o Selexol blowdown (L-6.) 

, o S t r e t f o r d  blowdown (L-8) 

o Benf i e l  d b l  owdown (L- 10). 



$The composit ion o f .  these streams i s  s t r o n g l y  1 inked t o  t h e  process and the  

procedure i n  which each stream i s  generated. Un l i ke  t h e  gaseous emissions 

di.scussed i n  Sect ion 2.4.4.1, t h e  c r i t i c a l  contaminants i n  each o f  t he  l i q u i d  

emissions d i f f e r  markedly from one stream t o  t h e  next, D e t a i l s  regarding # .  

t he  composition o f  t he  s i x  p l a n t  1 i q u i d  emissions are provided i n  Sect ions  

2.4.4.2.1, . . 2.4.4.2.2, 2.4.4.2.3 and 2.4.4..2.4. 

2.4.4.2.1 WASTEWATER TREATMENT 

Wastewaters a re  generated i n  t h e  IFGDP from,several  sources. The type and 

degree o f  t reatment  and t h e  u l t i m a t e  d isposal  o f  these wastewaters depends 

on t h e  source o f  t he  wastewater and on t h e  type and concent ra t ion  o f  p o l l u -  

t a n t s  i n  the  water. Wastewaters and t h e i r  sources are: 

. . 

o' Process wastewater cons is t ing .  o f  c l a r i f i e d  blowdown from Gas 

. . 
Scrubbing (L-3), . . s t r i pped  condensate from Sour Water S t r i p p i n g  

(L-7) . . and condensates from C r e d i t  Generation . . . . ( c o l l e c t i v e l y  L-9) 

o Cool ing tower blowdown (L-18) 

o Storm water f a l l i n g  on, and dra ined from the  coal p i l e s  (L-2) 

. . 

o .  Storm water f a l l i n g  on, and dra ined from the  ash p + l e  (L-11) 
. . 

o Spent serv ice  water, such as from deck washings and f l ush ings  (L-19) 

o Storm water f a l l i n g  on, and dra ined from the  area i n s i d e  t h e  l i m i t s  

o f  processing u n i t s  (L-20) 

o N e u t r a l i z a t i o n  water from b o i l e r  feed water p repara t ion  (L-12) 

o San i ta ry  wastewater generated by ant  personnel (L-21) 

. . 

The qua1 i t y  and q u a n t i t y  o f  these streams i s  summarized i n  Table 2-18. Except 

f o r  san i ta ry  wastewater and ash p i l e  leachate, a l l  p l a n t  wastewater i s . t r e a t e d  



TABLE 2-18 

. SUMMARY OF- L I Q U I D  STREAM COMPOSI.TIONS I N  THE IFGDP 

. . .  . . .  I n f l u e n t s  and Intermediate Streams 
. - 

Spent Cool i ng Tower Neutra l  - . . 
Storm .Serv ice  Treated Storm/ Coal P i l e  Runoff ' Blowdown Process Wastewater Ash P I l e  i z a t i o n  
Water Water Service Water . - Treated - Raw Treated Leachate water 

Flow. PI! 125 . 1 2 5 .  15 280 280 . ' 550 550 20 40 

Strea.2 desig- 
n a t i o n  L-20 L-19 ' .  

Const i tuents*  
( m ~ / l ,  except pH) 

PH 2.5-3.0 8-9 .6-9 6-9 10-11' 6-8 
TOS 150-350 150-350 150-350 500-5000 50-500 600-1 000 600-1000 2000-3000 2000-3000 '100-200 1000-1 0,000 
TSS' 50-800 50-800 5-50 50-800 20,-50 100-200 c40 200-300 (10 10-290 10-20 

50- 100 A1 k a l i c i t y  
' Hardness 50-100 

COO 
TOC 
6005 
O i l  & Grease 
F'nenol 
!iH3-N 
NC3-N ' 

P 
CN- 
SCN- 
H2 S 
co2 
Ag 
As 
9e 
Cd 
Cr 
Hg 
N i 
Pb 
Sb 
Se 
11 
Zn 
Others 

P r i o r i t y  Organics 

 missions 
E f f l u e n t  
Hold ing,  San i ta ry  
Basin Waste 
Oischarqe Water 

10 90 

* Abbreviat ions a re  TOS ( t o t a l  d i sso lved  so l ids ) ,  TSS ( t o t a l  suspended so l ids ) ,  
COO (chemiczl oxygen demand), BOD5 ( f i ve -day  b i c l o g i c a l  oxygen demand)., 
and TOC ( t o t a l  organic carbon). See L i s t  o f  abbreviat ions f o r  d e f l n l t i o n  o f  o t h e r  terms. 



a t  the p l a n t  s i t e  p r i o r  t o  discharge i n t o  the Miss iss ipp i  River. . The process 

f l ow diagram f o r  Wastewater Treatment (Section 440) i s  shown i n  Figure 2-17. 
. . 

Wastewater ~ r & t m e n t  i s  comprised o f  fou r  treatment systems: (1) storm water 

and spent serv ice water treatment, (2) coal p i l e  r uno f f  water treatment, (3) 

process wastewater .treatment and (4) coo l ing-  tower blowdown treatment. Treat- 

ment occur r ing i n  the fou r  treatment u n i t s  .as ind ica ted  i n  Figure.2-J7 i s  

summarized i n  Table 2-19. 

Process condensates produced d u r i  ng Gas Cool i ng and Scrubbi ng , Gas Compression, 

Gas Treatment, and Cred i t  Generation are u l t ima te l y  t rea ted  c o l l e c t i v e l y  i n  

the process Wastewater Treatment un i t .  Condensate from Gas Cool ing and Scrub- I 

b i ng  contains char f i n e s  from contact ing the raw product gas. This water I 
I 

s l u r r y  i s  steam s t r ipped  f o r  removal of gases, and char f i nes  are removed by 

c l a r i  f i ca t i on .  C l a r i f i e d  water proceeds t o  process Wastewater Treatment. 

The thickened f i nes  s l u r r y  i s  sent t o  Steam Generation, where the s l u r r y  i s  

f i  1 te red  t o  recover c h i r  f i nes  f o r  b o i l e r  f i r i n g .  The f i 1 t r a t e  i s  $&nt t o  

process Wastewater Treatment. Condensates from Gas . Compression . and Gas Treat- 

ment are 'steam s t r ipped before being sent t o  process wastewater Treatmegt. 

Condensates produced i n  Cred i t  Generation (v i z ,  a c i d  gas removal, carbon 

monoxide s h i f t ,  and methanation condensates) are routed d i r e c t l y  t o  process 

Wastewater Treatment w i thout  steam s t r ipp ing .  

. . 

The compos'i t e  o f  the aforementioned wastewater then receives sequenti a1 proc- 

essing as fo l lows:  lime-flocculation/clarification, recarbonation, pressure 

f i l t r a t i o n ,  ozonation/oxygenation, b i o l og i ca l  pressure f i l t r a t i o n  and granular  

ac t i va ted  carbon adsorption. As a r e s u l t  o f  excess dissolved oxygen provided 

by oxygenation, b i o l og i ca l  a c t i v i t y  i n  the second pressure f i 1 t e r  and ac t i va ted  

carbon adsorption"column i s  enhanced. This a c t i v i t y  accounts f o r  the substan- 

t i a l .  removal o f  res idua l  organic po l l u t an t s  from the wastewater. The a c t i v i t y  

on the act ivated.  carbon a lso serves' t o  mainta in a higher e f f e c t i v e  adsorpt ive 

capaci ty,  which reduces the frequency o f  regeneration. Water t rea ted  i n  

t h i s  manner i s  stored i n  the e f f l u e n t  ho ld ing basin. I 

, The coo l ing tower blowdown i s  f i r s t  t rea ted  i n  an e l e c t r o l y t i c  chromate - 
dest ruc t  u n i t ,  where chromium and z inc  are removed as inso lub le  hydroxide 



RECOVERED O I L  TO 
O F F - S I T E  DISPOSAL 

SLU'DGE T O  
DISPOSAL COAL P I L E  

RUNOFF 

UNTREATED WASTE 
TO MUNICIPAL  SEWER . 



TABLE 2-19 
.. . 

SUMMARY OF UNIT PROCESSES USED FOR TREATMENT OF PROCESS 

Water Source 

process Wastewatqr 

Cooling Tower Blowdown . 
. . 

Coal P i l e  Runoff. 

I ns ide  Bat tery  L im i t s  Storm 

Water and Spent Service Water 

Ash P i l e  Runoff 

Sani tary Wastewater 
. . 

'Treatment P r i o r  t o  

D i  scharge t o  . E f f  1 uent Holding Basi n 

Steam .St r ipp ing 

F l  occul at ion/Cl  a r i  f i c a t i o n  

Recarbonation 

F i  1 t r a t i o n  

OzonationlOxygenation 

F i  1 t r a t i o n  

Carbon Adsorption 

E l e c t r o l y t i c  Chroma.te Dest ruc t ion 

C l a r i f i c a t i o n '  

Neutral . . i . za t ion 

Aeration' 

C1,ar i f i ca t ion 

Dissolved A i r  F l o t a t i o n  

O i  1 Separation 

No Treatment 

1 

Sent, t o  Municipal Sewer 



p r e c i p i t a t e s  by c l a r i f i c a t i o n .  I f  the  cool  i ng tower b l  owdown 1  eav i  ng t h e  

c l a r i f i e r  i s  f r e e  o f  o i l  and grease, i t  i s  discharged d i r e c t l y  t o  t h e  e f f l u e n t  

ho ld ing  basin. I f  t h e  blowdown conta ins  o i l s  and grease, these m a t e r i a l s  

a re  removed by r o u t i n g  t h i s  stream through the  storm water d i sso l ved  a i r  

f l o t a t i o n  u n i t  p r i o r  . t o '  discharge t o  the  e f f  1  uent ho ld ing  .basin. Sludges 

produced, du r ing  t reatment  o f  cool  i ng tower b l  owdown and process wastewkers  

a re  dewatered and disposed o f  as discussed i n  Sect ion 2.4.4.3. Recovered 

'water i s  recyc led  t o  t h e  process Wastewater Treatment u n i t .  

Coal p i l e  r u n o f f  i s  c o l l e c t e d  i n  a  ho ld ing  bas in  and i s  pumped a t  a  c o n t r o l l e d  

r a t e  t o  a  n e u t r a l i z a t i o n . t a n k .  Here, t he  pH o f  t h e  water i s  r a i s e d  from 

approximately 3  t o  a  pH o f  8 t o  9. Neu t ra l i zed  water i s  aerated and c l a r i f i e d ,  

and then sent  t o  t he  e f f l u e n t  ho ld ing  basin. 
\ 

A shor t - te rm s o l i d  waste storage area s u f f i c i e n t  f o r  t h e  f i r s t  4  years o f  ash 

product ion  i s  provided. Th is  area i s  l i n e d  w i t h  a  commercial ly a v a i l a b l e  

p l a s t i c  t o  p e r m i t  c o l l e c t i o n  o f  leachate i n  a  sump from where the  leachate i s  

pumped t o  t h e  e f f l u e n t  ho ld ing  basin. Samples o f  t h i s  leachate a re  t e s t e d  t o  

conf i rm t h a t  i t  i s  acceptable f o r  discharge w i t h o u t  treatment.  I f  t h e  analyses 

show t h a t  t reatment  i s  requ i red ,  an a d d i t i o n a l  t reatment  f a c i l i t y  i s  prov ided 

as requi red.  

Storm water and spent se rv i ce  water are, s to red  i n  a  ho ld ing  bas in  and are  

pumped a t  a  c o n t r o l l e d . r a t e  t o  a  d isso lved a i r  f l o t a t i o n  u n i t .  O i l  and o ther  

f l o a t a b l e  ma te r i a l  a re  separated as a  f r o t h  and a re  withdrawn and s to red  as 

s lop  o i  1. Sol i d s  from t h e  u n i t  a re  re1 eased t o  ' the sludge p i t .  Treated 
. . 

w a t e r  i s  'sent t o  t he  e f f l u e n t  ho ld ing  bas i  n. 

~ e u t ' r a l i z a t i o n  water from b o i l e r  feed water p repa ra t i on  rece ives  minimal 

t reatment  (pH adjustment) p r i o r  t o  re lease t o  the  e f f l u e n t  ho ld ing  pond. 

This  stream i s  h igh  i n  d isso lved s o l i d s ,  b u t  i s  otherwise c lean and does n o t  

requ i  r e  f u r t h e r  t reatment .  

P lan t  s a n i t a r y  wastewater i s  sent  t o  t he  munic ipal  s a n i t a r y  sewer f o r  t r e a t -  

ment i n  the  munic ipal  wastewater t reatment  f a c i l i t y .  



2.4.4.2.2 WASTEWATER HOLDING BASINS 

Three. wastewater ho ld ing basins are provided t o  a l low f o r  storage, o f  abnormally 

h igh fl'ows o f  wastewater; A rainwater surge basin and a coal p i l e  r uno f f  

surge bas in .  are s ized t o  ho ld  the ca lcu la ted runo f f  r e s u l t i n g  from the maximum 

10-year, 24-hour r a i  n f a l  1 . Holding t ime depends on the r a t e  these waters can 

be worked o f f  through the treatment systems and i s  usual ly  3 t o  4 days. The 

t rea ted  e f f l u e n t  holdfng basin i s  designed t o  ho ld  6 hours maximum treatment 

flow. 

Holding ponds are b u i l t  above the top o f  the s i t e  grade so t h a t  they w i  11 be 

above the 100-year f lood.  The ponds are made o f  compacted f i l l  w i t h  inner  

slopes o f  1 i n  2 and are l i n e d  w i t h  waterproof l i n i n g .  

2.4.4.2.3' COOLING TOWER DRIFT 

. . 

The p l a n t  c o o l i n g  tower system f low diagram i s  shown i n  Figure 2-16. D r i f t  

from the ' tower. r e s u l t s  from entrainment o f  r e c i  r c u l  a t i  ng cool i ng water i n t o  
. . 

the  upward a i r  . . f low. I n  add i t i on  t o  the c i r c u l a t i n g  coo l ing water composition 

shown i n -Tab le  2-.18, t h i s  d r i f t  contains treatment chemicals used t o  maintain 

optimal operation i n  the tower. 

The concentrations o f  chemical add i t ives t o  the coo l ing water i s  provided i n  

Table 2-20. 

2.4.4.2.4 ADDITIONAL POTENTIAL LIQUID EMISSIONS 

A f t e r  a per iod o f  9 months operation, a continuous blowdown o f  S t re t f o rd  

solvent  from T a i l  Gas Treat ing (Section 390) commences (L-8). The analysis 

and average f low r a t e  o f  t h i s  blowdown i s  shown as fol lows: 



TABLE 2-20' 

. . 
'CIRCULATING COOLING WATER 

i 

Additive 

Corrosion I n h i b i t o r  

(Drew cWT- 102) 

D i  spe'rsant 

(Drewsperse 738) 

Biocide 

(Biosperse '240) 

Chlorine 

Concentration ( m ~ / l )  



, . .. Component 

ADA* 

VanadiumA* . . 

NaHC03 

Na2S203 
. Na2S0,, 

Water 

TOTAL 3372 

Gal l ~ n s  per day 323 . 
I 

* Anthraqui none d i  sulphonic aci,d ~ * * ' ~ o s t l ~  as vanadate i o n  '. 

This mater ia l  i s  co l lec ted  i n  a storage tank and ly disposed 

of by a commercial disposal f i r m .  The slow format ion and increasing concen- 

1 t r a t i o n  of sodium su l fa te  and t h i osu l f a t e  requires t h i s  blowdown. However, 

t h e  1 i censor i s  cu r ren t l y  developing a. procedure t o  cont ro l  the concentrat ion 

1 o f  these substances. W i t h . t h i s  development, i t ' m a y  be poss ib le  t o  dispense 

w i t h  t h i s  blowdown. 

Over a pe r iod  o f  approximately 2 years, the  concentrat ion o f  potassium formate 

(HCOOK) i n  the Benf i ' e l  d ' un i t  sol vent (Section 220) w i  11 gradual l y  increase 

t o  10.percent. A t  t h i s  po in t ,  a blowdown (L-10) must be i n i t i a t e d  t o  con t ro l  

the HCOOK concentrat ion t o  not  more than 10 percent'. The data r e l a t i v e  t o  

1 t h i s  blowdown stream are as ,follows: * .  

Component 

HCOOK 

K2C03 ' . 

DEA* 

"2'5 
Water 

TOTAL 

Gallons per day 

* D i  ethanol ami ne 



This  stream f lows t o  t h e  process Wastewater Treatment f o r  removal o f  cyanates 

and diethanolamine. 

The Selexol so l ven t  used f o r  a c i d  gas removal i n  Gas Treatment (Sect ion 360) 
. . 

i s  a g l yco l  compound which i s  n o t  blown, down,. I f  i t  a c c i d e n t a l l y  becomes 

contaminated, i t  w i l l  be processed f o r  organics recovery o r  burned. 

2.4.4.3 SOLID EMISSIONS ' 

As shown i n  Table 2-13, p l a n t  s o l i d  emissions a re  generated i n  Steam Genera- 

ti on/Fl ue Gas Desul f u r i  z a t i  on (Sect ion 430), Wastewater Treatment (Sect ion 

440). and Ash Hand1 i n g  (Sect ion.  420). A summary o f  t he  f l o w  r a t e s  and composi- 

t i o n s  o f  these s o l i d  streams i s  p rov ided i n  Table 2-21. A b r i e f  descr ip . t ion  
. . 

o f . t h e  product ion. o f  these emissions fo l lows.  

2.4.4.3.1 STEAM GENERATION/FLUE GAS DESULFURIZATIO~ (SECTION 430) 

The f 1 ow diagram f o r  Stream Generat i  on/Fl ue Gas Desul f u r i ~ a t i o n  i s  prov ided 

i n  F igure  .2-14. Sol i d  emissions from t h i s  area inc lude:  

o B o i l e r  bottom ash (S-4) 

o Boi l e r  f l y  ash (S-5) 

o F l u e g a s d e s u l f u r i z a t i o n s l u d g e  (S-6) 

. . 
The b o i l e r .  bottom ash i s  sent  as a s l u r r y  t o  Ash Treatment and t r e a t e d  as 

descr ibed under Sect ion 2.4.4.3.3. B o i l e r  f l u e  gas passes through a baghouse 

dus t  c o l l e c t o r  p r i o r  t o  processing f o r  f l u e  gas d e s u l f u r i z a t i o n .  F l y  ash i s  

removed a t  an e f f i c i e n c y  o f  99.9 percent  i n  t h i s  c o l l e c t i o n  system and i s  

rou ted  by a discharge hopper t o  a f l y  ash storage b i n .  When t h i s  hopper i s  

f u l l ,  f l y  ash i s  removed and t rucked t o  t h e  p l a n t  ash p i l e .  

F lue gas from the  dus t  c o l l e c t i o n  system i s  t r e a t e d  by the  FMC Dual A l k a l i  

Scrubbing System. I n  t h i s  system, t h e  scrubbing s o l u t i o n  conta ins  Na2S03, 



TABLE 2-21 

. . stream Composi t i o n .  (1 b/hr)  
Sludge from To ta l  Sludge 

fro:n F1 ue Sludge f rpm Chromate T o t a l  . Bottom Ash Bottom Ash Dewatered F l y  Asn .. 
Gas ,Desul fur -  \-lastewatel- . Des t ruc t  Sludge f rom Steam from. Bottom Ash f rom Steam 

Stream i z a t i o t ~  Treatment t o  Dewatering t o  Landf ill . Generat ion G a s i f i c a t i o n  t o  Disposal gene ratio^ 
Designat ion s- 7 .-- . S-4 S-1 S- 7 -- . s-5 .. 5-6 

T o t a l  f l o w  7,670 1,000 325 8,995 . 

Cr(OHI3 

Zn(OHI2 

Fe(OHI3 

SS* 

CaS03 

CaC03 

Na2S03 

Ash 

Fate : 
Sludge Sludge 

Ash P i l e  Dewatering Dewatering Ash P i l e  Ash Handl ing Ash Handl ing Ash P i l e  Ash P i l e  

* Suspended s o l i d s  



NaHS03 and Na2S04. The p r i n c i p a l  r e a c t i o n  account ing f o r  90 percent  SO2 

removal from t h e  gas phase i s :  

Na2SOB i s  regenerated by r e a c t i o n  w i t h  hydrated l ime:  

The, r e s u l t i n g  calc ium sludge i s  th ickened and f i l t e r e d  t o  produce a f i l t e r  

cake o f  60 t o  70 pe rcen t  so l  i ds .  Th is  f i  1 t e r  cake i s  s t a b l e  and o f  low perme- 

ab i  1 i t y  'and has s u i  tab1 e 1 and bear ing  p r o p e r t i e s  t o  a1 1 ow c o n s t r u c t i o n  o f  

small s t ruc tu res .  Tests performed a t  t h e  F i res tone p l a n t  i n  Pottstown, Penn- 

sy lvan ia ,  have shown t h a t  t h e  sludge produced by t h i s  process can be s a f e l y  

l a n d f i l l e d .  It i s  poss ib le  t h a t  t h i s  sludge may be s o l d  t o  l o c a l  farmers 

f o r  use on f i e l d s  t o  increase t h e  s u l f u r  va lue i n  t h e  s o i l ,  as has been done 

i n  Pennsylvania. However, c u r r e n t  p lans a re  t h a t  t h i s  s t a b l e  sludge w i l l  be 

mixed w i t h  f l y  a s h  and, t r u i k e d  t o  the  ash p i l e .  

2.4:4.3.2 WASTEWATER TREATMENT (SECTION 440) 

As shown.in F igure  2-17,,: s o l i d  emissions from Wastewater Treatment inc lude:  

o ' Sol. ids from sludge p i t s  r e s u l t i n g  from coal  p i l e  r u n o f f  and storm 

water t reatment  sludges (S-7) 

o So l i ds  from dewatering o f  chromate des t ruc t  and process wastewater 

t reatment  sludges (S-7) 

The sludge from process Wastewater Treatment i s  generated by l ime  f l o c c u l a t i o n  

o f  process wastewater t o  promote suspended s o l i d s  removal. Oxygen i s  bubbled 

through the  water t o  ox id ize .  inorgan ics ,  and p o l y e l e c t r o l y t e s  are  added t o  
. . 

enhance f l o c c u l a n t  growth. Resu l t i ng  water i s  c l a r i f i e d ,  . . and the  sludge i s  

dewatered and t ranspor ted  t o  the  p l a n t  s o l i d  waste storage area. 



Sludge from process Wastewater Treatment i s  combined w i t h  sludge from t h e  

chromate,destruct  u n i t  dur ing  dewatering. Chromate des t ruc t  sludge : resu l t s  

from e l e c t r o l y t i c  conversion o f  chromium and z inc  present  i n  coo l i ng . tower  

blowdown. These mate r ia l s  a re  p r e c i p i t a t e d  as i n s o l u b l e  hydroxides: Zn(OH)2 

and Cr(OH)3. Fo l lowing c l a r i f i c a t i o n ,  t he  th ickened sludge i s  sent  t o  sludge 

dewatering. Dewatered sludge i s  sent t o  t h e  p l a n t  s o l i d  wa'ste storage p i l e .  

Th is  storage p i l e  i s  co inc iden t  w i t h  the  ash storage p i l e ,  and sludges w i l l  

be s tored adjacent t o  t h e  ash. 

2.4.4.3.3 ASH TREATMENT (SECTION 420) 

The process f l o w  diagram o f  ,Ash Treatment system i s  shown i n  F igure  2-18. 

Th is  system receives bottom ash s l u r r i e s  from Coal G a s i f i c a t i o n  and Steam 

Generat i  on. 

Because o f  t h e  temperature a t  which t h e  g a s i f i e r  ash i s  produced, i t  i s  ex- 

pected to,  have a l i g h t l y  glazed sur face and t o  be r e s i s t a n t  t o  leaching. 

Studies performed on samples o f  ash produced du r ing  t e s t  runs o f  t he  IGT 

U - G A S ~ ~ '  P i  1 o t  P lan t  i n  Chicagq support t h i s  view. Leaching s tud ies  performed 

by Energy Impact Associates and Oak Ridge Nat iona l  Laboratory have shown 

t h a t  t he  t e s t  ash from the  p i l o t  p l a n t  i s ,  indeed, r e s i s t a n t  t o  leaching. 

Approximately 425 tons per  day o f  i n e r t  ash i s  produced du r ing  g a s i f i c a t i o n .  

The ash removal system quenches ash from 1850°F t o  approximately 190°F, and 

removes i t  as a wet s o l i d .  Th is  stream i s  combined w i t h  approximately 47 

tons per  day o f  i n e r t  ash from Steam Generation and i s  t ranspor ted t o  ash 

dewatering. The ash does no t  present  a dus t ing  problem dur ing  handl ing be- 

cause a t t r i t i o n  losses are low, and i t  i s  kept  wet. , 

The wet ash i s  conveyed t o  two a l t e r n a t e l y  opera t ing  dewatering b ins  and i s  

t rucked t o  the  ash storage area f o l l o w i n g  dewatering. 

2.4.4.3.4. ASH/SOLIDS STORAGE PILE 

Two ash storage areas are used dur ing  the  l i f e  o f  t h e  IFGDP. One o f  these 

i s  t h e  short - term storage area t h a t  has s u f f i c i e n t  area t o  s to re  the  equ iva lent  
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o f  4 years product ion  o f  ash. Using t h e  southwest corner  o f  t he  p l o t  p l a n  

as an o r i g i n ,  t h i s  a r e a - i s  l oca ted  w i t h i n  the  zone de f i ned  by 750 t o  1150 

f e e t  no r th ,and  1300 t o  1800 . fee t  east.  A long-term ash p i l e  w i l l  s t o r e  the  

equ iva len t  o f  16 years o f  ash product ion  and w i l l  cover a p l o t  surface. o f  

1,160,000 square ' feet .  This  p i l e  i s  l oca ted  i n  t h e  nor theas t  corner  o f  t he  

p l a n t  s i t e .  The shor t - term ash storage area w i l l  be l i n e d  w i t h  a commercial ly 

a v a i l a b l e  p l a s t i c .  I f  analyses o f  ash p i l e  leachate over  t he  f i r s t  4 years 

o f  opera t ion  i n d i c a t e  t h a t  t h i s  l i n i n g  i s  necessary, t h e  long-term ash storage 

p i l e  w i l l  be s i m i l a r l y  l i ned .  

2.4.4.3.5 PLANT PARTICULATE EMISSIONS 

Two vent  gas streams w i l l  be a source o f  p a r t i c u l a t e  emissions. These streams 

are: 

o ' Dryer  m i l l  ven t  gas (G-2) 

' o ' B o i l e r  f l u e  gas (G-15) 

Gas composit ion f o r  these streams i s  discussed i n  Sect ion 2.4.4.1. A l l  o f  

t he  vent  gases f l o w  through f a b r i c  f i l t e r s  p r i o r  t o  discharge. The p a r t i c u -  

l a t e  removal e f f i c i e n c y  o f  these f i l t e r s  i s  99.9 percent .  The baghouse 

f i l t e r  manufacturer est imates about 1 t o  4 pounds pe r  hour (average concentra- 

t i o n  0.02 g r a i n  d ry  standard cubic f e e t )  o f  p a r t i c u l a t e s  w i l l  be discharged 

t o  the  atmosphere from each vent.  

Other p a r t i c u l a t e  emissions a re  expected t o  occur as f , u g i t i v e  emissions from 

v a r i o u s . p o i n t s  i n  t he  coal  and ash hand l ing  and storage systems. These emis- 

s ions are  expected t o  amount t o  4 pounds per  hour o f  p a r t i c u l a t e s .  

EPA l i m i t s  p a r t i c u l a t e  emissions from coal  d r y i n g  systems t o  l e s s  than 0.031 

g ra ins  d r y  standard cubic f e e t  (DSCF). Federal regu la t i ons  l i m i t  emissions 

t o  l e s s  than 0.018 g ra ins  d ry  standard cub ic  f e e t  and 10 percent  opac i t y  f o r  

pneumatic t r a n s p o r t  and l ess  than 20 percent  opac i t y  f o r  coal  hand1 i n g  and 

storage. Through use o f  c losed systems throughout t he  p l a n t ,  emissions i n  

these areas are a l s o  expected t o  b e ' s i g n i f i . c a n t l y  l e s s  than a l lowable.  



Detai. led process desc r ip t i ons  a re  g iven i n  t h i s  s e c t i o n  o f  t he  r e p o r t  f o r  t h e  

15 major sec t ions  of t h e  IFGDP.   ass balances a re  a l s o  inc luded f o r  f o l l o w i n g  

sect ions:  A i r  Separat ion, Coal/Coke Prepara t ion  and Feeding, Gasi f ica t i ,on ,  

Ash Treatment, Gas Cool ing and Scrubbing, Gas. Compression, Gas Treatment, Sour 

Water S t r i p p i n g ,  S u l f u r  Recovery, T a i l  Gas Treatment, C r e d i t  Generation, 

Wastewater Treatment and Cool ing Tower. These balances are  based on t h e  

normal ope ra t i ng  c o n d i t i o n  o f  t h e  p l a n t  ( t h ree  g a s i f i e r s  ope ra t i ng  a t  100 

percent  capaci ty) .  

2.4.5.1 A I R  SEPARATION (SECTION 310) 

( 

The A i r  Separat ion system employs a cryogenic d i s t i l l a t i o n  u n i t  t h a t  p rov ides  

gaseous oxygen t o  the  gas i . f ie rs  and gaseous n i t r o g e n  t o  t h e  inst rument  and 

p l a n t .  n i t r o g e n  systems. The. o v e r a l l  system mass balance i s  shown i n  Table 

2-22. Th i s  system has as an i n p u t  a l a r g e  a i r  stream from the  atmosphere and'  

produces f o u r  outputs: (1) wet waste gas t o  the  atmosphere, (2) oxygen t o  

coal  g a s i f i c a t i o n  and Wastewater Treatment, (3) n i t r o g e n  t o  t h e  Gas Treatment 

carbon d iox ide  n t r i p p e r  and o ther  p l a n t  users and (4) condensed moisture t o  

the  Cool ing Tower and p l a n t  sewer. 

Incoming a i r  i s  f i l t e r e d  and compressed i n  two stages t o  a pressure o f  approx- 

ima te l y  85 pounds per  square i n c h  gage, and knockout drums are  used t o  separate 

'condensate water formed as a r e s u l t  o f  i n t e r s t a g e  and a f t e r c o o l i n g .  The 

i nters tage condensate i s  a 1 ow ' f 1 ow stream conta i  n i  ng i m p u r i t i e s  n o t  removed 

by f i l t e r i n g  and i s  discharged t o , t h e  p l a n t  sewer system. The a f t e r c o o l e r  

condensate i s  o f  s u f f i c i e n t  q u a l i t y  f o r  use as makeup t o  the  p l a n t  Cool ing 

Tower. 

Compressed a i r  i s  fed  t o  the  a i r  separa t ion  package, which cons i s t s  of a heat  

exchanger and two cryogenic d i s t i l l a t i o n  columns. The f i r s t  column produces 

an overhead product  o f  s p e c i f i c a t i o n  n i t rogen .  (10 p a r t s  pe r  m i  11 i o n  by volume 

oxygen) and the bottom product  from the  second column i s  s p e c i f i c a t i o n  oxygen 

(98 percent  oxygen by volume). 



. . 
'TABLE 2-22 

MASS BALANCE FOR THE IFGDP A I R  SEPARATION SYSTEM 

(SECTION 31 0) 

Output 
(1 b/hr)  

A i r  from atmosphere 671,249 

Wet waste gas t o  
atmosphere 506,756 

Oxygen t o  Coal 
G a s i f i c a t i o n .  

Oxygen t o  ,Wastewater 
.Treatment 

N i t rogen t o  p l a n t  
users 

N i t rogen t o  C02 s t r i p p e r  
i n  Gas Treatment 

Condensed moisture 
t o  Cool ing Tower 

Condensed moisture 
t o  sewer 

To ta l s  



Product oxygen (98 percent  by volume pure) leaves t h e  separa t ion  package a t  

94OF and *..7 pounds pe r  square i n c h  gage and i s  compressed i n  th ree  stages t o  

105 pounds per .square  inch,gage f o r  d e l i v e r y  t o  Coal G a s i f i c a t i o n  (Sect ion 

330). A s i d e  stream 06 oxygen from the  second compressor (30 pounds pe r  ' square] i n c h  gage) i s  sent  t o  Wastewater Treatment (Sect ion 440) f o r  use i n  

ozonation. 

Product n i t r o g e n  (bone dry ,  10 p a r t s  pe r  m i l l  i o n  oxygenj leaves t h e  separat ion 

package a t  atmospheric pressure and 94OF and i s  sent  t o  bo th  Gas Treatment 

(Sect ion 330), where i t  i s  employed as a  s t r i p p i n g  medium f o r  carbon d i o x i d e  

s t r i p p i n g ,  and t o  t h e  p l a n t '  n i t r o g e n  package.  he pr imary  use o f  n i t r o g e n  

from ' t h e  p l a n t  n i t r o g e n  package i s  as a  l o c k  gas f o r  p r e s s u r i z a t i o n  o f  t h e  

feed l o c k  hopper i n  Coal Preparat ion and Feeding. L i q u i d  n i t r o g e n  i s  produced 

con t i nous l y  i n  t he  A i r  Separat ion package and i s  s to red  f o r  subsequent vapor i -  

z a t i o n  by e i t h e r  o f  two vapor i za t i on  packages. Th is  n i t r o g e n  i s  used f o r  

s t a r t u p  gas t o  Coal G a s i f i c a t i o n  (see Sect ion 2.4.5.4). 

Excess oxygen produced du r ing  normal p l a n t  opera t ion  i s  s to red  as a  l i q u i d  and 

i s  vaporized and used when necessary as an emergency backup source o f  oxygen 

feed gas. 

Emissions from t h i s  system inc lude  one gaseous and two l i q u i d  streams. The 

gaseous stream i s  discharged d i r e c t l y  t o  t he  atmosphere from t h e  A i r  Separa- 

t i o n  package as wet waste. gas (molar composit ion o f  .97 .4  percent  n i t rogen,  1.3 

percent  oxygen, and 1.3 percent  water).  This  gas cons i s t s  p r i m a r i l y  o f  n i t rogen,  

b u t  a l s o  conta ins  o ther  a i r  cons t i t uen ts  such as carbon d iox ide  and argon. 

 he 1 i qui  d  e f  f 1  uent resu l  t i  from condensation i n  i nters tage c o o l i n g  and i s  

rou ted  t o  the  sewer. High q u a l i t y  water from the  a f t e r c o o l e r  i s  rou ted  t o  the  

Cool ing Tower where i t  i s  used as makeup. 

2.4.5.2 ' COAL/COKE RECEIVING AND HANDLING (SECTION 410) 

Coal and coke a re  rece jved i n t e r m i t t a n t l y  a t  t he  p l a n t  b a t t e r y  l i m i t s .  Coal 

i s  used f o r  g a s i f i c a t i o n  and steam generat ion,  w h i l e  coke i s  used f o r  s t a r t - u p  

purposes. . . 



2.4.5.2.1 COKE RECEIVING AND HANDLING 

Sized coke (1/4 i n c h  by 0) i s  de l i ve red  by t r u c k  and i s  t ranspor ted  by f r o n t -  

end loaders t o  a  coke rec la im  area. Dur ing per iods  o f  g a s i f i e r  res ta r tup ,  

coke i s  conveyed to ,  t h e  coke p repa ra t i on  and r e c e i v i n g  system. 

2.4.5.2.2 COAL RECEIVING AND HANDLING 

Washed coal  (2 inches by 0) i s  de l i ve red  t o  the  p l a n t  by 1500-ton barges and 

i s  t ranspor ted  v i a  a  barge unloading and conveying system t o  the. p l a n t  1  i v e  

coal  s torage p i l e . .  Coal i s  cont inuous ly  rec la imed from t h e  l i v e  storage p i l e  

and i s  t r a n s f e r r e d  t o  Coal Preparat ion and ~ e e d i n b  and t o  Steam Generation. 

The r a t e  o f  coal  feed t o  these two areas i s  3110 tons pe r  day and 48 tons per  

d.ay, respec t i ve l y .  The l i v e  coal  p i l e  can. h o l d  a  supply o f  coal  s u f f i c i e n t  

f o r  14.days o f . o p e r a t i o n  a t  110 p e r c e n t . o f  t h e  p l a n t  normal opera t ion  ma te r ia l  

balance. ; 

Coa'l from the  1  i v e  coal  storage p i l e  can be t r a n s f e r r e d  w i t h  f ron t -end loaders 

o r  o ther  mobi le  equipment t o  the. p l a n t  dead coal  storage p i l e .  T h i s  i s  a  

. 1o.ng-term p i l e  which can 'ho ld  'a 90 day supply o f  coal  a t  110 percent  o f  t he  

p l a n t  .ma te r i a l  balance. . . . 

. . 

. . A wet dus t  suppression system i s  used i n  the  l i v e  ,coal s torage p i l e  s t o c k p i l i n g  

. . and unloading system. A b lend ing  and p r o p o r t i o n i n g  system p r o p e r l y  mixes t h e  
dus t  c o n t r o l  compounds w i t h  water. It a1 so i n c l  ude,s .a p i p i n g  d i s t r i b u t i o n  

system, pumps and spr,ay nozzles. 

,Dust suppression i n  t he  dead coal  s torage p i l e  i s  accomplished by spraying a  

chemical b inder  on the  sur face o f  t he  p i l e .  Chemical b inders,  i n  general,  

a re  a b lend o f  syn the t i c ,  organic long-chain polymers i n  a  water base, devel-  

oped t o  p rov ide  an e f f e c t i v e ,  economical s o l u t i o n  f o r  p r o t e c t i n g  outdoor 

s tockpi les ' .  The a p p l i c a t i o n  o f  these b inders on t h e  sur face o f  t he  ma te r ia l  

creates a  t h i n  c r u s t  t h a t  i s  tough, durable and h i g h l y  r e s i s t a n t  t o  wind and 

r a i n .  



Rainwater r u n o f f  from t h e  short - .and long-term coal  p i l e s  i s  c o l l e c t e d  i n  the  

c o a l  p i l e  r u n o f f  surge bas in  and i s  discharged t o  Wastewater Treatment. 

D e t a i l s  regarding the  nature and f a t e  o f  t h i s  runof f  a re  discussed i n  Sect ion 

2.4.5.13.. 

2.4.5.3 . COAL/COKE PREPARATION AND FEEDING (SECTION 320) 

This sec t ion  discusses f a c i l i t i e s  f o r  prepar ing and feeding coke dur ing p l a n t  

s t a r t u p  and f o r  feeding coal du r ing  normal p l a n t  operat ion. 

2.4.5.3.1 COKE PREPARATION AND FEEDING 

-Coke i s  conveyed from Coke Receiving and Handling and dried' by contac t  w i t h  an 

a i r  and natura l .  gas combustion gas. Coke f i n e s  ent ra ined w i t h  the  exhausted 

d ry ing  gas are  removed by a bag f i l t e r  and are fed t o  t h e  .coke s i l o .  D r ied  

coke from the dryer  i s  screened and s tored i n  the  coke s i l o .  The coke s i l o  i s  

mai nt 'ai  ned under a n i  t roben atmosphere t o  m i  nimi ze the  possi  b i  1 i t y  o f  spontaneous 

combusti on. . . 
. . 

i 
During g a s i f i e r  s ta r tup  o r  g a s i f i e r  res ta r tup ,  . . coke i s  w'ithdrawn.from the coke 

s i l o  and i s  conveyed t o  the  coal feed l o c k  hopper system. 

2.4.,5.3.2 COAL PREPARATION AND FEEDING 

Table 2-23 shows,the mass balance f o r  the  Coal/Coke Preparat ion and Feeding 

system dur ing normal p l a n t  operat ion (i. e. , coal w i thou t  coke being fed  t o  the  

g a s i f i e r s ) .  Inputs  t o  t h i s  system inc lude:  (1) raw coal from Coal Receiving 

and Hand1 ing ,  (2) a i r  from the atmosphere f o r  coal and coke combustion d ry ing  

gases, (3) n i t rogen  f o r  feed l o c k  hopper p ressur i za t ion  and coal  and coke s i l o  

atmosphere b lanket ing ,  (4) t ranspor t  gas from Gas Compression f o r  d e l i v e r i n g  

coal t o  Coal G a s i f i c a t i o n  and (5) desu l fu r i zed  IFG from Gas Treatment f o r  

p ressur i za t ion  o f  the  i n j e c t i o n  hoppers. System outputs inc lude:  (1) s ized 

d r i e d  coal and t ranspor t  gas t o  Coal Gas i f i ca t ion ,  (2) hopper vent gas t o  

Inc ine ra t ion ,  (3) dryer  m i l l  f l u e  gas t o  Flue Gas Desu l fu r i za t ion  and (4) 

f i n e s  t o  Steam Generation. ! 



TABLE 2-23 

MASS BALANCE FOR THE IFGDP COALICOKE PREPARATION 

AND FEEDING SYSTEM (SECTION. 320) 
, . 

I n p u t  
(1 b/hr) '  

Raw coal  from Coal 259,192 
Recei v i  ng and Hand1 i ng 

I A i r  from atmosphere 51,919 

Output 
(1 b /hr )  

N2 from A i r  Separat ion 2,007 

 rans sport gas from 22,884 
Gas Compression L 

Desul f u r i z e d  IFG 1 ,239 
from Gas Treatment 

Sized d r i e d  coal  . t o  
Coal ' G a s i f i c a t i o n  

Transport  gas t o  . - ' 

-Coal G a s i f i c a t i o n  

Vent gas t o  
. I n c i n e r a t i o n  

.Flue gas t o  F lue .  Gas 
:Desul f u r i z a t i o n  

Fines'  t o  Steam 6,134 
Generat i  on 

-- - 

To ta l s  



Raw'coal i s  conveyed from Coal Receiving and Hand1 i n g  and i s  f e d  t o  a d rye r  

m i l l  where t h e  coal  i s  simultaneously crushed as requ i red  and d r i e d  by contact-  

i n g  an a i r  and f i n e s  combustion gas. D r ied  coal  i s  separated from t h e  mois t  

d r y i n g  gas, and t h e  coal  i s  s to red  i n  t he  coal  s i l o .  Fines from t h e  mois t  

d r y i n g  gas a re  r.emoved by passing the  gas through a bag f i  1 t e r ,  and f i  1 t e r e d  

gas i s ,  recyc led  t o  t h e  d rye r  m i l l .  To main ta in  a balance on .the water  evaporated 

from the  coa l ,  a p o r t i o n  o f  t he  recyc led  mo is t  gas i s  rou ted  t o  the  f l u e  gas 

scrubbing system i n  F lue  Gas Desu l fu r i za t i on .  

The coa l '  s i l o  i s  s i z e d  f o r  a surge capac i ty  o f  12 hours and, l i k e  t h e  coke 

s i l o ,  i s  mairitai,ned under a n i t r o g e n  atmosphere t o  minimize t h e  p o s s i b i l i t y  o f  

spontaneous combustion. Coal from t h i s  s i l o  i s  conveyed t o  t h e  coal  feeding 

system,'which cons i s t s  o f  a se r ies  o f  t h r e e  consecut ive hoppers: (1) a r e c e i v i n g  

hopper, (2)'  l o c k  hoppers and (3) two i n j e c t i o n  hoppers. Each o f  

t h e  f o u r  g a s i f i e r s , h a s  i t s  own feed ing  system. Dur ing operat ion,  t he  l o c k  

hoppers a re  pressur ized w i t h  n i t rogen,  and the  i n j e c t i o n  hoppers a re  pres- 

su r i zed  w i t h  IFG. . . 

2.4.5.3.3 COAL/COKE FINES RECOVERY 

. .  . 

Coal f i n e s  recovered i n  t h e  d rye r  m i  11 bag f i 1 t e r  and coke f i n e s  recovered 
\ 

from the ,coke  d rye r  exhaust f i l t e r  a re  used i n s i d e  the  p l a n t  as f u e l .  These 

f i n e s  a re  used t o  supplement f u e l  needs i n  e i t h e r  t he  d rye r  m i  11 o r  i n  the  

steam genera t i  on b o i  1 er. o f  t he  \p lan t  Steam Generat i  on system. Excess f i n e s  . 

are  t ranspor ted  t o  the  coal  s i l o  f o r  storage. 
I 

2.4.5.3.4 SYSTEM FUGITIVE EMISSIONS 

I n  order  t o  minimize f u g i t i v e  emissions, t he  f o l l o w i n g  dus t  c o l l e c t i o n  and 

dus t  suppression systems are  prov ided i n  t h i s  sec t i on  o f  t he  p l a n t .  Dust 

. c o l l e c t i o n  systems c o n s i s t  o f  99.9 percent  removal e f f i c i e n c y  bag houses, . 

fans and dus t  p ick-up duc t i ng  inc luded i n  t h e  barge unloading area, coal/coke 

hand l ing  conveyors and coke dryer .  F i l t e r  bag houses a re  a l so  i nc luded  i n  

t h e  coal  c rush ing  and d r y i n g  system as we1 1 3 s  i n  ' the  vent  systems f o r  the  



\ 
d r i e d  coa l  and coke s i  10s 'and . f o r  t h e  g a s i f i e r  feed l o c k  hopper .system. A1 1 

bag houses a re  designed f o r  automatic reverse j e t  bag c lean ing  us ing  n i t r o g e n  

as a c lean ing  medium t o  minimize f i r e  hazards. 

2.4.5.4 COAL GASIFICATION (SECTION. 330) 

Dur ing p la.nt  s ta r tup ,  f u e l  i npu ts  t o  the  g a s i f i e r  a re  f u e l  gas and coke. 

Once s u f f i c i e n t  temperature has been reached i n  t h e  g a s i f i e r ,  coall feed 

begins and i s  increased ( w i t h  a decrease i n  coke fe.ed) u n t i l  normal steady- 

s t a t e  opera t ion  i s  achieved. D e t a i l s  regard ing  the  s t a r t u p  and normal modes 

o f  opera t ion  a re  prov ided below. 

2.4.5.4.1 GASIFIER STARTUP 

The main o b j e c t i v e  du r ing  g a s i f i e r  s t a r t u p  i s  t o  heat  up t h e  g a s i f i e r  t o  

s u f f i c i e n t l y  h igh  temperatures so t h a t  when coal  i s  added i t w i l l  r e a c t  w i t h  

steam and oxygen. S ta r tup  heaters are  used i n  which fue1,gas i s  burned i n  a 

m ix tu re  o f  oxygen and n i t r o g e n  t o  generat; a  f l u e  gas. Once t h e  temperature 

has reached approximately 800°F, o r  about 200°F below t h e  a u t o i g n i  t i o n  temper- 

a tu re  o f  t he  coke, coke feed i s  i n i t i a t e d  and cont inues u n t i l  a  bed he igh t  o f  

20 f e e t  i s  achieved. Bed temperature i s  s lowly  increased by a d j u s t i n g  the  

f l o w  o f  n i t rogen,  a d i l u e n t  t o  t h e  f l u e  gas mixture.  Once a u t o i g n i t i o n  

occurs, t he  s t a r t u p  heater  i s  shut  o f f  and oxygen feed i s  i n i t i a t e d  u n t i l  a  

bed temperature o f  about 1850°F i s  achieved. Steam feed i s  s low ly  i n i t i a t e d  
) 

t o  rep lace the  n i t r o g e n  feed, and coal  feed begins by increments o f  20 percent  

o f  t he  normal ope ra t i on  coal  feed r a t e  u n t i l  t he  g a s i f i e r  can be p u t  i n t o  t h e  

automatic c o n t r o l  mode. 

2.4.5.4.2 NORMAL GASIFIER OPERATION 

The IFGDP design i s  based on Kentucky No. 9 bi tuminous ,coal w i t h  t h e  charac- 

t e r i s t i c s  s p e c i f i e d  i n  Table 2-8. Dur ing normal opera t ion ,  t h ree  o f  t h e  four  

p l a n t  g a s i f i e r s  ope'rate a t  100 , . percent  capac i ty ,  w h i l e  t he  f o u r t h  g a s i f i e r  i s  

on standby. F igure  2-19 i s  a schematic view o f  t h e  main fea tu res  o f  a p l a n t  
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g a s i f i e r .  I n p u t  streams inc lude:  (1) coal  from Coal Prepara t ion  and Feeding, 
- (2) oxygen from A i r  Separation, (3) steam from Steam Generat ion and (4) 

makeup ash s l u r r y  water from Ash Treatment, Outputs a re  raw product  gas t o  

.Gas Cool ing and Scrubbing and t h e  agglomerate ash s l u r r y  t o  Ash Treatment. 

I 

The normal opera t ion  ma te r ia l  balance f o r  streams A through G i n  F igure  2-19 

f o r  a l l  t h r e e  g a s i f i e r s  i s  summarized i n  Table 2-24. Th i s  ma te r i a l  balance 

was c a l c u l a t e d  based on an agglomerate ash composit ion o f  85 percent ,  a f i nes  

l o s s  o f  3 percent .  o f  coal  feed, heat  l o s s  o f  75 B t u  pe r  pound o f  d r y  coal  and 

a p roduc t ,gas . recyc le  o f  0.1 pound o f  gas pe r  pound o f ' c o a l .  

Sized, dr i .ed coal  i s  f e d  t o  t h e  ' g a s i f i e r  from Coal /Coke. T r e a t i n g  and Feeding 

w i th .  recyc le  .raw gas from Gas Compression. Oxygen from a i r  separa t ion  and 

steam (500°F, 115 pounds per  square i n c h  gage) i n s i d e  t h e  p l a n t  

mixed and.enter  t h e  g a s i f i e r  below t h e  coal  feed l o c a t i o n .  

I n  t h i s  g a s i f i e r ,  t he re  i s  a carbon-r ich,  dense-phase f l u i d i z e d  bed o f  coa l ,  

r e a c t i n g  s imul taneously w i t h  steam and oxygen t o  produce carbon monoxide, 

carbon d iox ide  and hydrogen. Two r e a c t i o n  zones a re  mainta ined w i t h i n  the  

g a s i f i e r ,  each w i t h  d i f f e r e n t  chemistry,  temperature and func t i on .  The 

l a r g e r  r e a c t i o n  zone i s  a nonslagging, dense-phase, steam-oxygen f l u i d i z e d  , 

bed a t  about 1875'F, where most o f  t h e  coal  i s  reac ted  t o  gaseous products.  

The s u p e r f i c i a l  gas v e l o c i t y  i s  above 4 f e e t  per  second a t  bed o u t l e t  condi-  

t i o n s .  The smal le r  zone, t he  ash agglomerat ing zone, a t  t h e  bottom o f  t he  

g a s i f i e r ,  i s  maintained a t  a h igher  temperature w i t h  a s u p e r f i c i a l  gas v e l o c i t y  

an order  o f  magnitude h igher  than t h e  v e l o c i t y  i n  t he  l a r g e r  zone. I n  the  

t u r b u l e n t  agglomerat ing zone, ash p a r t i c l e s  p r e f e r e n t i a l l y  adhere t o  o the r  

ash p a r t i c l e s  and grow t o  form agglomerates. When these reach a c e r t a i n  

s i ze ,  they f a l l  o u t  through t h e  bottom v e n t r u i  t h r o a t ,  countercur ren t  t o  feed 

gas f low.  

Product gas r i s e s  i n  t he  g a s i f i e r  and e x i t s  a t  t h e  g a s i f i e r  top.  Fines en- 

t r a i n e d  i n  the  raw gas are most ly  recovered by cyclones and re tu rned  t o  the  

g a s i f i e r .  



TABLE 2-24 

I A T E R I A L  BALAI4CE AROUND. GAS1 F I  ER 'DURING NORMAL IFGDP OPERATION 

Inpu ts  ( l b l h r )  Outputs (1 b l h r )  
Agglomerate - - 

Coal from Raw Transport  Makeup Water Raw Gas t o  Gas Cool ing Ash S l u r r y  
Coal Prepara t ion  Gas from Steam from . . Oxygen from from Ash to  Asr. 

and Feeding Gas Compression Steam D i s t r i b u t i o n  ' A i r  Separat ion Treatment F i  nes Gas Trearme:.: 
Stream A* Stream B* . Stream C* Stream O* .. Stream Et Stream F* Stream F* S'tream G" 

Carbon 152,249 

Hydrogen 10',713 

Oxygen 17.189 

N i t rogen 2,484 

Su l fu r .  8.715 

Ash 30,452 

Water 5,687 407 268,644 5,489 190,525 

"2 858 16,770 
CO 9,793 191 ,469 

N2 261 2,580 5,076 

O2 
- - 144,358 - - 

C02 10,153 198,948 

H2S 457 9,018 

s02 
- - - - 

COS 3 6 667 

CS2 
-- -- 

CH4 91 9 17,984 

S -- -- 

NH3 
- - 114 

1 .  

~ o t a l  + 227,489 22,884 268.644 146,938 5,489 6,824 630,571 34,049 

See F igure  2-19 f o r  i n p u t / o u t p u t  l o c a t i o n s .  
** 

Denotes t o t a l  f l o w  r a t e  o f  stream on a mo is tu re  f r e e  basis.  Water con ten t  i s  n o t  r e f l e c t e d  i n  the hydrogen and oxygen e n t r i e s .  
- 

Denotes t o t a l  . f l ow r a t e  o f  stream i n c l u d i n g  moisture.  



The ash agglomerate from the  high-temperature zone i n  the  g a s i f i e r  drops i n t o  

t h e  w a t e r - f i l l e d  bottom sec t i on  where i t  i s  quenched. The quenched agglomerates 

f a l l  through the  bottom sec t i on  t o  Ash Treatment where they a re  separated 

from water  and t rucked away t o  ash storage. 

2.4.5.5 ASH TREATMENT (SECTION 420) 

Bottom ashes produced i n  Coal G a s i f i c a t i o n  and i n  Steam Generat ion a re  rou ted  

t o  t h e  Ash Treatment system f o r  dewatering and 'd isposa l .  As shown i n  Table 

2-25, system inpu ts  i nc lude  g a s i f i e r  and b o i l e r  bottom ash s l u r r i e s  and 

makeup s l u r r y  water c o n s i s t i n g  o f  t r e a t e d  wastewater from ' t he  e f f  1 uent  ho ld ing  

bas in  i n  t h e  Wastewater Treatment sect ion.  Outputs i nc lude  dewatered ash t o  

d isposal  and recovered water which i s  recycled t o  Coal G a s i f i c a t i o n  and t o  

Steam Generat ion f o r  ash s l u r r y i n g .  

Agglomerated ash i s  quenched i n  t h e  bottom o f  t he  g a s i f i e r s  and drops by 

g r a v i t y  i n t o  t h e  ash hooper i n  t h e  Ash Treatment sec t ion .  Quenched ash i s  

withdrawn as a s l u r r y  and, w i t h  t h e  use o f  t h e  pressure i n  t h e  g a s i f i e r ,  i s  

h y d r a u l i c a l l y  conveyed t o  the  dewatering b ins .  G a s i f i e r  ash i s  combined w i t h  

bottom ash from Steam Generation; composite ash i s  s e t t l e d ;  and dewatered 

s e t t l e d  ash i s  discharged i n t o  t rucks  and i s  t ranspor ted  t o  t h e  ash p i l e .  Two 

dewatering b i n s  a re  prov ided and used a l t e r n a t e l y  ( i . e . ,  one w i l l  be f i l l i n g  

w h i l e  t he  o ther  w i l l  be s e t t l i n g  and/or unloading). Dur ing f i l l i n g ,  water 

from the  dewatering b i n s  over f lows i n t o  the  c l a r i f i e r ,  where ash f i n e s  are  

separated and pumped back t o  the  dewatering b ins .  The over f low water from t h e  

c l a r i f i e r  i s  c o l l e c t e d  i n  a surge tank  and r e c i r c u l a t e d  t o  the  ash hopper and 

t o  the  steam b o i l e r  f o r  quenching and ash conveying. 

Losses o f  recyc le  water due t o  steam generated du r ing  quenching o f  t he  agglom- 

era tes  and atmospheric evaporat ion occur a t  t h e  ash dewatering b ins .  The 

c l a , r i f i e r  and the  recyc le  water surge tank  are  made up w i t h  t r e a t e d  e f f l u e n t  

from Wastewater Treatment. .  

Ash i s  s to red  i n  one o f  two ash s t o r a g e . p i l e s  a t  t h e  p l a n t  s i t e .  A shor t -  

term ash p i l e  i s  s u f f i c i e n t l y  l a r g e  t o  s t o r e  t h e  equ iva len t  o f  4 years of ash 



TABLE 2-25 

MASS BALANCE FOR THE IFGDP ASH TREATMENT SYSTEM (SECTION 420) 

I n p u t  
( l b /h r )  . . 

Output 
(1 b/hr)  

Ash agglomerates f rom 
Coal G a s i f i c a t i o n  

Bottom ash s l u r r y  from 
Steam Generat ion 

Makeup water - f rom 
Wastewater Treatment 

Makeup water  t o  
Coal Gasi f i c a t i  on 

. . 5 , 489  
Recyizl e s l u r r y  water t o  

Steam Generat ion .. 221,229 
. . Sol i d  Waste t o  ' . 

Ash P i l e  43 ; 355 
. . . . 

' T o t a l s .  



product ion  based on normal p l a n t  operat ion.  The second p i l e  i s  s u f f i c i e n t  t o  

enable storage o f  an a d d i t i o n a l  16 years o f  ash product ion.  

The hazards associated w i t h . t h e  ash i t s e l f  a re  expected t o  be minimal. The 

metals  conta ined i n '  t h e  ash are  expected t o  be i n  t h e  nea r l y  i n s o l u b l e  ox ide  

form. Leaching s tud ies  show t h a t  t he  ash i s  r e s i s t a n t  t o  leaching.  The 

r a i n f a l l  d ra ined from t h e  ash p i l e  i s  i n i t i a l l y  c o l l e c t e d  f o r  ana lys i s  t o  

demonstrate t h a t  i t  does n o t  con ta in  p o l l u t a n t s  i n  unacceptable concentrat ions.  

2.4.5.6 GAS COOLING AND SCRUBBING (SECTION 340) . 

I n  t h i s  system, h o t  raw product  gas from Coal G a s i f i c a t i o n  i s  cooled from 

1860°F t o  236OF and i s  water scrubbed t o  remove en t ra ined  f i n e s .  I npu ts  t o  

t h i s  system a re  the  raw product  gas from Coal G a s i f i c a t i o n  and scrubbing water 

from Gas Compression. Outputs a re  t h e  cooled and scrubbed raw gas t o  Gas 

Compression and s l u r r y  water t o  Sour Water S t r i pp ing .  The mass balance f o r  

t h i s  system i s  shown i n  Table 2-26. 

I n  Gas Cool ing, . raw product  gas from Coal G a s i f i c a t i o n  i s  cooled by heat  

t r a n s f e r  w i t h  b o i l e r  feed water i n  waste heat  recovery steam generators. As 

a r e s u l t  o f  t h i s  waste heat  recbvery, 335,790 pounds pe r  hour o f  superheated 

steam (900 pounds pe r  square i n c h  gage, 840°F) and 890 pounds per  hour o f  
. 

sa tura ted  steam (85 pounds per  square i n c h  gage) a re  generated. Fu r the r  

, - stream c o o l i n g  i s  achieved by heat  exchange i n  which b o i l e r  feed water i s  

preheated, and f i n a l  c o o l i n g  o f  .the raw gas from 450°F t o  240°F occurs i n  a 

d i r e c t  contac t  water spray tower. Overhead gas from t h e  spray tower i s  

scrubbed by , two  v e n t u r i  scrubbers, and scrubbed gas proceeds t o  the  Gas 

Compression sec t ion .  

The water used f o r  v e n t u r i  scrubbing i s  process condensate generated i n  t he  

Gas Comp,ression sect ion.  Water used i n  t he  v e n t u r i  scrubber i s  subsequently 

re tu rned  f o r  use i n  t he  d i r e c t  contac t  water spray tower. The water bottoms 

from t h e  spray tower consequently con ta in  the  b u l k  o f  en t ra ined  s o l i d s  removed 

from the  raw product  gas as a r e s u l t  o f  con tac t i ng  water i n  t he  spray tower 



TABLE 2-26 

Inpu t  Output 
(1 b/hr) ( Ib/hr)  

Raw product gas from 
. Coal Gas i f i ca t ion  

Fines i n  raw gas from 
Coal Gas i f i ca t i on  

Process condensate from 92,250 
Gas Compression 

Str ipped s l u r r y  water from 116,029 
Sour Water S t r ipp ing  

Fines. i n  s t r i pped  s 1 u r . r ~  . 6,824 
from Sour Water S t r i pp i ng  

Scrubbed raw gas t o  
Gas Compression 

Sour s l u r r y  water t o  
Sour Water S t r ipp ing  

. . . 

Fines i n  sour water s l u r r y  t o  . . 

Sour . . Water S t r ipp ing  

C l a r i f i e d  water t o '  
Wastewater Treatmqnt 

Concentrated s l u r r y  water 
t o  Steam Generation 

F i  nes i n  concentrated s l  u r r y  
t o  Steam Generation 

Tota ls  

/ 



and i n  t h e  two v e n t u r i  scrubbers. Fines s l u r r y  water i s  s t r i p p e d  i n  Sour . 

Water S t r i p p i n g  and i s  re turned f o r  c l a r i f i c a t i o n .  C l a r i f i e d  water i s  rou ted 

t o  Wastewater Treatment, and t h e  concentrated f i n e s  s l u r r y  i s  pumped t o  Steam 

Generation as a 15 percent  s l u r r y .  I 

2.4.5.7 GAS COMPRESSION.(SECTION 350) 

Th is  system compresses t h e  cooled scrubbed gas from Gas Cool ing and Scrubbing 

as necessary f o r  d e l i v e r y  t o  t h e  IFG d i s t r i b u t i o n  system. The mass balance 

f o r  t h i s  system i s  shown i n  Table 2-27. I n p u t  t o  t h i s  system i s  cooled scrubbed 

gas from Gas Cool ing and Scrubbing, and outputs are: (1) compressed raw gas 

t o  Gas Treatment, Sect ion 360; (2) process condensate t o  Gas Cool ing and 

Scrubbing, Sect ion 340; (3) sour condensate t o  Sour water s t r i p p i n g  , Sect ion 

370 and (4) t r a n s p o r t  gas t o  Coal Preparat ion and Feeding, Sect ion 320. 

Scrubbed raw gas from Gas Cool ing and Scrubbing i s  cooled from 236OF t o  

llO°F, and i s  compressed from approximately 50 pounds pe r  square i n c h  gage t o  

192 pounds p e r  square i.nch gage. Compressed gas i s  then sent t o  Gas Treatment - 
f o r  a c i d  gas removal. Pa r t  o f  t h e  condensate formed as a r e s u l t  o f  coo l i ng  

p r i o r  t o  compressing. is  knocked o u t  and r e c y c l e d - t o  Gas Cool ing and Scrubbing. 

The remaining condensate i s  combined w i t h  t h a t  r e s u l t i n g  from coo l i ng  t h e  

compressed gas, and t h e  t o t a l  condensate i s  pumped t o  Sour Water S t r i pp ing ,  

Sect ion 370. 

2.4.5.8 GAS TREATMENT (SECTION 360) 

This system employs A l l i e d  Chemical's Selexol process t o  s e l e c t i v e l y  remove 

s u l f u r  compounds ( p r i m a r i l y  hydrogen s u l f i d e  and some carbonyl s u l f i d e )  and t o  

reduce gas moisture before  discharge t o  t h e  IFG d i s t r i b u t i o n  system. A small 

f r a c t i o n  o f  t he  carbon d iox ide  i s  a l so  removed i n  order  t o  r a i s e  and main ta in  

c o n t r o 1 , o f  t h e  product  gas heat ing  value. Gas t r e a t i n g  i s  achieved i n  two 

absorpt ion steps: (1) most o f  t h e ' s u l f u r  compounds, water moisture and some 

carbon d iox ide  are removed in '  t he  f i r s t  absorber and (2) a d d i t i o n a l  carbon 

d iox ide  i s  removed . i n  t h e  second absorber as necessary t o  prov ide  a product  

IFG o f  s p e c i f i c a t i o n  heat ing  value. 



TABLE 2-27 

I riput 
(1 b/hr) 

Cooled scrubbed gas from . 616,621 
Gas Cooling and Scrubbing 

Compressed raw gas t o  
Gas Treatment 

Process Condensate t o  
Gas Cooling and Scrubbing 

SOU; Condensate t o  
Sour Water St r ipp ing 

Transport gas t o  
Coal Preparat ion and Feedi ng 

Output 
(1 b/hr) 

Tota l  



The mass balance f o r  t h i s  system i s  shown i n  Table 2-28. I npu ts  a re  (1) 

compressed gas from Gas Compression, (2) n i t r o g e n  from A i r  Separat ion and (3) 

an odorant. System outputs a re  (1) p roduct  IFG t o  d i s t r i b u t i o n ,  Coal Prepara t ion  

and Feeding, o the r  miscel laneous i n t e r n a l  uses and C r e d i t  Generation, (2) a c i d  

gas t o  Su l fu r  Recovery, (3) carbon d iox ide  vent  gas t o  I n c i n e r a t i o n  and (4) 

condensate t o '  Sour Water S t r i pp ing .  

Compressed raw gas from Gas Compression i s  cooled, and the  condensed water i s  

removed i n  a  knockout drum. P a r t  o f  t h i s  water i s  d e l i v e r e d  t o  t h e  hydrogen 

s u l f i d e  s t r i p p e r  f o r  ma in ta in ing  water balance, and the  remainder i s  sent  t o  

Sour Water S t r i pp ing .  

The cooled raw gas then enters  t h e  Selexol hydrogen s u l f i d e  absorber when 

c o l d  1  ean Selexol so l ven t  phys i ca l  l y  absorbs essen t i a l  l y  a1 1  o f  t he  hydrogen 

s u l f i d e  as we1 1  as most o f  the  carbonyl s u l f i d e  and some carbon d iox ide .  The 

r e s u l t i n g  product  gas meets the  requ i red  s u l f u r  s p e c i f i c a t i o n s  g.iven i n  

Sect ion 2..4.3.1. Absorber overhead gas, a f t e r  exchanging heat w i t h  the  

incoming. raw gas and recyc le  gas, passes t o  t h e  Selexol carbon d iox ide  absorber 

f o r  t h e  removal o f  s u f f i c i e n t  carbon d iox ide  t o  main ta in  a  heat ing  value o f  

300 B tu  pe r  standard cubic f o o t  i n  t he  product  IFG. 

The c o l d  r i c h  so lvent  from the  bottom o f  t he  Selexol hydrogen s u l f i d e  absorber 

passes through th ree  stages o f  p reheat ing  and f l a s h i n g  i n  o rder  t o  p rov ide  an 

a c i d  gas w i t h  s u f f i c i e n t  hydrogen s u l f i d e  concent ra t ion  f o r  t reatment  by 

S u l f u r  Recovery. Pref lashed so l ven t  i s  f u r t h e r  s t r i p p e d  i n  an hydrogen 

s u l f i d e  s t r i p p e r .  The overhead steam from the  hydrogen s u l f i d e  s t r i p p e r  i s  

condensed and re tu rned  t o  the  s t r i p p e r  w h i l e  t he  a c i d  gas i s  rou ted  t o  S u l f u r  

Recovery. Solvent  from the  bottom o f  t he  hydrogen s u l f i d e  s t r i p p e r  i s  cooled 

by heat  exchange w i t h  c o l d  r i c h  so l ven t  and i s  f u r t h e r  c h i l l e d  by r e f r i g e r a t i o n .  

C h i l l e d  lean so lvent  i s  re tu rned  t o  t h e  top  t r a y  o f  t he  hydrogen s u l f i d e  

absorber. 

Rich so l ven t  from the  bottom o f  the  carbon d iox ide  absorber i s  regenerated i n  

t he  carbon d iox ide  s t r i p p e r  us ing  d ry  n i t r o g e n  d e l i v e r e d  from A i r  Separat ion 

t o  t h e  bottom o f  t he  carbon d iox ide  s t r i p p e r .  



. . TABLE 2-28 

. .  .MASS BALANCE FOR -THE IFGDP GAS TREATMENT SYSTEM (SECTION 360) 

Inpu t  Output 
(I b/hr) (1 b/hr) 

Compressed gas from - 
Gas Compression 

N s t r i p p i n g  gas, from 1,485 
'~i r Separation 

Odorant 
(fetrahydrothiophene) 

Product IFG to :  

IFG d i s t r i b u t i o n  
"Coal Preparat ion and Feedi ng 
Miscellaneous i n t e rna l  users 
Cred i t  Generation 

. . 

cO' vent gas t o  
$nci  nera t ion 

Acid gas t o  Su l fu r  
Recovery 

Condensate t o  
Sour Water S t r ipp ing  

Total  



2.4.5.9 SOUR WATER STRIPPING (SECTION 370) 

Th is  system t r e a t s  p l a n t  sour waters from Gas Compression and Gas Treatment 

and sour s l u r r y  water from Gas Cool ing and Scrubbing t o  remove.hydrogen su l -  

f i d e ,  carbon d iox ide  and ammonia. The mass balance f o r  t h i s  sys tem, is  shown 

i n  Table 2-29. System outputs incqude: (1) s t r ipped water t o  Wastewater 

Treatment, (2) sour water s t r i p p e r  gas t o  S u l f u r  Recovery and (3) s t r i pped  

s l u r r y  water t o  Gas Cool i ng and ~ c r u b b , i  ng. . 
Two d i s t i n c t  forms o f  sour water are generated, one being a 6 percent  s l u r r y  

and the  o the r  a so l i ds - f ree  process condensate. A b a f f l e d  tower i s  used f o r  

the  s l u r r y  case. A t rayed tower o f  conventional design . i s  used f o r  the  

s o l i d s - f r e e  sour-process condensate. 

S l u r r y  water from Gas Cool ing and Scrubbing i s  s t r i pped  o f  hydrogen s u l f i d e  

and ammonia using l i v e  steam. St r ipped s l u r r y  water i s  cooled and passes t o  

the  c l a r i f i e r  i n  Gas Cool ing and Scrubbing. Overhead s t r i p p i n g  steam from 

the  s l u r r y  water s t r i p p e r  i s  used i n  the  sour water s t r i p p e r ,  thereby reducing 

the  o v e r a l l  steam requ i red f o r  the  second s t r i p p i n g  system. 

Sour condensate from Gas Treatment and Gas Compression i s  s t r i pped  o f  hydrogen 

s u l f i d e  and ammonia w i t h i n  a sour water s t r i p p e r  by means o f  overhead steam 

from the s l u r r y  water s t r i p p e r  and i n t e r n a l l y  generated steam. 

The sour water s t r i p p e r  overhead vapors are cooled and p a r t i a l l y  condensed t o  

a temperature o f  220°F, and the vapor p o r t i o n  o f  the  f l ow  i s  separated from 

the condensate and. f lows t o  S u l f u r  Recovery. The separated condensate i s  

re turned t o  the  sour water s t r i p p e r  as r e f l u x .  

S t r ipped water from the bottom o f  the  sour water s t r i p p e r  i s  cooled from a 

temperature o f  268OF t o  95OF and i s  pumped t o  Wastewater Treatment. 



. - ,  

TABLE 2-29 

Sour s l u r r y  water from Gas 
~ o o l ' i  ng and Scrubbing 

Fines i n  sour s l u r r y  from. 
Gas Cool ing and Scrubbing 

S t r i pp i ng  steam 

Sour water from 
Gas Compression 

Sour water from. 
Gas Treatment 

Str ipped s l  u r r y  water t o  
Gas Cool'i ng .and Scrubbi ng 

Fines i n  s t r ipped s l u r r y  t o  
Gas Cool ing and Scrubbing 

Str ipped .water t o  
Wastewater Treatment 

Sour water s t r i p p e r  gas t o  - 
Sul f u r  Recovery 

I npu t  
(1 b/hr) 

I 
Output 
(1 b/hr) 

Total  



2.4.5.10 SULFUR RECOVERY (SECTION 380)/TAIL GAS TREATMENT (SECTION 390) 

These combined systems recover  s u l f u r  from Selexol hydrogen s u l f i d e  s t r i p p e r  

and sour w a t e i  s t r i p p e r  e f f l u e n t s .  The S u l f u r  Recovery System cons i s t s  o f  a 

Claus un i . t  employing a thermal r e a c t i o n  s tep  w i t h  s u l f u r  d iox ide  genera t ion  

fo l l owed  by .three stages o f  c a t a l y t i c  r e a c t i o n  i n  o rde r .  t o  e f f e c t  an o v e r a l l  

s u l f u r  recovery i n  excess o f  96 percent  based on t h e  incoming gas feeds. The 

t a i l  gas from the  Claus u n i t  i s  t r e a t e d  t o  remove e s s e n t i a l l y  a l l  o f  t h e  

remaining s u l f u r  compounds before  being discharged t o  the  atmosphere. The 

mass balances f o r  t he  S u l f u r  Recovery system and t h e  T a i l  Gas Treatment sys- 

tem a re  shown i n  Table 2-30 and Table 2-31, respec t i ve l y .  

2.4.5.10.1 SULFUR RECOVERY 

Acid gas from Gas Treatment and a s t o i c h i o m e t r i c  volume o f  a i r  a re  preheated 

t o  approximately 450°F by heat exchange us ing  h igh  pressure steam. The pre-  

heated a c i d  gas i s  sp l  i t  so t h a t  60 percent  o f .  t h e  . t o t a l  incoming stream i s  

passed to. t he  m u f f l e  furnace and 40 percent  i s  bypassed t o  t h e  f i r s t  reac to r .  

The p o r t i o n  o f  a c i d  gas passed t o  the  mu f f l e . f u rnace  i s  f u r t h e r  s p l i t  so t h a t  

p a r t  o f  t h e  gas i s  f e d  t o  the  m u f f l e  furnace burner  and t h e  remainder i s  f e d  

t o  the  second zone o f  t h e  furnace. The a c i d  gas f e d  t o  the  burner i s  mixed 

w i t h  t h e  sour water s t r i p p e r  gas from t h e  sour water s t r i p p e r  upstream o f  t h e  

burner.  

I 

The a c i d  gas i s  p a r t i a l l y  combusted i n  t h e  f i r s t  zone o f  t h e  m u f f l e  furnace 

where s u l f u r  d iox ide  i s  generated. The bypassed a c i d  gas i s  added t o  t h e  

second zone o f  the  furnace. The Claus r e a c t i o n  proceeds i n  t h e  m u f f l e  furnace 

w i t h  t h e  format ion o f  s u l f u r  vapors. By bypassing 33 percent  o f  t he  furnace 

a c i d  gas feed t o  the  second zone, t he  f i r s t  zone combustion o f  a c i d  gas and 

sour gas takes p lace a t ~ a  temperature o f  2400°F and thus a s s i s t s  i n  t he  

d e s t r u c t i o n  o f  the  ammonia conta ined i n  t he  sour water s t r i p p e r  gas. 

The h o t  a c i d  gas ' ex i t s  t he  m u f f l e  furnace and i s  cooled t o  a temperature of 

350°F. S u l f u r  i s  condensed and f lows by g r a v i t y  through a s u l f u r  seal  t o  a 

c o l l e c t i o n  p i t .  I 



TABLE 2-30 

MASS BALANCE FOR THE IFGDP SULFUR RECOVERY SYSTEM (SECTION 380) 

I n p u t  Output 
(1 b/hr) .  ( l b /h r )  

Acid gas from 
Gas Treatment 

Sour water s t r i p p e r  gas from 81 1 
Sour Water S t r i p p i n g  

Process a i r  from atmosphere 18,581 

Claus u n i t  t a i l  gas t o  
T a i l  Gas Treatment 

L i q u i d  s u l f u r  product 

L i q u i d  s u l f u r  from 
T a i l  Gas Treatment 

Tota l  



TABLE 2-31 
, . 

MASS BALANCE FOR THE IFGDP TAIL GAS TREATMENT SYSTEM (SECTION 390) 

Inpu t  
(1 b l h r )  

Claus u n i t  t a i l  gas from' 
S u l f u r  Recovery 

Output 
(1 b/hr) 

Process a i r  from atmosphere . . 10,600 

IFG from Gas Treatment 1,390 

Steam ' t o  Combustion chamber 1 ,390 

. Makeup water 2,500 

Steam t o  s u l f u r  mel ter  650 

A i r . t o  s u l f u r  separat ion coo l ing  158,685 
u n i t  from'atmosphere 

S t r e t f o r d .  absorber vent gas2 t o  47,843 
atmosphere and Wastewater Treatment 

A i r  from ox id i ze rs  t o  atmosphere 5,968 

285 L i q u i d  S u l f u r  t o  S u l f u r  Recovery 
u n i t  

~ i r '  from s u l f u r  'separation 
cool i ng 'un i t  . t o  atmosphere . 

. . . . . . 

To ta l  222,653 '. 222,653 



The cooled gas i s  reheated t o  above i t s  s u l f u r  dew p o i n t  and i s  combined w i t h  

t h e  p o r t i o n  o f  a c i d  gas feed which bypassed the  m u f f l e  furnace. The combined 

a c i d  gas stream i s  then f e d  t o  t h e  f i r s t  r e a c t o r  where. t he  Claus r e a c t i o n  

proceeds. The f i r s t  r e a c t o r  e f f l u e n t  i s  cooled, and t h e  condensed s u l f u r  

f 1 ows by g r a v i t y  t o  t h e  rundown p i t .  

I S u l f u r  i s  recovered . i n  two a d d i t i o n a l  stages i n  which cooled a c i d  gas i s  
I .  
I . .  reheated, passed through t h e  Claus reac to r  and cooled t o  condense s u l f u r .  
1 

Su l f u r ,  i s  s to red  as a l i q u i d  i n  a 15-day product ion  capac i ty  storage tank. 

I Th i s  s u l f u r  has a q u a l i t y  o f  99.9 percent  by weight  pure and w i l l  be s o l d  as 

a by-product.  I 
The t a i l  gas e x i t i n g  t h e  f i n a l  s u l f u r  condenser f lows t o  T a i l  Gas Treatment 

1 ... 
a t  a tempera ture .o f  280°F and a pressure o f  3.0 pounds per  square i n c h  gage 

f o r  f i n a l  cleanup.. 

2.4.5..10.2 TAIL GAS TREATMENT 

. . 

The T a i l  Gas Treatinent system cons i s t s  o f  a hydroge,nation/hydrolysis u n i t  

fo l lowed by a S t r e t f o r d  absorber u n i t  and S t r e t f o r d  s o l u t i o n  o x i d i z e r / s u l f u r  

I .  separa t ion  system. 

I I n  t h e  hydrogenation/hydrolysis u n i t ,  t h e  t a i  1 gas from S u l f u r  'Recovery i s  

I preheated t o  t h e  des i red  hydrogenation and hyd ro l ys i s  r e a c t i o n  temperatures 

I by mix ing  w i t h  combustion gases formed by burn ing  product  IFG i n  t h e  presence 
., 

I. ' o f  a i r  and steam. These combustion gases prov ide  a d d i t i o n a l  reducing gas 

I (hydrogen and carbon monoxide ) t o  ensure nea r l y  complete hydrogenation o f  

I s u l f u r  d iox ide  and f r e e  s u l f u r  t o  hydrogen s u l f i d e .  The combined stream i s  

I fed t o  the  hydrogenation reac to r  where s u l f u r  compounds are  converted t o  

I hydrogen su l  f i de. 

The h o t  hydrogenation reac to r  e f f l u e n t  i s  cooled i n  a waste heat exchanger 

fo l lowed by c o o l i n g  i n  a d i r e c t  contac t  condenser tower. The cooled t a i l  gas 

( 



enters  t h e  S t r e t f o r d  absorber f o r  countercur ren t  contac t  w i t h  lean S t r e t f o r d  

s o l u t i o n ,  and hydrogen s u l f i d e  i s  ox id i zed  t o  elemental s u l f u r .  The t r e a t e d  

t a i l ,  gas. i s  discharged t o  t h e  atmosphere from t h e  top  o f  t h e  absorber and 

conta ins  l e s s  than 10 p a r t s  pe r  m i l l i o n  by volume o f  hydrogen s u l f i d e  and 200 

p a r t s  per  ' m i  11 i o n  by volume t o t a l  s u l f u r .  

I n  t he  S t r e t f o r d  s o l u t i o n  o x i d i z e r / s u l f u r  recovery u n i t ,  t h e  s u l f u r  laden 

S t r e t f o r d  s o l u t i o n  i s  regenerated t o  i t s  o r i g i n a l  s t a t e  by a i r  blowing. 

The regenerated S t r e t f o r d  s o l u t i o n  i s  cooled and re turned t o  t h e  S t r e t f o r d  

absorber. F r o t h  r e s u l  ti ng from a i r  b l  owi ng con ta i  ns elemental su l  f u r ,  which 

i s  f l o a t e d  o f f  the  S t r e t f o r d  s o l u t i o n  o x i d i z e r  and i s  heated t o  me1 t t h e  

s u l f u r .  The h o t  s o l u t i o n  and molten s u l f u r  en ters  the  s u l f u r  decanter where 

the  s u l f u r  i s  separated from the  so lu t i on .  The decanted s u l f u r  i s  re tu rned 

t o  t h e  s u l f u r  rundown p i t  i n  S u l f u r  Recovery and the  s o l u t i o n  i s  cooled and 

recyc led  t o  the  S t r e t f o r d  absorber. 

I n  t h e  S t r e t f o r d  s o l u t i o n ,  some. o f  t he  hydrogen s u l f i d e  undergoes s ide  'reac- 

t i o n s  and i s  converted t o  sodium t h i o s u l f a t e  and sodium s u l f a t e .  Eventua l ly ,  

t he  bu i l dup  o f  these s o l i d s  requ i res  purg ing  o f  some o f  the  so lu t i on .  This  

purge i s  accumulated i n  a  s torage tank  and i s  t rucked away f o r  o f f - s i t e  

d i  sposal . 

2.4.5.11 CREDIT GENERATION. (SECTION 220) 

Th is  system upgrades IFG from an i n d u s t r i a l  f u e l  gas q u a l i t y  o f  300.2 30 B tu  

per  standard cubic f o o t  t o  a  p i p e l i n e  q u a l i t y  gas o f  950 Btu  per  standard 

cubic foo t .  This  p i p e l i n e  q u a l i t y  gas i s  discharged t o  the  MLGW na tu ra l  gas 

system as a  " c r e d i t "  which can be withdrawn and ad jus ted  t o  IFG q u a l i t y  when 

the  p l a n t  i s  n o t  producing s u f f i c i e n t  IFG t o  meet i t s  demand. The mass 

balance f o r  t h i s  system i s  shown i n  Table 2-32. Inputs  inc lude:  (1) p roduct  

IFG from Gas Treatment, and (2) steam from Steam'Generation t o  the  carbon 

monoxide s h i f t  reac tors ;  w h i l e  outputs inc lude:  (1) carbon d iox ide  o f f  gas 

t o  I n c i n e r a t i o n ,  (2) a c i d  gas removal and methanation process condensates t o  



TABLE 2-32 

MASS BALANCE FOR THE 1FGD'P.CREDIT 

. Product -1FG from 
Gas Treatment 

Steam t o  CO s h i f t  

C02 o f f  gas t o  I n c i n e r a t i o n  

. Ac id  gas removal condensate t o  
Wastewater Treatment 

Methanation condensate t o  
Wastewater Treatment 

GENERATION SYSTEM (SECTION 220) 

I n p u t  Output 
(1 b/hr) (1 b/hr) 

, Dry ing  u n i t  vent  gas t o  24 
atmosphere . . 

. . 
Pipe1 i n e  gas to MLGW 7,724 

p i p e l i n e  d i s t r i b u t i o n  . . 

To ta l  53,730 53,730 



Wastewater Treatment, (3) d r y i n g  u n i t  vent  gas t o  the  atmosphere and (4) p ipe1 i n e  

q u a l i t y  gas t o  the  MLGW p i p e l i n e  d i s t r i b u t i o n  system. 

The C r e d i t  Generat ion system cons i s t s  o f  t h e  f o l l o w i n g  process u n i t s :  

o Gas compression 

o Carbon monoxide s h i f t  conversion 

o Ac id  gas removal 

o Methanation 

0. Methanated gas d r y i n g  and o d o r i z a t i o n  

o C r e d i t  wi thdrawing system 

.Detai 1s regarding processing i n  each o f  these u n i t s  . . f o l  low. .' 

2.4.. 5.1 1'. 1 GAS COMPRESSION 

Gas from the  Gas Treatment u n i t  en ters  the  C r e d i t  Generat ion system and i s  

compressed t o  325 pounds per  square i n c h  gage. Th-e compressor i s  monitored 

and c o n t r o l l e d  by t h e  IFG dispatcher.  

2.4.5.1 1.2 CARBON MONOXIDE SHIFT CONVERSION 

A p o r t i o n  o f  the'compr,essed gas i s  heated by heat exchange w i t h  s h i f t  r e a c t o r  

e f f l u e n t .  Steam requ i red  f o r  t he  s h i f t  r e a c t i o n  and f o r  s a t i s f y i n g  t h e  r e a c t i o n  

e q u i l i b r i u m  i s  added t o  the  gas. The heated gas and steam mix tu re  en ters  the  

s h i f t  r e a c t o r  where carbon monoxide i n  t h e  feed, gas reac ts  w i t h  steam over a 

bed o f  h igh  temperature s h i f t  c a t a l y s t  t o  form hydrogenand carbon d iox ide .  

This  r e a c t i o n  i s  exothermic, r e s u l t i n g  i n  an increase i n  reac tan t  temperature. 

The r e a c t i o n  e f f l u e n t  i s  cooled by heat exchange w i t h  t h e  feed gas. The 

.amount o f  compressed gas which bypasses t h e  s h i f t  r e a c t o r  i s  c o n t r o l l e d  so  

t h a t  a f t e r  mix ing  w i t h  the  s h i f t e d .  gas, t he  r e s u l t a n t  m ix tu re  w i l l  have a 

hydrogen t o  carbon monoxide molar r a t i o  o f  approximate ly .  3 t o  1. 



2.4.5.11.3 A C I D  GAS REMOVAL 

0 

The a c i d  gas removal s tep  employs the  p rop r ie ta ry  B e n f i e l d  h o t  potassium car-  

bonate process t o  remove carbon d i o x i d e  and a r e s i d u a l  q u a n t i t y  o f  hydrogen 

s u l f i d e  i n  t h e  s h i f t e d  gas. Gas from s h i f t  convers,ion i s  cooled, and heat 

g i ven  up by t h e  gas stream i s  used f o r  scrubbing s o l u t i o n  regenerat ion.  Con- 
/ 

densate separated from the  gas stream i s  cooled a n d  forwarded t o  Wastewater 

Treatment. 

The cooled gas. a t  260°F i s  scrubbed by t h e  B e n f i e l d  s o l u t i o n  i n  a carbon 

d iox ide  absorber. The carbon d i o x i d e  l ean  s o l u t i o n  i s  in t roduced t o  t h e  t o p  

of t h e  tower and f 1 ows .downward, countercur ren t  t o  t h e  gas f low,  and a r r i v e s  

a t  the .bo t tom o f  t he  tower r i c h  i n  carbon d i o x i d e  content .  Rich s o l u t i o n  i s  

regenerated i n  t h e  carbonate s o l u t i o n  regenerator  by, steam s t r i p p i n g .  Regen- 

e ra ted  s o l u t i o n  i s  f i r s t  f lashed i n  mu1 t i p l e '  stages t o  genera te  p a r t  o f  t h e  

s t r i p p i n g  steam and then pumped back t o  the  carbon..dioxide absorber. Steam i n  

the.  carbon d i o x i d e  vent  gas from t h e  s o l u t i p n  regenerator  . . i s  condensed and 

re turned t o  the  s o l u t i o n  regenerator.  The 'cooled carbon d i o x i d e  stream from 

t h i s ' s t e p , ' c o n t a i n i n g  a t r a c e  o f  s u l f u r ,  i s  forwarded t o  I n c i n e r a t i o n  f o r  

d isposal  .. 

2.4.5.11.4' METHANATION 

Scrubbed gas i s .  preheated t o  700°F and f lows through twd beds o f  z i n c  ox ide 

c a t a l y s t  t h a t  serv.e as guard chambers f o r  t he  removal o f  f i n a l  t r aces  o f  

s u l f u r  compounds p r i o r  t o  e n t e r i n g  the-methanat ion  reac tors .  .The methanation 

step employe's Conoco Methanation Company's p r o p r i e t a r y  technology. It conver ts  

. . 
t he  p u r i f i e d  hydrogen and carbon monoxide con ta in ing  gas stream i n t o  h i g h - ~ t u  . ' 

p . ipe l ine  q u a l i t y  gas. The methanation process ' i s  a c a t a l y t i c  f ixed-bed, 

ad iaba t i c ,  gas r e c y c l e  process. A h i g h l y  a c t i v e  nicke.1 c a t a l y s t  i s  used t o  

e f f e c t  t he  methanation reac t ions .  React ion temperatures are  c o n t r o l l e d  by 

r e c y c l i n g  a p o r t i o n  o f  cooled product  gas. 

There a re  th ree  pr imary  methanation reactors.,  These reac to rs  are  connected 

i n  a series-para1 l e l  arrangement, Fresh feed t o  t h e  methanation step i s  s p l i t  



so t h a t  po r t i ons  f l ow t o  each reactor .  A methane r i c h  gas i s  c i r cu l a ted  , 
through the three primary reactors i n  ser ies  by means o f  a  mechanical c i r c u l a t o r .  

The c i r c u l a t i n g  r i c h  gas removes the exothermic reac t ion  heat from the f i x e d  

bed reactors. .Reactor temperature r i s e s  are l i m i t e d  by jud ic ious con t ro l  o f  

the c i r c u l a t i n g  r i c h  gas f l ow ra te .  

The c i r c u l a t i n g  r i c h  gas i s  i t s e l f  cooled i n  an exchanger by generat ing steam 

a f t e r  each reactor  f o r  heat recovery. The bu lk  o f  the methanation reac t ion  

takes place i n  these three reactors. 

A cleanup methanation reactor  i s  used t o  accomplish the remainder o f  the  

requ i red methanation react ion.  This reactor  operates a t  a  lower temperature 

than the primary methanation reactors  i n  order t o  e f f e c t  the add i t i ona l  

react ion.  

Methanated gas from the cleanup methanator . i s  cooled and forwarded t o  the gas 

d ry ing  step. . . 

2.4.5.11.5 METHANATED GAS DRYING AND ODORIZATION 

P ipe l ine  gas i s  d r i ed  i n  a  g l yco l  type d ry ing  system. Dr ied p i p e l i n e  gas a t  . 
about 300 pounds per square inch  gage i s  odorized and f lows t o  the MLGW 

Weaver S ta t ion  through an e x i s t i n g  16 inch  p ipe l ine .  The IFGDP receives a  

c r e d i t  f o r  t h i s  gas. 

2.4.5.11.6 CREDIT WITHDRAWING SYSTEM 

When the IFGDP i s  t o t a l l y  o r  p a r t i a l l y  out  o f  serv ice f o r  some reason o r  when 

the IFG product ion r a t e  cannot s a t i s f y  demand, natura l  gas from MLGW's natura l  

gas supply p i p e l i n e  i s  withdrawn t o  s a t i s f y  the Btu demand o f  IFG customers. 

Natural gas a t  1031 Btu per standard cubic f o o t  i s  adjusted by the add i t i on  

o f  d r i ed  a i r  o r  n i t rogen t o  the IFG heat ing value o f  300 Btu per standard 

cubic f o o t  and introduced i n t o  the IFG d i s t r i b u t i o n  p i pe l i ne  upstream o f  the 

IFG odor iza t ion s t a t i o n  as an IFG subs t i tu te .  A i r  from the discharges o f  one 



I o f  t h e  two a i r  compressors i n  t he  A i r  Separat ion sec t i on  i s  f u r t h e r  compressed, 

cooled and d r i e d  t o  p rov ide  d r y  a i r  necessary t o  d i l u t e  t h e  n a t u r a l  gas t o  

p roduct  IFG qua1 i ty. 

I .  , '  

2.4.5.12 FLARE (SECTION 460) AND INCINERATION (SECTION 430) 

I; ;. , , 

I .  
The F l a r e  and Inc ' i ne ra t i on  system prov ide  f o r  t h e  burn ing  of combust ible 

vapors and gases du r ing  per iods  o f  emergency and normal p l a n t  operat ion.  The 

f u n c t i o n  o f  t he  F l a r e  system i s  t o  p rov ide  f o r  sa fe  burn ing  o f  combust ible 

vapors re1  eased. from' process equipment d u r i n g  startup.,  shutdown and opera- 

ti onal upsets. I n  t he  i n c i n e r a t o r  , var ious  gas streams con ta in ing  atmosphere- 

p o l  1 u t i  ng contaminants (e. g. , su l  f u r  compounds, carbon monoxide, combust ible 

hydrocarbons and ammonia p r e c l  ud i  ng d i  r e c t  emission t o  t h e  atmosph&re) are 

combusted. Because c o n t r o l l e d  combustion i s  requ i red  du r ing  ope ra t i ng  upsets 

o r  du r ing  i n t e r m i t t e n t  discharges, some a d d i t i o n a l  streams (1 i sted  i,n Sect ion  

2.4.5.12.1) a re  d i r e c t e d  t o  t h e  i n c i n e r a t o r .  

2.4.5.12.1 FLARE 

The p l a n t  F l a r e  receives the  emergency discharge from vents and s a f e t y  valves 

i n  t he  var ious  process u n i t s  connected t o  a s i n g l e  f l a r e  header. The F l a r e  

p i  l o t  flame uses na tu ra l  gas as t h e  f u e l .  

The e levated F l a r e  i n c l  udes the  f o l  1  owi ng features:  

o F a c i l i t i e s  f o r  smokeless burn ing  o f  hydrocarbons by t h e  i n j e c t i o n  o f  

steam i n t o  the  F l a r e  t i p  

o An a i r  seal ,  l oca ted  underneath t h e  F l a r e  t i p  t o  p revent  a i r  back- 

d i f f u s i o n  i n t o  the  system 

o A flame f r o n t  generator f o r  i g n i t i n g  p i l o t s .  Since no p l a n t  a i r  

system i s  inc luded i n  t h i s  p l a n t ,  a  separate a i r  blower i s  inc luded 

f o r  p i l o t  i g n i t i o n  

o F a c i l i t i e s  f o r  automatic n i t r o g e n  i n j e c t i o n  t o  compensate f o r  the  

,system "con t rac t i on "  a f t e r  a f lame blowout 



A knockout drum. i s  p rov ided i n  t he  F l a r e  header t o  separate a1 1 1 i q u i d  drop- 

l e t s  f r o ~ i i  Llle yas. 

Dry n i t r o g e n  from A i r  Separation. i .s cont inuous ly  i n j e c t e d  i n t o  t h e  f a r  end 

o f  t h e  F-lare header f o r  purge, thereby ma in ta in ing  a p o s i t i v e  pressure i n  

t he  system a t  a l l  t imes. 

The he igh t  and l o c a t i o n  o f  t he  F l a r e  i s  designed so t h a t  t h e  heat  r a d i a t i o n  

w i l l  n o t  be hazardous t o  personnel o r  equipment i n  i t s  immediate v i c i n i t y .  

The ' f l a r e  i s  designed f o r  a t o t a l  heat  f l u x  a t  t he  base o f  t h e  s tack  o f  1500 

B tu  per  hour pe r  square f o o t ,  i n c l u d i n g  s o l a r  r a d i a t i o n .  

2.4.5.12.2 INCINERATION 

CJ 

The I n c i n e r a t i o n  system provides a means f o r  t he  d e s t r u c t i o n  o f  t r a c e  hydro- 

carbons, t h e  combustion o f  hydrogen and carbon monoxide and t h e  conversion o f  

s u l f u r  compounds i n t o  s u l f u r  d iox ide  i n  var ious  process vent  gases. The 

i n c i n e r a t o r  i s  designed so t h a t  t he  o f f  gas i s  contacted w i t h  an excess o f  

a i r ,  a t  a  minimum residence t ime o f  0.8 second, producing a 1500°F minimum 

f l u e  gas temperature be fore  a i r  preheat.  A h igh  degree o f  turbulence i s  

p rov ided t o  Fnsure thorough mix ing  o f  t he  combustibles w i t h  oxygen. 

The heat . a v a i l a b l e  . from the  combustion process i s  n o t  s u f f i c i e n t  t o  make the  

i n c i n e r a t i o n  process se l f -suppor t ing .  Product IFG i s  normal ly  burned as 

requ i red  t o  make the  process se l f - sus ta in ing .  Dur ing s t a r t u p  and emergency 

operat ions,  na tu ra l  gas supp l ies  the  necessary heat  t o  sus ta in  combustion. 

Primary a i r  needed f o r  combustion o f  t he  f u e l  gas i,s preheated us ing  the  

i n c i n e r a t o r  f l u e  gas as the  heat ing  medium. secondary a i r  needed f o r  combus- 

t i o n  ' o f  t he  o f f  gases i s  a l s o  preheated i n  a s i m i l a r  fashion. . Quench a i r  

en ters  the  i n c i n e r a t o r  a t  ambient cond i t i ons  as requ i red  t o  p revent  t he  i n -  

c i  ne ra to r  f 1 ue gas temperature f rom exceeding 1800°F. Combustion a i r  i s  

supp l ied  by a motor d r i v e n  blower., inc luded i n  t h e  i n c i n e r a t i o n  package, f o r  

a l l  requirements i n c l u d i n g  pr imary, secondary and quench a i r .  



The f l u e  gases, a f t e r  heat exchange w i t h  the combustion a i r ,  are mixed w i t h  

the f l ue .  gases from Flue Gas Desul f u r i z a t i o n  and then dispersed t o  the ambient 

atmosphere by means o f  the stack. To maintain good dispersion o f  the stack 

e f f  1 uents , a minimum e f  f 1 uent temperature o f  260°F i s necessary. The i nc i  ner- 

a t o r  f l ue .gas  suppl ies t h i s  heat under a l l  operat ing condi t ions.  

. . 

Streams normal l y  routed t o  Inc inera t ion  dur ing . p l a n t  operation. include: 

o O f f  gas from the Cred i t  Generation Ben f ie ld  un i t .  The process 

bas i ca l l y  removes carbon dioxide and the bu lk  o f  the s u l f u r  com- 

pounds present i n  the product gas feed stream. The o f f  gas i s  , '  

r i c h  i n  carbon dioxide .and water vapor, w i t h  res idua l  amounts of 

hydrbgen sul  f i de  present. 

o, . Vent ga's from. the Peed lock hoppers i n  Coal Preparation and Feed- 
. .. 

. . 
,. i n g  feeds the inc inera to r  on regu lar  cycles. The hoppers are pres- 

sur ized w i t h  a combination o f  product 'gas and nitrogen. A po r t i on  
. . 

o f  t h i s  gas i s  sent t o  'the inc inera to r  dur ing loading o f  the coal 

feed. 

o Carbon/dioxide-rich vent gas from Gas Treatment, produced from the 

two stage SeJexol process. This gas, contain ing carbon monoxide 

and t races o f  reduced s u l f u r  compounds, i s  continuously fed t o  the 

i nci  nerator. 

Streams- discharged t o  inc inera t ion  dur ing emergency operation include: 

o An emergency load from Su l fu r  Recovery i s  combusted i n  the inc in -  '~ 
era to r  dur'ing upset condit ions'when the Su l fu r  Recovery system 

cannot accept feed. This vent gas, stream i s  r i c h  i n  hydrogen sul-  

f i de ,  carbonyl s u l f i d e  and ammonia. 

o Gas .from emergency condi t ion Tai 1 Gas Treatment w i  11 be vented i f  I 
the  Beavon package i s  shut down. This vent gas stream i s  r i c h  i n  

carbon dioxide, n i t rogen and water. 



. . 

o ' .If fines recyc le  t o  the  g a s i f i e r  i s  no t  operat ing, a vent stream 

- ' conta in ing carbon monoxide as the major b o i l  u t an t  w i  11 be sent t o  

. . t he  i nc i ne ra to r  from Coal Gas i f ica t ion.  

2.4.5.13 WASTEWATER TREATMENT (SECTION 440) 

Wastewaters are generated i n  the  IFGDP from several sources. The type and. 

degree o f  treatment and the u l t ima te  disposal o f  these wastewaters depend 

on the source o f  the wastewater and on the type and concentrat ion o f  po l l u -  

tan ts  i n  the water. The wastewaters and t h e i r  sources are: 

o Storm water f a l l i n g  on and drained from the area ins ide  the l i m i t s  

o f  processing u n i t s  

. . . . 

o ,  Spent services water (e.g., from deck washings and f l ush ing )  

o . . Cooling. . tower blowdown 
- >  . 

o Storm water fa1 1 i ng on and drained from . the coal p i  l e  . . . .  

o . Storm, water fa1  1 i ng on and drained from the ash p i l e  

. . , . . . 

o Process wastewater cons is t ing  o f  c l a r i f i e d  blo'wdown from Gas 

Scrubbing, . f i l t r a t e  from the f l u r r y  f i l t e r  i n  Steam Generation, 

s t r ipped condensate from Sour Water S t r ipp ing  and condensate 
. . 

from Cred i t  Generation 

o Sani tary wastewater generated by p l a n t  personnel 
. . l 

o Neut ra l ized demineral izer chemicals 

The mass balance f o r  the Wastewater T.reatment system i s  shown i n  Table 2-33. 

De ta i l s  regarding the treatment o'f these wastewaters fo l low.  



. . 

TABLE. 2-33 

MASS BALANCE FOR THE IFGDP WASTEWATER TREATMENT SYSTEM (SECTION 440)* 

I n p u t  
(1 b/hr) 

~ I ns ide  b a t t e r y  I i m i  t s  storm water '  * * 

~ . .  Spent serv ice  water 50,000 
St r ipped water from Sour 

Water S t r i p p i n g  

.Fines f i  1 t r a t e  from Steam 
Generation 

Condensate from Cred i t  
Generatfon 

Output 
(1 b/hr) 

C l  a r i  f i ed water from Gas : 95,557 
Cool i ng ,and Scrubbing 

Coal p i l e  r u n o f f  A * 
I 

Ash p i l e  r u n o f f  * * 
N e u t r a l i z a t i o n  water from 

i '  
25,695 

' U t i l i t i e s .  , . 

Cool i.ng, tower b l  owdown 106,000 

Treated wastewater from 
e f f l u e n t  ho ld ing bas in  

Water i n  sludge t o  disposal 445 

Makeup t o  Ash Treatment c A 14,160 
, 

Makeup t o  Cool ing Tower 37,500 

Makeup't.0 U t i l i t i e s  

Total  408,007 408,007 

* Excluding chemicals 

** Normal ly  no . ' f l ow 
I 



2.4.5.13.1 STORM WATER AND SPENT SERVICE WATER I 

The ' p l a n t  area storm water and the  spent se rv i ce  water d r a i n  t o  a  o i l y  water 

I sewer and f l o w  t o  a  storm water d i v e r t e r .  Dur ing  d r y  per iods ,  t h e  water , f l ows  

I through t h e  d i v e r t e r  and i s  pumped t o  t h e  t reatment  area. Dur ing per iods  of 

1 heavy r a i n ,  t h e  wastewater f lows exceed t h e  capac i t y  o f  t h e  t reatment  system, ~ and t h e  excess i s  au tomat i ca l l y  pumped t o  t h e  storm water ho ld ing  bas in  where ~ - i t  i s  s to red  and worked o f f  through the  t reatment  system a f t e r  t he  r a i n  ceases. 
1 .  . 
I Normally, bo th  spent se rv i ce  water and storm water from the  hoqding bas in  i s  

pumped d i r e c t l y  t o  t h e  d isso lved a i r  f l o t a t i o n  (DAF) uni,t f o r  treatment.  

The DAF u n i t  removes o i l  and s o l i d s  i n  t h e  wastewater t o  acceptable l i m i t s .  

F loa tab le  ma te r i a l ,  removed as a  f r o t h  from the  DAF u n i t ,  f lows by g r a v i t y  

t o  a  sump and then i s  t r a n s f e r r e d  t o  a  tank  t h a t  can be heated ( v i a  steam 

c o i  1  s  i n  t he  tank) t o  1.80°F. t o  enhance o i  1, and low dens i t y  so l  i d s  separat ion.  

Water separated i n  - t h e  tank  i s  re tu rned  by g r a v i t y  t o  t he  storm water ho ld ing  

basin. . S o l i d s . t h a t  s e t t l e  t o  t he  bottom o f  t he  tank  are  removed p e r i o d i c a l l y  

t o  t he  sludge s e t t l i n g  basins. 

The separated o i l  and .any en t ra ined s o l i d s  a re  dra ined by g r a v i t y  t o  a  sump 

and then removed f o r  subsequent o f f - s i t e  d isposal .  

Treated wastewater l e a v i n g  t h e  DAF u n i t  f lows t o  the  e f f l u e n t . h o l d i n g  bas in  

and i s  no rma l l y , recyc led  t o  t h e  c o o l i n g  tower and t o  Ash Treatment as makeup. 

Excess t r e a t e d  water i s  discharged t o  the  M i s s i s s i p p i  River .  

2.4.5.13.2 COAL PILE RUNOFF AND COOLING TOWER BLOWDOWN 

B he c o o l i n g  tower blowdown i s  f i r s t  sent  t o  t he  chromate d e s t r u c t  u n i t ;  where 

chromium and z inc  a re  p r e c i p i t a t e d  as i n s o l u b l e  hydroxides. I f  the  c o o l i n g  

tower blowdown leav ing  the  chromate d e s t r u c t  u n i t  i s  f r e e  o f  o i l  and grease, 

i t  w i l l  be discharged d i r e c t l y  t o  t he  e f f l u e n t  ho ld ing  basin. I f  t h e  blowdown 

conta ins o i l s  and grease, i t  i s  t r e a t e d  i n  t h e  storm water DAF u n i t  be fore  

being discharged t o  t h e  e f f l u e n t  ho ld ing  pond. 
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Coal p i l e  r u n o f f  i s  c o l l e c t e d  i n  t he  coal  p i l e  r u n o f f  ho ld ing  bas in  and i s  

then pumped a t  a c o n t r o l l e d  r a t e  t o  t h e  n e u t r a l i z a t i o n  tank. L.ime i s  f ed  t o  

t h i s  tank  cont inuous ly  t o  a d j u s t  t he  pH t o  approximately 8.5, 'The n e u t r a l i z e d  

wastewater f lows by g r a v i t y  t o  an ae ra t i ng  bas in  where a f i x e d  ae ra to r  aerates 

and mixes t h e  incoming stream, thereby o x i d i z i n g  inorgan ic  ma te r i a l s  p resent  

i n  t he  wastewater and causi'ng them t o  form i n s o l u b l e  hydroxides. The aerated 

stream f lows by g r a v i t y  t o  a c l a r i f i e r  where i n s o l u b l e  p r e c i p i t a t e  s e t t l e s .  

from the  water and i s  pumped t o  sludge p i t s .  

Decant from t h e  sludge p i t s  i s  re tu rned by g r a v i t y  t o  t h e  coal  p i l e  r u n o f f  

ho ld ing  basin. Sludge i s  removed p e r i o d i c a l l y  from one o f  t he  sludge p i t  

sect ions,  w h i l e  t he  o the r  i s  maintained i n  operat ion.  Sludge removed from 

the  p i t  i s  t rucked away. It can be used as l a n d f i l l  o f f - s i , t e  o r  s to red  on- 

s i t e .  The c l a r i f i e d  wastewater from t h e  c l a r i f i e r  f lows t o  t h e  e f f l u e n t  

ho ld ing  bas in  and i s  recyc led  t o  the  Cool ing Tower o r  Ash Treatment areas o r  

'd ischarged. to t h e  o u t f a l l .  

2.4.5.13.3 ASH PILE LEACHATE 

Leachate t e s t s  performed on samples o f  bottom ash taken from the  IGT U-GAS TM 

p i l o t  p l a n t  g i ve  s t rong i n d i c a t i o n  t h a t  the  ash p i l e  leachate w i l l  be s u i t a b l e  

f o r  d i r e c t  discharge. Therefore, a - separate - -  treatment  system i s  no t  prov ided 

i n  t he  design f o r  t h i s  stream a t  t h i s  time. - - - - - - -  - - - - - - -  

I n i t i a l  noncommercial opera t ion  o f  t he  p l a n t  du r ing  Phase 111 of-the program . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - -  - - -  
w i l l  c o n s i s t  o f  shor t -dura t ion  runs o f  a s i n g l e  g a s i f i e r .  These runs w i l l  . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - -  
produce small q u a n t i t i e s  o f  ash t h a t  w i l l  be used f o r  a d d i t i o n a l  leach ing  - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t e s t s  and o the r  eva lua t ions  by p o t e n t i a l  customers. Excess ash from t h i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
phase w i l l  be s to red  on the  s i t e  i n  t he  shor t - term storage area. The snor t -  - - - - - - - - - - - - - - - -  - - - - -  - - -  - 
term area i s - s u f f i c i e n t l y  l a r g e  t o  p rov ide  storage f o r  t he  f i r s t  4 years o f  - - - 
ash product ion  cjuyi!g - - - - - - - - - - - - -  comme'rci.al ope ra t i  on and i s 1 i ned t o  pe rm i t  c o l  1 e c t i o n  

o f  leachate i n  a sump from where t h e  leachate i s  pumped t o  the  p f f l u e n t  hold- 

i n g  basin. 

C o l l e c t i o n  and-test ing o f  leachate from t h e  shor t - term area du r ing  Phase IL I  - - - - - - -  - - - - -  - - - - -  - - - - - - - - - - -  
w i l l  be used t o  determine whether o r  n o t  t reatment  o f  ac tua l  storage-area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - -  
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1 eachate i.s necessary. Treatment t o  acceptable l e v e l  s wi  11 be-pyovided -dur ing  - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . .  - - -  
phase I11 i f  analyses from e i t h e r  type o f  leach ing  show t h a t  t reatment  i s  re -  - - - - -  _ - - - - - -  - - - - - -  
qu i  red. - - -  The existing-wastewater _ _ _ _ _ _ _ _ _  t reatment  y s t e m  _ _ _ _ _ _ _ _  i s most 1 i kel  y _ _ _ _ _ _  adequate f o r  

any t reatment  needed. Should t h i  s system be i nadeguate, however, a d d i t i o n a l  - - - - - - - - _ - _ - - _ _ _ -  - - - - - -  - - _ - - _  - - - - - ,  

t reatment  equipment w i  11 be i nsta1lecj.- Whi 1 s  this-equipment i s  be i  ng added, - - - - - - -  - - - - - - - . - -  - - - - - - - - -  - - -  
and p r i o r  t o  commercial operation,-ash p i l e  leachate w i l l  be s to red i'n one o r  - -  - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . .  
more o f  t h e  h o l d i n g  basins t h a t  a r e  unused d u r i n g  Phase I11 no~cgmmerc ia l  - - - - - - - -  - - - - - - - - - - - -  - - - - - - - -  
operat ion.  S u f f i c i e n t  t ime i s  a v a i l a b l e  f o r  t h i s  because o f  t he  smal l  amount - - - - -  - - - - - - _ _ - - _ - - - _ - - - - - - - - - - - - - - - - - -  
o f  ash t h a t  w i l l  be generated du r ing  t h i s  phase.-Lhis-approach ensures that, - - - - - - - - - -  - - - - - - - - - -  - - - - - - - - - -  
should the re  be any t o x i c  concentrat ions i n  t he  ash p i l e  leachate, t o x i c  con- - - - - - _ - - -  _ - - _ - - - - - - _ - - - - -  - - - - - - - _ - - - -  
cen t ra t i ons  w i l l  n o t  be discharged. - - - - - - - - - - - - - - - - - -  

/ 

2.4.5.13.4 PROCESS WASTEWATERS 

The combined process wastewater stream enters  a mix tank  where l ime  i s  added 

as needed t o  a d j u s t  t he  pH and t o  form a f l o c  which promotes t h e  removal o f  

suspended so l i ds .  Oxygen i s  bubbled through t h e  water t o  o x i d i z e  inorgan ics  

and t o  promote format ion o f  i n s o l u b l e  p r e c i p i t a t e s .  P o l y e l e c t r o l y t e  i s  added 

t o  the  water i n  a c l a r i f i e r ,  and p r e c i p i t a t e d  s o l i d s  are  i n t e r n a l l y  recyc led  

t o  .promote a d d i t i o n a l  f l o c c u l a n t  growth. S e t t l e d  sludge i n  the  c l a r i f i e r  i s  

dra ined t o  a sump and pumped t o  a sludge dewatering system c o n s i s t i n g  o f  a 

b e l t  f i l t e r  press. Water removed from the  sludge i s  re tu rned t o t h e  mix tank,  

and dewatered sludge i s  t ranspor ted  t o  the  p l a n t  s o l i d  waste storage area on- 

s i t e .  

The c l a r i f i e r  e f f l u e n t  i s  pumped i n t o  a recarbonat ion drum. Recarbonation i s  

accompl i shed by d i f f u s i o n  o f  carbon/di o h  d e - r i  ch vent  gas from Tai  1 Gas Treatment, 

which re tu rns  the  pH o f  t he  c l a r i f i e r  e f f l u e n t  t o  a normal l e v e l .  Phosphoric 

a c i d  i s  added t o  the  water t o  p rov ide  n u t r i e n t  f o r  subsequent t reatment  steps. 

Process wastewater i s  then f i l t e r e d  as a f i n a l  pret reatment  s tep p r i o r  t o  . 
ozonat ion and b io log i ,ca l  carbon absorpt ion. The f i l t r a t e  en ters  the  ozone 

generat ion and con tac t i ng  system where ozone i s  added from an ozone generator.  

The' ozone reac ts  w i t h  organics i n  the  water t o  make them more r e a d i l y  biode- 

gradable. The ozone generator i s  f e d  by oxygen from A i r  Separation. The 
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e f f l u e n t  from the  ozone contac tor  i s  pressure f i  1 tered. A co lony o f  b i o l o g i c -  

a l l y  a c t i v e  organisms form on t h e  bed o f  t he  f i l t e r  and, w i t h  t h e  h igh  oxygen 

content  o f  the  ozonated water, t h e  organisms remove a subs tan t i a l  amount o f  

t h e  organic p o l l u t a n t s  from the  water. The pressure f i l t e r  e ' f f l uen t  i s  mixed 

w i t h  the  spent ozone o f f -gas  from the  ozone contact0,r. This  gas i s  nea r l y  

pure oxygen. This  ra i ses  t h e  oxygen content  o f  t h e  wastewater, which had been 

depleted o f  oxygen by the  b i o l o g i c a l  a c t i v i t y  i n  t he  f i l t e r .  

The oxygenated water goes t o  e i t h e r  o f  two carbon absorbers. I n  t he  absorbers, 

an. apparent symbiot ic  r e l a t i o n  e x i s t s .  A colony o f  b i o l o g i c a l l y  a c t i v e  organ- 

isms form on  t h e  carbon. The presence o f  t h e  organisms mainta ins t h e  absorp- 

t i v e  capac i t y  o f  t he  carbon w i t h o u t  t h e  necess i ty  f o r  f requent  regenerat ion. 
, 

Treated process e f f l u e n t  i s  then s to red  i n  an e f f l u e n t  ho ld ing  tank. Th i s  

water can then be used f o r  var ious  func t ions  inc lud ing :  (1) backwashing 

pressure f i  1 t e r s  and carbon absorbers, ( 2 )  motive water f o r  carbon eductors 

and (3) o the r  miscel laneous washing and d i l u t i o n  operat ions. The over f low 

from t h e . e f f l u e n t  ho ld ing  tank  f lows t o  the  e f f l u e n t  ho ld ing  basin; and from 

' t he re ,  i t  can be recyc led  t o  the  Cooling,Tower o r  Ash Treatment areas o r  

discharged t o  the  o u t f a l l .  

When necessary,. ,the carbon i s  regenerated and reused. When the  minimum e f f l u e n t  

q u a l i t y  i s  reached, o r  when a predetermined carbon capac i ty  i s  achieved, 

spent carbon i s  removed from the  absorbers and i s  regenerated thermal ly .  

The thermal regenerat ion o f  carbon i s  as fo l lows:  

o .  Spent carbon i s  conveyed i n  a water s l u r r y  t o  ,the regenerat ion 

system f o r  p r e l i m i n a r y  dewatering. 

o Dewatered spent carbon i s  f e d  t o  a r e a c t i v a t i o n  furnace. 

o The h o t  regenerated carbon- is  quenched i n  water. 

o , The cooled cleansed regenerated carbon i s  pumped t o  t h e  regenerated 

carbon storage tank. 
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o Flue gas from the  regenerat ing furnace i s  scrubbed before  i t  i s  

I exhausted t o  the  atmosphere. 

. . 2.4.5.1 3.5 SANITARY WASTEWATER , 

The s a n i t a r y  wastewater i s  sent  t o  t h e  munic ipal  s a n i t a r y  sewer f o r  t reatment  

i n  t h e  munic ipal  wastewater t reatment  f a c i  1  i ty. 

2.4.5.13.6 NEUTRALIZED DEMINERALIZER CHEMICALS 

A f t e r  neu t ra l  i z a t i  on and pH ad justm'ent , demi nera l  i zer  regenera t i  onal chemical s  

and wash water a re  pumped d i r e c t l y  t o  t he  e f f l u e n t  ho ld ing  bas in  f o r  discharge 

t o  the  o u t f a l l .  

2.4.5.14 COOLING TOWER (SECTION 450) 

One c o o l i n g  tower i s  used t o  se rv i ce  a1 1 process sec t ions  o f  t he  p l a n t .  Th is  

tower i s  a mechanical d r a f t ,  cross f l o w  system con ta in ing  f i v e  12,000 ga l  l o n  

pe r  minute capac i ty  c e l l s .  Cool ing water,  c i r c u l a t e d  a t  a r a t e  o f  35,360 

ga l  lons  pe r  minute, i s  supp l ied  a t  a temperature o f  88OF t o  process users and 

i s  re tu rned a t  a temperature o f  114OF. The mass balance f o r  t h i s  sec t i on  i s  

shown i n  Table 2-34. 
, 

To main ta in  opt imal  opera t ing  performance i n  the  tower, chemical s  t h a t  i nhi  b.i t 

cor ros ion ,  s c a l i n g  and f o u l i n g  and m ic rob ia l  a c t i v i t y  a re  added t o  t h e  r e c i r -  

c u l a t i n g  water. As 1 i s t e d  i n  Table 2-35, these i nc lude  a chromium/zinc cor ro-  

s i o n  i n h i b i t o r ,  a  polymer ic  d ispersant ,  a  brominated n i t r i l op rop ionamide  

microbioc ide,  c h l o r i n e  and s u l f u r i c  ac id.  

4 The pr imary source o f  makeup water t o  t he  c o o l i n g  tower i s  c i t y  water. Sup- 

p l  ementary makeup water i s  obta ined 'from the  t r e a t e d  e f  f 1 uent ho ld ing  pond, 

from moisture condensed i n  a i r  separa t ion 'and from bo ' i l e r  feed water prepa- 

r a t i o n  backwash and blowdown. It should be noted t h a t  It may be poss ib le ,  

a f t e r  analyses o f  t r e a t e d  wastewater a re  conducted du r ing  p l a n t  operat ions,  t o  

send a normal' continuous f l ow  o f  t r e a t e d  wastewater as makeup t o  the  c o o l i n g  
:.. . . 



'TABLE 2-34 

MASS BALANCE FOR THE IFGDP COOLING TOWER.SYSTEM (SECTION .450)* 

I n p u t  Output 
(1 b/hr) ( l b /h r )  

Makeup Water 574,500 

89;0% C i t y  water 

6.5% Treated wastewater 

1.4% A i r  Separat ion condensate 

3.1% Backwash/rinse water from 
Wastewater Treatment 

C i r c u l a t i n g  . r e t u r n  water 17,680,000 

C i r c u l a t i n g  Water Supply 

7.3% C r e d i t  Generation 

0.6% u t i l i t i e s  

0.2% Coal/Coke Receiving and 
Hand1 i ng i 

. . 
19.2% A i r  Separat ion 

27.2%' Gas Cool i ng and Scrubbing 

16.9% Gas Compression 

21.7% Gas Treatment 

6.0% Sour Water S t r i p p i n g  . ' 

0.4% Ash Handl.ing 

0.5% M i  scel 1 aneous Users 

~ v a ~ o r a t i o n  

. D r i f t  

Blowdown ( t o  Wastewater Treatment) 

Tota l  
. . 

* Excl ud i  ng chemical s 



TABLE 2-35 

CHEMICAL ADDITIVES TO RECIRCULATING COOLING WATER (SECTION 450) 

Add i t i ve  Composition Dose 

Corros ion i n h i b i t o r  35% chromic a c i d  5 t o  10 mg/l hexavalent 
(Drew CWT- 102) 12% z i n c  ox ide chromi um J 

3 t o  10 mg/l z i n c  
130 lb/day t o  main ta in  

45 ppm res idua l  

Dispersant  conta ins a m ix tu re  o f  70 lb/day 
(Drewsperse 738) po l  y s i  1 oxqne-pol yoxyal  kene 25 ppm maintained i n  

copolymer' and oxyal k y l  ene c i r c u l a t i n g  water 
polymer, where the  a l k y l  
group i s . $ e i t h e r  e t h y l -  
o r  p ropy l -  

B ioc ide  
(Bi  osperse 240) 

Ch lor ine  

5% a c t i v e  1 t o  6 oz per  1000 
( 2 , 2 - ~ i b r o m o - 3 - n i t r i l o -  ga l l ons  makeup water 
prop1 onami de) t o  main ta in  a 30 

ppm res idua l  

95% i n a c t i v e  

90 lb/day 
Added f o r  1 hour 
u n t i  1 a c i r c u l a t i n g  
concent ra t ion  o f  5 mg/l 
i s  reached 

S u l f u r i c  Ac id  66' Baume HZS04 1260 Ib/day 
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tower from the Wastewater Treatment sect ion. I n  t h i s  way, makeup from the 

Davis Pumping S ta t ion  would' be substant ia l  l y  reduced. 

Ef f luents  from t h i s  system include evaporation and d r i f t  losses t o  the atmos- 

phere and b l  owdown, which i s  t rea ted  i n Wastewater Treatment. The evaporat ion 

r a t e  i s  2.6 percent o f  the coo l ing water c i r c u l a t i o n  ra te ,  wh i le  d r i f t  loss i s  

approximately 0.05 percent o f  the c i r c u l a t i n g  ra te .  The blowdown has the  same 

chemical composition, bu t  undergoes treatment p r i o r  t o  discharge t o  the plant  
o f f - s i t e .  

2.4.5.15 STEAM GENERATION/FLUE GAS DESULFURIZATION (SECTION 430) 

The IFGDP employs waste heat recovery and c o a l - f i r e d  b o i l e r s  t o  generate 

h igh pressure (900 pounds per square inch gage) steam f o r  process d i s t r i b u -  

t i o n .  O f  the  466,738 pounds per hour o f  h igh pressure stream generated dur- 

i ng normal p l a n t  operat ion, 71.9 percent i s  generated by waste heat recovery, 

and the remaining 28.1 percent i s  generated i n  the bo i l e r .  Flue gas r e s u l t i n g  

from combusti on i n  the coal - f  i red bo i  1 ers requi  res desul f u r i  z a t i  on p r i o r  t o  

discharge t o  the atmosphere. 

2.4.5.15.1 WASTE HEAT RECOVERY/STEAM GENERATION 

High pressure superheated steam (nominal ly 900 pounds per square inch gage, 

840°F) i s  generated through waste heat recoyery i n  Gas Cooling and Scrubbing 

(Section 340) and the u t i  1 i t y  area steam generators. S u f f i c i e n t  steam gener- 

a t i n g  capaci ty i s  ava i lab le  t o  assure t h a t  an adequate supply o f  steam i s  

ava i lab le  f o r  an o rder l y  shutdown under power outage condi t ions.  The p l a n t  

can mainta in normal operat ions dur.ing b o i l e r  turnaround w i t h  one power b o i l e r  

down f o r  maintenance. 
\ 

The steam header system cons is ts  o f  two main steam leve ls :  h igh pressure 

(900 pounds per square inch gage, 840°F) and low pressure (85 pounds per 

square inch gage, 420°F). Two other steam leve ls  are ava i lab le  i n  l i m i t e d  

areas o f  the p l an t  f o r  dedicated services: 125 pounds per square inch  gage, 

505OF and 50 pounds per square inch gage, 298OF. 
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Most of the high pressure steam i s  used in process units a f t e r  'expanding 

. . through back pressure turbines to  the ultimate required steam conditions. 

Superheated 125 pounds per squa.re inch gage steam for  the .largest consumers, 

the gas i f ie rs ,  i s  produced by turbine exhaust. In the event of an emergency 
requi.ring the a i r  compressor topping turbine to  be shut down or bypassed, 

I 
high pressure steam can be l e t  down direct ly  to  the gas i f ie rs  through a pres- 

1 .  sure control valve. 

Much of the low pressure 85 pounds per square inch gage steam demand i s  de- 

rived from other on-site back pressure turbines. The remaining 83 percent 

steam production resul ts  from flashed boiler blowdowns and a small quantity 

of letdown from the 900 pounds per square inch gage header for  control pur- 

poses.. The major consumers of t h i s  steam are the hydrogen sulfide s'tripper 

reboiler in Gas Treatment and the s t r ippers  in Sour Water Stripping. The 

balance of the 85 pounds per square inch gage steam i s  uti  1 ized in buildings, 

heating, . the Flare, the carbonate regenerator reboi 1 e r  in Credit Generation 

and other miscellaneous minor consumers. 

A small amount of 50 pounds per square inch gage, saturated steam i s  generated 

through waste heat recovery in Sulfur Recovery and the Beavon package unit  

in Tail Gas Treatment. Part of t h i s  steam i s  used within these two uni ts ;  

the excess i s  sent d i rec t ly  to  the deaerator for  boiler feed water deaeration. 

The remainder of the deaerati ng stripping steam requirement i s  obtained from 

the 85 pounds per square inch gage steam header. 

2.4.5.15.2 COAL-FIRED BOILERS/STEAM GENERATION 

Each package bo'iler i s  designed to  produce 225,000 pounds per hour of 915 

pounds per square inch gage, 865OF steam for  use in the '900 pounds per square 

inch gage superheated steam header. Both steam generators wi 11 normally 

operate a t  reduced capacity, producing about 105,000 pounds per hour of high 

pressure steam. Conventional pulverized, coal-fi red boilers designed to  ut i -  

1 ize both coal fines and char fines as par t  of the fuel requi.rement are  used. 

Coal fines from Coal/Coke Preparation a ~ d  Feeding and gas i f ie r  fines from 

Coal Gasification are pneumatical ly conveyed t o  a receiving bin and combined 
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w i t h  f i l t e r e d  char f i n e s  con ta in ing  a maximum o f  25 percent  moisture. These 

f i n e s  a re  h x e d  and homogenized w i t h  raw coal  from. Coal/Coke Hand1 i n g  i n  a 

p u l v e r i z e r .  The r e s u l t a n t  ma te r i a l  i s  f e d  t o  the  pu l ve r i zed  coal  burners. 

Top and bottom ash i s  produced i n  the  steam generator from coal  combustion. 

Roughly 20 percent  o f  t h e  . t o t a l  ash i s  removed by a bottom ash s l u i c i n g  system 

t o  Ash Treatment. The remaining top  ash passes through a dus t  c o l l e c t o r ,  i s  

th rough ly  wet ted w i t h i n  a mix ing  chamber and i s  t rucked away t o  the  ash p i l e .  

The r e s u l t a n t  f l u e  gas produced, a f t e r  exchanging heat i n  an a i r  preheater ,  i s  

blown i n t o  t h e  s tack  gas cleanup package f o r  removal o f  s u l f u r  d iox ide .  

2.4.5.15.3 FLUE GAS DESULFURIZATION 

Because h igh  s u l f u r  'coal i s  used f o r  f u e l  i n  Steam Generation, h igh  l e v e l s  o f  

s u l f u r  d iox ide  are  produced by combustion which must be t r e a t e d  i n  o rder  t o  

1 i m i  t emi ssions t o  environmental l y  acceptable 1 eve1 s. I n  order  t o  prevent  

p o l l u t i o n  o f  t h e  atmosphere,, 90 percent  o f  t he  s u l f u r  d iox ide  i s  removed i n  

the  FMC Double A l k a l i  F lue  Gas D e s u l f u r i z a t i o n  unit.. 

Bas i ca l l y ,  t he  FMC Double A1 ka l  i system cons is ts  o f  sodium s u l f i t e  scrubbing 

o f  s u l f u r  d iox ide  and regenerat ion o f  t he  scrubbing s o l u t i o n  w i t h  hydrated 

l ime. A f t e r  removal o f  p a r t i c u l a t e  mat te r  i n  a baghouse, steam generator f l u e  

gas i s  f e d  t o  the  stack gas cleanup package. Here i t  i s  combined w i t h  t h e  

d rye r  m i  11 f l u e  gas p r i o r  t o  e n t e r i n g  the  absorber. Upon e n t e r i n g  t h e  absorber, 

t he  f l u e  gas i s  contacted w i t h  scrubbing s o l u t i o n  con ta in ing  sodium s u l f i  t e  

(Na2S03), sodium b i s u l f i t e  (NaHS03) and sodium s u l f a t e  (Na SO ). ? 4 

The p r i n c i p a l  reac t fon  i n  t he  absorber i s  between s u l f u r  d iox ide  i n  t he  f l u e  

gas and sodium s u l f i  t e  i n  the  absorbing solut i 'on: 
. . 

SO2 + NapS03 + H20 + 2 NaHS03. (2-4) 

Some o x i d a t i o n  o f  t h e  sodium s u l f i t e  occuvs i n  t he  absorber as fo l lows:  I 
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The absorber i s  maintained a t  a  pH o f  6  t o  7  as a  h i g h l y  buf fered s u l f i t e  

system. This avoids c a l c i  um carbonate sca l i ng  a t  a  h igher pH and increased 

s u l f u r  d iox ide  vapor pressure reducing scrubbing e f fec t iveness a t  a  lower pH. 

The r e c i r c u l a t i o n  scrubbing s o l u t i o n  i s  constant ly  b l e d  according t o  s u l f u r  

d iox ide  i n l e t  f low, thereby mainta in ing a  constant pH. From t h i s  b leed stream, 

sodium s u l f i t e  i s  regenerated by r e a c t i o n  w i t h  hydrated l ime  as fo l lows:  

The preceding reac t ion  takes p lace i n  a  low-residence time, s t i r r e d  tank a t  

a  c o n t r o l l e d  pH o f  8.5, the  t i t r a m e t r i c  endpoint. The calcium sludge i s  

thickened and ' f i  1  te red t o  produce a  f i  1  t e r  cake o f  60 t o  70 percent so l  i ds ,  

which i s  washed t o  minimize sodium losses. Sodium s u l f i t e  s o l u t i o n  i s  produced 

i n  the  th ickener  and, as f i l t r a t e ,  i s  returned v i a  a  ho ld ing tank a t . p H  = 8.5 
i! 

t o  the  absorber. I n  t h i s  manner, requ i red sodium makeup i s  i n  the  range o f  2  

t o  5 .  percent , o f  s u l f u r ,  d iox ide c o l  lected.  

Makeup i s  i n  the  form o f  a ,sa tu ra ted  soda ash s o l u t i o n  (sodium carbonate); 

and, according t o  the  f o l l o w i n g  react ion ,  maintains the  scrubbing so lu t ion :  

The r e s u l t a n t  f i l t e r  cake, produced a t  vacuum f i l t e r s ,  i s  disposed o f  by 

mix ing i t  w i t h  f l y  ash and t r u c k i n g  i t  t o  the on-s i te  ash p i l e .  
> 

2.4.5.16 SUPPORT FACILITIES 

Numerous nonprocess support f ac i  1  i ti es are requ i red f o r  the  opera t i  on o f  the  

IFGDP. A desc r ip t i on  o f  these f a c i l i t i e s  i s  given i n  t h i s  sect ion. 

\ 

2.4.5.1.6.. 1  WATER SUPPLY AND. STORAGE 

Raw water makeup cons is ts  o f  p re t rea ted  c i t y  water prqvided by the C i t y  o f  

Memphis water system. Analysis o f  water enter ing  the  p l a n t  b a t t e r y  l i m i t s  

based on water from the Davis Pumping S t a t i o n  i s  g iven i n  Table 2-11. 



The ' r e c i r c u l a t i o n  scrubbing . s o l u t i o n  i s  cons tan t l y  b l e d  according t o  s u l f u r ,  

- d iox ide  i n l e t  f low,  thereby main ta in ing  a constant  pH. From t h i s  b leed stream, 

sodi um s u l  f i t e  i s  .regenerated by r e a c t i o n  w i t h  hydrated 1 ime as f o l  1  ows: 

The preceding r e a c t i o n  takes p lace i n  a low-residence t ime, s t i r r e d  tank  a t  

a c o n t r o l l e d  pH o f  8.5, t h e  t i t r a m e t r i c  endpoint.  The calc ium sludge i s  

th ickened and f i l t e r e d  t o  produce a f i l t e r  cake o f  60 t o  70 percent  s o l  i ds ,  

which i s  washed t o  mini'mize sodium losses. Sodium s u l f i t e  s o l u t i o n  i s  produced 

i n  t h e  th i ckener  and, as . f i l t r a t e ,  i s  re tu rned  v i a  a ho ld ing  tank  a t  pH = 8.5 

t o  t h e  absorber. I n  t h i s  manner, requ i red  s'odium makeup i s  i n  t he  range o f  2 

t o  5 percent  o f  s u l f u r  d i o x i d e  c o l  l ec ted .  

Makeup i s  i n  t h e  form o f  a sa tura ted  soda ash s o l u t i o n  (sodium carbonate); 

and,. accord ing t o  t h e  f o l  low ing reac t i on ,  mainta ins the  scrubbing so lu t i on :  

The r e s u l t a n t  f i l t e r  cake, produced a t  vacuum f i l t e r s ,  i s  disposed o f  by 

m ix ing  i t  w i t h '  f l y  ash and t r u c k i n g  i t  t o  the  on -s i t e  ash p i l e .  

2.4.5.16 SUPPORT FACILITIES 

Numerous nonprocess support  f a c i l i t i e s  a re  requ i red  f o r  t he  ope ra t i on  o f  t h e  

IFGDP. A d e s c r i p t i o n  o f  these' f a c i l i t i e s  i s  g iven i n  t h i s  sec t ion .  

2.4.5.16.1 WATER SUPPLY AND STORAGE 

. . 
Raw water makeup cons i s t s  o f  p r e t r e a t e d  c i t y  water p rov ided by the  C i t y  o f  

Memphis water system. Ana lys is  o f  water e n t e r i n g  the  p l a n t  b a t t e r y  l i m i t s  

based on water from t h e  Davis Pumping S t a t i o n  i s  g iven i n  Table 2-11. 



The c i t y  water / f  i rewater storage 'tank conta ins water o f  s u f f i c i e n t  qua1 i t y  t o  

use as makeup f o r  t h e  Cool ing Tower, as w e l l  as f o r  emergency potab le  and 

serv ice  water '  and i n f  1 uent t o  t h e  demi nera l  i r e r  package f o r  b o i  1 e r  feedwater 

treatment. The upper sec t ion  o f  t he  storage tank  conta ins 942,000 ga l lons ,  

based on an 8-hour holdup f o r  process and u t i l i t y  use. The lower sec t i on  of 

t h i s  tank  conta ins 1,032,000 ga l  lons  and prov'ides a 4-hour, reserve, holdup of 

f i r ewa te r ,  based  on two 2000 ga l  1 o n  per  minute f i rewater pumps opera t i  ng 

simultaneously. Together, t he  t o t a l  tank  capac i ty  o f  bo th  sec t ions  represents 

1,974,000 gal lons.  

Water from t h e  upper sec t i on  o f  t h e  storage tank ,  f lows by g r a v i t y  d i r e c t l y  t o  

t h e  Cool ing Tower basin. Potable and se rv i ce  water a re  normal ly  supp l ied  by 

t h e  c i t y  a t  a pressure \o f  80 pounds per  square i n c h  gage a t  t h e  p l a n t  b a t t e r y  

1 i m i  t s .  I f  t h i s  supply i s  tempora r i l y  c u t  o f f ,  t h e  c i t y  water' pumps ,' t a k i n g  

suc t i on  from t h e  upper sec t i on  o f  t he  storage tank, can supply such water a t  

about 65 pounds per  square i nch  gage by manually opening a valve.. These pumps 

normal ly  supply water t o  t h e  demineral izer  package f o r  use as b o i l e r  feedwater 

makeup. 

2.4.5.16.2 FIREWATER SYSTEM 

The pr imary p l a n t  f i r e  sa fe ty  system i s  t h e  f i r e w a t e r  system. The f i r e w a t e r  

system has an underground g r i d  d i s t r i b u t i o n  system c o n s i s t i n g  o f  loops w i t h  

sec t i ona l  valves around the  process u n i t s  and coal  p i l e s .  , F i r e  hydrants are  

located on t h e  g r i d  a t  d is tances o f  nominal ly  150 f e e t  f o r  on-s i tes  and 300 

f e e t  f o r  o f f - s i t e s .  

The f i r e w a t e r  system has th ree  f i r e w a t e r  pumps, each r a t e d  a t  2000 ga l lons  per  

minute w i t h  a discharge pressure o f  150 pounds pe r  square i n c h  gage. , These 

th ree f i r e w a t e r  pumps are d r i ven  by one motor and two d iese l  engines. The 

water supply i s  obta ined from t h e  c i t y  water / f i rewater  tank, which serves a 

dual purpose o f  p r o v i d i n g  f i r e w a t e r  storage and' t r e a t e d  c i t y  water storage. 

Th is  tank has a t o t a l  capac i ty  o f  1,974,000 gal1on.s. The lower 1,032,000 

ga l lons  o f  water i s  reserved f o r  f i r e w a t e r  use, which a l lows the  c i t y  water 



- 

pumps acce'ss t o  t h e  upper 924,000 ga l  lons  only .  The. 1,032,000 ga l  lons  repre-  

sent  a 4-hour supply a t  4000 ga l l ons  pe r  minute w i t h  two pumps operat ing.  

The f i r e w a t e r  pumps' a re  on aut0mati.c pressure s t a r t  w i t h  t ime delay. The 

motor-dr iven pump s t a r t s  f i r s t ;  then, a d iese l  engine-dr iven pump; and f i n -  

a l  l y ,  a. second d i e s e l  engine-dr iven pump. For f a i  1-safe operat ion,  t h e  d iese l  

engi ne-dr i  ven pumps a re  complete ly  independent o f  any ou ts ide  power source. 

If requ i red ,  a l l  t h r e e  pumps can be run  simultaneously. 

The pressure i n  t h e  f i r e  main i s  mainta ined by a s l i ps t ream o f f  t h e  discharge 

of t h e  c i t y  water pumps, which have a discharge pressure o f  75 pounds per  

square i n c h  gage. . The f i r e w a t e r  g r i d  serves a l l  process u n i t s .  

Steam c o i l s  a re  prov ided i n  t h e  lower sec t i on  o f  t h e  c i t y  wa te r / f i r ewa te r  tank  

t o  guard aga ins t  f r e e z i n g  du r ing  the  w i n t e r .  

2.4.5.16.3 BOILER FEEDWATER TREATMENT 

C i t y  water a t  65OF average, from. t h e  c i t y  water s torage tank, undergoes 

t reatment  i n  a .  demi nera l  i zer package t o  upgrade the  water qua1 i t y  f o r  use t h e  

h igh  pressure superheater b o i  1,er. Th is  system has an a c t i v a t e d  carbon f i 1 t e r  

t o  remove c h l o r i n e  found i n  the  c i t y  raw water t o  p r o t e c t  the,downstream r e s i n  

beds o f  t h e  deminera l i zer .  Cat ion  exchangers (weak a c i d  u n i t )  reduce hardness 

and a1 ka l  i n i  t y ,  and a d k g a s i f i e r  removes carbon d i o x i d e  and reduces the  load 

on t h e  f o l l o w i n g  r e s i n  bed. Anion exchangers ( s t rong  base u n i t )  remove s i l i c a  

.and o the r  anions. Demi nera l  i zed undeaerated water i s  s to red  i n the  demi ner- 

a l i z e d  s to rage tank, p r o v i d i n g  an 8-hour holdup. From t h i s  tank,  t he  demin- 

e r a l i z e d  water i s  pumped through a raw gaddemine ra l i zed  water exchanger and 

condensate demineral ized water exchanger, respec t i ve l y ,  t o  r a i s e  the  tempera- 

t u r e  from 65OF t o  165OF before  a deaerat ion. \ 

Low pressure condensate c o l l e c t e d  from the  condensate f l a s h  drum, r e b o i l e r ,  

b u i l d i n g  heat ing,  steam t r a c i n g  and the  Beavon u n i t ' i s  cooled from 312OF t o  



165OF by  exchanging heat  w i t h  co ld '  demi nera l  i z e d ,  water. and  i s then s to red  i n 

t h e  condensate storage tank. Condensate recovery has .been maximized i n  o rder  

t o  minimize raw water i n t a k e  costs. Four hours o f  condensate holdup \ i s  main- 

t a i n e d  t o  p r o t e c t  aga ins t  poss ib le  leakage o f  a process stream i n t o  the  con- 

densate. Adequate holdup permi ts  condensate dumping u n t i l  t he  problem i s  

corrected.  

. The deaerator  normal ly  operates a t  5 pounds pe r  square i n c h  gage. Steam i s  

used as t h e  s t r i p p i n g  medium, and a nominal 1000 pounds per  hour i s  vented 

t o  ensure adequate deaerat ion. Demineral ized water i s  supp l ied  as makeup 

water and mainta ins the  storage compartment l e v e l  i n  t h e  deaerator.  Deaera- 

t i o n  prov ides  water  o f  q u a l i t y  s u i t a b l e  f o r  h igh  pressure steam generat ion 

a t  915 pounds pe r  square i n c h  gage, 865OF. 

F i n a l  oxygen c o n t r o l  i s  .maintained by chemical a d d i t i o n  ,o f  hydrazi  ne, an 

oxygen scavenger, d i r e c t l y  t o  t h e  deaerator.  Amine i s  added i n  t h e  form o f  

morphol ine t o  t h e  b o i l e r  feedwater pump suc t i on  l i n e  t o  c o n t r o l  co r ros ion  o f  

p i  p ing.  

A n e u t r a l i z a t i o n  tank  i s  p rov ided t o  c o l l e c t  r i n s e  and regenerant streams 

from t h e  deminera l i zer  package. These wash streams are  then n e u t r a l i z e d  

w i t h  66' Baume s u l f u r i c  a c i d  o r  50 percent  caus t i c ,  as requi red.  Wastes are  

then dra ined t o  t h e  sampling basin. 

2.4.5.'16.4 POWER DISTRIBUTION, LIGHTING AND COMMUNICATION 

E l e c t r i c a l  power i s  purchased a t  161 k i l o v o l t s  and transformed t o  v,arious 

lower vol tages f o r  economical i n - p l a n t  d i s t r i b u t ' i o n .  The incoming power a t  

161 k i l o v o l t s  i s  stepped down t o  23 k i l o v o l t s  a t  t h e  main subs ta t ion ,  l oca ted  

on-si  t e  and owned by the  IFGDP. The incoming power i s  metered a t  161 k i l o -  

v o l t s .  U n i t  substat ions are  l oca ted  c e n t r a l l y  t o  concent ra t ion  o f  loads. 

E l e c t r i c a l  users rece ive  power a t  4.16 k i l o v o l t s ,  480 v o l t s  o r  120 v o l t s ,  

depending .upon the  horsepower o f  t he  motors t h a t  a r e ' o u t l i n e d  in the  bas ic  

engineer ing data. The l a r g e  d r i v e  motors use 23 t o  4.16 k i l o v o l t s  cap t i ve  

t ransformers and reduced vo l tage s t a r t i n g  i f  needed. 
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Main Substat ion -- 23 K i i o v o l t s  

. . 1 

. . I n c o m i n g  power i s  rece ived a t  161 ki1o;olts v i a  loop feeders. The main sub- 

s t a t i o n  has two f u l l y  r a t e d  t ransformers ( f o r  t h e  p l a n t )  t o  t rans form 161 

k i l o v o l t s  t o  23 k i l o v o l t s .  Transformers a re  r a t e d  as 161 k i l o v o l t s  t o  23 

k i l o v o l t s  25/33.3/41.6 megavol t amperes a t  65OC temperature r i s e .  An auto- 

mat ic  t ransfer 'scheme provides swi tchover  f o r  t he  p l a n t  l o a d  t o  one .o f  t he  

t ransformers i n  case o f  t r o u b l e  i n  t he  o the r  t ransformer.  The 23 k i l o v o l t  

system i s  s o l  i d l y  grounded. 
I 

The 23 k i l o v o l t ,  meta l -c lad,  1200-ampere c i r c u i t  breakers have s h o r t  c i r c u i t  

i n t e r r u p t i n g  capac i ty  a t  30,000 amperes. 

Substati 'ons -- 4.16 K i l o v o l t s  

s: . ' ,  . 
The, 4.16:. k.i l o v o l  t substa t ions  a re  l oca ted  c e n t r a l  t o  4.16 k i  1  ovol t loads. 

~ e e d s  t o  4.16 k i l o v o l t  subs ta t ions  are  from t h e  23 k i l o v o l t .  main subs ta t ion .  

The t ransformer . i s  s i zed  f o r  t he  l oad  w i t h  a  pr imary  disconnect sw i tch  a t  

600 amperes. An a1 t e r n a t e  feed t o  t h e  4.16 '  k i  1  o v o l t  subs ta t i on  p r o t e c t s  

aga ins t  cable f a i l u r e .  

The 4.16 k i l o v o l t  c i r c u i t  breakers are  r a t e d  1200 amperes and w i l l  s h o r t  

c i r c u i t  a t  250 megavolt amperes. 

Substat ions -- 480 V o l t s  

I n  general ,  480 v o l t  subs ta t ions  a re  f e d  from 23 k i l o v o l t  subs ta t ions  v i a  a  

loop feeder . .  A dual d isconnect  sw i tch  w i t h  a  fuse i s  p rov ided i n  t he  pr imary  

p r o t e c t i o n .  The 480 v o l t  subs ta t ions  have a 4.16 k i l o v o l t  p r imary  feed. 

~ r a n s f o r m e r s -  a re  1000 k i l o v o l t  amperes. The 23 k i l o v o l t  p r imary  dual sw i t ch  

i s  200 amperes. 



Power . ~ i s t r i b u t i o n  

The f o l l o w i n g  design c r i t e r i a  have been def ined: 

o Motors 150 horsepower and below, w i t h  the  except ion o f  f r a c t i o n a l  

horsepower motors, on t h e  480 v o l t  system and i n  general,  a re  f e d  

from 480 v o l t  motor c o n t r o l  centers having combination c i r c u i t  

I breaker s t a r t e r s .  

o Motors 200 horsepower t o  1250 horsepower use 4.16 k i l o v o l t  motor 

c o n t r o l  centers. 

o . Motors 1500 horsepower t o  6000 horsepower use c i r cu i t -b reaker - t ype  
. . 

s t a r t e r s  i n .4 .16  k i l o v o l t  switchgears; 

o Motors l a r g e r  than 6000 horsepower a t  4.16 k i l o v o l t s  are fed  

d i r e c t l y  from 23 k i l o v o l t  switchgear through a cap t i ve  transformer. 

The cap t i ve  t ransformer provides load tap  changers i n  order  t o  
. . 

decrease s t a r t i n g  megavol t amperes, where . required.  

o The 23 k i l o v o l t  i n - p l a n t  d i s t r i b u t i o n  i s  underground. A l l  other.  

: i n - p l a n t  d i s t r i b u t i o n  i s  overhead. ' ' 

o An emergency generator i s  provided. 

o An un' i .nterrupt i ,ble power supply system i s  provided. 

, 
o Emerg~ncy l i g h t i n g  i n s i d e  t h e  p l a n t  i s  provided: 

. . 

o ~ o f e n c e l i g h t i n g i s  included. 

o S t r e e t  l i g h t i n g  i s  provided. High pressure sodium l i g h t i n g  i s  

used. 
\ 



o   via ti on obs t ruc t i on  l i g h t s  are  provided. 

o The l a r g e  a i r  compressors are  d r i v e n , b y  synchronous e l e c t r i c  

motors.. . . 

A l l  o the r  e l e c t r i c  motors are i nduc t ion  motors. 
, 

. . . ,  . 

. .  o  ' A f i r e  alarm system i n s i d e  the  p l a n t  i s  p rov ided and connected t o  

a ' f i r e  s t a t i o n  outs ide  t h e  p lan t .  A steam w h i s t l e  i s  p rov ided t o  

sound t h e  f i r e  alarm and f o r  coded emergency c a l l s .  

o ' ~ l  ternat 'e cables t o  c r i t i c a l  s i n g l e  serv ices  prov ide  re1 i a b i  1 i ty  

aga ins t  cab1 e f a i  1 ure. 

. o  . .Transformers have nontoxic o i l .  

o  , A w a l k i e - t a l k i e  r a d i o  communication system i s  provided. 

o A beeper-type c a l l  system i s  provided. 

I . . 

o  Sound-powered phones are  inc luded f o r  communication t o  h igh  

s t ruc tures .  

o , An intercom f o r  c r i t i c a l  process, areas i s  i n s t a l  l e d  (hard-wired- . . 

type)'. . . 

o  , A paging system i s  included. 

o Te lev i s ion  moni to r ing  i s  inc luded a t  t h e  F lare .  

o Substat ion b u i l d i n g s  are  p re fab r i ca ted  metal.  



. . 

2.4.5.16.5 PLANT AIR AND INSTRUMENT NITROGEN 

. . 
P lan t  a i r  i s  suppl ied from a i r  compression f a c i l i t i e s  w i t h i n  the  A i r  Separa- 

. t i on  p lant .  D i s t r i b u t i o n  p i p i n g  over the interconnect ing piperack ,suppl i e s  
- . .users  through numerous u t i l i t y  s ta t ions  located s t r a t e g i c a l l y  throughout the  

. . 

p lan t .  Where necessary, users are t i e d  d i r e c t l y  t o  the  system. I n  the  event 

t h a t  the  A i r  Separation p l a n t  i s  on turnaround, p l a n t  a i r  i s  suppl ied by a 

- . portable'compressor(s) t i e d  i n t o  the d i s t r i b u t i o n  system. 

Ni t rogen i s  suppl ied from waste n i t rogen ava i lab le  i n  the  A i r  separat ion 

p lant .  Two rec ip roca t ing  compressors compress ava i lab le  waste n i t rogen t o  

the  desired pressure requ i red f o r  d i s t r i b u t i o n  t o  the g a s i f i e r  l o ck  hoppers 

and instrument n i t rogen system. One compressor handles normal demands, and 

the  second provides backup and peak demands.. 
. 8 

- .. 

Ni t rogen i s  a1 so avai 1 able through vapor iza t ion o f ,  1 i qu id  n i t rogen from s to r -  

age. This independent source provides backup i n  the event t h a t  the compressors I 

a re out  o f  service. It a lso  can provide f o r  star tup.  

Ni t rogen i s  used t o  "sweep purge" the F la re  header. This n i t rogen i s  suppl ied 

from the  compressed n i t rogen source. The purging/blanketing n i t rogen f o r  

.the coal t ranspor t  system i s suppl i e d  from the emergency vaporized n i t rogen 

system. 

An independent n i t rogen system suppl ied by n i t rogen b o t t l e s  i s  provided t o  

purge the F lare  knockout drum i n  the event o f  hot  blows. The pumping pre- 

vents cool-down f o l  lowi'ng a ho t  blowdown since. a i r  w i  11' be drawn i n t o  the  

F l  are header and 'drum system. 

2.4.5.16.6 INTERCONNECTING P I P I N G  

An elevated interconnect ing p ipe rack routes process and u t i  1 i t y  p i  ping. 

Pipe racks are interconnected i n  the process blocks, u t i l i t y  block, Waste 

Treatment f a c i l i t i e s ,  Cooling Tower and F lare  area. The rack wid th  and' one 



o r  two decks o f  t h e  p ipe  racks have p rov i s ions  f o r  'a 30 percent  f u t u r e  expan- 
. -. s ion. The main sec t i on  p a r a l l e l s  t h e  m a j o r . i n t e r p l a n t  access road. Several 

sec t ions  o f  a i r  f a n  heat exchangers a re  located above t h i s  rack  between t h e  
. . 

Coal G a s i f i c a t i o n  and Gas Compression p l a n t  sect ions. 

Per iod ica l . l y ,  p i p i n g  expansion loops are provided as requ i red  by p i p i n g  s t ress  

analyses. These are  located adjacent  t o  t h e  main rack. . . 

2.4.5.16.7 SEWERS. 

Several sewer-system networks are  provided. A s a n i t a r y  sewer ' co l l ec ts  a l l  

waste from s a n i t a r y  f a c i l i t i e s  i n  b u i l d i n g s  and d i r e c t s  t h e  f l o w  t o  an i n t e r -  

t i e  w i t h  t h e  munic ipal  sewer system network. 

Process area r a i n  r u n o f f  i s  d i r e c t e d  through a  sewer system t o  t h e  storm 

water holdup pond i n  t h e  Wastewater Treatment area. Rain r u n o f f  from -the 

coal  p i l e  area i s  d i r e c t e d  through a  sewer system t o  the  coal  p i l e  r u n o f f  

holdup pond i n  t h e  Wastewater Treatment area. 

2.4.5.16.8. BUILDINGS 

Bu i ld ings  f o r  t h e  IFGDP complex are prov ided i n  accordance w i t h  t h e  tabu la ted  

bu i  1  d ing  .l i s t  presented i n Tab1 e  2-36. Th is  1  i s t  i nd i ca tes  the  nominal bu i  1  d- 

i n g  dimensions and designates t h e  basic cons t ruc t i on  mater ia ls .  Bu i l d ings  

meet standard i n d u s t r y  design. The envis ioned scope o f  supply inc ludes neces- 

sary foundations, s t r u c t u r a l  framing, sheathing, roo f i ng ,  i n s u l a t i o n ,  plumbing, 

heat ing  and v e n t i l a t i n g  and/dr a i r  cond i t i on ing  a long w i t h  e l e c t r i c a l  power 

and l ' i g h t i n g  c i r c u i t r y .  A l l  design and cons t ruc t i on  i s  i n  accordance w i t h  

app l i cab le  l o c a l  and s t a t e  codes. 

A1 lowance i s  provided f o r  o f f i c e  fu rn i sh ings  f o r  t h e  admin is tka t ion  b u i l d i n g  

and o the r  o f f i c e  areas f o r  personnel. Tools and shop equipment t o  s u f f i c i e n t l y  

o u t f i t  t he  var ious c r a f t  shops f o r  normal maintenance o f  p l a n t  equipment are 

provided. ~ a b o r a t o r ~  equipment f o r  sampl i ng and ana lyz ing  process streams, 

change house lockers  and f a c i l i t i e s  f o r  personnel convenience are a l so  provided. 

I 



TABLE 2-36 

. . IFGDP LIST 'OF BUILDINGS 

s e r v i c e  

Warehouse/Mai ntenance/Change House 

Laboratory/F i  r s t  A i d  

F i  rehouse 

.Main Cont ro l  House 

. G a s i f i e r  Cont ro l  House 

U t i  1 i ty Cont ro l  House 

B o i l e r  Feedwater Treatment 

Gate ' ~ o u s e s  (two) 

E l e c t r i c a l  Substat ions (n ine)  

2 Area ( f e e t  ) 

7,200' 

' 20,000 

3,200 . 

1,800 

3,000 

1,500 

3,000 

4,800 

400 each 

( s i z e  va r i es )  

Cons t ruc t ion  M a t e r i a l  

S t r u c t u r a l  S tee l  

Masonry 

Prefab Metal  

Prefab Metal  

Masonry,' B l a s t  Res i s tan t  

Masonry, B l a s t  Res i s tan t  

Masonry 

Prefab Metal  

Masonry 

Prefab Metal 



2.4.5.16.9 ROADS AND FENCES 
- 

ROADS 

The IFGDP conta ins  paved roads t o  p rov ide  ope ra t i ng  anc maintenance access 

t o  a1 1 processing u n i t s  and u t i  1 i t y  support f a c i  1 i t i e s .  I n  general,  b a t t e r y  

1 i m i t  areas o f  u n i t s  a re  surrounded by pe r iphe ra l  roads t o  s a t i s f y  f i r e  f i g h t -  

i n g  and s a f e t y  requirements. The paved w i d t h  o f  a1 1 roads i s  25 f e e t  w i t h '  

except ion  o f  t h e  main approach and entrance roads which are  30 f e e t  wide. 

Paving i s a s p h a l t i c  cement c o n s i s t i n g  o f  2 - i  nch f i n i  shed road sur face b i  nder, 

4 - i  nch subbi nder, and. 6 - i  nch subbase,. The a s p h a l t i c  cement i s  appl i e d  over  

. . a sur face and compacted t o  95 percent  o f  maximum dens i ty .  

FENCES 

I 

A p r imary  fence, inc luded on t h e  fence l i n e  shown on the  p l o t  p l a n  (F igure 

2-12),,encompasses t h e  e n t i r e  IFGDP s i t e .  , ,Th is  i s  a cyclone-type fence, 6 

f e e t  high, w i t h  a th ree-s t rand barbed w i r e  a n t i c l i m b e r  topping.  A gate i s  

p rov ided a t  t h e  gate house w i t h  remote c o n t r o l  c i r c u i t r y .  The gate a t  t h e  

secondary p l a n t  entrance serves as the  pr imary t r u c k  entrance. 
/ 

Secondary fenc ing  i s  prov ided t o  enclose outdoor s torage associated w i t h  the  

warehouse,, e l e c t r i c a l  t ransformer yards,  gas meter s t a t i o n  and veh ic le  pa rk ing  

areas. 

2.4.5.16.10 DOCK FACILITIES 

Docking f a c i l i t i e s  a re  s i zed  t o  handle c l u s t e r s  o f  9 o r  16 coal  barges a t  ) 

one t ime. The f a c i l i t i e s  i nc lude  a s t r i n g  o f  dock/mooring c e l l s  (abricated 

from i n t e r l o c k i n g  steel .  sheet p i l i n g ,  each c e l l  f i l l e d  w i t h  r i v e r - r u n  sand 

and grave l  and capped by a 12- inch- th ick  r e i n f o r c e d  concrete slab. 

F a c i l i t i e s  t o  unload indi.v idua1 Coal barges are  l oca ted  a t  t he  midway p o i n t  

i n  t h e  mooring c e l l  l i n e  and a re  accessib le from 'shore v i a  t r e s t l e  roadway. 
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2.4.6 PLANT MATERIAL BALANCES 

Figure 2-20 shows a schematic representa t ion  o f  t h e  IFGDP i n p u t  and output  

streams. D e t a i l s  o f  p l a n t  i npu ts  (as feedstocks) and outputs (as products) 

are provided i n  Sect ion 2.4.2 and Sect ion 2.4.3, respect ive ly .  D e t a i l s  o f  

p l a n t  emissions are  provided i n  Sect ion 2.4.4. This sec t ion  provides i n f o r -  

mati  on concerni ng important  o v e r a l l  p l  an t  mater i  a1 balances which i n c l  ude: 

o Mass balance 

o Energy balance 

o Water balance 

o S u l f u r  balance 

2.4.6.1 OVERALL PLANT MASS BALANCE 

The o v e r a l l  p l a n t  mass balance f o r  normal p l a n t  opera t ion  ( th ree g a s i f i e r s  

running a t  100 percent  capaci ty)  i s  shown i n  Table 2-37. Major p l a n t  i npu ts  

i nc lude  coal (3158 tons per  day), water (1 1,278 tons pe r  day) and a i r  (1 1,133 

tons per  day). O f  the  t o t a l  coal  feed, 98.5 percent  goes t o  Coal Preparat ion 

and Feeding f o r  g a s i f i c a t i o n ,  and the  remaining 1.5 percent  i s  used i n  Steam 

Generation. Most o f  t he  i n p u t  a i r  (72.5 percent) goes t o  A i r  Separat ion t o  

produce the  oxygen requ i red  i n  Coal Gas i f i ca t i on .  Add i t iona l  process a i r  i s  

used i n  Coal Preparat ion and Feeding f o r  coal  d ry ing  (5.6 percent) ,  i n  Steam 

Generation (18.9 percent),  i n  S u l f u r  Recovery (1.9 percent) and i n  T a i l  Gas 

Treatment (1.1 percent).  Raw water i s  used p r i m a r i l y  as makeup t o  the  Cool ing 

Tower (64.8 percent) and as makeup t o  b o i l e r  feed water p repara t ion  (34.4 

percent). 

These inpu ts  r e s u l t  i n  a' v a r i e t y  o f  outputs. Major product  outputs are prod- 

u c t  IFG (3950 - - tons per  day)', p i p e l i n e  q u a l i t y  gas (93 tons per  day) and l i q u i d  R 

s u l f u r  (100 tons per  day). Other major outputs are  p l a n t  emissions i n c l u d i n g  

t r e a t e d  wastewater (4282 tons pe r  day), waste stack and vent gases (11,036 

tons per  day) and s o l i d  wastes (566 tons per  day). 
r l  



Figure 2-20. Overall P1,ant Material Balance ' f o r  the  IFGDP 
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TABLE 2-37 

OVERALL MASS BALANCE FOR THE IFGDP 

Inpu t  
(1 b/hr) 

Coal - t o  Coal Receiving ' , 263,200 
and Hand1 i n g  . . 

. .  . A i ' r  t o  A i r  Separation 671,200 

P lant  raw water from 939,800 
MLGW system 

Process and reactor  a i r  81,100 
from atmosphere 

A i r  t o  Steam Generation 175,300 
from atmosphere 

Chemicals and ca ta lys ts  1,400 . .  

Product IFG from Gas 
Treatment t o  d i s t r i b u t i o n  

.Pipel ine qua1 i t y  gas from 
Cred i t  Generation t o  d i s t r i b u t i o n  

L iqu id  Sul f u r  from Sul f u r  
Recovery t o  sale . 

Wastewater f r i m  e f  f 1 uent' 
ho ld ing pond t o  Miss iss ipp i  River 

Wet ash from .Ash Treatment 
t o  ash p i l e  

Waste gas from A i r  Separation 
t o  atmosphere 

P lant  stack gas t o  .atmosphere 

i Evaporation and d r i f t  from 
. I Cooling Tower t o  atmosphere 

Evaporat ion ' f rom Beavon T a i l  
Gas Treatment t o  atmosphere 

T a i l  gas from Beavon T a i l  
Gas Treatment t o  atmosphere 

F l y  ash from Steam Generation 
t o  ash p i l e  

wastewater t o  
municipal sewer 

Output 
(I b/hr) 

(Continued) 

2-141 



TABLE 2-37 (Continued) , 

Vents from various process 
systems t o  atmosphere 

Sludges and spent catalysts 
t o  disposal 

Output 
( lb/hr)  

Total 2,132,000 . 2,132,000 



2.4.6.2 OVERALL PLANT ENERGY BALANCE 

. . 
The ove ra l l  p l a n t  energy balance f o r  normal p l a n t  operat ions i s  shown i n  Table 

2-38. Major energy inpu ts  t o  the process inc lude the  higher heat ing value 

(HHV) o f  the coal and purchased e l e c t r i c i t y .  1 n  terms o f  t o t a l  p l a n t  heat 

input ,  62.0 percent  i s  recovered as product IFG, 5.5 percent i s  recovered as 

p i p e l i n e  gas and 1.1 percent i s  recovered as by-product su l f u r .  Major p l a n t  

waste energy streams are the Cool ing Tower losses (15.6 percent o f  i npu t  

energy), a i r  fan losses (7.0 percent  o f  i npu t  energy), coal ash (2.3 percent 

o f  i npu t  energy) and p l a n t  stack, vent and waste ,gases (3.6 percent o f  i npu t  

energy). Overal l  thermal e f f i c i e n c y  , expressed as the percentage o f  i nput 

coal and e l e c t r i c a l  energy recovered as product IFG and p i p e l i n e  gas, i s  68.0 

percent. The e f f i c i e n c y  ca lcu la ted  by inc lud ing  the s u l f u r  product  i s  69.1 

percent. 

2.4.6.3 OVERALL PLANT WATER BALANCE 

The overa l l  p l a n t  water balance f o r  normal p l a n t  operat ions i s  shown i n  Table 

2-39.. Water . inputs t o  the  process inc lude raw makeup.water, (93.9 percent o f  

, the mater ia l  balance), water as coal moisture (2.9 percent o f  the mater ia l  
. . 

balance) and. water i n  a i r  t o '  the process (1.8 percent o f  the materi  a1 balance). 

Water produced as a r e s u l t  o f  combustion f o r  coal d ry ing  i n  Coal Preparat ion 

and Feeding and i n  Steam Generation and as a r e s u l t  o f  chemical reac t ion  i n  

Cred i t  Generation, Su l fu r  Recovery and T a i l  Gas Treatment c o l l e c t i v e l y  accounts 

f o r  the remaining 1.4 percent o f  i npu t  water i n  the mater ia l  balance. 

Water outputs from the process leave p r i m a r i l y  as coo l ing tower losses (46.8 

percent),  as t rea ted  wastewater t o  the Miss iss ipp i  River (34.0 percent) and as 

water i n  waste vents and stack gas (7.3 percent).  A la rge amount o f  water 

(9.0 percent) i s  consumed by the g a s i f i c a t i o n  react ions.  The remaining water 

outputs are san i tary  wastewater and b l  owdowns t o  municipal treatment (1.8 

percent),  occluded wate,r i n  sludges and s o l i d  wastes t o  disposal (1.1 percent) 

and moisture i n  the product gas. 



TABLE 2-38 

OVERALL ENERGY BALANCE FOR THE IFGDP 

I n p u t  Output 
(MMBtu/hr)* (MMBtu/hr) 

Coal to' Coal Receiving .2,936.5 

/ and Hand1 i n g  

A i r  t o  A i r  Separat ion 16.4 

Purchased e l e c t r i c i t y  f rom 153.9 (45.'1 IvlW) 
MLGW 

process and r e a c t o r  a i r  
f r,om atmosphere 

A i r  t o  Steam Generat ion 
from atmosphere 

Product IFG from Gas . 

Treatment t o  d i s t r i b u t i o n  

P i p e l i n e  q u a l i t y . g a s  from 
C r e d i t  Generat ion t o  d i s t r i b u t i o n  

L i q u i d  S u l f u r  from S u l f u r  
Recovery t o  Sale 

Wet ash from ~ s h  Treatment 
t o  'ash' p i  l e  

Waste gas from A i r  Separat ion 
t o  atmosphere 

P l a n t  s tack  gas t o  atmosphere 

'Evaporation and d r i f t  from . . 

Cool ing Tower t o  atmosphere 

Evaporat ion from Beavon Tai  1 
Gas Treatment t o  atmosphere 

T a i l  gas from Beavon T a i l  Gas 
Treatment t o  atmosphere 

A i r  f an  losses 

Vent's from var ious  process 
. systems t o  atmosphere 

Miscel laneous heat losses 

To ta l  3 ,:I 13. 0 

* r.lMBtu/hr = rni lTions o f  B tu  per  hour . 
. 

. . 2-1 44 



TABLE 2-39 . . 

I : 
OVERALL WATER BALANCE FOR THE.IFGDP 

I n p u t  
(1 b/hr) 

Water i n  a i r  t o  13,094 
A i  r Separat ion . . 

Water i n  process a i r .  4,985 ' 

t o  users 

Water i n  Coal t o  Coal 28,944 
Receiving and Handling' i 

Raw makeup water " 

from MLGW s t a t i o n  

Water produced by 
chemical reac t ions  

Water produced from 
coal  combustion . 

Water consumed by 
Coal G a s i f i c a t i o n  

Treated wastewater t o  
: M i s s i s s i p p i -  R i v e r -  

Wa'ter t o  municipal 
waste t reatment  

Water i n  sludges and 
. s o l i d  waste t o  d isposal  

Cool i ng tower evaporat ion 
and d r i f t  losses 

Water i n  v.ents and s tack  
. gases 

Water i n  product ' IFG and 
p ipe1 i n e '  gas 

Output 
(1 b/hr) 

To ta l  



2.4.6.4 - OVERALL PLANT SULFUR BALANCE 

The o v e r a l l  p l a n t  s u l f u r  balance f o r  normal p l a n t  operat ions i s  shown i n  Table 

2-40. S u l f u r  e n t e r s . t h e  process as bound s u l f u r  i n  t h e  c o a l ,  and 90.9 percent  

o f  i n p u t  s u l f u r  i s  recovered as a l i q u i d  s u l f u r  product .  The s u l f u r  content  

o f  sludges and s o l i d  wastes (ash) t o  d isposal  accounts f o r  8.2 percent  of 

i n p u t  s u l f u r ,  and 0.2 percent  leaves the  process i n  p roduct  IFG. The remaining 
. . 

, s u l f u r ,  ou tpu t  (0.7 percent)  leaves t h e  process i n  t h e  main p l a n t  s tack  gas and * 

i n  t h e  vent  gas from T a i l  Gas Treatment.. 

2.4.7 PROCESS CONTROL. AND FLEXIBILITY 

I n  t h i s  section., key process parameters i n  t he  planned ope ra t i on  o f  t h e  IFGDP 

a r e d e s c r i b e d ,  and the  importante o f  t h e i r  c o n t r o l  on p l a n t  opera t ion  and 

f l e x i b i l i t y  i s  discussed. 

2.4.7.1 PROCESS CONTROL 

. . 

Process c o n t r o l  p o i n t s  i n c l  ude' those i n v o l v i n g  f 1 ow, temperature, pressure o r  

composit ion. The detec t ion ,  mon i to r i ng  and maintenance a t  predetermined 

l e v e l  s  o f  these independent o r .  dependent process va r iab les  i s  v i t a l  t o  the  

successful  opera t ion  o f  t he  IFGDP. 

. . 

The r a t e  o f  t he  coal  g a s i f i c a t i o n  r e a c t i o n  i n  t he  i s  complex and 

depends on many f a c t o r s  such as p a r t i c l e  s i ze '  i n  t h e  f l u i d  bed, p a r t i c l e  

r e a c t i v i t y  w i t h  steam and oxygen, f l u i d - b e d  temperature p r o f i l e ,  f l u i d - b e d  

dens i t y  and gas res idence t ime. The "coal must be fed ' , a t  a r a t e  s u f f i c i e n t  t o  . . 

keep the  f l  ui 'dized bed depth r e l a t i v e l y  constant .  Therefore, mon i to r i ng  o f  ' 

t he  bed depth i s  important .  

The feed i n j e c t i o n  l o c a t i o n .  i s  a l s o  a n  important  parameter. The feed i n j e c -  

t i o n  p o i n t  f o r  t he  IFGDP i s  l oca ted  about 15 f e e t  below the  top  o f  t h e  f l u i d -  

i z e d  bed t o  a l l o w  more complete g a s i f i c a t i o n  o f  t he  coa l .  



TABLE 2-40 

OVERALL SULFUR BALANCE. FOR THE IFGDP 

I n p u t  
(1 b/hr) 

S u l f u r  . i n  coal t o  .Coal 
Preparat ion' and Feeding . 

S u l f u r  i n  coal t o  Steam ' . ' 
'. . Generation, 

L i q u i d  s u l f u r  from S u l f u r  
Recovery 

S u l f u r  i n  p l a n t  s tack gas 
- '  S u l f u r  ' i n  vent gas from 

Ta i l .Gas Treatment 

S u l f u r  in '  product.  IFG 
L from Gas Treatment 

S u l f u r  i n  sludge from 
Flue 'Gas Desul f u r i  za t ion  

S u l f u r  i n  ash from 
Ash Treatment 
. . 

. - .  . . .  

Output 
(1 b/hr) 

Tota l  9,203 
. . 

9,203 



i The f l o w  rates.  f o r  steam and oxygen, and t h e i r  r a t i o ,  determine f l u i d - b e d  
I 

temperature and gas s u p e r f i c i a l  v e l o c i t y .  Gas v e l o c i t i e s  c o n t r o l  gas r e s i -  

dence t ime  and f lu id -bed dens i ty .  Mon i to r i ng  and accurate c o n t r o l  o f  t h e  
. . . , -oxygen and steam f l o w  r a t e s  a re  v i t a l  parameters i n  t h e  successful  g a s i f i c a -  

. . ti on o f  coal .  

As t h e  ash agglomerates form i n  t h e  g a s i f i e r ,  they  a re  removed by f a l l i n g  

through t h e  v e n t u r i  opening. The q u a n t i t y  o f  t h e  steam-oxygen m ix tu re  pas- 

s i n g  through t h e  v e n t u r i  t h r o a t  o f  t h e  g a s i f i e r  determines t h e  res i s tance  

t h a t  t h e  ash p a r t i c l e s  encounter when f a l l i n g  from t h e  reac tor .  This ,  i n  

t u r n ,  determines t h e  s i z e  t o  which t h e  ash p a r t i c l e s  must agglomerate before 

they  can pass downward through t h e  v e n t u r i  t h r o a t .  Thus, t h e  f l o w  r a t e s  o f  

steam and oxygen passing through t h e  v e n t u r i  t h r o a t  must al 'so be monitored 

and accu ra te l y  contro l i led.  I 

  he IFGDP a n d  i t s  assoc ia ted ,  customer i n t e r f a c e  c o n f i g u r a t i o n  i s  designed t o  

operate t o .  a  v a r i a b l e  customer demand. The f u e l .  val.ue o f  t h e  product  gas i s  

'monitored and c o n t r o l  1  ed by s e l e c t i v e  carbon d i o x i d e  removal t o  ma in ta in  t h e  

gas i n  t h e  requ i red  range o f  t h e  f u e l  values. 

Various vent  gases t o  the  atmosphere a re  monitored con t i nous l y  t o  d e t e c t  any 

ma l func t i on  i n  t he  environmental c o n t r o l  equipment. For example, t a i l  gas 

from the  T a i l  Gas Treatment (Sect ion 390) i s  cont inuous ly  analyzed f o r  hydro- 

gen s u l f i d e  and o the r  envi ronmental ly  s i g n i f i c a n t  gases, and any excessive 

concent ra t ions  a re  immediately brought  t o  t h e  a t t e n t i o n  o f  t h e  p l a n t  operators.  

A f t e r  s u i t a b l e  t reatment ,  wastewater from several. sources such as Cool ing 

Tower blowdown, c l a r i f i e d  scrubber water, f i l t e r e d  f i n e s  s l u r r y ,  coal  p i l e  

r u n o f f ,  e t c . ,  a re  discharged t o  t h e  r i v e r  f o r  u l t i m a t e  d isposa l .  Mon i to r i ng  

o f  t he  var ious  streams i s  necessary t o  ensure t h a t  environmental regu la t i ons  

are  n o t  v i o l a t e d  by equipment ma l func t i on  o r  opera tor  e r r o r .  



. . 

-. 2.4.7.2 PLANT FLEXIBILITY 

The IFGDP i s  designed t o  operate . w i t h  washed Kentucky No. 9 bituminous coal.  

Both subbitumi nous coal and 1 i g n i t e  are more r e a c t i v e  than bituminous coal 

and requ i re  lower operat ing temperatures and lower residence times i n  the  

g a s i f i e r  . f o r  complete carbon u t i l  i z a t i o n .  I f  there .  are f u t u r e  requirements 

t o  use these types o f  coal ,  t he  g a s i f i e r '  design incorporates p rov is ions  t o  

vary the  residence times. Major turndown o f  the  p l a n t  i s  no t  requ i red du r ing  

cominercial operatio,n, sinCe IFG demand reduct ion  can be o f f s e t  by supply ing 

more IFG t o  t h e  c r e d i t  u n i t ,  up t o  a maximum ' o f  30 percent o f  p l a n t  capaci ty .  

During i n i t i a l  operat ion i t  i s  expected t h a t  the  p l a n t  w i l l  operate f o r  some 

t ime w i t h  a s ing le  g a s i f i c a t i o n  t r a i n .  The downstream gas processing u n i t s  

are designed t o  .permit a very h igh turndown r a t i o  ( t o  abo.ut one- th i rd  o f  

rated),  which means t h a t  the  process wi 11 s t i i l  f u n c t i o n ' o n  the output  of 
I .  

on ly  one . g a s i f i e r .  Overal l  , the .  e n t i r e  p l a n t  i s  designed t o  operate a t  one- 

' t h i r d  o f  p l a n t  capaci ty  and s t i l l  produce IFG; . . . . 

2.4.8 OPERATING PERSONNEL 

A work fo rce  o f  approximately 270 persons i s  requ i red dur ing p l a n t  operat ions. 

Approximately 50 workers are professionals,  such as managers, superintendents 

and engi neers. The remai nder i nc l  udes p l  an't operators, 1 aboratory and engi - 
neer ing technic ians,  admin is t ra t i ve  support personnel and permanent mainten- 

ance personnel. Some maintenance serv ices and support serv ice  personnel are 
. . contracted and'add approximately 140 add i t i ona l  jobs. ' I n  a d d i t i o n  t o  p l a n t  

personnel, approximately 200 t o  300 workers are requ i red by the coal company 
. . 

contracted t o  supply the  coal .  

. . 

2.4.9 . OPERATIONAL EXPENDITURES 
I 

The annual projecte'd operat ing cos t  i s  t a b u l a t e d - i n  Table 2-41. 



\ 

TABLE 2-41 
- 

ANNUAL OPERATING COSTS* I 

. . 
(P lan t  Capacity:' 50 B i l l  i o n  Btu  pe r  day) 

. . 

. Ca l cu la t i on  Basis f o r  
I tern 100% Serv ice Facto'r Annual Cost 

Coal t d $26 00 3 1 5 8 a x 3 3 0 - x  i $27,095,640 
y r  

Cata lys ts  & Chemicals. 833,990 

Water M a1 2,710 x 330 d $.25 - x -  yr  Mgal 

Purchased E l e c t r i c i t y  h r  d $.02 Kwhr x 24 7 x 330 - x - 45,036 y r  Kwhr 7,133,702 

Operat ing . . Supplies 30% Process ~ a b o r * *  

~ a i  ntenance Suppl i es 
. . 

Mai ntenance S/C . Labor 

Labor, superv is ion,  G&A ' 

Local "1; L ieu o f  Taxes" $3.74/$100 assessed ((355% PDIC' - 10%) 

Insurance $0.25/$100. investment . . 

S u l f u r  C r e d i t  

NET ANNUAL OPERATING COSTS 

* 1978 do1 l a r s  

** Per U.S. ERDA, " ~ a c t o r e d  Estimates f o r  Western Coal Commercial Concepts," 
1 /30/76 I ' P D I C  = p l a n t  Depreciable ~nvestment  Cost 



% 2.5 FAULT AND FAILURE ANALYSIS 

The process areas and systems t h a t  may be sources o f  i n i t i a l  o r  independent 

system f a i  1 u re  o r  t h a t  may c rea te  p o t e n t i a l  l y  hazardous cond i t i ons  a re  d i  s- 

cussed b r i e f l y  i n  t h i s  sec t i on  i n  general terms. No judgments about t h e  

r e l i a b i l i t y  o r  p r o b a b i l i t y  o f  f a i l u r e  o f  these systems o r  sec t ions  a re  made. 

Process design f a i l u r e  ana lys i s  covers many face ts .  Use o f  recognized codes 

such as American Soc ie ty  o f  Mechanical Engineers (ASME) Pressure vessel Code, 

Inst rument  Soc ie ty  o f  America ( I S A )  Ins t rumenta t ion  Standards and American 

Nat ional  Standards . ~ n s t i t u t e  (ANSI) P i p i n g  Codes minimizes t h e  r i s k  o f  f i r e  

and exp los ion  damage. 

A l l .  design aspects o f  t h e  IFGDP w i l l  conform w i t h  t h e  l a t e s t  e d i t i o n  o f  t he  

app l i cab le  sect ions o f  t he  f o l l o w i n g  codes: 

o American Soc ie ty  o f  ~ e c h a n i c a l  Engineers (ASME) 

o American Soc ie ty  o f  Tes t i ng  M a t e r i a l s  (ASTM) 

o ' American I r o n  and Steel  ~ n s t i t u t e  ( A I S I )  

o American I n s t i t u t e  o f  Steel .  Const ruc t ion  ( A I S C )  

o American Concrete I n s t i t u t e  ( A C I )  
\ ' 

o . American Nat iona l  Standards I n s t i t u t e  (ANSI) 

o .' American I n s t i t u t e  o f  E l e c t r i c a l  Engineers (AIEE) 

o Nat ional  ~ l e c t r i c a l  Code (NEC) 

o Nat ional  ~ l e c t r i c a l  Manufacturers ~ s s o d i a t i o n  (NEMA) 

', o Tubular Exchange Manufacturers ~ s s o c i  a t i  on (TEMA) 

o Other governing codes o f  standard p r a c t i c e  

Sect ions o f  these codes are  designated below, and any s t a t e  o r  l o c a l  code o r  

r e g u l a t i o n  t h a t  supplements them s h a l l  a l s o  be app l i cab le  t o  d e t a i l e d  design. 



Design Area Appl i cab1 e Codes o r  Regul a t i  ons* 

Pressure Vessels 

Boi 1 e r s  

B u i l d i n g s  and S t r u c t u r a l  

E l e c t r i c a l  

San i ta ry  

A i r c r a f t  Warning 

Safety 

A i r  Pol 1 u t i o n  

Water Pol 1 u t i  on 
I 

S o l i d  Waste 

Noise 

P i p i n g  and IFG Pipe1,ine 

ASME Sect ion V I I I ,  Div.  1 

ASME I 

AISC, ACI, AMCA, ASHRAE 

ANSI, FCC, NEC, NEMA, UL, AIEE 

EPA and s t a t e  r e g u l a t i o n s  

FAA 

OSHA, NFPA 

B ACT 

B ACT 

B ACT 

OSHA 

ANSI B '31.1 (Power Code P i  p ing)  

The process design . . i ncorpora tes  one o r  more o f  t h e  f o l l o w i n g  features:  

i o  I s o l a t i o n  Valves 

o Pressure Re1 i e f  Valves 

o Depressuri  zat ion/Safety Re1 i e f  Systems 

I s o l a t i o n  valves i s o l a t e  major vessels and a r e  capable o f  automatic opera t ion  
\ 

from the  c o n t r o l  room. These valves have a s e l f - c l o s i n g  mechanism t h a t  f a i l s  

sa fe  i f  damaged by f i r e  o r  explosion. 

Depressur iza t ion  o r  sa fe ty  r e l i e f  systems f o r  reac to rs  and vessels u t i l i z e  

. . t h e  same type o f  v a l v i n g  as the  i s o l a t i o n  v a l v i n g  system. The depressur iz ing  
I 

. system i s  operable i n  a f i r e  s i t u a t i o n .  This  means t h a t  t h e  depressur iz ing  

valves a re  remotely  operated by e l e c t r i c  o r  pneumatic power. The ope ra t i ng  

c o n t r o l  i s  p laced d i s t a n t  from t h e  vessel f o r  a c c e s s i b i l i t y  i f  a f i r e  occurs. 

* See L i s t  o f  Abbreviat ions f o r  d e f i n i t i o n  o f  a l l  acronyms. 



2.5.2 STRUCTURAL DESIGN 

' S t ruc tu ra l  design f o r  f i r e  resistance requires f i r e p r o o f i n g  designed f o r  2 

t o  3 hours o f  resistance. F i r e  resistance spec i f ica t ions are adhered t o  by 

using the f o l l ow ing  codes: ASTM E.-119, NFPA 251-, UL263 o r  ANSI A 2.1. C r i t -  

i ca lequ ipment  w i l l  be designed t o  wi thstand expected overpressure. 

2.5.3 POSSIBLE SYST.EM FAILURES (PIPING AND FEEDING) 
. . 

Three pbss ib le  f e i  l i Ees  and hazards i n  coal/coke hand1 i n g  and feeding are  

discussed be1 ow: 

. . 
~ ' a s i  f i  e r  ~ u p t u r e  - -  Four g a s i f i c a t i o n  t r a i n s  are provided, and each gasi f i c a -  

t i o n  t r a i n  can be operated t o  produce up t o  one- th i rd  o f  the  p l a n t  product ion 

requirements, Normal l y  , three t r a i n s  are operat ing a t  100 percent capaci ty , 
and ' the  spare t r a i n  i s  on 'standby. . . 

. . 

A .,sudden rupture  o f  a g a s i f i e r  she1 1 would const i t .ute a catastrophic f a i  1 ure 

i n  t h e  p l a n t  and would discharge the ina jor i  t y  o f  the con ten ts  t o  the atmos- 
. . phere w i t h i n  .a matter, o f  Minutes. This woulb amount t o  approximately 75 

tons'  o f  f i n e  so l i ds  (coa l  , char, ash) and 60,000 standard . . eubic f e e t  o f  raw 

gas o f  t t ie fo l l ow ing  approximate composition: 

Vol ume (%) 

. . 2  26.2 . 

CO 21.5 

. . 
. . co* 14.2 

H2S . 0.85 . 

. . COS 0.03 



With feed cont inu ing f o r  2 minutes, the maximum expected atmospheric emis- 

sions before a l l  feeds are stopped would be an add i t i ona l  1 t on  o f  so l i ds  

and 135,000 standard cubic f e e t . o f  raw gas. 

Most o f  the gas/sol ids discharge would take place a t  the g a s i f i e r  operat ing 

temperature o f  1875OF. The gas would i g n i t e ,  and l oca l  equipment damage due 

t o  gas flames and ho t  sol  i d s  would occur. Hazard t o  personnel i n  the immedi- 

a te  area would ex i s t .  However, there  would be no hazard o r  damage outs ide 

o f  the p l a n t  area. 

. . Raw Gas Compressor L ine Fa i l u re  -- A sudden rupture  o f  the raw gas compressor 

discharge l i n e  would discharge approximately 260,000 standard cubic f e e t  of 

. . raw gas a t  370°F i f  the feed, gas t o  the compressor continued f o r  up t o  2 

minutes before f l ow was shut o f f .  The raw gas' from the compressor has the 
. . 

fo l lowing . . approximate composition: 

. . 
. . 

2 
co 

N2 

C02 . . 

. . 
cos 

' . CH4 

NH3 
H20 

Vol ume (%) 

38.9 

32.1 

0.8 

21.1' 

1.25 

0.05 

5.2 

Trace 

0.6 

I g n i t i o n  might occur, and personnel i.n the immediate . area . would be exposed 

t o  the hazard. I f  i g n i t i o n  d i d  no t  occur, the t o x i c  e f f e c t s  o f  hydrogen 

s u l f i d e  and carbon monoxide would cons t i t u t e  a hazardous cond i t i on  t o  person- 

nel i n  the immediate area. There i s  no reason t o  expect any hazard o r  damage 

outs ide o f  the p l a n t  area. 



I n te rconnec t i  ng P i  p i n g  Fai  1 u re  -- Rupture o r  blockage o f  i nterconnect i  ng 

p i p i n g  would r e q u i r e  i s o l a t i o n  o f  t h a t  sect ion.  Depending on which sec t i on  

had t o  be i s o l a t e d ,  i t  may o r  may n o t  cause a p l a n t  shutdown. H igh l y  v o l a t i l e  

products would be discharged u n t i l  t h a t  sec t i on  cou ld  be i s o l a t e d .  Some o f  

these products a re  t o x i c  i n  h igher  concentrat ions,  and they  a re  combust ible 

i n  t h e  presence o f  oxygen and sparks o r  flames. The major hazard t o  workers 

would be from explos ions,  f i r e s  and hydrogen s u l f i d e  and carbon monoxide gas 

leaks,  which a re  t o x i c  i n  s u f f i c i e n t l y  h igh  concentrat ions.  There i s  no 

reason t o  expect any hazard o r  damage outs ide  o f  t h e  p l a n t  area. 

Coal/Coke Handl ing and Feeding Hazards -- Coal. o r  coke dus t  i s  a p o t e n t i a l l y  

exp los ive  mixture.  The coal/coke t r a n s p o r t  system i s  an enclosed system 

t h a t  i s  safeguarded from leaks and sparks t h a t  cou ld  induce combustion. 

D r ied  coal  and coke s i l o s  and conveyors hand l ing  d r y  coal  o r  coke a re  main- 

t a i  ned under a n i t r o g e n  atmosphere t o  minimize the  poss i  b i  1 i ty  o f  spontaneous 

combustion. 



2.6 HEALTH AND SAFETY 

As i n  any major i n d u s t r i a l  f a c i l i t y ,  wopkers i n  t h e  IFGDP can be exposed t o  a 

v a r i e t y  of p o t e n t i a l  h e a l t h  and sa fe ty  hazards. Many o f  these hazards (e. g: , 
noise, heat s t ress  and general cons t ruc t ion)  a re  n o t  necessa r i l y  a r e s u l t  o f  

the"coa1 g a s i f i c a t i o n  processes, b u t  a re  associated w i t h  o the r  aspects o f  t h e  

p l a n t .  Requi rements es tab l  i shed by t h e  Occupational Safe ty  and Hea l th  Admi n i  s- 

t r a t i o n  (OSHA) and s i m i l a r  o rgan iza t ions  w i l l  be implemented t o  p rov ide  pro tec-  

t i o n  f o r  personnel du r ing  p l a n t  cons t ruc t ion ,  maintenance' and operat ion.  

Specia l  guide1 ines  f o r  coal  g a s i f i c a t i o n  p l a n t s ,  developed by the' Nat iona l  

I n s t i t u t e  f o r  Occupational Safe ty  and Hea l th  (NIOSH) , based on exper i  ence w i t h  

re1  a ted  i n d u s t r i e s  , w i  11 be eval  uated. 

A ntjmber o f  p o t e n t i a l l y  hazardous and t o x i c  m a t e r i a l s  can be genera ted . ins ide  

t h e  process u n i t s  o f  t he  IFGDP from the  processing o f  coal .  These m a t e r i a l s .  

inc lude:  (1) vdr ious  metal 1 ii and nonmetal 1 i c  t r a c e  elekents,.  (2) po l ycyc l  i c  

aromatic hydro'carbons . (PAH); . (3) organometall i c  compounds and c4) gaseous 

compounds con ta in ing  n i t rogen,  su l  f u r ,  and o the r  coal  -bound elements. 

~ l t h o u ~ h  t h e m a j o r i t y  o f  the  t r a c e  elements i n  cba i  a re  expected t o  remain i n  

t he  bottom ash withdrawn from t h e  g a s i f i e r ,  severa l  elements (arsenic,  b e r y l -  

l ium,  mercury, selenium, cadmium', f l u o r i n e  and lead) a re  d r i v e n  from t h e  coal  

du r ing  d e v o l . a t i l i z a t i o n  and e x i t  t he  g a s i f i e r  i n  t h e , r a w  product  gas stream. 

. . 

~ l t h o u ~ h  the  h igh  temperature opera t ion  o f .  t he  , g a s i f i e r  tends t o  des t roy  the  

PAH compounds, some o f  they  can condense i n  t h e  downstream c.1 eanup t r a i n s  , 
w h i l e  o thers  can p o s s i b l y  pass , th rough t h e  system. 

. . 

Organornetall i c  compounds, and especia l  l y  metal carbonyl s  , may be formed as a 

re,sul t o f  coal  g a s i f i c a t i o n  processing. These compounds e x h i b i t  an enhanced 

fo rmat ion  i n  t h e  presence o f  carbon monoxide (CO) ,  b u t  a re  r e l a t i v e l y  unstable 

i n  a i r  and w i l l  d i ssoc ia te  t o  CO. and t h e  meta l  o r  . t o  o the r  in termediates.  

Sul f u r - c o n t a i n i  ng gases (i. e. , s u l f u r  d iox ide ,  hydrogen s u l f i d e ,  

carbonjll. s u l f i d e  and carbon d i s u l  f ide)  and n i  t rogen-conta i  n ing  gases (i . e. , 



ammonia and hydrogen cyanide) a re  generated du r ing  coal  g a s i f i c a t i o n .  I n  

a d d i t i o n  ,' .other '  gases, such as non-methane hydrocarbons (e. g. , benzene and 

to1  uene i  may a1 so b e  generated. 

I n  o rder  t o  minimize the  th rea t .  o f  exposure t o  these ma te r ia l s ,  MLGW w i  11 

undertake steps t o  p r o t e c t  employee h e a l t h  and sa fe ty .  c o n s i d e r a t i o n  o f  . 

I hazardous ma te r ia l s  and means t o  main ta in  worker h e a l t h  and s a f e t y  w i  11 be 

. ., . 
undertaken du r ing  t h e  d e t a i l e d  design i n  Phase 11, scheduled t o  begin i n  1980. 

. . 



2.7 TOXICOLOGY 

. .. Numerous government, indust ry  and un i ve rs i t y  programs deal ing w i t h  tox ico logy 

studies invo lv ing  cqal gas i f i ca t i on  products and by-products have been performed 

o r  are cu r ren t l y  underway. The goal o f  these studies i s  t o  improve cur rent  

understanding o f  the hea l th  ' e f f ec t s  r e s u l t i n g  from exposure t o  po ten t i a l  l y  

t o x i c  and hazardous materi  a1 associated w i t h  coal conv&rsi on processes. These . 

.progr.ams are designed t o  minimize the l i k e l i h o o d  and the e f f ec t s  o f  harmful 

exposure.to these mater ia ls.  Two areas o f  i n t e r e s t  are (1) e f f e c t s  on p l a n t  

. personnel r e s u l t i n g  from exposure dur ing p l a n t  operat ion and mai ntenayce and 

. (2). e f f ec t s  on t h e  general pub1 i c  r e s u l t i n g  from p l a n t  operation and from the 

use o f  p l a n t  products and by-products. 

. . 

Toxicology i'nformati.on w i l l  be reviewed as p a r t  o f  the IFGDP program t o  assess 

i t s  relevance. t o  t h i s  p lant .  
. . 



. . The eventual d i pos i t i on  o f  the I FGDP a t  the end o f  i t s  useful  economic l i f e  
. . 

cannot be addressed w i t h  ce r t a i n t y  i t  the present time. The continued operation 

. o f  any o r  a1 1  par ts  . o f .  the p l a n t  a t  the end o f  i t s  estimated 20-year 1  i f e  w i  11 

depend upon the fu tu re  needs o f  MLGW and the community, the re l a t i onsh ip  of 

. . I F G  t o  other ava i lab le  energy sources, environmentdl impacts, economics and 

technical  v i a b i l i t y  o f ,  the p l an t  a t  t h a t  time. , . 
. 

, 
. . 

Because the known coal reserves i n  the United States f a r  exceed those needed 

dur ing - the estimated l i f e  o f  the p lant ,  the p ro j ec t  f a c i l i t i e s  could conceivably 

be maintained, repaired o r  replaced t o  extend the overa l l  useful  1  i f e  beyond 

20 years. ,  Plans cannot be made u n t i l  such t ime as those items mentioned above 

can be thoroughly def ined and proper ly  evaluated. 

Assuming t h a t  the p lant .  i s  eventual ly  decommission,ed,. i t  i s  1  i ke ly  t h a t  the 

p l a n t  s i t e  w i l l  bO taken over by other i n d u s t r i a l  . . users because o f  i t s  l oca t i on  

i n  an i n d u s t r i a l  area w i t h  access t o  barge t ranspor ta t ion.  A l l  equipment not  

wanted tiy the '  i n d u s t ~ i a l  

w i  11 be :returned t o  the 

user w i l l  be sdlvaged. A l l  solvents and ca ta lys ts  

manufacturer o r  sold.  Ash w i l l  remain on-&te i f  a  

commercial o u t l e t  f o r  i t  has not  been found. 





LIST OF ABBREVIATIONS 

. $  . . . .  
O F . .  . .  

. . .  ACI 
.ADA . . .  - .. 
Ag . . . . .  
AG. . . ' .  
AIEE . . .  
AISC . . .  
A I S I . .  . .  
. ~ i ~ 0 ,  . . 
ALK . . . .  
AMCA . . .  
animonia-N 
ANSI . . .  
A s . .  . .  
ASHRAE . . 

ASTM . . .  
Avg . . .  
B . . . .  
BACT . . .  
BaO . . .  
B e . .  . .  
BFW . . .  
BHC . . .  

Btu  . . 
Btu/hr- fti 
B t u / l b  . . 
Btu/scf  . 
C . . . .  
C . . . .  
C . . . .  

approximately . . . . .  
. . . . .  a t  
. . . . .  b u f f e r  capac i t y  
. . . . .  degrees Fahrenheit  
. . . . .  l e s s  than  o r  equal t o  
. . ; . . minutes 
. . . . . .  micrograms p e r  cubic  meter . . . . .  micromhos per  cent imeter  

m u l t i p l i e d b y  . . . . .  
. . . . .  percent  
. ' . . . .  abundance where A = 1-10 

abundant . . . . . .  
autumn . . . . .  

. . . . .  e p i c e n t r a l  a c c e l e r a t i o n  

. . . . .  ash-a g lomerat ion g a s i f i e r  . . 
U.S. Rnny Corps o f  Engineers i, . . . . .  
American Concrete i n s t i t u t e  . . . . .  
Anthraquinone d isu lohon ic  acid'  . . . . .  -- . . . . . .  s i l v e r  
a g r i c u l t u r a l  . . . . .  

. . . . .  American I n s t i t u t e  o f  Elec- 
t r i c a l  Engineers 

. . . . .  American I n s t i t u t e  o f  Steel  
Construct ion 

. . . . .  American I r o n  and Steel  
I n s t i t u t e  

. . . . .  alumina 

. . . . .  a l k a l i n i t y  . . . . .  A i r  Moving and Cond i t ion ing  
Associat ion 

. . . . . .  ammonia-nitrogen 

. . . . .  American National, Standards 
I n s t i t u t e  

arsenic  . . . . .  
. . . . . .  American Society  o f  Heating, 

'Re f r ige ra t ion  and A i r  
Condi t ion ing Engineers 

. . . . .  American Society  o f  Mechani- 
c a l  Engineers 

. . . . .  American Society  f o r  Tes t ing  
and M a t e r i a l s  

average . . . . .  
. . . . .  abundance where B = 11-25 

Best Ava i lab le  Contro l  . . . . .  
Technology 

. . . . .  barium ox ide 

. . . .  . b e r y l l i u m  

. . . . .  b o i l e r  feed water 

. . . . .  1,2,3,4,5.6-hexachlorocyclo- 
hexane 

. . . . .  b i o l o g i c a l  oxygen demand 

. . . . .  f ive-day b i o l o g i c a l  oxygen 
demand 

. . . . . .  B r i t i s h  thermal u n i t  
. . . . .  B tu  per  hour per  f o o t  squared 
. . . . . .  B tu  per  pound 
. . . . .  B tu  per  standard cubic  f o o t  
. . . . .  abundance where C = 26-50 

carbon . . . . . .  
cent igrade . . . . .  

C . . . . . . . . .  common 
Ca . . . . . . . . .  calc ium 

. . . . . . .  CaC03 calc ium carbonate 
CaO . . . . . . . .  l ime 

. . . . . . .  Ca(OH)2 ca lc ium hydroxide 
. . . . . . .  CaS03 calc ium s u l f i t e  

Cd . . . . . . . . .  cadmium 
. . . . . . . .  cfm cubic  f e e t  pe r  minute 

CFR . . . . . . . .  Code o f  Federal Regulat ions 
CHI . . . . . . . .  methane 

. . . . . . .  cm/sec cent imeters per  second 
. . . . . . . .  cm? square cent imeters 
. . . . . . . . .  CN cyanide 

. . . . . . . . . .  CO carbon monoxide 
. . . . . . . .  Co. county 
. . . . . . . . .  C02 carbon dioxide, 
. . . . . . . .  COD chemical oxygen demand 
. . . . . . . .  COE U.S. Army Corps o f  Engineers 
. . . . . . . .  COS carbonyl s u l f i d e  

Cr . . . . . . . . .  chromium 
. . . . . . . . .  Cr creek 

. . . . . . .  Cr(OH)3 chromium hydroxide 
. . . . . . . .  CS2 carbon d i s u l f i d e  

. . . . . . .  C. S.T. Centra l  standard t ime 

. . . . . . .  . Cum w t  cumulat ive weight '  
. . . . . . . . .  D abundance where D = 51-100 

. . . . . . . .  DAF d isso lved  a i r  f l o t a t i o n  
. . . . . . . . . .  dB dec ibe l  

. . . . . . . .  dBA A-weighted decibel  

. . . . . . . .  DBH diameter a t  b reas t  hei'ght 

. . . . . . . .  DEA diethanolamine 
. . . . . . . . . . .  DO d isso lved  oxygen 

. . . . . . . .  DOC d isso lved  organic  carbon 

. . . . . . . .  DOE Department o f  Energy 

. . . . . . . .  DRC D e l t a  Re f in ing  Company 

. . . . . . . .  DSCF d r y  standard cubic  f e e t  
DW Standards . . : . D r i n k i n g  Water Standards 

. . . . . . . . .  E abundance where E = more than 
100 

. .  . . . . . . . . . .  E east  
. . . . . . . . .  E endangered 
. . . . . . . . .  E energy 

. . . . . . . .  e.'g. f o r  example 

. . . . . . . . .  EIA Energy Impact Associates 
. . . .  Elepenta l  S Elemental s u l f u r  

. . .  . . .  elev.  ; e l e v a t i o n  
. . . . . . . .  EPA U. S. Environmental P r o t e c t i o n  

Agency 
. . . .  EPA C r i t e r i a  U.S. Environmental P r o t e c t i o n  

Agency "Qua1 i t y  C r i t e r i a  

E R . .  . 
Est.  . .  
F . . .  
F e .  . .  
FAA . . 
FCC . . 
Fe (OH); 
Fe203 . 

f o r  Water 
. . . . . .  Environmental r e p o r t  
. . . . . .  est imated 
. . . . . .  f a l l  
. . . . . .  i r o n  
. . . .  ; . Federal A v i a t i o n  Agency 
. . . . . .  Federal Communications 

Commission 
. . . . . .  i r o n  hydroxide 
. . . . . .  f e r r i c  oxide 

(Continued) 
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LIST. OF ABBREVIATIONS (Continued) 

FSI . 
f t  . . 
f t/sec 
FWEC . 
g . ;  
GC/MS 

Hz . . 
H20 . 
H2$ - 
ha . . 
HCN . 
HCOOK 
Hg . . 
HHV . 
Hi-Vol 
HMO . 

IGT . 
in. ' . 
ISA . 
JTU . 
K2C03 

K2O . 
k ips  . 
km . . 
kv . . 
kva . 
1 b /c f  

'LM . . 
LNG ' . 
LR . . 

.m . . 
M . .  
m2ha . 

. . m3 . . 
M-3 . 
MAF . 
MATCOG 

max . 
MBAS . 

mcf . 
MF . . 
MFO . 
Mg . . 
mgd . 

. . . . . . .  f r e e  s w e l l i n g  index 
f o o t  . . . . . . .  

. . . . . . .  f e e t  per secnnd 

. . . . . . .  Foster  Wheeler Energy Corp. 

. . . . . . .  a c c e l e r a t i o n  o f  g r a v i t y  

. . . . . . .  Gas Chromatograph/Mass 
Spectrometer 

. . . . . . .  ga l lons  per  day 

. . . . . . .  ga l lons  p e r  minute 

. . . . . . .  groundwater 
hydrogen . . . . . . .  

. . . . . . .  Shannon-Wheaver d i v e r s i t y  
index 

hydrogen . . . . . . .  
. . . . . . .  water 
. . . . . . .  hydrogen s u l f i d e  

hectare . . . . . . .  
. . . . . . .  hydrogen cyanide 
. . . . . . .  potassium formate 
. . . . . . .  mercury 
. . . . . . .  h igher  hea t ing  va lue 

h i g h  volume . . . . . . .  
. . . . . . .  Heal th  Maintenance 

Organizat ion 
. . . . . . .  horse power 
. . . . . . .  hour 
. . . . . . .  i n d u s t r i a l  f u e l  gas 
. . . . . . .  i n d u s t r i a l  f u e l  gas demon- 

s t r a t i o n  p l a n t  
. . . . . . .  I n s t i t u t e  o f  Gas Technology 

i n c h  . . . . . . .  
. . . . . . .  Instrument Society  o f  America 
. . . . . . .  Jackson t u b i d i t y  u n i t s  
. . . . . . .  potassium carbonate 
. . . . . . .  potassium ox ide 

1000 pounds . . . . . . .  
. . . . . . .  k i lomete r  

k i l o v o l t s  . . . . . . .  
. . . . . . .  k i l o v o l t  amperes 

pounds per  cubic f e e t  ! . . . . . . .  
. . . . . . .  Lake McKellar 
. . . . . . .  l i q u i d  na tu ra l  gas 
. . . . . . .  l o s t  record 
. . . . . . .  meter 
. . . . . . .  R ich te r  magnitude 
. . . . . . .  square meters expressed i n  

hectares 
cubic  meters . . . . . . .  

. . . . . . .  heavy i n d u s t r i a l  d i s t r i c t  

. . . . . . .  moisture and ash f r e e  

. . . . . . .  Mississippi-Arkansas-Tennessee 
Counci l  of Governments 

. . . . . . .  maximum 

. . . . . . .  methylene b lue  a c t i v e  
substances 

thousand cubic f e e t  . . . . . . .  
. . . . . . .  moisture f r e e  
. . . . . . .  Memphis F i r e  Department 
. . . . . . .  magnesium 
. . . . . . .  m i l l i o n  ga l lons  per  day 

mg/kg . . . . . . .  m i l l i g r a m s  p e r  k i logram 
. . . . . . . .  mg/l m i l l i g r a m s , p e r  l i t e r  
. . . . . . . . .  MgO magnesia 

. . . . .  . . .  m i  ; mi les  
. . . . . . . .  min minimum 
. . . . . . . .  MLGW Memphis L igh t ,  Gas and Water 

mm . . . . . . . . .  m i l l i m e t e r  
MMBtu . . . . . . .  m i l l i o n  B tu  
Mn . . . . . . . . .  manganese 

. . . . . . .  Mn304 manganese ox ide 
. . . . . . . .  mph mi les  per  hour 

MR . . . . . . . . .  M i s s i s s i p p i  River  
. . . . . . .  MSCHD Memphis and Shelby County 

Heal th  Department 
m/sec . . . . . . .  meters per  second 

. . . . . . . .  MSHA Mine Safety  and Heal th  
Admin is t ra t ion  

. . . . . . . .  msl mean sea l e v e l  
mva . . . . . . . .  megavolt amperes 
MW . . . . . . . . .  megawatts 

. . . . . . . . .  N n i t r o g e n  

. . . . . . . . . . .  N n o r t h  
,N2 . . . . . . . . . .  n i t r o g e n  

. . . . . . . .  N/A n o t  app l i cab le  

. . . . . . . .  N/A n o t  a v a i l a b l e  
. . . . . . . .  NaHCO, sodium bicarbonate 
. . . . . . .  NaHS03 sodium b i s u l f i t e  

. . . . . .  Na2C03, sodium carbonate 
. . . . . . . . .  .Na20 sodium ox ide 

. . . . . . .  Na2S03 sodium su l  f i t e  

. . . . . . .  Na2S0, sodium s u l f a t e  
. . . . . . . . .  NC Nonconnah Creek 
. . . . . . . . .  ND none detected 

. . . . . . . .  NEC 'National E l e c t r i c a l  Code 

. . . . . . . .  NEMA Nat ional  E l e c t r i c a l  Manufac- 
t u r e r s  Associat ion 

. . . . . . . .  NFPA Nat ional  F i r e  P r o t e c t i o n  
Associat ion 

.NH3 . . . . . . . .  ammonia 
. . . . . . . .  NH3-N ammonia n i t r o g e n  

. . . . . . . . .  N i  n i c k e l  
. . . . . . .  NIOSH Nat ional  I n s t i t u t e  f o r  Occu- 

p a t i o n a l  Safety and Hea l th  
. . . . . . .  N.N.F. normal ly  no f low 

. . . . . . . .  No. number 

. . . . . . . .  NO2 n i t r o g e n  di.oxide 
. . . . . . .  NO3-N n i t r a t e  n i t r o g e n  

. . . . . . . .  No n i t r o g e n  oxides 
. . . . . . .  N P ~ E S  Nat ional  P o l l u t a n t  Discharge 

E l i m i n a t i o n  System 
. . . . . . . . .  O2 oxygen 
. . . . . . . . . .  .03 ozone 

. . . . . . . .  OSHA Occupational Safety  and 
Hea l th  Admin is t ra t ion  

. . . . . . . . .  p ..permanent 

. . . . . . . . .  P phosphorus 
. . . . . . . .  P209 phosphorus pentoxide 

PAH . . . . . . . .  po lycyc l  i c  aromatic hydro- 
carbons 

. . . . . . . .  Pan remaining i n  the  pan 

(Continued) 



LIST OF ABBREVIATIONS (Continued) 
-. > . -  - 

pH . . . . . . . .  
pop. . . . . . . .  
ppm . . . : . . .  
pPnv . . . . . . .  . . .  Project COED 

psf . . . . . . .  
psia . . . . . . .  
psig . . . . . . .  
P.T.U. . . . . . .  
qs-20 . . . . . .  

r . . . . . . .  
R . . . . . . . .  
re  . . . . . . . .  .-. . . . . . . .  . . . . . . .  . . . . . . . . .  
5 . . . . . . . .  
s . . . . . . . .  
S . . . . . . . .  
S . . . . . . . .  
s . . . . . . . .  
Sb . . . . . . . .  
scf . . . . . . .  
scfm . . . . . . .  

. . . . . . . .  . . . . . . .  . . . . . . .  

SNG . . . . . . .  
SO8 . . . . . . .  
Sti* . . . . . . .  
SO' . . . . . . .  
sp . . . . . . . .  
sp . . . . . . . .  
spp . . . . . . .  

. lead . polychlorinated biphenyls 

. ~otassium ch lo ro~ la t lna te  
standards . hydrogen ion concentration 

. population . parts per m i l l i on  . parts per m i l l i on  by volune 

. Project Char-Oi l-Energy- 
Oevelooment 

. pounds per square foot 

. pounds per square inch 
absolute . pounds per square inch gage . platinum-cobalt un i ts  . once-in-twenty-year 3-day 
consecutive high o r  low 
flaw 

. correiat ion coeff ic ient . resident . regarding 

. request f o r  proposal 

. r i ve r  mile . right-of-way . south . spezial . special concern . sulfur . s4Amer 

. antimony . standard i u b i c  foot . standard cubic feet  per 
minute 

. thiocyanate . Shell Claus Off-gas Treatnent . selen i ih  . s i l i c a  . Standard Metropolitan Sta- 
t i s t i c a l  Area 

. synthetic natural gas . sulfur dtoxide . sulfur t r b x i d e  

. sul fate . species . spring 
, species (pl.) 

SKI . . . . . . . .  strontium oxide 
SRU . . . . . . . .  su l fe r  recovery u n i t  
SS . .  suspended sol ids 
Std. dev. . . . . .  standard deviation 
STP . . . . . . . .  sewage treatment plant 
Su .  . . . . . . . .  sunner 
T . . . .  threatened 
T . . . . . . . . .  transient - - 
i f u  . . . . . . . .  tons per day 
TOE . . . . . . . .  1 .l .-dichloro-2.2-bis 

' ip-chl orophe;\yl ) ethane 
TDS . . . . . . . .  to ta l  dissolved solids 
TEM . . .  Tubular Exchange Manufac- 

turers Association 
Tennessee Cr i te r ia  . Tennessee Water Quality 

Cr i te r ia  
. . . . . . . . .  T i  t i tanium - 

TiO, . .  t i t a n i a  . . . . . . . . .  TKN to ta l  kjeldahl nitrogen -. 
I I . . . . . . . . .  t h a l l i u  
TOC . . . . . . . .  to ta l  organic carbon 
TSP . . . . . . . .  t o t a l  suspended part iculates 
TSS . . . . . . . .  to ta l  suspended sol ids  

. . . . . . . .  TVA Tennessee Val ley  Authority 
U . . . . . . . . .  uncoimn 

TM U-GAS Process . . medim Btu indust r ia l  fuel 
gas 

UL . .  Undewriters Laboratories 
U. S. . United States 
U. S. ACE . . .  U. S. A m y  Corps o f  Engineers 
USfWS . . . . . . .  U.S. Fish and W i l d l i f e  

Service 
USGS . . . . . . .  U.S. Geological Survey 
USS . . . . . . . .  U. S. standard sieve 
V . . . . . .  vanadiu .. 
v . . . . . . . . .  very uncannmn . . . . . . . . .  v v i s i t o r  
V20, . . .  vanadium pentoxide . . . . . . . .  var. var iety 
v i z  . . . . . . . .  that i s  . . w . . . . . . . . .  west 
W t  . . .  weight 
y r  . . . .  year . . . . . . . . .  Zn zinc . . . . . .  Zn (OH), zinc hydroxide 




